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ABSTRACT 
 
The High Plains Intermountain Center for Agricultural Health and Safety (HICAHS) has been 
funded since 1991 with the mission of reducing agricultural occupational injuries, disease and 
fatalities in Public Health Service Region VIII.  This report covers funding for 2003 – 2007.  
ertise in three key areas the Center has continued research projects related to identified needs 
specific to the high plains and mountain region we serve.  These include organic dust lung 
disease in multiple regional settings, development of novel and user friendly biomarkers for 
pesticides, and engineering research related to development and retrofitting of tractor ROPS. 
Most of these research activities incorporate intervention and translation aspects, and most 
address Hispanic populations and children.  We have also emphasized integration of efforts on 
education and outreach, doubling the number of partners in the past four three years.  HICAHS 
has actively involved our External Advisory Board, established new partnerships, extended 
outreach services and provided leadership on several projects encompassing all ten of the 
NIOSH Agricultural Centers.  These include the National Agricultural Tractor Safety Initiative 
and The National Agricultural Health and Safety Center Evaluation Project.  HICAHS also 
organized and sponsored the first National Symposium on Agricultural Health and Safety held in 
Keystone, Colorado.  During this time period HICAHS staff has published 50 articles and 7 
graduate degrees have been conferred. 
 
HIGHLIGHTS/SIGNIFICANT FINDINGS 
 
The National Tractor Initiative – P.I. S. Reynolds Dr. Reynolds was selected by the other NIOSH 
Ag Center Directors to lead the development of a grant proposal to NIOSH involving 
collaboration of all of the NIOSH Agricultural Centers to fund a National Tractor Safety Initiative.  
This project was awarded by NIOSH in September, 2005 and included six components to 
develop the necessary information and stakeholder support procedures (social marketing) to 
enable the next step, a national public health campaign.  Tractors are the leading cause of 
occupational fatalities in agriculture and the means to prevent such deaths are available through 
the use of ROPS. The components  include: Leadership Group: Costs of Tractor Operator 
Injuries from Overturns and Highway Collisions; Impact of Changes in ROPS Standards, 
Regulations, and Technology on Future Tractor ROPS Availability; Documentation of 
Acceptability and Procedures for Financial Incentives for Rollover Protective Structures (ROPS) 
Retrofitting: Designing Community-based Social Marketing Programs for Tractor Safety; 
Website and Partners.  A final report on this project, prepared in December 2007 contains 
specific recommendations for regional demonstration projects and the steps needed to make 
these successful.  
 
The National Symposium on Agricultural Health and Safety 
HICAHS (V. Buchan & S. Reynolds) led the organization and planning for the first National 
Symposium on Agricultural Health and Safety held in Keystone, Colorado during June 20-24, 
2004.  This was the first conference that involved three national organizations, each of which 
address agricultural health and safety: the NIOSH Agricultural Centers, the National Institute for 
Farm Safety, and the North American Agromedicine Consortium, and each of which had 
representatives on the planning committee.  There were 6 plenary sessions, with Dr. John 
Howard as a keynote speaker.  Seventy-four breakout sessions allowed attendees to select 
topics of specific interest, and the venue was used to introduce the National Tractor Safety 
Initiative and seek stakeholder input. 
 



 

The National Agricultural Health and Safety Center Evaluation Project 
V. Buchan (PI) and H. Holmquist-Johnson (Co-PI) with HICAHS submitted a proposal in 
response to an RFP from NIOSH requesting a lead Center to continue the Agricultural Disease 
and Injury Research and Prevention Centers Evaluation Project.  The project was funded 
beginning September 1, 2004 with a contract for three years with the primary goal of restarting 
the Agricultural Center Evaluation (ACE) for which HICAHS had provided leadership since 
1997.  With the funding each Center Director was asked to appoint a person to the ACE team 
and workshops have been held in each of the last 3 years with the aims of 1)revising the Access 
database used by each Center and 2)identifying potential projects for cross Center project 
outcome assessment. Reports on the Agricultural Center Initiative have been issued for the first 
two years, and one is currently in process for FY 06-07.  The figure below presents the variables 
collected by each Center and entered into an Access database. 
  
 

 
Research and intervention expertise in key areas: 
 
Development of novel biomarkers:  Under the leadership of J. Tessari, Ph.D. novel analytical 
methods for measuring atrazine and its three chlorinated metabolites in blood, brain and urine 
have been developed.  All methods involve either liquid/liquid extraction or mixed mode cation 
exchange solid phase cleanup.  Based upon current limits of detection for atrazine and its 
chlorinated metabolites in each matrix, we anticipate considerable improvements in limits of 
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quantification after integration of a stable isotope of atrazine as an internal standard. This 
project has important applications for the largely Hispanic farm worker population in this region. 
 
Organic Dust Lung Disease: Endotoxin exposure and genetic factors in organic dust lung 
disease is the focus of a multiple year research project under the leadership of S. Reynolds,  
 
Ph.D. Collaborators include Paul Siegel (NIOSH), David Schwartz and Lauranell Burch 
(NIEHS). The project has evaluated a novel Recombinant Factor C endotoxin assay, and new 
methods for measuring inhalable particulates, including endotoxins, that can be used to help 
establish occupational exposure guidelines for complex organic dusts in agricultural 
environments. While data collection is still underway, participants have exhibited significant 
decrements in baseline and cross-work shift pulmonary function, and in some cases very high 
exposures.  Research protocols and questionnaires developed for this project (English and 
Spanish) have been shared with two other Centers and HICAHS conducted endotoxin analysis 
of samples from pilot studies in California. Dr. Reynolds is collaborating with Dr. Mitloehner and 
his colleagues at UC Davis on their study of California dairy workers, and will conduct endotoxin 
analyses. Again, the population affected in this region is predominantly Hispanic.  
 
ROPS design and testing for Agricultural Vehicles:  Under the leadership of P. Ayers, Ph.D. 
and J. Liu, Ph.D. HICAHS has provided leadership in the development and testing of multiple 
models of ROPS for retrofitting a variety of tractors.  The research team has continued their 
engineering research addressing front drive mowers and the need for a mower ROPS using the 
original ASAE S547 continuous roll model.  The results have been presented to manufacturers 
including: Deere & Co., CNH, AGCO, Toro, Kuboto, AEM, FEMCO, Woods Equipment, 
Grasshopper, Excel Industries, Weasler Engineering, Scag Power equipment, Exmark, Custom 
Products of Litchfield, Full Vision, Inc., Moridge, MTD and Hustler.  Drs. Ayers and Liu work 
closely with equipment manufacturers to bring these interventions to market.  
 
Additional Center Projects: There are a number of additional projects in each Core that have 
been accomplished by Center personnel.  We would like to present four of them in more detail 
as they illustrate both responsiveness to regional needs and provide models that might prove 
useful to other Centers or projects interested in agricultural health and safety.   

 
Agricultural Injuries and Illnesses among Colorado Agricultural Workers.  J. Rosecrance, 
P.I. -Working in collaboration with the largest Colorado Workers‘ compensation insurer- 
Pinnacol, and with three of Colorado‘s largest agricultural associations.  Dr. Rosecrance has 
categorized the types and seriousness of musculoskeletal injuries for those farm workers who 
are covered by and have filed claims with the carrier.  The goal of the project was to develop 
targeted ergonomic prevention programs specific to farm workers in Public Health Service 
Region VIII. The truly innovative piece of this work has been the development of a close 
relationship with the Pinnacol personnel that are responsible for agricultural workers in 
Colorado.  This can be seen as a first step towards integrating Workers‘ Compensation Carriers 
in other regional states as a source of injury and illness data, as reliable surveillance data is 
lacking.  This relationship was critical in looking at costs of tractor fatalities and injuries as part 
of the National Ag Tractor Initiative. 

 
Evaluation of a Bacteriophage Cocktail to reduce Escherichia Colo 0157:H7 shedding in 
cattle.  L. Goodridge, P.I.  - This project was a feasibility project funded in the state of Wyoming 
with a faculty member at the University of Wyoming.  The project was innovative in the 
development of a new approach to tackling a long existing problem related to cattle production.  
A bacteriophage cocktail comprised of 37 different phages was investigated for its ability to 



 

reduce E. coli using in vitro and in vivo models.  The results from fecal samples indicated that 
the phage cocktail was extremely effective at eliminating the E. coli cells within 4 hours.    
 
Education/prevention products for children and youth: 
Two projects with the common goals of developing and testing computer based Agricultural 
Health and Safety curricula for youth in different age groups have been successfully undertaken 
by HICAHS.  R. Seiz, Ph.D. has had funding for five years to develop and rigorously 
evaluate a CD developed for high school vocational agricultural education classes in 
both Colorado and Wyoming.  The CD, containing nine modules, was developed in 
collaboration with the College of Agriculture at CSU and the Ag Teachers Association.  
Longitudinal research using treatment and control groups in the two states indicate both an 
increase in knowledge and a decrease in injuries in the experimental group versus the control. 
  
The second project (V. Buchan) has developed an interactive CD developed for 4-H youth 
in grades 3-6.  Using a ―concept team‖ of parents, children and Cooperative Extension 
personnel, five topics were chosen to develop into educational modules.  The modules include: 
tractor safety, chemical safety, livestock handling, ATVs and grain handling.  The CD includes 
3-4 video clips per module, embedded quizzes with immediate reinforcement by pop-up 
characters, voiced characters that lead the younger child through the CD and a certificate of 
completion.  The 4-H CD has undergone both formative and process evaluation in regional 
states.  Based upon this successful endeavor, a follow-up project was just funded to undertake 
outcome evaluation on 4-H CD1 and to develop a second CD addressing the diversity of 
agriculture across the country. 
 
Regional outreach project 
A unique and very important component of HICAHS is our ―Regional Outreach‖ project.  The 
model developed by the Center has built upon the opportunities provided by being located in a 
Land Grant Institution.   Cooperative Extension under USDA has an extensive and well 
organized statewide network organization already in place.  Utilizing these existing outreach 
systems HICAHS has developed partnerships with the Cooperative Extension organization in 
each of the six states in Federal Public Health Region VIII (Utah, Montana, North Dakota, South 
Dakota, Wyoming and Colorado).  The partnership has provided benefits for all parties.  
HICAHS has provided seed money funding for the extension specialists in each state to develop 
and conduct health and safety projects according to their local needs.  In return, the agents 
provide a key route of dissemination for HICAHS educational materials, as well as logical testing 
grounds for new products. With reductions in USDA funding for Extension, we have focused 
efforts on building partnerships to optimize resources. In the past three years we have doubled 
our partners.   
 
TRANSLATION OF FINDINGS 
 
HICAHS investigators have been very active in building partnerships to address the 
unique agricultural issues of the high plains and mountains of Region VIII.  We have also 
played a leading role in national initiatives involving all of the NIOSH Agricultural 
Centers.   Table 1 summarizes research to practice aspects of center projects.  



 

 
 
Table 1.  Project r2p Categories for FY 2003-07 

 

 
r2p CATEGORY  

 

 
PROJECT TITLE  

Research to Surveillance 
and Intervention 

Agricultural Injuries and Illness among Colorado 
Agricultural Workers (pilot study) 

Reduction of Exposures from Dairies and Cattle Feedlots 

Improving Injury Information for Migrant Farmworkers 

Research to Research Redesign Radio Control System and LVDT Set for Precise 
Tractor  

Stability and Engineering Control Strategies 

ROPS Design and Testing for Agricultural Vehicles 

Evaluation of a Bacteriophage Cocktail to Reduce 
Escherichia coli 0157:H7 Shedding in Beef Cattle (pilot 
study)  

Endotoxin & Genetics in Organic Dust Lung Disease 
Facilities 

Development of Novel Biomarkers for Pesticides in EPA 
Region VII 

Research to Field Use Ergonomics for Farm Workers 
ROPS Design and Testing for Agricultural Vehicles 

Research to Academia Professional Education 

Theses/Dissertations 

Previous Publications 

Research to Intervention 
and Education  

Regional Cooperative Extension Project 
Agriculture Health and Safety Curriculum Evaluation Project  
HICAHS Website 

Research to Policy Ag Center Tractor Initiative 

Research to Evaluation 
 

Agriculture Health and Safety Curriculum Evaluation Project  

Interactive Agricultural Health & Safety CD: 4-H Youth  

Research to Technical 
Assistance 

Redesign Radio Control System and LVDT Set for Precise 
Tractor  

Note: Some of these projects are listed in more than one category 
 
OUTCOMES/RELEVANCE/IMPACT 
 
Impact is addressed in more detail in each individual project report. A summary of 
impact for the Administrative Core and Overall is as follows:   
 
The National Tractor Initiative – P.I. S. Reynolds This was the first project to involve 
collaboration of all of the NIOSH Agricultural Centers.  It included six components to develop the 
necessary information and stakeholder support procedures (social marketing) to enable a 
national public health campaign.  In addition to creating a successful team of researchers to 
address the number one cause of fatalities in U.S. agriculture, the final report contains specific 
recommendations for regional demonstration projects and the steps needed to make these 
successful.  
 



 

The National Symposium on Agricultural Health and Safety (June 2004) 
This was the first conference that involved three national organizations each of which address 
agricultural health and safety; The NIOSH Agricultural Centers, the National Institute for Farm 
Safety, and the North American Agromedicine Consortium each had representatives on the 
planning committee.  The constituents of these three organizations represent different 
professions and viewpoints, and this meeting fostered communication and interdisciplinary 
collaboration. The venue was also used to introduce the National Tractor Safety Initiative and 
seek stakeholder input. This conference underwent a two-stage evaluation, the results of which 
are included in the scientific report below. 
 
The National Agricultural Health and Safety Center Evaluation Project 
 
There are two evaluation models incorporated into the ACE Project: program monitoring and 
outcome assessment.  Program monitoring is a model addressing accountability across the 10-
Center Initiative.  The ACE report is the only current format that provides an overview for 
interested Stakeholders of what the Centers accomplish overall and addresses the following 10 
evaluation questions. 
 

1 What were the target population contacts by specific activities of Initiative 
personnel? 

2 What were the target groups of the Initiative? 

3 What research projects did the Centers undertake by NORA category? 

4 What special sector activities have the Centers undertaken? 

5 What products has the Center Initiative produced? 

6 What collaborative efforts have occurred & with whom? 

7 For what degrees and professional disciplines did the Initiative provide 
education? 

8 What was the reported monetary value leveraged by the Centers? 

9 In which states were the Centers active? 

10 What ―research to practice‖ (r2p) categories were accomplished by the Centers? 

 
Results of this project were instrumental in providing information for the National Academy of 
Science review of the NIOSH National Agricultural Health and Safety Center Initiative. Two 
annual reports are currently available and listed in the publications below. 
 
Development of novel biomarkers:  Novel analytical methods for measuring atrazine and its 
three chlorinated metabolites in blood, brain and urine have been developed. This project has 
important applications for the largely Hispanic farm worker population in this region. 
 
Organic Dust Lung Disease: The project has evaluated a novel Recombinant Factor C 
endotoxin assay, and new methods for measuring inhalable particulates including endotoxins, 
that can be used to help establish occupational exposure guidelines for complex organic dusts 
in agricultural environments. Research protocols and questionnaires developed for this project 
(English and Spanish) have been shared with two other Centers and HICAHS conducted 
endotoxin analysis of samples from pilot studies in California. Dr. Reynolds is collaborating with 
Dr. Mitloehner and his colleagues at UC Davis on their study of California dairy workers, and will 
conduct endotoxin analyses. The population affected in this region is predominantly Hispanic.  
 
ROPS design and testing for Agricultural Vehicles: HICAHS has provided leadership in the 
development and testing of multiple models of ROPS for retrofitting a variety of tractors.  The 
research team has continued their engineering research addressing front drive mowers and the 
need for a mower ROPS using the original ASAE S547 continuous roll model.  The results have 



 

been presented to manufacturers including: Deere & Co., CNH, AGCO, Toro, Kuboto, AEM, 
FEMCO, Woods Equipment, Grasshopper, Excel Industries, Weasler Engineering, Scag Power 
equipment, Exmark, Custom Products of Litchfield, Full Vision, Inc., Moridge, MTD and Hustler.  
Drs. Ayers and Liu work closely with equipment manufacturers to bring these interventions to 
market.  
 
Agricultural Injuries and Illnesses among Colorado Agricultural Workers.  (Pilot Project.) 
J. Rosecrance, P.I. - Working in collaboration with the largest Colorado workers‘ compensation 
insurer- Pinnacol, and with three of Colorado‘s largest agricultural associations, Dr. Rosecrance 
has categorized the types and seriousness of musculoskeletal injuries for those farm workers 
who are covered by and have filed claims with the carrier.  The truly innovative piece of this 
work has been the development of a close relationship with the Pinnacol personnel that are 
responsible for agricultural workers in Colorado.  This can be seen as a first step towards 
integrating Workers‘ Compensation Carriers in other regional states as a source of injury and 
illness data as reliable surveillance data is lacking. 
 
Education/prevention products for children and youth: 
The first of two health and safety curricula projects (R. Seiz) developed and rigorously evaluated 
a CD for high school vocational agricultural education classes in Colorado and Wyoming.  The 
CD, containing nine modules, was developed in collaboration with the College of Agriculture at 
CSU and the Ag Teachers Association.  Longitudinal research using treatment and control 
groups in the two states indicate both an increase in knowledge and a decrease in injuries in the 
experimental group versus the control. 
  
The second project (V. Buchan) has developed and formatively evaluated an interactive CD 
developed for 4-H youth in grades 3-6.  The CD includes 3-4 video clips per module, embedded 
quizzes with immediate reinforcement by pop-up characters, voiced characters that lead the 
younger child through the CD and a certificate of completion.  Based upon the success of this 
project a recently funded proposal will undertake outcome evaluation measuring knowledge and 
behavior change on a national level. The current project working with three additional 
Agricultural Centers (NE Center, SE Center and SW Center) will develop a second 4-H CD 
representing these diverse regions of the country. 
 
Regional outreach project 
A unique and very important component of HICAHS has been our ―Regional Outreach‖ project.  
The model developed by the Center has built upon the opportunities provided by being located 
in a Land Grant Institution and utilized existing outreach systems of  Cooperative Extension. 
The partnership has provided benefits for all parties.  HICAHS has provided seed money 
funding for the extension specialists in each state to develop and conduct health and safety 
projects according to their local needs.  In return, the agents provide a key route of 
dissemination for HICAHS educational materials, as well as logical testing grounds for new 
products. Our current project Enhancing Translation and Dissemination Through Agricultural 
Partnership builds on this work, but uses a more rigorous approach to evaluating outcomes 
among a more diverse partnership.  
 
Supplemental funding related to outreach was awarded during FY 2006 and enhanced our 
HICAHS website, by adding a ―Children‘s Corner‖ that includes educational materials, games, 
coloring pages and cartoons to teach children about some of the occupational hazards related 
to production agriculture.  
http://www.hicahs.colostate.edu/childrencorner/childrenwebsite/index.htm. 
 
 

http://www.hicahs.colostate.edu/childrencorner/childrenwebsite/index.htm


 

SCIENTIFIC REPORT 
 
The Specific Aims of the Administrative Core were to: 

1. Provide Center Administration and Leadership. 
2. Provide coordination of research, outreach, and prevention activities within the 

Center, with other related programs at Colorado State University, with other NIOSH 
Agricultural Health and Safety Centers, and with other US and international 
colleagues active in agricultural health and safety. 

3. Utilize a strategic plan to guide the Center‘s development and growth. 
4. Conduct evaluation (internal) of Center progress and products. 
5. Provide professional education and/or training related to agricultural health and 

safety.   
 
This portion of the report addresses each specific aim sequentially.  

 
1. Provide Center Administration and Leadership. 
 

The Internal Advisory Committee met at least monthly to coordinate projects within the Center 
and between the Center and other organizations/programs.  The External Regional Advisory 
Board last met in person on October 11, 2006.  A major effort last year was re-evaluation of 
regional needs and strengths and preparation of a competitive center renewal application.  
HICAHS personnel played lead roles in the development of a collaborative proposal for a new 
NIOSH ERC involving the occupational health programs at CSU (Reynolds, Rosecrance), 
occupational medicine at CU and development of a larger continuing education and outreach 
effort with a major focus on rural health, Native American and Hispanic populations. 
 
2. Provide coordination of research, outreach, and prevention activities within the Center, 
with other related programs at Colorado State University, with other NIOSH Agricultural 
Health and Safety Centers, and with other US and international colleagues active in 
agricultural health and safety. 
 
Outreach efforts included completion of a ―Children‘s Corner‖ on the HICAHS Website; 
development of stronger relationships with organic and small acreage producers, including 
development of three checklists for small acreage health and safety; development of new 
relationship with Progressive Farming and hosting a training session for Farm Safety Day Camp 
organizers at CSU. We also increased meetings and field visits with migrant health 
organizations and participation in the Community Health Association for Mountain Plains States.  
 
Requests for Proposals for Feasibility Projects were distributed via the External Regional 
Advisory Board  to Health Departments, migrant health organizations, academic institutions and 
other organizations in Region VIII. Evaluation and selection criteria included: relevance to goals 
of the center and NORA/NIOSH priorities; importance to the region; collaboration; scientific 
rigor; qualifications of investigators; and potential for future funding.  Criteria were developed 
with input from the Regional and Internal Advisory Committees.  Proposals were evaluated by 
reviewers including HICAHS faculty and external reviewers when appropriate.  We also sought 
to involve students in these projects to help increase the pool of health and safety professionals 
working in agriculture.  Investigators were expected to provide progress and final reports, and to 
present findings at a HICAHS seminar.  It was also expected that these projects would provide 
the basis for development of applications for R01 and other mechanisms for more fully 
developed support.  Documentation of the Feasibility program was conducted by the Center 
Administrative Assistant, and records included: methods of dissemination, a list of all proposals 
submitted, reviews and scores, funding decisions, progress and final reports, students trained, 



 

collaborators, and results including presentations, abstracts, manuscripts, and R01 type 
submissions.   
 
Four awards of $5,000 each were made. Menstrual Cycles & Reproductive Patterns in Women 
exposed to Atrazine; Lori Cragen, P.I. Validation of a Predictive Model for West Nile Virus Using 
Weather and Climate data; Keri Nakatsu, P.I. Evaluation of a Bacteriophage Cocktail to Reduce 
E Coli O157:H7 Shedding in Beef Cattle Lawrence Goodridge, P.I.; Hich Speed Tractor Safety 
and Impact on Applicable ROPS; Juhua Liu, P.I. 
 
Dr. Lawrence Goodridge‘s project “Evaluation of a Bacteriophage Cocktail to Reduce E Coli 
O157:H7 Shedding in Beef Cattle” was an outstanding example of the past success. Dr. 
Goodridge was an Assistant Professor in Animal Sciences at the University of Wyoming.  He 
had not previously worked on research directly related to human health in agriculture.  As a 
result of the Feasibility study, Dr. Goodridge successfully obtained a major grant.  He also 
became a very active collaborator.  He is now an Assistant Professor at Colorado State 
University, Dept. of Animal Sciences.  
 
Dr. Reynolds (and Ayers, Buchan, Lamm, Liu, Rosecrance) led the National Agricultural Tractor 
Safety Initiative, completed in 2007.  
 
An important tool for outreach is our website http://www.hicahs.colostate.edu. Materials such as 
―barn door fliers‖ used by Cooperative Extension and producer organizations are updated and 
maintained on the HICAHS Website.  The Website serves as a vehicle for connections with 
individual HICAHS investigators and collaborators.  
 
The Administrative Core conducted a series of seminars for Center faculty, professional staff, 
and more specifically for graduate research assistants supported by the Center and for 
recipients of Feasibility Grants.  In addition, HICAHS facilitated at least one visiting presentation 
annually from outside of the Center, as well as hosted visitors from across the country and 
internationally including China, Australia and Romania. 
 

3. Utilize a strategic plan to guide the Center’s development and growth. 
 
The major emphasis of the External Regional Advisory Committee meeting held in October 
2006 was to revisit our strategic plan, especially with attention to identifying priority hazards and 
opportunities in the region. The Committee met in person at least once each year. More 
frequent communications occurred for more focused issues, via email and telephone. Typical 
meetings included progress reports, assessment of regional needs, opportunities, and barriers, 
and small group breakouts to identify future priorities.  In addition to strategic planning, the 
Committee served as a conduit to disseminate solicitations for feasibility studies, assisted with 
organization of regional conferences, and was engaged as partners in the conduct of most of 
the projects in this center. 

 
4. Conduct evaluation (internal) of Center progress and products. 
 

Evaluation of Administrative Core Objectives 
 
The objectives and subobjectives of the Administrative Core are listed below by aim in a table, 
along with the process and outcome measures that have been utilized to evaluate  

http://www.hicahs.colostate.edu/


 

accomplishment of each.  Year-end progress reports were based upon these measures as well 
as cumulative all Center activities from the database variables.  
 

1.         Provide Center Administration and Leadership: 

Objectives:  STATUS 

1.1 Hold monthly meetings of Internal Advisory Committee  
Process measure: meeting minutes 

Complete 

1.2 Hold annual meetings of External Regional Advisory 
Committee 
Process measures:  minutes and presentations 

Complete 

1.3 Establish an external Scientific Advisory Committee 
composed of recognized leaders in agricultural health and 
safety  
Outcome measures: List of recruited members; synopsis of 
advice as requested. 

Complete 

1.4 Prepare annual Center reports regarding progress on 
individual project objectives within each core.   
Process measures:  Center monitoring database reports 
(see Center Evaluation for description). 

Complete 

 
2.  Provide coordination of research, outreach, and prevention  

activities within the Center with other related programs at Colorado State 
University, with other NIOSH Agricultural Health and Safety Centers, and 
with other US and international colleagues active in agricultural health and 
safety. 

2.1 Hold bimonthly research seminars for Center investigators, 
other Colorado State University faculty and students, and 
other community partners in PHS Region VIII. 
Outcome measure: Provide annual schedule of seminars 
presented, topic and presenter. 

Complete 

2.2 Hold an annual regional conference for Center investigators, 
other Colorado State University faculty and students and 
regional stakeholders and partners in PHS Region VIII. 
Process and outcome measures:  Copies of Request for 
abstracts, Meeting agenda and topics, list of presenters and 
attendees.  Evaluation report based upon attendee 
feedback. 

Partially 
Completed 

(not 
funded) 

2.3 Disseminate HI-CAHS products (research papers, technical 
documents, etc.) to other NIOSH Centers and other US and 
international investigators via internet and peer reviewed 
journals. 
Outcome measures: Center monitoring database provides 
lists of products by category, and numbers & targets of 
dissemination efforts. 
 

Complete 

2.4 Promote research, outreach/education and 
prevention/intervention through facilitation of feasibility 
projects and other funding opportunities with regional and 
other partners. 
Process and outcome measures:  Feasibility projects will be 
reviewed by NIOSH and External Scientific Advisory 
Committee with summary report included in annual report. 

Complete 



 

2.5 Participate in Agricultural Centers Coordinating Committee 
to facilitate multi-center collaboration and maximize 
agricultural centers program national resources (e.g. Tractor 
initiative). 
Process measures: Center monitoring database, Tractor 
Initiative records.  

Complete 

 
3. Utilize a strategic plan to guide the Center’s development and growth. 

3.1 Provide external and internal advisory committee members 
with strategic planning materials from NIOSH and other 
organizations involved in agricultural health and safety. 

 

3.2 Develop strategic plan for HI-CAHS based upon suggestions 
of both external and internal advisory committees. 
Outcome measure:  Strategic plan forwarded to NIOSH for 
program review and included in Year I report 

Complete 

3.3 Update strategic plan with input from both external and 
internal advisory committees annually.   
Outcome measures: Updates reported in year end reports 
Years 2 and 3. 
 

Complete 

 
4. Center evaluation (internal) of progress and products. 

4.1 Train all project personnel to complete documentation 
(project overview form and logs) on all activities related to 
their projects for entry into Center monitoring database. 
(see Evaluation section for description and appendices for 
examples of forms). 

Complete 

4.2 Utilize Center database to monitor progress on individual 
project objectives. 
Outcome measure: Year-end summary report documenting 
progress on objectives by project by Core (table format). 
 

Complete 

4.3 Utilize Center database to provide a yearend overview of 
additional Center accomplishments and activities. 
Outcome measures:  The database provides reports on 
Center products, professionals trained, Center collaborative 
efforts, educational presentations, and descriptive 
information regarding contacts and the target audiences of 
the various projects. (see Evaluation section for more 
specific information re measures included). 

Complete 

4.1 Conduct formative evaluation on products developed by the 
Center (e.g. instruments, publications, laboratory methods 
etc.) by peer review process and/or pilot testing as 
appropriate. 
Formative evaluation measures: Written statements re 
formative feedback  in individual project reports; reports on 
feedback from External Scientific Advisory Committee as 
consulted. 

Partially 
Completed 



 

 

   5.        Provide professional education and/or training related to agricultural 
      health and safety. 

5.1 1 Provide graduate education in multiple disciplines at  
   CSU 
   Outcome measures:  numbers of students graduating per 

grant year and the discipline from which they graduate.  
Copies of theses, dissertations and publications will be 
forwarded to NIOSH. 

Complete 

5.2 Provide continuing education or training to professionals in 
issues related to agricultural health and safety. 
Outcome measures:  the database provides numbers and  
types of education or training efforts delivered by HICAHS 
staff. 
Also categorized are types of target groups who attend.  

Complete 

 
5. Provide professional education and/or training related to agricultural health and 
safety.   

 
A number of MS, MSW, and PhD students worked on HICAHS projects and produced reports, 
theses and dissertations (see individual projects). Students were enrolled in programs in the 
College of Veterinary Medicine and Biomedical Sciences (industrial hygienists, epidemiologist, 
veterinarian), College of Agricultural Sciences, College of Engineering  and College of Applied 
Human Sciences at CSU.  The Administrative Core continued to develop relationships with 
additional producer organizations and insurers.  We collaborated on continuing 
education/training programs for the Colorado Corn Growers, Colorado Livestock Association 
and others, as well as collaborating on research and outreach dissemination.  HICAHS 
personnel and students have participated in numerous seminars and meetings locally, 
nationally, and internationally.  
 
During this time period HICAHS staff has published 50 articles, and 7 graduate degrees have 
been conferred. 
 
Scientific Report - Initiative wide Activities 
National Symposium on Agricultural Health and Safety (2004, June 20-24) Keystone, CO. 
 The High Plains Intermountain Center for Agricultural Health and Safety hosted the first 
national conference that brought together three national organizations each of which focus on 
this unique occupational environment.  The conference partners were the North American 
Agromedicine Consortium (NAAC), the National Institute for Occupational Safety and Health, 
including the existing Agricultural Centers, and the National Institute for Farm Safety (NIFS.)  
HICAHS was responsible for promoting, organizing and implementing the conference: this 
included developing the call for abstracts, submitting a proposal for conference funding, 
developing the program, selecting and arranging the conference venue, all aspects of 
registration, conference finances and distribution and conference evaluation.  A copy of the 
Conference Program can be found in Appendix A.   
 
 Conference objectives were: 
 

1. To provide an opportunity for the dissemination of current research in agricultural 
occupational health and safety. 

2. To provide opportunities to interact with multiple disciplines 



 

3. To provide a platform for diverse perspectives on issues in agricultural occupational 
health and safety. 

4. To provide opportunities for attendees to develop collaborative relationships 

The conference was evaluated in a two stage process, with on-site interviews for two days 
which addressed the sessions attended by respondents that day (N =   ) and a six-month follow-
up with a stratified random sample of conference participants by member organization (N=65) 6 
months post conference the purpose of which was to determine if the Conference was 
successful in meeting its objectives.  The 6 month evaluation, accomplished by telephone 
interviews, added the opportunity for respondents to provide additional feedback and to offer 
suggestions for future agricultural health and safety conferences.  The feedback from both 
evaluation stages was very positive, with over 80% of respondents in the Strongly Agree or 
Agree category on a 5-point Likert scale related to each of the first 3 objectives.  Eighty-eight 
percent of respondents for whom the question was applicable (12.3% responded the question 
was not applicable to them) indicated they had made collaborative contacts and 78.5% had 
been in further contact since the conference. 
  
The NIOSH Agricultural Center Initiative Evaluation Project (2004-2007) 
 
V. Buchan (PI) and H. Holmquist-Johnson (Co-PI) with HICAHS submitted a proposal in 
response to an RFP from NIOSH requesting a lead Center to continue the Agricultural Disease 
and Injury Research and Prevention Centers Evaluation Project.  The project was funded 
beginning September 1, 2004 with a contract for three years with the primary goal of restarting 
the Agricultural Center Evaluation process for which HICAHS had provided leadership since 
1997.   Once funded, each Center Director was asked to appoint a person to the ACE team and 
two workshops were held in FY 04-05 to review and revise the existing database, and to identify 
the potential for cross-Center evaluation opportunities.  
  
In the first fiscal year of the renewal of ACE, each Center collected data in the revised database 
for five months and a pilot report (―NIOSH Agricultural Center Initiative Evaluation Project‖, Jan. 
2006) was produced (this report can be found in Appendix B.  In addition, projects were 
identified at each Center that could potentially be included in a form of meta analysis or multiple 
project evaluation in one of two categories: High School Agricultural Health and Safety Curricula 
(4 projects identified) and Professional Development Educational Projects (7 projects identified).  
A Center Initiative Report was produced for all Initiative projects, with each Center utilizing the 
ACE database, and HICAHS collating the information in FY 2005-06 (―NIOSH Agricultural 
Center Initiative Evaluation Project‖, Jan. 2007, Appendix C).   A number of members of the 
ACE team have assisted HICAHS with editing, cover design, indexing and multiple suggestions 
for improvement.  

 
There are two evaluation models incorporated into the ACE Project: program monitoring and 
outcome assessment.  Program monitoring is a model addressing accountability across the 
multiple Centers Initiative.  The ACE reports are the only current format that provide an 
overview for interested stakeholders of what the Centers accomplish overall; they address the 
following 10 questions related to outcome measures. 
 
1.  What were the target populations or audience contacts by specific activities by the  
  Center  
  Initiative during FY 2006? 
2.  What were the target groups of the Center Initiative work during FY 2006? 
3.  What research projects did the Center Initiative undertake in FY 2006?  By NORA  
 research priority?  



 

4.  What special sector activities has the Center Initiative undertaken during FY 2006? 
5.  What products has the Center Initiative produced in FY 2006?   
6.  What collaborative efforts have occurred during FY 2006?   
7.  For what degrees and professional disciplines did the Center Initiative provide education  
 during FY 2006? 
8.  What was the reported monetary value leveraged by the Center Initiative (in dollars and  
 in-kind support) during FY 2006? 
9.  In which states was Center Initiative active during FY 2006? 
10.  What research to practice (r2p) accomplishments were undertaken during FY 2006? 
 
Copies of the last two ACE reports with responses to the above evaluation questions based 
upon data collected may be found in Appendices B and C. Examples of the information 
presented include the following for fiscal year 2005-2006. 
  

There were 60 active research projects across the Initiative during FY2006.  The 
research projects are presented by NORA I categories; twenty were under 
disease and injury, 21 under work environment & workforce and 19 under 
research tools and approaches.  The research projects are further categorized by 
priority research areas.   

  
The 10 Centers in the Initiative produced 422 products in FY 2006; 18% of these 
were professional publications, but the remainder reflects each Center‘s efforts to 
provide information or educational materials for various target groups.  The latter 
are newsletters, exhibit materials, fact sheets, videos, CDs etc.   

 
The Agricultural Initiative reported over 4.2 million contacts with constituents 
during 2006; these contacts vary by activity the contact is reported by.  These 
range from active contacts (106,273) such as consultations, workshops, exhibits, 
or outreach education; to more passive contacts via material distribution such as 
public service announcements, feature articles in farm/ranch publications.  

 
An additional use of the ACE project database arose during FY 2007, when NIOSH was 
providing data to the National Academy of Science (NAS) for an external evaluation of NIOSH 
as an federally funded subsidiary of the Centers for Disease Control.  Under the direction of Dr. 
Roy Fleming, the ACE team provided the database model for both projects internal to NIOSH 
and the Agricultural Centers.  This monitoring model was adapted as the reporting format for the 
NAS review.  
 
The Center Initiative Report for FY 2006-07 is currently being developed.  At the request of 
NIOSH, HICAHS submitted a request for continuation of the Agricultural Center Initiative 
evaluation contract for one more year (FY 2007-08).   The goals for this remaining year include 
an Initiative-wide report as well as recommendations to NIOSH from the ACE team for 
evaluation suggestions for the next PAR, and exploring the potential for a ―goodness of fit‖ 
between the ACE database and NIOSH year end reporting formats. 
 
Future Plans 
 
In our next four year funding period the Administrative Core will continue to provide leadership 
and direction to the Center members and will continue to foster collaboration between HICAHS 
and regional and national partners. We will continue to be leaders in the National Agricultural 
Tractor Safety Initiative, and the national Ag Centers Evaluation Project.  We have added 
several new investigators with expertise in areas including psychology, communications, 



 

toxicology, and medicine.  We will place particular emphasis on identifying potential new 
investigators in our region and fostering their involvement in agricultural safety and health 
through pilot grants, conferences, and other strategies.  
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Abstract 
 
ASAE Standard S547 ―Tip-Over Protective Structure (TOPS) Protective Structure for Front 
Wheel Drive Turf and Landscape Equipment‖ was approved in December 2002.   The S547 
Standard lateral upset test is designed to limit the roll angle during the side upset of a self-
propelled ride-on machine.  The ASAE S547 Standard includes a new modeling component that 
would allow roll-over protective structure (ROPS) design to satisfy the continuous roll 
requirement without actual field upset testing.  The influence of the mower deck to determine 
the vehicle/slope contact points is ignored in the model, possibly producing unsafe ROPS 
designs.  This assumption can significantly influence the model results and its impact on model 
accuracy was explored.  A Deere F925 front-drive mower and a Kubota Z-28 Zero turn radius 
mower were used in the evaluation of ASAE S547 continuous roll field testing and the model.   
 
A continuous roll test site was constructed in accordance with ASABE S547.  A total of 12 
continuous rollover tests were conducted using the F925 front drive mower with the factory-
installed ROPS using the calibrated foam pad that meets the strength requirements of the ASAE 
S547 Standard.  Results showed that the ASAE S547 model did not accurately predict 
continuous roll tendencies.  Two similar tests were conducted with the Z-28 mower zero-turn 
mower with factory ROPS.  Again, the model did not accurately predict the roll behavior.  In 
addition to the 35 degree slope tests, a Z-28 continuous roll test was conducted on a 20 degree 
hill slope.  In this condition, the model did not predict the roll behavior. 
The ASAE S547 continuous model was revised to include the mower deck, slide down the slope 
and rotation of the mower during sliding.  The revised model was able to predict the critical 
ROPS height (CRH) much closer to the field test results.  Results of the revised test are shown 
below.  

Model Results  vs. Field Test Results

0

0.4

0.8

1.2

1.6

2

2.4

2.8

3.2

0.1 (down) 0.2 (up)

Deck Height (m)

C
R

H
 (

m
)

Original Model

Field Tests

Revised Model

2.67 2.63

2.17 2.17

2.55 2.50

 

The revised model can accurately predict the continuous roll tendency of the mower.  The 
ROPS height required for preventing continuous roll is much higher than the original model 
predicted. 

 

On February 13, 2007 the results of this study were presented to the ASABE PM-52 committee 
at the Agricultural Equipment Technology Conference (AETC) in Louisville, KY. Based on the 



 

findings of this study, the ASABE S547 was voted by the committee to be withdrawn as a ROPS 
design standard.  This was approved by ASABE on November 9, 2007.   The fallacies of using 
the continuous roll model specified in ASABE have been revealed.  Although an improved 
continuous roll model has been developed, it has proven impractical for mower ROPS designs.  
Because ASABE PM-52 has withdrawn ASABE S547 as a ROPS design standard, continuous 
roll testing will not be needed for future ROPS design and testing. New ISO and ASABE ROPS 
standards will focus on ROPS design for operator protection during a continuous roll, not ROPS 
design to prevent a continuous roll. 

 

Stability analyses were conducted on 17 agricultural off-road vehicles to determine lateral and 
longitudinal critical stability slopes.  Critical ROPS height determinations based on the revised 
ASAE S547 continuous roll model indicated some existing ROPS would not stop a continuous 
roll for some of these vehicles. 
 
Highlights/Significant Findings 
 
The highlights and significant findings of this project are listed below: 
 
1) The ASAE S547 continuous roll model was programmed in MatLab. 
 
2) A continuous roll test slope was constructed in accordance with ASAE S547. 
 
3) An F925 Front-drive mower was obtained to conduct continuous roll tests. 
 
4) The continuous roll behavior was not predicted by the original ASAE S547 model. 
 
5) The model was revised to include mower deck width and height, mower slide and rotation. 
 
6) The revised model was able to accurately predict the mower continuous roll behavior. 
 
7) The ROPS height required to prevent a continuous roll is much higher than the original model 
predicted. 
 
8) The ASAE PM-52 committee voted to withdraw ASAE S547 Standard. 
 
9) The ASAE S547 Standard was withdrawn on Nov 11, 2007.  Future ISO and ASAE standards 
are evaluating ROPS design for operator protection during a continuous roll, instead of ROPS 
design for preventing continuous roll. 
 
 Other significant findings include: 
 
1) Critical ROPS heights were determined for 17 agricultural vehicles.  Some of the vehicles 
with ROPS would not prevent a continuous roll (based on the revised ASAE S547 continuous 
roll model). 
 
2) Information related to the continuous roll tests were presented to the industry in the form of 
committee meeting reports, oral presentations, publications and websites. 
 
3) A manual to design ROPS to meet the continuous roll requirements of ASAE S547 Standard 
was developed, but not distributed as the ASAE S547 Standard was withdrawn. 
 



 

Translation of Findings 
 
The results of the tests described above have been reported to the ROPS manufacturing 
industry as described in the presentations and meetings listed below.  To date, no known front 
drive mower ROPS has been designed using the original ASAE S547 continuous roll model. 
Companies present at meetings include:  Deere and Co., CNH, AGCO, Toro, Kuboto, AEM, 
FEMCO, Woods Equipment, Grasshopper, Excel Industries, Weasler Engineering, Scag Power 
Equipment, Exmark Mfg., Custom Products of Litchfield, Full Vision, Inc., Moridge 
Manufacturing, MTD, Hustler. 
 
 A website describing 1) the test slope construction details for the S547 lateral field upset test, 
2) the existing ASAE S547 continuous roll prediction model, 3) the modifications made in the 
model, 3) test results and 4) a location to download the revised model. The website is at the 
HICAHS Agricultural Center website - http://www.hicahs.colostate.edu/rops_design.asp.  This 
website will be withdrawn as the ASAE Standard S547 has been withdrawn effective 11/9/2007. 

 
The ROPS design engineering booklet has been developed.  The sections include 1) 
description of the original ASAE S547 lateral upset test and limitations, 2) lateral upset test site 
construction, 3) description of critical ROPS height, 4) model modifications, and 5) model 
validation.  As the Standard requiring the continuous roll test has been withdrawn by ASAE, the 
review and distribution of this booklet has been discontinued.    
 
Presentations of the research findings were reported at the following industry/consumer 
meetings. 
 
Ayers P [2007].  S547 revised model results. Committee report at the 2007 Agricultural 
Equipment Technology Conference, ASAE PM-52 Turf and Landscape Equipment Committee 
meeting.  , Louisville KY.  February 13. 
 
Ayers P [2006]. ASAE PM 23/2/2 ROPS Committee report on ASAE S547 field upset test 
evaluation.  2006 Agricultural Equipment Technology Conference.  Louisville, KY. February 12. 
 
Ayers P [2006].  S547 revised model results . 2006 Agricultural Equipment Technology 
Conference, ASAE PM-52 Turf and Landscape Equipment Committee meeting.  Louisville, KY.  
February 14. 
 
Ayers P [2005].  547 TOPS for front drive mowers. 2005 Agricultural Equipment Technology 
Conference, ASAE PM-52 Turf and Landscape Equipment Committee meeting.  Louisville, KY.  
February 15. 
 
Ayers, P. 2005. ASAE PM 23/2/2 ROPS Committee report on Revised Continuous Roll Model 
Evaluation.  2005 ASAE/CSAE ANNUAL INTERNATIONAL MEETING Tampa, FL. July 18. 
 
Ayers P [2005]. ASAE S547 field upset test evaluation.  2005 Agricultural Equipment 
Technology Conference, ASAE PM 23/2/2 ROPS Committee report.  Louisville, KY. February 
13. 
 
Ayers P [2005].  NIFS tractor and machinery issues committee report on ROPS updates.  2005 
National Symposium of Agricultural Health and Safety.  Wintergreen, VA.  June 27. 

 
Ayers P [2005].  ROPS design and testing for agricultural vehicles. IOWA State Fair webinar 
presentation.  August 16, 2005. 



 

 
Wang X, Ayers P, Comer R.  [2005].  Modification and evaluation of continuous roll prediction 
model for front drive mowers. 2005 ASAE/CSAE Annual International Meeting.  Tampa, FL. 
 
Ayers P [2004].  ASAE S547 field upset test evaluation.  Agricultural Equipment Technology 
Conference, PM 23/2/2 ROPS committee report.  Louisville, KY. February 9. 
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structure (TOPS) performance.  2004 National Symposium of Agricultural Health and Safety 
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for the continuous roll testing on larger lawnmowers.  2003 ASAE Conference.  Las Vegas, NV. 
 
Outcomes/Relevance/Impact 
 
Through committee meeting reports and conference presentations, the industry is now aware of 
the problem with the original model.  To date, no known front drive mower ROPS has been 
designed using the current ASAE S547 continuous roll model.  The revised model has been 
posted at the High Plains Intermountain Center for Agricultural Safety and Health (HI-CAHS) 
website.   

 



 

Model adjustments to include the mower deck, slide down the slope and rotation of the mower 
during sliding were applied.  Field test results show the revised model can accurately predict 
continuous roll behavior.  These modifications will allow ASAE S547 to be implemented by 
ROPS manufactures for future front drive mower ROPS designs.  Safer ROPS designs that 
reduce the incidence of continuous roll are expected.  The sensitivity analyses conducted will 
assist designers when designing ROPS to resist continuous roll behavior. 

 
The design problems associated with designing ROPS for continuous roll prevention has been 
exposed with this research project.  Currently ROPS standards are under development that 
provides operator protection during continuous roll, instead of preventing continuous rolls from 
occurring. 

 
The results of the tests described above have been reported to the ROPS manufacturing 
industry.  To date, no known front drive mower ROPS has been designed using the original 
ASAE S547 continuous roll model. Companies present at meetings include:  Deere and Co., 
CNH, AGCO, Toro, Kubota, AEM, FEMCO, Woods Equipment, Grasshopper, Excel Industries, 
Weasler Engineering, Scag Power Equipment, Exmark Mfg., Custom Products of Litchfield, Full 
Vision, Inc., Moridge Manufacturing, MTD, Hustler. 

 
On February 13, 2007 the results of this study were presented to the ASABE PM-52 committee 
at the Agricultural Equipment Technology Conference (AETC) in Louisville, KY. Based on the 
findings of this study, the ASABE S547 was voted to be withdrawn as a ROPS design standard.  
The fallacies of using the continuous roll model specified in ASABE have been revealed.  
Although an improved continuous roll model has been developed, it has proven impractical for 
mower ROPS designs.  Because ASABE PM-52 has withdrawn ASABE S547 as a ROPS 
design standard, continuous roll testing will not be needed for ROPS design and testing. New 
ISO and ASABE ROPS standards will focus on ROPS design for operator protection during a 
continuous roll, not ROPS design to prevent a continuous roll. 
 
Scientific Report 
 
ASAE S547 Lateral Upset Test Model Evaluation, Sensitivity Analysis and Dissemination 
 
ASAE Standard S547 ―Tip-Over Protective Structure (TOPS) Protective Structure for Front 
Wheel Drive Turf and Landscape Equipment‖ was recently approved in December 2002.   The 
S547 standard lateral upset test is designed to limit the roll angle during the side upset of a self-
propelled ride-on machine.  The test slope requirement is new to ROPS testing in the United 
States and the test slope at the University of Tennessee is the only known test slope in the U.S. 
to meet the Standard requirements (described below). 

 
The lateral upset test shall be carried out on a natural earth slope or a test ramp at least 

four meters long (see figure 3). The slope of the surface shall be 33degrees +5/-0. The surface 
shall be covered with a minimum of a 180 mm layer of material, which when measured in 
accordance with ASAE Recommendation R313, section 1 has a cone penetration index of A 
(235 + 20) or B (335 +20).  (From ASAE S547) 

 
The ASAE S547 Standard also includes a new modeling component that would allow ROPS 
design without actual field upset testing.  The model described in the Standard is from the 
OECD Standard Code 6: 1998.  The influence of the mower deck to determine the vehicle/slope 
contact points is ignored in the described model possibly producing unsafe ROPS designs.  This 
assumption can significantly influence the model results and need to be explored prior to 
implementation for ROPS design. 



 

 
A Deere F925 front drive mower was used in the evaluation of ASAE S547 continuous roll field 
testing and the OECD Code 6 model.  The model inputs are described below.  Note that the 
location of the deck is not included in the model parameters.   
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Table 1. Inputs of F925 mower with regular ROPS. 

 
1.Height of the COG 

 
H1=0.45m 

2. Horizontal distance 
between the center of gravity 
and front axle 

 
L3=0.229m 

3.Horizontal distance 
between the center of 
gravity and rear axle 

 
 
L2=1.206m 

 
 
4.Height of front tire 

 
 
D3=0.565m 

5.Height of the rear tires D2=0.360 m 6.Height at the point of 
impact 

H6=1.920m  

7.Horizontal distance 
between the center of 
gravity and the leading 
point of intersection of 
ROPS 
(minus, if it lies behind the 
plane of the center of 
gravity) 

 
 
 
 
 
L6 =-0.471m 

 
 
 
 
 
8.Width of ROPS 

 
 
 
 
 
B6=0.775m 

 
9.Height of the engine 
bonnet 
 

 
H7=0.845m 

 
10.Width of the engine cover 

 
B7=0.650m 

11.Horizontal distance 
between the center of 
gravity and the rear corner 
of the engine bonnet 

 
 
L7=1.051m 

 
12.Height of the rear-axle 
pivot point 

  

OH =0.31m 

    



 

13.Rear track width S=0.88m  14.Front tire width B0=0.19m 

 
15.Rear axle swing angle 

 
D0=0.102(rad) 

 
16.Tractor Mass 

 
Mc=899.5kg 

 
17.Moment of inertia 
About the longitudinal axis 
through the center of 
gravity 

 
 
Q= 

206.3(kgm )2
 

 
 
 

 

 
Three continuous rollover tests were conducted using the F925 front drive mower with the 
factory-installed ROPS using the calibrated foam pad that meets the strength requirements of 
the ASAE S547 Standard.  A continuous roll was observed for all three tests.  It should be noted 
that the factory-installed ROPS was not designed to meet ASAE S547 standards. An LVDT was 
placed on the ROPS to monitor the deflection of the ROPS top during the roll test.  ROPS 
deflections of approximately 6.5 cm were observed which provided protection of the operator. 
For the factory installed ROPS, the Critical ROPS Height (CRH) is 2.14 meters, indicating the 
model accurately predicts a continuous roll. The Critical ROPS height (CRH) is the height that 
transitions from the continuous roll to non-continuous roll. 
 
In order to evaluate the accuracy of the ASAE S547 continuous roll model a 4.05 meters long 
and 3.42 meters wide slope of 35 degrees was constructed at the University of Tennessee. 
Lateral upset tests for Deere F925 front drive mower with a ROPS of 1.9 m and 2.22 m were 
conducted. These tests indicated the mower deck influenced the rollover behavior. In addition, 
the mower yaw (rotation) and slide downhill were also observed. The original model described 
in ASAE S547 did not accurately predict the roll behavior of the mower. Therefore, the activities 
of this project involved modifying the original continuous roll model to include the mower deck 
size, yaw and slide downhill evaluating, and evaluating the accuracy of the revised model.  
 
MODIFICATION OF ORIGINAL MODEL 
 
The original model was revised to include 1) the deck size, 2) yaw and 3) slide down the slope. 
This revision included the tipping axes rotation and mass moment of inertia transformation. 

 
Three parameters were added into the model to include the size of the mower deck. These are: 
1) the horizontal distance between the contact point of the deck and the center of gravity (L3), 2) 
the height of the contact point of the deck (D3), and 3) the extended width of the deck measured 

from the center line of the front tire to the left end of the mower deck ( mB ) (see figure 1).  



 

CG(P1)

Front Back

P5

Y1

Z1

O

X1
P6

P2

P4

P7

P3D3

Mower Deck

L3

Front Tire 

Center Line

Bm

 
Figure 1. Definition of (X1, Y1, Z1) coordinates and seven contact points. 
 
Because adding the deck size to the model, the tipping axes changed, therefore, the moment of 
inertia, the equivalent slope angle, the potential and kinetic energy changed. These factors 
affected the mower roll behavior. The modified tipping axes are described below first. 

 
REVISED TIPPING AXES 

 
The modified tipping axes are described below (Three versions are defined in order to 
distinguish the roll behaviors): 
1. If the leading point of intersection of ROPS is in front of the longitudinal unstable equilibrium 
point, the mower rolls towards the back.  This is defined as B1 version (see figure 2). Tipping 
axes 1 and 2 change from dashed lines to solid lines by adding the mower deck. The 
longitudinally unstable equilibrium point (EQ) is the intersecting point between the rotation plane 
2 and the line passing through the ROPS/slope contact point and parallel to the tipping axis 2. 
 
2. If the leading point of intersection of ROPS is near the longitudinal unstable equilibrium point, 
the mower directly rolls over the top of ROPS.  This is defined as B2 version (see figure 3). 
Tipping axes 1 and 2 also change from dashed lines to solid lines by adding the mower deck. 
 
3. If the leading point of intersection of ROPS is behind the longitudinal unstable equilibrium 
point, the mower will roll towards the front. This is defined as B3 version (see figure 4). Tipping 
axes 1, 2 and 3 change from dashed lines to solid lines by adding the mower deck. Tipping axes 
1, 2 and 3 change from dashed lines to solid lines by adding the mower deck. 
 
From the field test, only the B3 version (the mower rolling towards the front) was observed. The 
other two situations did not occur. However, in order to cover all possible situations, the 
versions B1 and B2 were also included in the Matlab code. 
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Figure 2. The tipping axes of B1 version (mower rolls back). 
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Figure 3. The tipping axes of B2 version (mower rolls over the top of ROPS). 
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Figure 4. The tipping axes of B3 version (mower rolls front). 
 

 
REVISED POTENTIAL AND KINETIC ENERGY DUE TO DECK SIZE 

 
The three situations that were addressed in the revised potential energy calculations were: 1) 
change of the tipping axis due to mower deck size, 2) the slide of mower down the slope, and 3) 
the yaw of mower on the slope. The revised potential and kinetic energy calculations due to 
deck size were developed. 
 



 

Finally, the influence of deck size on the equivalent slope angle (A1) is discussed. The 
equivalent slope angle is different than the original slope angle. The equivalent slope angle (A1) 
is defined as the angle of the line (OT), an intersection of rotation plane and the slope, with 
respect to the horizontal plane (see figure 5). It affects the mower roll behavior. By adding the 

mower deck size, the tipping axis 1 changes the angle by 1  degrees from the longitudinal 

direction; therefore, the direction of the rotation plane 1 also changes an angle of 1  degrees. 

The relationship between A1, 1  and the original slope angle (A0) is shown below: 

 

 
Figure 5. Relationship between the original slope angle and revised equivalent slope angle. 
 

REVISED MOMENT OF INERTIA 
  
Because the tipping axes change, the moment of inertia around the tipping axis changes. The 
modified moment of inertia is described below (see figure 6).  
 

 
Figure 6. Transfer the moment of inertia from old coordinates to new coordinates. 
 
The moment of inertia around the tipping axis 1 can be obtained by the transformation and 

translation of the moment of inertia around the (X, Y, Z). In sequence, these rotations are   with 

respect to the X-axis,   with respect to the Z'-axis, therefore, the moment of inertia about the 



 

system (X'', Y'', Z'') is determined. Finally, the moment of inertia around the system (X''', Y''', Z''') 
is obtained by using the parallel-axis theorem (Wang, 2005).  
 

REVISED KINETIC ENERGY DUE TO THE YAW ANGLE AND SLIDE 
 
Due to the deck size, the front tires of the mower are suspended, therefore, the weight shifts to 
the rear tire, and the rear tire receives greater friction force than front deck. This causes the 
front deck move faster than the rear tire. This situation results in the yaw of the mower. Due to 
the yaw, the angle between the longitudinal direction and the tipping axis connecting the ROPS 
impact point to deck/slope contact point further decreased, therefore, the equivalent slope 
became steeper; finally, the roll tendency increased. The mower undergoes a combination of 
three motions including slide, roll and yaw down the slope. Figure 7 shows that the mower 
moves from position 5 to position 6 after yaw and slide. At position 6, the mower will roll around 

the tipping axis 3 with the angular velocity 5O . 

 

 
Figure 7. Adding the roll, yaw and slide into the model. 
 



 

Figure 8 shows the potential energy changes due to the slide and yaw of the mower downhill in 
two dimensions. Because of the work due to the friction force, the conservation of energy 
equation is modified. 

 
Figure 8. Potential energy change due to slide and yaw. 
 
 
EVALUATION OF THE REVISED MODEL 
 
In order to evaluate the accuracy of the revised model, the yaw angle, and the slide distance 
need to be measured. One-meter grid marks are put on the slope to measure them (see figures 
9 and 10). Field tests were conducted for Deere F925 mower.  
 

 
Figure 9. ROPS just hits the slope. 



 

 
Figure 10. The angle when the mower continues to roll about the tipping axis 3. 

 
Nine field tests were conducted on the slope for the F925 mower (see table 1).  
 
Table 1:  Field tests on polyethylene pad with regular ROPS 

ROPS Position ROPS Height 
(m) 

No of Tests 

Regular 1.90 3 

Regular 2.22 1 

Regular 2.42 1 

Regular 2.55 2 

Regular 2.67 2 

 
 
The average slide distance on the polyethylene pad is approximately one-meter. The angle 
between the tipping axis 3 and the longitudinal direction after the mower undertakes a yaw and 
when the mower continues to roll was estimated from video footage. The angle between the 
tipping axis 3 and the longitudinal axis change because the mower yaws. The average value of 
this angle is about 15 degrees (see figure 10). This angle can be dependent on mower and 
slope conditions. It directly affects the equivalent slope angle.  

 
The measured CRH are 2.55 m and 2.67 m with deck in the transportation (up) and the working 
position (down) respectively. The CRH predicted by the original model is 2.17 m. The CRH 
predicted by the revised model is 2.50 m, and 2.63 m with the deck in the transportation (up) 
and the working position (down) respectively. Field tests show that the revised model result is 
much closer to the field test result for Deere F925 mower with the regular ROPS (see figure 11). 
 



 

Model Results  vs. Field Test Results
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Figure 11. Comparison between model results and field test results. 
 
 
Critical ROPS Height Determination for 17 Vehicles 

 
In order to evaluate the continuous roll potential for agricultural vehicles, critical ROPS height 
were determined for seventeen vehicles that are grouped into four categories:  utility vehicles, 
lawn tractors, ZTR‘s (zero turn radius), and all-terrain vehicles (ATV‘s).  According to ASAE 
S547 DEC 02, to prevent a roll over, calculation methods (using OECD Code 6 continuous roll 
model) can be used to determine the critical height of the ROPS needed.  Since these vehicles 
do not have front decks, the OECD Code 6 is valid for CRH determinations.  The following 
vehicle parameters must be determined.   
 

 
Height of the Center of 
Gravity 
 

 
H1 

Horizontal distance between the 
center of gravity and front axle 

 
L3 

Horizontal distance 
between the center of 
gravity and rear axle 
 

 
 
L2 

 
 
Height of front tire 

 
 
D3 

Height of the rear tires D2 Height at the point of impact H6  

Horizontal distance 
between the center of 
gravity and the leading 
point of intersection of 
ROPS 
(minus, if it lies behind the 
plane of the center of 
gravity) 

 
 
 
L6  

 
 
 
 
 
Width of ROPS 

 
 
 
 
 
B6 



 

 
Height of the engine 
bonnet 
 

 
H7 

 
Width of the engine cover 

 
B7 

Horizontal distance 
between the center of 
gravity and the rear corner 
of the engine bonnet 
 

 
L7 

 
Height of the rear-axle pivot 
point 

  

OH  

 
Rear track width 
 

 
S 

 
 front  tire width 

 
B0 

 
Rear axle swing angle 
 

 
D0 

 
Tractor Mass 

 
Mc 

Moment of inertia 
About the longitudinal axis 
through the center of 
gravity 

 
Q 
 

 
To determine parameter Q the formula for the moment of inertia (MMI) was found in the SAE 
technical paper series titled ―Developments in Vehicle Center of Gravity and Inertial Parameter 

Estimation and Measurement.‖  The roll MMI equation is as follows: m
K

TWCGRH
I xx *

*)( 
 , 

where RH is the ROPS height, CG is the center of gravity, TW is the track width, m is the mass, 
and K is the Inertia Approximation Constant.  K is found in the same paper for roll inertia for a 
multi-purpose vehicle.  The value of K is found to be 9.4212.  The moment of inertia could then 
be found by using the estimated or actual height of the ROPS.   
 
The Critical ROPS Height (CRH) estimates (in meters) for 17 vehicles are shown below.    
These estimates can be used to predict if the vehicles will continuously roll down a 35 degree 
slope.  CRH‘s range from 1.75 m to 2.69 meters, with most in the 1.75 to 1.95 m range.  The 
four actual ROPS were in the 1.8 to 2.0 meter range.  Three of the Lawn Tractors had CRH 
greater than 2.0 meters, indicating a tall ROPS is needed to reduce continuous roll.  Of the four 
vehicles with ROPS, two vehicles had ROPS height less than the estimated CRH indicating 
continuous roll potential.  Note that the actual ―ROPS‖ listed for the Utility Vehicles are actually 
non-ROPS brush guards. 

 

 UTILITY VEHICLES     

       

 Gator 4x2 Gator 6x4 Polaris 4x4 
Mule 
4x2 

Toro 
Work.  

       

H1 0.592 0.532 0.569 0.619 0.733  

L3 1.14 1.3899 1.022 1.088 1.261  

L2 0.626 0.6161 0.908 0.862 0.739  

D3 0.5715 0.6223 0.629 0.5715 0.5334  

D2 0.6223 0.5715 0.635 0.584 0.5334  

H6 1.8669 1.8669 1.905 1.8288 1.8669  

L6 -0.275 -0.275 -0.273 -0.275 -0.275  

B6 1.524 1.524 1.524 1.375 1.524  



 

H7 0.66 0.66 0.7874 0.686 0.648  

B7 1.241 1.241 1.372 1.308 1.295  

L7 1.134 0.9717 1.594 1.399 1.336  

H0 0.3048 0.3048 0.318 0.286 0.254  

S 1.28 1.28 1.23 1.1557 1.235  

B0 0.254 0.254 0.21 0.254 0.241  

D0(rad) 0 0 0 0 0  

M(kg) 416.34 554.944 548.624 577.268 455.026  

Q(kg) 139.09 180.869 177.204 173.337 155.079  

       
actual 
R.H.       N/A       N/A 1.905 1.829       N/A  
CRH 
calculated 1.9539 1.8406 

             
1.890 1.886 1.798  

       

       

       

 LAWN TRACTORS     

       

 Kubota Bx JD X485 
Murray 
Garden Cub Cadet HDS  

       

H1 0.521 0.461 0.423 0.322   

L3 0.795 0.741 0.674 0.64   

L2 0.627 0.656 0.57 0.62   

D3 0.445 0.438 0.381 0.381   

D2 0.635 0.616 0.584 0.559   

H6 1.816 1.816 1.816 1.816   

L6 -0.2714 -0.9826 -0.982 -0.9826   

B6 0.737 0.737 0.737 0.737   

H7 1 1 0.8382 0.9398   

B7 0.508 0.559 0.508 0.508   

L7 0.338 0.1568 0.319 0.142   

H0 0.3175 0.33 0.2921 0.279   

S 0.9398 0.952 0.7874 0.813   

B0 0.3048 0.191 0.1651 0.191   

D0(rad) 0 0 0 0   

M(kg) 706.453 497.248 216.31 411.723   

Q(kg) 164.691 114.411 40.478 75.962   

       
actual 
R.H. 1.816       N/A       N/A       N/A   
CRH 
calculated 1.941 2.69 2.501 2.365   

       



 

 

       

       

 ZTR's      

       

 
Kubota ZD 
21 

Ferris IS 
3000 

Cub Cadet 
3654 Toro Z-master  

       

H1 0.373 0.502 0.37 0.437   

L3 0.969 0.958 0.962 1.15   

L2 0.291 0.342 0.295 0.361   

D3 0.349 0.3175 0.33 0.3048   

D2 0.584 0.543 0.5715 0.565   

H6 1.97 1.97 1.97 1.97   

L6 -0.291 -0.342 -0.295 -0.361   

B6 0.889 0.889 0.889 0.889   

H7 0.9398 0.71 0 1.168   

B7 0.457 0.381 0 0.66   

L7 0.824 0.141 0 0.437   

H0 0.279 0.2667 0.2794 0.279   

S 0.978 0.927 0.91 0.984   

B0 0.152 0.114 0.1143 0.1524   

D0(rad) 0 0 0 0   

M(kg) 650.56 572.681 447.992 599.388   

Q(kg) 158.23 139.295 110.269 150.686   

       
actual 
R.H. 1.97       N/A       N/A       N/A   
CRH  
calculated 1.748 1.812 1.737 1.8098   

       

       

       

 ATV's      

       

 
Honda 
Rubicon 

Yamaha 
Grizz. Polaris 700 Kawasaki Prairie  

       

H1 0.528 0.566 0.633 0.548   

L3 0.616 0.615 0.655 0.6054   

L2 0.654 0.668 0.64 0.69   

D3 0.6096 0.6096 0.6223 0.6223   

D2 0.6096 0.603 0.635 0.635   

H6 1.816 1.816 1.816 1.816   

L6 -0.275 -0.275 -0.275 -0.275   

B6 0.737 0.737 0.737 0.737   

H7 0.9144 1.016 1.143 0.9652   

B7 0.3302 0.3302 0.381 0.533   

L7 0.984 0.9982 1.0718 1.325   

H0 0.3048 0.3048 0.3048 0.311   

S 0.9271 0.9271 0.959 0.8921   



 

B0 0.2038 0.2032 0.1905 0.1524   

D0(rad) 0 0 0 0   

M(kg) 287.768 286.34 355.046 269.738   

Q(kg) 66.377 67.119 88.509 66.424   

       
actual 
R.H.       N/A       N/A       N/A        N/A  
CRH 
calculated 1.777 1.798 1.876 1.747   
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ABSTRACT 
 
Colorado‘s dairy industry makes a significant contribution to the state‘s agricultural economy.  In 
2001, Colorado ranked 18th in the nation with approximately 80,000 cows (mostly Holstein) on 
500 dairy farms which produced approximately 1.97 billion pounds of milk annually.  Colorado 
lies in a region in the western United States where agricultural injury and illness rates are 
among the highest in the nation.  Workers on dairies and feedlots are exposed to excessive 
levels of airborne hydrogen sulfide, ammonia, other gases, and aerosols including bacterial 
endotoxins.  A novel intervention, using an assemblage of algae to create aerobic conditions in 
manure holds promise for reducing exposure to these gases and aerosols.  The goals of this 
project were to: 1) develop community-based partnerships to implement this project and 
disseminate results; 2) implement an algae manure intervention and evaluate its effectiveness 
in reducing emissions and occupational exposures to particulates, bioaerosols, and gases from 
dairies, 3) evaluate the utility of the Cyranose 320 electronic nose (a simple direct reading tool 
for field use) for detection, identification, and quantification of gaseous emissions from diaries 
and feedlots as an alternative to a scentometer and gas chromatography methods, and 4) 
disseminate information on intervention technology, costs, and results in coordination with 
producers, agribusinesses, regulators, and communities via HICAHS outreach core and 
Cooperative Extension.  Due to bankruptcy and withdrawal of two dairies, this project involved 
one intervention or study dairy and one control dairy.   
 
We investigated the performance of these two samplers and three selective media for the 
collection of viable microorganisms on two Colorado dairies.  Samples were collected with an 
Anderson two stage viable particle sampler and a SKC Biosampler using R2A for mesophilic 
bacteria, EMB for Gram-negative bacteria, MEA for fungi at locations near lagoons.  Overall, the 
Anderson sampler collected geometric mean concentrations of 1282, 667, and 781 CFU/m3 for 
culturable mesophilic and Gram-negative bacteria and fungi, respectively.  The SKC Biosampler 
collected geometric mean concentrations of 390, 268, and 256 CFU/m3 for mesophilic and 
Gram-negative bacteria and fungi, respectively.  The SKC Biosampler was found to enumerate 
approximately 30% of mesophilic bacteria, 40% of Gram-negative bacteria, and 33% of fungi 
relative to the Anderson sampler.  Similar results were found for individual seasons with values 
ranging from 16 to 45%.  Mesophilic bacteria, Gram-negative bacteria, and fungi concentrations 
were all significantly higher for the Anderson sampler compared to the SKC Biosampler in all 4 
seasons except for fungi in winter.  Concentrations determined by these samplers were not 
consistently correlated.  Respirable microorganism concentrations were consistently higher than 
non-respirable concentrations in total and over all four seasons except for Gram-negative 
bacteria in the fall.  In general these concentrations are lower than suggested guidelines; 
however they may contribute to long term health concerns for workers and surrounding 
communities.                    
 
We also investigated the lagoon emissions from two Colorado dairies over four seasons.  Peak 
ammonia levels ranged from 2.0 to 142 ppm at the study dairy and 2.0 to 23 ppm at the control 
dairy.  In total, the study dairy (GM 10.0 ppm) had significantly (p<0.05) higher peak ammonia 
values than the control dairy (GM 6.4 ppm).  Mean hydrogen sulfide values ranged from 4.0 to 
394 ppb at the study dairy and 4.0 to 890 ppb at the control dairy.  Maximum values ranged 
from 37 to 17,000 ppb at the study dairy and from 210 to 5,200 ppb at the control dairy.  In total, 
there was no difference between the two dairies for average H2S. However, the control dairy 
had significantly (p<0.05) higher peak (GM 1067 ppb) hydrogen sulfide than the study dairy (GM 
351 ppb).  Odor values ranged from 0 to 15 dilutions to threshold at both dairies, with 2 D/T 
occurring most often at both dairies.  Inhalable particulate ranged from below the limit of 
detection (LOD) to 2.3 mg/m3 at the study dairy and from below the LOD to 1.5 mg/m3 at the 
control dairy.  Inhalable endotoxin ranged from 2.1 to 270.7 EU/m3 at the study dairy and from 



 

2.3 to 487.2 EU/m3 at the control dairy.  Inhalable endotoxin per mg of dust ranged from 6.7 to 
1237 EU/mg at the study dairy and from 6.6 to 2270 EU/mg at the control dairy.  Total 
particulate ranged from below the LOD to 2.4 mg/m3 at the study dairy and from below the LOD 
to 0.21 mg/m3 at the control dairy.  Total endotoxin ranged from 2.5 to 6587 EU/m3 at the study 
dairy and from 2.0 to 2986 EU/m3 at the control dairy.  Total endotoxin per mg of dust ranged 
from 17.9 to 100,413 EU/mg at the study dairy and from 12.2 to 39817 EU/mg at the control 
dairy.  In general, these concentrations are lower than suggested guidelines. However, they 
may contribute to long term health concerns for workers and surrounding communities.  Overall, 
our data do not produce a definitive answer regarding the effectiveness of the algae lagoon 
treatment.   
 
Total and inhalable particulate and endotoxin were measured for six tasks at two Colorado 
dairies.  The majority of the workers were male Hispanics ranging in age from 19 to 57.  Most 
participants had at least some high school education.  Length of employment varied greatly from 
1 to 236 months.  The average length of employment was about 44 months. However, frequent 
worker turnover was quite common.  Most participants were either former smokers or had never 
smoked.  The majority of participants (56% Dairy 1 and 100% Dairy 2) had experienced flu-like 
symptoms at some point in their employment.  Inhalable particulate (8-hour time weighted 
average (TWA)) ranged from 0.07 to 8.0 mg/m3 at Dairy 1 and from 0.07 to 5.1 mg/m3 at Dairy 2.  
The highest inhalable particulate values at both dairies occurred for loading feed.  Overall, Dairy 
1 had significantly higher (p<0.05) inhalable particulate for milking, loading feed, and distributing 
feed.  Total particulate ranged from 0.03 to 5.3 mg/m3 at Dairy 1 and from 0.05 to 6.9 mg/m3 at 
Dairy 2.  The highest total particulate values at both dairies occurred for milking.  Overall, Dairy 
1 had significantly higher (p<0.05) total particulate than Dairy 2 for milking.  Inhalable endotoxin 
ranged from 8.4 to 11096 EU/m3 at Dairy 1 and from 2.0 to 5286 EU/m3 at Dairy 2.  The highest 
inhalable endotoxin levels were for calves at Dairy 1 and for milking at Dairy 2.  Overall, Dairy 1 
had significantly higher (p<0.05) inhalable endotoxin than Dairy 2 for loading feed and 
distributing feed.  Total endotoxin ranged from 5.9 to 6758 EU/m3 at Dairy 1 and from 7.3 to 
4649 EU/m3 at Dairy 2.  The highest values at both dairies occurred for milking.  Total endotoxin 
levels were not significantly different between the two dairies for any task or any season.  
Overall, the only significant differences between the different tasks at the individual dairies 
occurred at Dairy 1.  For IOM samplers, inhalable endotoxin concentrations for working calves 
was significantly higher (p<0.05) than working sick cows and distributing feed.  For Button 
samplers, inhalable endotoxin concentrations for milking were significantly higher (p<0.05) than 
working calves.  For total samplers, total endotoxin concentrations for milking were significantly 
higher (p<0.05) than working calves.  There were no significant differences between tasks at 
Dairy 2 and there were no significant differences between tasks as a whole.  Our levels of 
inhalable particulate are similar to other milking studies but 2-3 times higher than other feeding 
studies and our levels of inhalable endotoxin are more than 25 times higher than other milking 
studies and up to 2-3 times higher than other feeding studies.  Overall, our particulate levels do 
not exceed current U.S. occupational exposure limits.  Particulate and endotoxin levels may be 
reduced for milking tasks by increasing ventilation rates inside the milking parlors and for 
feeding tasks by installing or properly maintaining tractor cabin filtration systems.                
 
The Cyranose‘s sensitivity to environmental conditions greatly limits its capability to be used in 
almost any agricultural setting.  Even indoors, the Cyranose 320 is extremely sensitive to heat 
and humidity as well as any particulates that may be present. In conclusion the Cyranose 320 is 
not recommended for quantitative evaluation, particularly in unpredictable outdoor 
environments.  Given the many other options available for direct reading instruments that have 
been proven to work in a potentially dangerous atmosphere, the Cyranose is not the best choice 
at this time. 
 



 

HIGHLIGHTS/SIGNIFICANT FINDINGS 
 
Overall, the SKC Biosampler was found to enumerate approximately 30% of mesophilic 
bacteria, 40% of Gram-negative bacteria, and 33% of fungi relative to the Anderson sampler.  
Similar results were found for individual seasons with values ranging from 16 to 45%.  
Concentrations determined by these samplers were not consistently correlated.  Respirable 
microorganism concentrations were consistently higher than non-respirable concentrations in 
total and over all four seasons except for Gram-negative bacteria in the fall.  In general these 
concentrations are lower than suggested guidelines; however they may contribute to long term 
health concerns for workers and surrounding communities.                    
 
In total, there was no difference between the two dairies for average H2S. However, the control 
dairy had significantly (p<0.05) higher peak (GM 1067 ppb) hydrogen sulfide than the study 
dairy (GM 351 ppb).  Odor values ranged from 0 to 15 dilutions to threshold (D/T) at both 
dairies, with 2 D/T occurring most often at both dairies.  Overall, our data do not produce a 
definitive answer regarding the effectiveness of the algae lagoon treatment in reducing 
emissions that impact nearby communities. The results are tempered by the differences in the 
size of dairies and differences in manure management systems. However, there is an indication 
of a reduction of hydrogen sulfide emissions.     
 
The majority of participating workers (56% Dairy 1 and 100% Dairy 2) had experienced flu-like 
symptoms at some point in their employment.  The highest inhalable particulate values at both 
dairies occurred for loading feed.  The highest total particulate values at both dairies occurred 
for milking.  The highest inhalable endotoxin levels were for calves at Dairy 1 and for milking at 
Dairy 2.  The highest values for total endotoxin at both dairies occurred for milking.  Levels of 
inhalable particulate are similar to other milking studies but 2-3 times higher than other feeding 
studies and levels of inhalable endotoxin are more than 25 times higher than other milking 
studies and up to 2-3 times higher than other feeding studies.  Overall, particulate levels do not 
exceed current U.S. occupational exposure limits.  Particulate and endotoxin levels may be 
reduced for milking tasks by increasing ventilation rates inside the milking parlors and for 
feeding tasks by installing or properly maintaining tractor cabin filtration systems.                
 
The Cyranose‘s sensitivity to environmental conditions greatly limits its capability to be used in 
almost any agricultural setting.  Even indoors, the Cyranose 320 is extremely sensitive to heat 
and humidity as well as any particulates that may be present. In conclusion the Cyranose 320 is 
not recommended for quantitative evaluation, particularly in unpredictable outdoor 
environments.  Given the many other options available for direct reading instruments that have 
been proven to work in a potentially dangerous atmosphere, the Cyranose is not the best choice 
at this time. 
 
TRANSLATION OF FINDINGS 
 
Findings have been shared in presentations at scientific meetings.  Three peer reviewed 
publications have been drafted and will be submitted in January 2008.  One peer reviewed 
manuscript was published.  One PhD dissertation and one MS thesis were published. Additional 
publications and meetings with agricultural producer organizations are scheduled to share 
findings.  Results will also be posted on the HICAHS Website and shared through Extension.   
 
Results have also been shared with the CSU Veterinary Integrated Livestock Management 
program for integration into the training conducted for new dairy workers throughout the western 
region of the U.S..   Results of this study contributed to design of two follow-up studies now 
being conducted in California (Respiratory Health and Exposures in Large California Dairy 



 

Herds – Western Center for Ag Health and Safety) and Colorado (Prospective Study of 
Occupational Lung Disease and Endotoxin Exposure in Naïve (New) Dairy Workers - HICAHS).  
 
OUTCOMES/RELEVANCE/IMPACT 
 
This study was designed and conducted at two Colorado dairies to determine whether a novel 
algae lagoon intervention treatment is able to reduce environmental gas and odor emissions.  
We also measured occupational exposures for various tasks at the two dairies, compared two 
viable microbial samplers, and evaluated an ―electronic nose‖ for measuring odors.   
 
Overall, our data do not provide a definitive answer as to the effectiveness of the algae lagoon 
intervention.  However, mean peak H2S levels were significantly lower at the study lagoon 
compared to the control lagoon.  H2S contributes to the amount of odor emitted from a dairy 
lagoon.  H2S is easily identified by its rotten odor.  NH3 levels were significantly higher at the 
study lagoon compared to the study lagoon.  However, the values were similar in three seasons 
except summer.  The summer levels were almost 4 times higher at the study dairy.  The control 
dairy‘s location allowed them to use field application of liquids to keep nitrogen levels in their 
lagoon down.  The study dairy did not use this process.      

 
The study dairy had: significantly higher inhalable particulate for milking and loading and 
distributing feed; significantly higher inhalable endotoxin for loading and distributing feed; and 
significantly higher total particulate for milking.  Overall, the only significant differences among 
the different tasks at the individual dairies occurred at the study dairy.  For IOM samplers, 
inhalable endotoxin for the task of working calves was significantly higher than for working sick 
cows and distributing feed.  For button samplers, inhalable endotoxin for milking was 
significantly higher than for working calves.  For total samplers, total endotoxin for milking was 
significantly higher than for working calves.  Workers loaded preset amounts of feed into a 
mixing hopper using a front end loader.  Workers would normally close the windows in colder 
weather and open them in warmer weather.   
 
Most workers were Hispanic males between the ages of 20-35, and were non-smokers.  Most 
workers reported experiencing flu-like symptoms at some point during their employment and 
other symptoms during the past 3 months.  More workers at the control dairy experienced these 
symptoms.  Flu-like symptoms include: fever, chills, cough, tiredness, weakness, muscle, and 
joint pain.  Other symptoms include: eye irritation, blurred vision, nose irritation, 
mucous/phlegm, tingling finger, shortness of breath, chest discomfort, chest wheezing, throat 
irritation, and cough.   
   
We had planned to collect odor data using a Cyranose 320 electronic nose. While useful in the 
laboratory, the Cyranose 320 was impractical in the field.  The device failed to identify any of the 
trained compounds and even failed to identify manure retrieved from the same lagoons.  The 
device was extremely sensitive to heat and cold which restricted the days and times that it could 
be used.  We also collected air samples by the lagoons using standard methods (gas 
chromatography (GC) with little success.   When recently collected (within 1-3 days) samples 
were analyzed, they produced negative results.  The samples were collected at a very low flow 
rate (100 – 200 ml/minute) according to the applicable standards to reduce break through.  In 
total these samples were less than 100 liters of air.  It is possible that with a much larger volume 
of air certain compounds may have been identified.  Further experiments would need to be 
conducted to determine what flow rates and volumes of air produce the best results.   
Laboratory spike samples, at levels many times what would be found in the ambient air near the 
lagoons, produced identifiable GC peaks when analyzed.  These samples produced similar 
results even after storage up to 7 days.   



 

 
Overall, the levels of environmental contaminants and bioaerosols measured at the lagoons of 
both dairies are below recommended environmental levels and levels to ensure good 
occupational health.  Some researchers claim that long term exposure to levels similar to our 
values of environmental contaminants can reduce health and quality of life.  Residents have 
reported increased occurrence of symptoms including headache, runny nose, sore throat, 
excessive coughing, diarrhea, and burning eyes (Wing 2000).  Schiffman et al. exposed healthy 
volunteers to diluted swine confinement air containing 24 ppb H2S, 817 ppb, NH3, 0.0241 
mg/m3 total particulate, 7.4 EU/m3 endotoxin, and 57 D/T odor.  Subjects were 4.1 times more 
likely to report headaches, 6.1 times more likely to report eye irritation, and 7.8 times more likely 
to report eye irritation (Schiffman 2005).     
Endotoxin was the only occupational agent of concern.  The endotoxin levels for all tasks 
exceeded recommended levels.  Particulate and endotoxin levels can be reduced for 
occupational task through engineering controls and personal protective equipment.  Exposures 
in the milking parlors can be reduced by increasing the ventilation.  Dairy 2 had lower particulate 
and endotoxin than Dairy 1.  Dairy 2 had large garage doors on both sides of the milking parlor 
that allowed the workers to increase ventilation created by cross winds.  Exposures for feeding 
tasks can be greatly reduced by installing and maintaining cabin filtration systems in the tractors 
and trucks.  Air conditioning must also be installed and the drivers would have to change their 
personal practices of opening windows.  Exposures for other tasks can be reduced through the 
use of personal protective equipment such as dusk masks and respirators that reduce the 
amount particulate and endotoxin that can reach the workers breathing zone.    
 
Results have been shared with the CSU Veterinary Integrated Livestock Management program 
for integration into the training conducted for new dairy workers throughout the western region 
of the U.S..   Results of this study contributed to design of two follow-up studies now being 
conducted in California (Respiratory Health and Exposures in Large California Dairy Herds – 
Western Center for Ag Health and Safety) and Colorado (Prospective Study of Occupational 
Lung Disease and Endotoxin Exposure in Naïve (New) Dairy Workers - HICAHS).  
 
SCIENTIFIC REPORT 
 
Objectives 
This project evaluated the effectiveness of a unique manure lagoon algae system that is 
intended to shift the anaerobic process to an aerobic process (thus reducing odors) with very 
little energy cost.   Two Colorado dairies agreed to participate in this study.  The lagoon of the 
study dairy, or dairy 1 is treated with a novel proprietary algae intervention system developed by 
Agsmart called the O2Solution®.  A proprietary blend of single cell algae is grown in large water 
tanks in an environmentally controlled greenhouse, which was constructed on site next to the 
lagoon.  A patented blend of microbials, including specific cold-water microbials, are also added 
and dispersed through the waste material to supplement activity of naturally occurring 
organisms and optimize the breakdown of solids.  The algae-water contains large amounts of 
high purity, super-saturated (10 - 40 mg/L) oxygenated water.  The fresh super-saturated water 
containing the oxygen produced by the algae is then pumped into the wastewater lagoon 
through micro diffusers.  Low energy compressors (1/3 horsepower) are matched to the micro 
diffuser plates to assure proper vertical mixing and dispersal of the O2Solution®.  Agsmart 
claims that this oxygen energizes microbials that can then quickly and easily digest waste in a 
lagoon.   
 
The overall objective of this research was to compare the study and control dairies to determine 
if the novel algae intervention utilized at the study dairy was able to reduce emissions from the 
study lagoon.  There were four component objectives to this study.  First, we compared the SKC 



 

Biosampler and the Anderson two-stage viable particle sampler for measuring culturable 
airborne bacteria and fungi.  Second, we compared the environmental emissions from the two 
dairy lagoons.  Third, we characterized and compared the occupational exposures for a variety 
of tasks at each dairy.  Fourth, we evaluated the utility of using a direct reading, electronic nose 
– the Cyranose – for measuring odors in agricultural environments. The results are presented in 
sequential order.   
 
Study 1 - Comparison of SKC Biosampler and Anderson Two-Stage Viable Particle 
Sampler for Measuring Airborne Bacteria and Fungi at Two Colorado Dairies 
 
Materials and Methods  
Sampling Sites 
The dairy characteristics are listed in Table I.  The study dairy had total land area of 
approximately 60 acres with a single lagoon of approximately 8 acres.  The study dairy milked 
approximately 1350 cows, with approximately 125 cows kept dry and not milked.  The study 
dairy raised the female calves on site.  The waste treatment system was as follows:  The milking 
parlor was rinsed with fresh water, approximately 20,000 gallons per day while recycled water, 
approximately 300,000 to 400,000 gallons per day, was used to rinse the other areas.  Wastes 
flowed by gravity into a leaky dam separation and settling basin and then into a primary lagoon.  
Dry lots were scraped as are the settling basins and the solids were composted.  The lagoon 
was treated with a novel algae intervention.  Algae were grown in a greenhouse on site next to 
the lagoon and pumped through micro diffusers into the lagoon.   

 
 

  
Table I.  Summary of Dairy Characteristics 

  

   
   

Study Dairy Control Dairy 
  

     

  Land Area (acres) 60 340   

  Lagoon Area (acres) 8 6   

  Milking Cows 1350 3000   

  Dry Cows 125 350   

  Calves yes no   

  Manure Treatment 

Algae Treatment                                 
Leaky Dam 
Separation              
Settling Basin                                
Primary Lagoon                     
Gravity Fed                              
Scraped Dry Lots                        
Solids Composted                           
Recycled Liquids                                    
Straight Milking 
Parlor  

                                                                       
Leaky Dam Separation                          
Earthen Basin 
Separation                        
Primary and Secondary 
Lagoons                          
Gravity Fed                                             
Scraped Dry Lots                                               
Solids Composted                                           
Recycled Liquids                                        
Rotary Milking Parlor 

  

 
The algae increased the percent of dissolved oxygen in the lagoon to above 1mg/L with the 
purpose of transforming the once anaerobic environment into an aerobic environment with the 
hope of reducing lagoon emissions.  
          



 

The control dairy had total land area of approximately 340 acres with two lagoons of 
approximately 3 acres each.  The control dairy milked approximately 3000 cows, with 
approximately 350 cows kept dry and not milked.  The control dairy did not raise the female 
calves on site.  The waste treatment system was as follows:  The milking parlor was rinsed with 
fresh water, approximately 180,000 gallons per day including drinking water while recycled 
water, approximately 80,000 gallons per day, was used to rinse the other areas.  Wastes flow by 
gravity into a leaky dam separation and an earthen basin separation then into a primary and 
secondary lagoon.  Dry lots and settling basins were scraped and the solids were composted.   
 
Sampling Schedule  
 

We measured the airborne bacteria and fungal concentration at each dairy at a 
predominately downwind location from the lagoons.  The samplers were juxtaposed at 
approximately one meter above ground level.  This study was designed to sample each dairy 40 
days with 10 sample days each season for a total of 80 sample days.  Weather conditions 
prohibited sampling on several days.  The study dairy was sampled 25 total days with the 
Anderson two stage viable particle sampler over each season as follows:  9 fall, 4 winter, 6 
spring, and 6 summer.  The SKC Biosampler was sampled 27 total days over each season as 
follows:  6 fall, 4 winter, 9 spring, and 8 summer.  The control dairy was sampled 40 days with 
the Anderson two stage viable particle sampler over each season as follows:  10 fall, 10 winter, 
10 spring, and 10 summer.  The SKC Biosampler was sampled 36 total days over each season 
as follows:  10 fall, 6 winter, 10 spring, and 10 summer.  Both dairies were scheduled for 40 
days each; however, meteorological conditions prevent sampling with both instruments on all 40 
days.     

 
Sampling and Analysis 
Meteorology 
 Meteorological data including temperature, relative humidity, and wind speed was 
measured using a Vantage Pro Weather Station (Davis Instruments, Hayward, CA).  The 
Weather Station was mounted to a pole approximately 2 meters above ground level.  The 
Weather Station consisted of a combination of a wind vane and anemometer and a temperature 
and relative humidity sensor.  All were mounted at the apex of the pole.  The temperature 
sensor was shielded from direct sunlight.  The pole was orientated such that the wind vane was 
directed south and the temperature relative humidity sensor was directed north, as directed by 
the instruction manual.  Data were logged using Davis WeatherLink for Vantage Pro data 
collection, analysis, and display software for Windows.  Data were collected over 1-minute 
intervals as mandated by the software, and displayed as average values.   
Anderson Two Stage Viable Particle Sampler  
 
Total culturable organisms were quantified using an Anderson two stage viable particle sampler 
(ThermoAnderson, Smyrna, GA), following NIOSH method 800.  Air was sampled directly onto 
culture plates of selection media at a flow rate of 28.3 L/min for approximately 2, 5, and 10 
minutes.  Time intervals were varied from 2 to 10 minutes to produce the best possible data 
given unknown airborne bioaerosols concentrations.  Anderson samplers were autoclaved prior 
to each trip, and wiped with isopropyl alcohol swabs between samples.   
 
Selective culture media were prepared by aseptically pipetting 20 ml of EMB for Gram-negative 
bacteria, MEA with chloramphenicol for fungi, and R2A with cycloheximide for mesophilic 
bacteria at 45-55 ºC into 100x15mm disposable plastic plates.  All media were acquired from 
Difco (Becton, Dickinson and Company, Sparks, MD).  Blank plates were handled in a similar 
manner to sampling plates without attaching the pump.  All media plates were stored at 4 ºC 
during transportation.  Duplicate determinations were run during the sampling window and 



 

averaged to establish a more accurate count.  EMB and R2A media plates were incubated at 37 
ºC, while MEA was incubated at 25 ºC.  All plates were counted for 5 days at 24-hour intervals 
until growth had ceased or overgrowth occurred.  Corrections were made using the positive-hole 
method (Macher 1989), which accounts for the probability of multiple particles impacting through 
the same hole.  Concentrations were reported as colony forming units per cubic meter of air 
(CFU/m3).   
SKC Biosampler 
 
Total culturable organisms were quantified using a SKC Biosampler (SKC).  Air was sampled 
directly into collection media at a flow rate of 12.5 L/min for approximately 30 minutes.  A thirty 
minute time period was decided upon after several trial periods.  A short time period also 
reduces the chance of media evaporation.  The biosamplers were autoclaved prior to each trip.  
Collection media were prepared by aseptically pipetting 20 ml of sterile phosphate buffered 
saline 1x (PBS) (Cellgro Herndon, VA) into sterile tubes.  The PBS was poured into the 
Biosampler at the beginning of the sampling period and back into the tubes after sampling for 
transportation to the lab.  All Media were stored at 4 ºC during transportation.   
 
The same selective culture media were prepared as with the Anderson sampler.  After 
sampling, the Biosampler media (PBS) were prepared for plating using 10-fold serial dilutions.  
One milliliter (ml) from of the bulk media was pipetted into 9 ml of sterile PBS and vortexed to 
reach a 10-1 dilution.  From there 1 ml was then pipetted into 9 ml sterile PBS and vortexed to 
reach a 10-2 dilution.  This process was repeated until a 10-7 dilution was reached.  One ml of 
each dilution was plated once on each type of media plate.  Fabian et al. (2005) found that 
multiple plates from multiple SKC Biosamplers sampled in the same locations indoors and 
outdoors of flooded houses were statistically indistinguishable (Fabian 2005).  Sterile EMB and 
R2A media plates were incubated at 37 ºC, while MEA was incubated at 25 ºC.  All plates were 
counted for 5 days at 24-hour intervals until growth had ceased or overgrowth occurred.  
Concentrations were reported as colony forming units per cubic meter of air (CFU/m3).   
 
Statistical Analysis 
 
Excel databases were combined and analyzed using SAS Version 9.1 (SAS Institute, Cary, 
NC).  Descriptive statistics were used to characterize environmental measurements.  The 
normality of the data was tested using the Shapiro-Wilks test.  All variables, except 
meteorological conditions, were log transformed before completing statistical analysis.  
Geometric means and geometric standard deviations were calculated for environmental data 
that could be described as lognormal.  Comparisons between samplers, dairies, and seasons 
were made using linear analysis of variance with two-way interactions.  Included variables were 
as follows: dependent (mesophilic bacteria CFU/m3, gram-negative bacteria CFU/m3, and fungi 
CFU/m3); class (dairy, season, and sampler); quantitative (temperature, relative humidity, wind 
speed, wind direction).  Means were compared using Tukey‘s test procedure.  Pearson 
correlation coefficients were calculated to evaluate associations among environmental 
parameters and microorganism concentrations.       
 
Results 
 
Seasons were defined as follows:  December, January, and February were considered winter. 
March, April and May were considered spring. June, July, August were considered summer. 
September, October, and November were considered fall.  Meteorological data are summarized 
by season in Table II.  Overall, atmospheric air temperatures ranged from -12.5ºC to +41.1ºC 
with a mean of +13.3ºC.  Winter, spring, and fall temperatures were all very similar with a mean 
around 8.0 ºC.  Relative humidity ranged from 0.6% to 92.3% with a mean of 40.7%.  Winter 



 

produced the lowest relative humidity of 33% and fall the most with 53%.  Wind speeds ranged 
from 0.48 m/s to 8.66 m/s with a mean of 2.2 m/s.  All four seasons wind speeds averaged 
between 2.0 and 2.9 m/s.   
  
Summary statistics for culturable mesophilic bacteria, Gram-negative bacteria, and fungi are 
shown by sampler and season in Table II.  Total concentrations of all three microorganisms 
were significantly different for the two samplers (p<0.001).  The Mesophilic bacteria 
concentrations collected by the Anderson sampler ranged from 173 CFU/m3 in fall to 9064 
CFU/m3 in summer.  While those collected by the SKC Biosampler ranged from 36 CFU/m3 in 
summer to 4800 CFU/m3 in spring.  Mesophilic bacteria concentrations were significantly 
different for the two samplers in all four seasons (summer p<0.001, winter, spring, and fall 
(p<0.01).  Anderson sampler concentrations were consistently higher than the SKC Biosampler.  
Overall, the SKC Biosampler collected only 29.9% of the mesophilic bacteria that was collected 
by the Anderson sampler.  By season it ranged from 16.3% in summer to 40.6% in fall.  Gram-
negative bacteria concentrations collected by the Anderson sampler ranged from 39 CFU/m3 in 
winter to 5071 CFU/m3 in fall.  While those collected by the SKC Biosampler ranged from 4 
CFU/m3 in summer to 2933 CFU/m3 in summer.  Gram-negative bacteria concentrations were 
significantly different for the two samplers in all four seasons (spring and summer p<0.01, winter 
and fall p<0.05).  Anderson sampler concentrations were consistently higher than the SKC 
Biosampler.  Overall the SKC Biosampler only collected 39.7% of the Gram-negative bacteria 
that was collected by the Anderson sampler.  By season it ranged from 28.2% in summer to 
44.9% in fall.   
 
Fungi concentrations collected by the Anderson sampler ranged from 32 CFU/m3 in winter to 
7724 in spring CFU/m3 in summer.  While those collected by the SKC Biosampler ranged from 4 
CFU/m3 in winter to 2933 CFU/m3 in fall.  Fungi concentrations were also significantly different 
for the two samplers in three seasons (summer p<0.001, spring and fall p<0.01).  Again, 
Anderson sampler concentrations were consistently higher than the SKC Biosampler.  Overall 
the SKC Biosampler only collected 32.3% of the fungi that was collected by the Anderson 
sampler.  By season it ranged from 17.7% in summer to 39.9% in winter.   
 
Mesophilic bacteria, gram-negative bacteria, and fungi are summarized by sampler in a box-
whisker plot in Figure I.  The whiskers delineate the 10th and 90th percentiles and the box lines 
represent median, lower, and upper quartiles of the data.  Respirable and non-respirable 
culturable mesophilic bacteria, Gram-negative bacteria, and fungi collected by the Anderson 
sampler are shown by season in Table IV.  Respirable mesophilic bacteria ranged from 92 to 
5442 CFU/m3 and non-respirable mesophilic bacteria ranged from 49 to 3975 CFU/m3.  
Respirable Gram-negative bacteria ranged from 14 to 6095 CFU/m3 and non-respirable gram-
negative bacteria ranged from 14 to 2915 CFU/m3.  Respirable fungi ranged from 18 to 5336 
CFU/m3 and non-respirable fungi ranged from 14 to 4682 CFU/m3.  



 

 
    

 

  Table II.  Dairy Meteorological Conditions by Season.     

   Season Study Dairy   Control Dairy   

     n M (SD) Min Max   n M (SD) Min Max   

  

Temp. 
(ºC) 

winter 10 7.7 (5.1) 0.0 15.7  10 7.8 (4.5) -1.3 15.9   
  spring 10 9.5 (4.2) 3.2 16.9  10 8.1 (5.1) -1.0 17.0   
  summer 10 30.1 (4.0) 25.7 40.1  10 26.9 (6.4) 17.9 41.1   

  
fall 10 13.9 (13.6) -9.9 28.9  10 2.1 (6.2) 

-
12.5 

12.2   

                 
  

RH 
(%) 

winter 10 31.5 (19.3) 14.4 72.3  10 34.4 (12.0) 7.9 46.0   
  spring 10 37.9 (15.1) 12.4 63.0  10 42.2 (10.3) 25.9 62.1   
  summer 10 29.1 (14.6) 0.6 48.3  10 45.1 (8.2) 39.7 63.4   
  fall 10 48.7 (20.6) 23.3 90.3  10 57.2 (14.5) 38.8 92.3   
                 
  

WS 
(m/s) 

winter 10 1.8 (1.7) 0.5 6.0  10 2.2 (1.0) 0.8 4.1   

  spring 10 3.0 (2.5) 0.9 8.7  10 2.8 (0.93) 1.6 4.7   

  summer 10 1.6 (0.55) 1.0 2.8  10 2.5 (0.59) 1.8 3.8   

  fall 10 1.5 (0.77) 0.6 3.0   10 2.5 (0.63) 1.4 3.6   

 



 

 
 

  
Table III.  Comparison of Anderson Sampler Concentrations and SKC Biosampler 
by Season and Microorganism 

  

            

   Sampler   

  

Season, 
Microorganism 

Anderson 
(CFU/m3) 

Biosampler 
(CFU/m3) 

Biosampler/Anderson 
(%) 

  

   GM (GSD) n GM (GSD) n     

  Total   65   65    

  
Mesophilic 
Bacteria ***  1282 (2.6)  383 (3.2)  29.9   

  
Gram-negative 
Bacteria ***  667 (2.5)  265 (4.5)  39.7   

  Fungi ***  781 (2.5)  252 (4.0)  32.3   

  Winter   14   11    

  
Mesophilic 
Bacteria ** 1034 (2.0)  331 (3.3)  32.0   

  
Gram-negative 
Bacteria * 422 (2.9)  188 (5.8)  44.5   

  Fungi 479 (3.3)  191 (9.0)  39.9   

  Spring   16   19    

  
Mesophilic 
Bacteria ** 1083 (1.9)  414 (3.2)  38.2   

  
Gram-negative 
Bacteria ** 785 (1.7)  256 (4.2)  32.6   

  Fungi ** 816 (2.9)  223 (3.4)  27.3   

  Summer   16   18    

  
Mesophilic 
Bacteria *** 2171 (2.7)  353 (3.0)  16.3   

  
Gram-negative 
Bacteria ** 854 (2.7)  241 (4.8)  28.2   

  Fungi *** 959 (2.1)  170 (3.8)  17.7   

  Fall   19   17    

  
Mesophilic 
Bacteria ** 1112 (2.8)  451 (3.2)  40.6   

  
Gram-negative 
Bacteria * 663 (2.3)  298 (5.1)  44.9   

  Fungi ** 909 (1.8)  257 (6.5)  28.3   
                    

  
Note:  * = < 0.05  ** = < 0.01  *** = < 0.001  that mean concentrations in that row 
are not equal by ANOVA   

 
 



 

Figure I. Box-Whisker Plot of Bioaerosols 

Concentrations by Sampler at Dairy Lagoons  

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Respirable microorganism concentrations were consistently higher than non-respirable 
concentrations in total and over all four seasons except for Gram-negative bacteria in the fall.      
The geometric mean for Gram-negative bacteria was approximately 52% of the geometric mean 
for mesophilic bacteria (667 and 1282 CFU/m3, respectively) for the Anderson sampler.   The 
geometric mean for Gram-negative bacteria was approximately 69% of the geometric mean for 
mesophilic bacteria (268 and 390 CFU/m3, respectively) for the SKC Biosampler.  For the 
Anderson sampler, culturable mesophilic bacteria was comprised of 41%, 72%, 39%, and 60 % 
Gram-negative bacteria for winter, spring, summer, and fall, respectively.  For the SKC 
Biosampler culturable mesophilic bacteria was comprised of 36%, 62%, 68%, and 66 % gram-
negative bacteria for winter, spring, summer, and fall, respectively.   
 
Pearson correlation coefficients were calculated to evaluate relationships between each of the 
microorganisms by sampler and meteorological conditions.  Generally, correlation was poor 
between analytes.  There was moderate to high correlation between total microorganisms and 
respirable and non-respirable fractions as collected by the Anderson sampler (Table V).  The 
highest correlations (r = 0.86 to 0.94) were within microorganism type.  Though not seen in 
Table V, there was high correlation between respirable and non-respirable fractions within 
microorganism type (r = 0.80, 0.77, 0.73) for mesophilic bacteria, Gram-negative bacteria, and 
fungi, respectively.  Correlation results were similar when computed for each season.  There 
was no correlation between samplers for measuring culturable bacteria and fungi.  This lack of a 
consistent quantitative relationship between samplers was evident regardless of season or 
dairy.  In general, the SKC Biosampler collected 17.7% to 44.9% of the Anderson sampler.    



 

 Discussion 
 
Only one other study has compared the SKC Biosampler and the Anderson sampler in any 
environment (Fabian 2005).  Fabian et al. compared the SKC Biosampler and a one-stage N6 
Anderson sampler (Graseby-Anderson Instruments, Smyrna, GA) indoors and outdoors of flood 
damaged homes following a major regional flood in Colorado.  The N6 Anderson sampler has a 
single stage that collects particles with a 50% cut-off aerodynamic of 0.65 µm.  Fabian et al. 
found that bacterial concentrations recovered on tryptic soy agar (TSA) (Difco Laboratories, 
Detroit, MI) plates in Anderson samplers agreed with general trends observed from culturing 
microorganisms retained in SKC Biosamplers.  However, bacteria concentrations collected with 
the SKC Biosampler were significantly higher than those collected with the Anderson sampler in 
eight of nine houses.  Bacteria concentrations recovered with the SKC Biosampler were 
between 102 to 104 times higher than those collected by the Anderson sampler.  Fungi 
concentrations recovered on MEA plates from Anderson samplers agreed with general trends 
observed from culturing fungi from samples retained in the SKC Biosampler.  Though not 
significant, fungi concentrations recovered from the SKC Biosampler were between 102 and 103 
times higher than the Anderson sampler.  Fabian et al. concluded that several reasons may 
have led to the differences between samplers including: 1) sample time; 2) retention differences 
intrinsic to the equipment; (3) particle stress; (4) differences in particle-size collection (Fabian 
2005).   

 

  
Table IV.  Comparison of Anderson Sampler Respirable and Non-
Respirable Concentrations by Microorganism 

  

           
   Size   

  
Season, Microorganism 

Respirable 
(CFU/m3) 

Non-Respirable 
(CFU/m3)   

   GM (GSD) n GM (GSD) n   

  Total   65   65   

  Mesophilic Bacteria 652 (2.7)  242 (2.6)    
  Gram-negative Bacteria 479 (2.6)  380 (2.6)    
  Fungi 350 (2.4)  278 (2.5)    

  Winter   14   14   

  Mesophilic Bacteria 478 (2.1)  178 (2.9)    
  Gram-negative Bacteria 466 (1.9)  255 (3.4)    
  Fungi 200 (2.0)  196 (2.9)    

  Spring   16   16   

  Mesophilic Bacteria 513 (1.6)  280 (2.0)    
  Gram-negative Bacteria 458 (2.2)  350 (2.8)    
  Fungi 408 (1.7)  305 (2.8)    

  Summer   16   16   

  Mesophilic Bacteria 1300 (2.6)  320 (2.9)    
  Gram-negative Bacteria 669 (2.9)  540 (3.3)    
  Fungi 491 (3.3)  334 (2.8)    

  Fall   19   19   

  Mesophilic Bacteria 528 (2.8)  215 (3.1)    
  Gram-negative Bacteria 386 (2.6)  430 (2.0)    
  Fungi 343 (2.2)  319 (2.2)    



 

 
 

  Table V.  Significant Pearson Correlation Coefficients for Anderson Sampler   

  

 

Respirabl
e 
Mesophili
c 
Bacteria 

Non-
Respirabl
e 
Mesophili
c 
Bacteria 

Respirabl
e Gram-
negative 
Bacteria 

Non-
Respirabl
e Gram-
negative 
Bacteria 

Respirabl
e Fungi 

Non-
Respirabl
e Fungi 

  

  

Total Mesophilic 
Bacteria 

0.89                          
*** 

0.89                             
*** 

0.41                             
*** 

0.26                                
* 

0.43                   
*** 

0.26                              
*   

  

Total Gram-
neagtive Bacteria 

0.26                    
* 

0.34                                  
** 

0.94                            
*** 

0.89                         
*** 

0.33                       
** 

0.46                           
***   

  
Total Fungi 

0.31                    
* 

0.36                               
** 

0.50                         
*** 

0.38                             
** 

0.88                      
*** 

0.86                             
***   

  
Note:   * = p < 0.05     ** = p < 0.01     *** = p < 0.001          Respirable and Non-respirable 
microorganisms obtained from bottom and top stages of Anderson sampler, respectively.     

 
Other dairy studies collected mesophilic bacteria and fungi data in dairy barns with other 
samplers including a MAS-100 (Merck), which is based on the principle of a six stage Anderson 
sampler, and an all glass impinger (AGI-30, ACE Glassworks, Vineland, NJ).  Mesophilic 
bacteria concentrations ranged from 160 and 1662 CFU/m3 at two milking points, and from 
1.7x103 to 106 (Karwowska 2005, Lange 1997, Dutkiewiez 1994, Batel 1979).  Fungi 
concentrations ranged from 167 and 311 CFU/m3 at two milking points, and from 1.7x102 to 107 
(Karwowska 2005, Dutkiewiez 1994, Lappalainen 1996, Hanhela 1995, Lange 1997, Batel 
1979).  Our data were considerably less than all but those collected by Karwowska at Polish 
dairy farms using a MAS-100 (Karwowska 2005).  However, our data were collected downwind 
from lagoons several hundred meters from the nearest barn rather than inside dairy barns and 
inside milking parlors.   
 
Culturable mesophilic bacteria collected in the summer were 2171 and 353 CFU/m3 for the 
Anderson sampler and SKC Biosampler, respectively.  In winter culturable mesophilic bacteria 
collected were 1034 and 331 CFU/m3 for the Anderson sampler and SKC Biosampler, 
respectively.  The SKC Biosampler collected only 16% and 32% of the mesophilic bacteria that 
was collected by the Anderson Sampler for summer and winter, respectively.  Jo and Kang (Jo 
2005) performed a similar study in Korean swine and poultry sheds using a single stage 
Anderson sampler in summer and winter.  In swine sheds they found total viable bacteria to be 
1.34x105 and 3.3x104 CFU/m3 for winter and summer, respectively.  In poultry sheds they found 
total viable bacteria to be 2.8x105 in summer.  These values are more than 15 times our 
Anderson sampler values for summer and more than 100 time our winter data.  Again, these 
values were from inside buildings.    
 
Culturable fungi collected in the summer were 959 and 170 CFU/m3 for the Anderson sampler 
and SKC Biosampler, respectively.  In winter, fungi concentrations were 479 and 191 CFU/m3 
for the Anderson sampler and SKC Biosampler, respectively.  The SKC Biosampler collected 
only 18% and 40% of the culturable fungi that was collected by the Anderson sampler for 
summer and winter, respectively.   
Our Anderson sampler concentrations varied more in summer than any other season.  Values in 
summer approximately double those from winter.  Values for summer Gram-negative bacteria 
and fungi were very similar to spring and fall values.  SKC Biosampler values varied less than 
the Anderson sampler values.  Highest values for mesophilic bacteria were found in spring and 



 

fall.  Gram-negative bacteria values were similar over all seasons but slightly lower in winter.  
Fungi values were slightly higher in spring and fall.  The mean temperatures for winter, spring, 
and fall were all within 1.0 ºC, while summer temperatures were 20 ºC higher.   
 
Culturable fungi levels were 781 and 252 CFU/m3 for the Anderson sampler and SKC 
Biosampler, respectively.  The SKC Biosampler only collected 32% of the culturable fungi that 
was collected by the Anderson sampler.   
 
Our data were similar to the lower side of other data collected in dairy barns with Anderson 
samplers ranging from 153 to 2225 CFU/m3, 103 to 105, and 106 CFU/m3 (Adhikari 2004, 
Pasanen 1989, Duchaine 1999). 
 
Culturable microorganisms collected using the Anderson sampler were separated into 
respirable and non-respirable groups (Table IV).  Respirable mesophilic bacteria, Gram-
negative bacteria, and fungi (geometric means 648, 350, and 391 CFU/m3, respectively) were 
all higher than corresponding non-respirable values (geometric means 482, 244, and 288 
CFU/m3, respectively).  Winter and spring values for respirable and non-respirable mesophilic 
bacteria were nearly equal while in summer and fall non-respirable values were approximately 
51% and 73% that of respirable values.  Winter and summer values for respirable and non-
respirable gram-negative bacteria were nearly equal while in spring and fall non-respirable 
values were approximately 69% and 63% that of respirable values.  Values for non-respirable 
fungi were approximately 77%, 87%, 62%, and 74% that of respirable values for winter, spring, 
summer, and fall, respectively.  Although overall microorganism concentrations are relatively 
low—most values are comparable to those found at indoor locations—respirable concentrations 
are higher than non-respirable concentrations.  Respirable microorganisms in the agricultural 
environment are of great concern given that they have the ability to travel deep into the lung and 
cause multiple respiratory diseases.   
Listed in Table III, in total the SKC Biosampler only collected between 30 and 40% of the 
culturable microorganisms that were collected by the Anderson sampler.  Broken up by season, 
the values ranged from 16 to 45% but most values fell between 27 and 41%.  Several factors 
may have contributed to the lower concentration collected by the Biosampler.  The Anderson 
collects airborne microorganisms at a flow rate more than double that of the Biosampler.  While 
the reported concentrations were standardized to one cubic meter of air, it is possible that in the 
outdoor environment, the Anderson sampler was less affected by environmental factors such as 
wind.  The higher flow rate used for the Anderson might have been able to overcome higher 
wind speeds as compared to the SKC Biosampler and was able to collect a larger number of 
microorganisms.  The Anderson and Biosampler inlets are different in that the Anderson inlet is 
parallel to the ground while the Biosampler inlet is perpendicular.  It is possible that some 
particles may have settled onto the Anderson through gravity.  When particles are collected by 
impingement, as in the Biosampler, air flow velocity through collector‘s nozzles often reaches 
sonic velocity, which is known to break-up clumps of culturable microorganisms into individual 
cells.  This way a particle initially containing several cells will be broken into separate cells to be 
counted as multiple microorganisms.  In an impactor, like the Anderson sampler, a particle 
impacting on the agar surface will be counted as one CFU even if it contains several culturable 
microorganisms.  Therefore, the SKC Biosampler might be expected to yield larger values than 
the Anderson through particle deagglomeration during the impingement process.  This high 
velocity may also affect viability of microorganisms collected therefore decreasing counts.          
 
Sample timing may explain some of the difference in samplers.  The Anderson sampler was run 
for 2, 5, and 10 minutes with 1-2 minutes between samples to clean the sampler while the SKC 
Biosampler was running for 30 minutes.  It is possible that the Anderson was able to collect 
higher concentrations from sporadic bursts of bioaerosols in the 2, 5 or 10 minute periods.  



 

These same bursts would have also been collected by the SKC Biosampler, but the 
concentrations would look smaller when averaged over the 30 minute sampling period.   
Variability in bioaerosols during these discordant sampling intervals may also help explain or 
contribute to the lack of correlation between the two samplers.   
Difference in particle-size collection may have led to differences between samplers.   The two 
stage Anderson sampler separates viable particles into two size ranges with the 50% cut-off 
diameter of stage 1 at 8.0 µm and stage 2 at 0.95 µm for spherical particles of unit density or 
their aerodynamic equivalent (Hatch 1955).  The physical collection efficiency of the SKC 
Biosampler has been shown to be about 79% for 0.3 µm particles, 89% for 0.5 µm particles, 
96% for 1.0 µm particles, 100% for 2.0 µm particles (Willeke 1998).               
 
While many studies have used the Anderson sampler—in multiple forms—and the SKC 
Biosampler to evaluate viable microorganism concentrations in agricultural and other 
environments, only one other study has directly compared the two (Fabian 2005).   The SKC 
Biosampler has been compared and found to have several advantages over the AGI-30 (Ace 
Glass Inc., Vineland, N.J.) the main advantage being that it can be used with a longer lasting 
non-volatile liquid to allow sampling of up to 8 hours (Lin 1997, 1998, 2000).  Both samplers are 
relatively user friendly; however, the SKC Biosampler requires an additional step to dilute and 
plate collection media.  The SKC Biosampler was also more sensitive in extremely hot or cold 
temperatures to evaporation or freezing than the Anderson sampler.        

 
Conclusions 
 
This study showed that culturable microorganism levels collected at outdoor points away from 
animal barns were generally lower than, but within some ranges typically reported, those inside 
livestock barns.  Seasonal variations had little practical impact on the measurable 
concentrations of culturable bacteria and fungi, but seasons were still significantly different.  Our 
data show that the Anderson sampler was able to collect significantly more culturable 
bioaerosols than the SKC Biosampler for mesophilic and Gram-negative bacteria and fungi in all 
four seasons except fungi in winter.  Respirable microorganism concentrations were 
consistently higher than non-respirable concentrations in total and over all four seasons except 
for Gram-negative bacteria in the fall.      
 
Study 2. Comparison of Environmental Emissions from Colorado Dairies 
 
This study was designed to test the null hypothesis that there is no difference between the 
environmental emissions from a dairy with a typical anaerobic lagoon system and a dairy with a 
typical anaerobic lagoon system with the addition of a novel algae intervention designed to 
create an aerobic lagoon.  We measured total and inhalable particulate and endotoxin, gases 
and vapors including H2S, NH3, carbon dioxide, and odor.     
 
Materials and Methods 
 
Sampling Sites 
 
The dairy characteristics are listed in Table II.   
 
Sampling Schedule  
 
We measured total and inhalable particulate and endotoxin, gases and vapors, including H2S, 
NH3, carbon dioxide, and odiferous compounds, at each dairy at a predominately downwind 
location from the lagoons.  The samplers were juxtaposed at approximately one meter above 



 

ground level except for the Jerome sampler, which was approximately 0.5 meters above the 
ground.  The study and control dairies were each sampled 40 total days over each season as 
follows:  10 fall, 10 winter, 10 spring, and 10 summer.  Some hydrogen sulfide, ammonia, and 
particulate samples are missing due to equipment malfunction.       
Sampling and Analysis 
 
Meteorology 
 
Meteorological data including temperature, relative humidity, and wind speed was measured 
using a Vantage Pro Weather Station (Davis Instruments, Hayward, CA).  The Weather Station 
was mounted to a pole approximately 2 meters above ground level.  The Weather Station 
consisted of a combination of a wind vane and anemometer and a temperature and relative 
humidity sensor.  All were mounted at the apex of the pole.  The temperature sensor was 
shielded from direct sunlight.  The pole was orientated such that the wind vane was directed 
south and the temperature relative humidity sensor was directed north, as directed by the 
instruction manual.  Data was logged using Davis WeatherLink for Vantage Pro data collection, 
analysis, and display software for Windows.  Data was collected over 1-minute intervals as 
mandated by the software, and displayed as average values.   
 
Total Particulate and Endotoxin 
 
Total particulate and endotoxin samples were collected according to NIOSH method 0500 
(NIOSH 2007a).  Particulate was collected on a 37-mm closed-faced cassette on polyvinyl 

chloride filters with a 5 m pore diameter (SKC, Inc. Eighty Four, PA).  Sampling pumps were 
calibrated at 2.0 liters per minute (L/min).  Filters were pre- and post-weighed using a Mettler 
MT5 microbalance (Mettler-Toledo, Inc.) and were blank-corrected to account for humidity 
differences and measurement drift.  Samples were collected for 8 hours at a flow rate of 2 
L/min.  After sample collection the filters were stored at 4°C under desiccation and analyzed for 
endotoxin using a new Recombinant Factor C Endotoxin Assay (Biowhittaker, Walkersville, 
MD).  Sample concentrations were reported as mg/m3 for total dust and EU/m3 for total 
endotoxin.  The limit of detection (LOD) for this total dust method was 0.03 mg.  This value was 
determined from the mean of blanks plus 3 standard deviations.       
 

Inhalable Particulate and Endotoxin 
 
Inhalable particulate and endotoxin were collected using Institute of Occupational Medicine 
(IOM) samplers and SKC Button samplers (SKC Inc. Eighty Four, PA.) with 25mm filters with 5 

m pore size (SKC, Inc. Eighty Four, PA).  For IOM samples, the entire filter cassettes were 
pre- and post-weighed on a Mettler MT5 microbalance (Mettler-Toledo, Inc.) and were blank-
corrected to account for humidity differences and measurement drift.  Samples were collected 
for 8 hours at a flow rate of 2 L/min.  After sample collection the filters were stored at 4°C under 
desiccation and analyzed for endotoxin using a new Recombinant Factor C Endotoxin Assay 
(Biowhittaker, Walkersville, MD).  Sample concentrations were reported as mg/m3 for inhalable 
dust and EU/m3 for inhalable endotoxin.  The limit of detection (LOD) for this inhalable method 
was 0.05 mg.  This value was determined from the mean of blanks plus 3 standard deviations.         
 

Hydrogen Sulfide 
 
H2S concentrations were measured using a Jerome 631-X Hydrogen Sulfide Analyzer (Arizona 
Instruments, Phoenix, AZ).  A Jerome meter is a real-time instrument with a measuring range of 
3 parts per billion (ppb) to 50 parts per million (ppm).  The limit of detection is 3 ppb.  The 
instrument is accurate to 3 ppb within a temperature range of 0–40 ºC.  Briefly, an internal pump 



 

draws a known volume sample of the ambient air over a thin gold film sensor for a precise 
period of time.  The gold film undergoes a change in electrical resistance proportionate to the 
concentration of hydrogen sulfide in the sample.  The Jerome was factory calibrated once per 
year.  Before and after each sampling period the internal sensor was heat-cycle-regenerated to 
remove saturated hydrogen sulfide.  After each regeneration cycle, the display is manually 
zeroed and confirmed using a zero-air filter.  A microprocessor automatically re-zeros the digital 
meter at the start of each sample cycle and freezes the meter reading until the next sample 
cycle is activated, thus eliminating drift between samples.  Internal filters scrub out possible 
contaminants to increase specificity for hydrogen sulfide.  An external ammonia filter was added 
inline.  The Jerome measured and logged data at one-minute intervals over the sampling 
period.  H2S concentrations were reported in ppb.  Peak concentrations were also recorded.       
 
Ammonia 
 
NH3 measurements were performed using a Pac III, a direct reading and data logging device 
from Draeger (Draeger Safety Inc., Pittsburg, PA.).  The Pac III has a measurement range from 
1 to 300 ppm with a resolution of 1 ppm.  The instrument is accurate to 3% of the measured 
value within a temperature range of -20 to 55 °C.  The Pac III was factory calibrated once each 
year and after sensor replacement.  The Pac III measured and logged data at one-minute 
intervals over the sampling period.  Mean peak NH3 concentrations were reported in ppm.   
 
Carbon Dioxide 
 
Carbon dioxide (CO2) gas was measured using a Q-Trak (TSI Inc., Shoreview, MN).  The Q-
Trak is a direct reading instrument with data logging capabilities.  The Q-Trak has a 
measurement range from 0 to 5000 ppm with a resolution of 1 ppm.  The instrument is accurate 
to 3% of the measured value plus 50 ppm within a temperature range of 0 to 50 °C.  CO2 is 
measured using a non-dispersive infrared detector.  The device was set to log data at one 
minute intervals.  The Q-trak was factory calibrated using standard gases yearly.  Mean 
concentrations were reported as ppm.      
 
Odor 
 
Odor was measured using a model 1959-A/SCC scentometer (Barnebey & Sutcliffe 
Corporation, Columbus, OH). Although not as precise as olfactometry, the scentometer provides 
a basic gauge of odor level in the field and is inexpensive. Also, this is one device currently 
used in enforcement of Colorado air quality standards for swine confinements.  Briefly, the 
scentometer is a rectangular clear plastic box containing two chambers filled with activated 
charcoal, two nasal sampling ports, two 1/2‖ diameter ports (one for each charcoal chamber), 
and six ambient air inlets (1/32‖, 1/16‖, 1/8‖, 3/16‖, 1/4‖, and 1/2‖ in diameter).  Air is drawn 
through the two charcoal beds to remove any odor and then is mixed with contaminated air.  
The size of the contaminated air inlet hole is used to indicate the field odor concentration.  The 
concentration is expressed as the number of times the odor is as strong as the threshold and is 
written as dilution to threshold (D/T) (Barnebey 1962).  Scentometer readings proceed stepwise 
in terms of odor strength from 0 (no noticeable odor), 2 (a noticeable odor), 7 (an odor most 
people would find objectionable), 15 (most would declare it a nuisance), 31 (extremely 
nauseating), 170, and 350.  Calibration is neither required nor needed.  Barnebey and Sutcliffe 
recommend that the charcoal be changed every 6 months with moderate use.  Measurements 
were taken 3-4 times over the 8-hour sampling period and were reported as maximum and 
modes.   
 



 

Endotoxin Measurement - Recombinant Factor C Endotoxin Assay 
 
The concentration of endotoxin was determined using a novel Recombinant Factor C Endotoxin 
(rFC) Assay (Biowhittaker, Walkersville, MD).  The activation of rFC is determined by the 
fluorescence generated by the enzymatic cleavage of a peptide-coumarin substrate. 
Fluorescence is measured after one-hour incubation with endotoxin standards at 37ºC. The log 
fluorescence is proportional to the log endotoxin concentration and is linear in the 0.01-10EU/ml  
range. The minimum detection of endotoxin is ~0.01EU/ml. The rFC assay has been found to 
detect no (1,3)-glucan activity; an improvement in specificity compared to the most commonly 
used assays.  
 
Samples were extracted in sterile, pyrogen-free (pf) water containing 0.05% Tween-20 for 1 hr 
at 22°C with continuous shaking. Extracts were centrifuged and supernatants were transferred 
into pf cryotubes. They were then analyzed using the Recombinant Factor C Endotoxin Assay. 
Two-fold serial dilutions of endotoxin standards and sample extracts were prepared using 
sterile, pf water with Tween-20 in borosilicate glass tubes that had been heated for 4 hr at 
200oC to remove endotoxin activity. The samples were added to a 96-well plate followed by 100 
microliters of a mixture of enzyme, buffer and fluorogenic substrate. The plates were incubated 
at 37ºC for one hour and read in a fluorescence microtiter plate reader (Biotek Instruments 
FLX800TBIE) at Excitation/Emission 380/440 nm. Background (1 EU/ml) fluorescence was 
subtracted and log delta fluorescence plotted against log endotoxin concentration. Endotoxin 
concentrations of samples were calculated according to the standard curve.  Four assay 
reagent blank wells served as reference and control for the pf status of the reagent water, 
centrifuge tubes, pipette tips and microplates.  
 
Quality assurance spiking assays were performed to assess matrix interference or 
enhancement.  
 
Statistical Analysis 
 
Excel databases were combined and analyzed using SAS Version 9.1 (SAS Institute, Cary, 
NC).  Descriptive statistics were used to characterize environmental measurements.  The 
normality of the data was tested using the Shapiro-Wilks test.  All variables, except 
meteorological conditions, were log transformed before completing statistical analysis.  
Geometric means and geometric standard deviations were calculated for environmental data 
that could be described as lognormal.  Comparisons between dairies and seasons were made 
using linear analysis of variance with two-way interactions.  Included variables were as follows: 
dependent (mean CO2, mean H2S, mean peak H2S, mean peak NH3, odor mode, peak odor, 
total and inhalable particulate (mg/m3) and endotoxin (EU/m3)); class (dairy and season); 
quantitative (temperature, relative humidity, wind speed, wind direction).  Means were compared 
using Tukey‘s test procedure.  Pearson correlation coefficients were calculated to evaluate 
associations among environmental parameters and gas, odor, particulate, and endotoxin 
concentrations.  Values that fell below the LOD, occurred for particulate sampling methods only, 
were replaced with the LOD divided by the square root of 2 for statistical analysis.         
 
Results 
 
Meteorology 
 
Seasons were defined as follows:  December, January, and February were considered winter. 
March, April and May were considered spring. June, July, August were considered summer. 
September, October, and November were considered fall.  Meteorological data is summarized 



 

by season in Table III.  For the study dairy atmospheric air temperatures ranged from -9.9ºC to 
+40.1ºC with a mean of +15.3ºC.  Relative humidity ranged from 0.6% to 90.3% with a mean of 
36.8%.  Wind speeds ranged from 0.5 m/s to 8.7 m/s with a mean of 2.0 m/s.  For the control 
dairy atmospheric air temperatures ranged from -12.5ºC to +41.1ºC with a mean of +11.2ºC.  
Relative humidity ranged from 7.9% to 92.3% with a mean of 44.7%.  Wind speeds ranged from 
0.8 m/s to 4.7 m/s with a mean of 2.5 m/s.   
 
Ammonia 
 
Table VI lists the geometric means (GM) and geometric standard deviations (GSD) for the peak 
values of NH3 in total and for each season for the study and control dairies.  Peak values are 
displayed because the daily averages of 480 or more samples were all below the 1.0 ppm LOD 
of the Draeger Pac III (Draeger Safety Inc., Pittsburg, PA.).  Peak values ranged from 2.0 to 142 
ppm at the study dairy and 2.0 to 23 ppm at the control dairy.  In total, the study dairy (GM 10.0 
ppm) had significantly (p<0.05) higher peak ammonia values than the control dairy (GM 6.4 
ppm).  In summer, the study dairy (GM 26.0 ppm) had significantly (p<0.0001) higher peak 
ammonia than the control dairy (GM 7.0 ppm).  All other seasons were not significantly different.  
Peak NH3 levels are summarized by dairy in a box-whisker plot in Figure II.  The whiskers 
delineate the 10th and 90th percentiles and the box line represent median, lower, and upper 
quartiles of the data.         
 

  
Table VI.  Comparison of Gases and Odor Concentrations by Season 
and Dairy  

  

           

   Location   

  
Season, Toxicant Study Dairy Control Dairy 

  

   GM (GSD) n GM (GSD) n   

  Total         

  Carbon Dioxide (ppm) 443 (1.3) 40 460 (1.2) 40   

  Hydrogen Sulfide (ppb) 28 (2.9) 36 30 (3.3) 34   

  
Hydrogen Sulfide Maximum 
(ppb) a * 351 (4.3) 36 1067 (2.4) 34   

  Ammonia Maximum (ppm) b * 10.0 (3.4) 24 6.4 (1.9) 31   

  Odor (D/T) c 2  40 2  40   
  Odor Maximum (D/T) d 15  40 15  40   

  Winter         

  Carbon Dioxide (ppm) 508 (1.1) 10 491 (1.1) 10   
  Hydrogen Sulfide (ppb) 13 (2.2) 8 24 (2.1) 10   

  
Hydrogen Sulfide Maximum 
(ppb) a *** 100 (1.6) 8 853 (2.6) 8   

  Ammonia Maximum (ppm) b 3.0 (1.4) 3 5.0 (2.2) 8   

  Odor (D/T) c 2  10 2  10   

  Odor Maximum (D/T) d 15  10 7  10   

  Spring         

  Carbon Dioxide (ppm) 473 (1.1) 10 504 (1.1) 10   

  Hydrogen Sulfide (ppb) 26 (1.8) 9 33 (5.2) 7   

  
Hydrogen Sulfide Maximum 
(ppb) a ** 355 (3.0) 9 973 (2.5) 7   

  Ammonia Maximum (ppm) b 5.3 (2.3) 7 8.5 (1.8) 9   

  Odor (D/T) c 2  10 2  10   



 

  Odor Maximum (D/T) d 7  10 15  10   

  Summer         

  Carbon Dioxide (ppm) 321 (1.1) 10 371 (1.1) 10   

  Hydrogen Sulfide (ppb)** 83 (3.1) 10 32 (2.9) 9   

  
Hydrogen Sulfide Maximum 
(ppb) a 1091 (5.8) 10 1340 (2.1) 9   

  Ammonia Maximum (ppm) b *** 26.0 (3.2) 10 7.0 (2.2) 6   

  Odor (D/T) c 2  10 2  10   

  Odor Maximum (D/T) d 7  10 7  10   

  Fall         

  Carbon Dioxide (ppm) 498 (1.4) 10 488 (1.1) 10   

  Hydrogen Sulfide (ppb) 19 (2.0) 9 31 (4.0) 10   

  
Hydrogen Sulfide Maximum 
(ppb) a *** 300 (3.0) 9 1111 (2.7) 10   

  Ammonia Maximum (ppm) b 7.7 (1.7) 4 5.9 (1.7) 8   

  Odor (D/T) c 2  10 2  10   

  Odor Maximum (D/T) d 7  10 7  10   
                  

  

Note: D/T = dilution to threshold  a = GM of maximum H2S values; b = 
GM of maximum NH3 values; c = mode of odor values; d = maximum 
occurring odor value;  * = p < 0.05, ** = p < 0.01, *** = p < 0.001 that 
mean concentrations in that row not equal by ANOVA   

 
Hydrogen Sulfide 
 
Two values were determined for H2S.  The mean concentration in ppb was determined for the 
approximately 8-hour sampling period, and the maximum concentration in ppb was also 
determined by sampling period.  Table VI lists values for the study and control dairies.  Average 
values ranged from 4.0 to 394 ppb at the study dairy and 4.0 to 890 ppb at the control dairy.  
Maximum values ranged from 37 to 17,000 ppb at the study dairy and from 210 to 5,200 ppb at 
the control dairy.  In total, there was no difference between the two dairies for average H2S; 
however, the control dairy had significantly (p<0.05) higher maximum (GM 1067 ppb) hydrogen 
sulfide than the study dairy (GM 351 ppb).  In summer, the study dairy had a significantly 
(p<0.01) higher average H2S value (GM 83 ppb) than the control dairy (GM 32 ppb).  In winter, 
spring, and fall the control dairy had significantly (p<0.001, p<0.01, and p<0.001, respectively) 
higher maximum H2S values (GM 853, 973, and 1111 ppb, respectively) than the study dairy 
(GM 100, 355, 300 ppb, respectively).  Mean and mean peak H2S levels are summarized by 
dairy in a box-whisker plot in Figure III.  The whiskers delineate the 10th and 90th percentiles and 
the box line represent median, lower, and upper quartiles of the data.        



 

Figure II. Box-Whisker Plot of Peak Ammonia 

Concentrations at Study and Control Dairy Lagoons

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)

Dairy
Stu

dy
 P

ea
k

C
on

tro
l P

ea
k

P
ea

k
 a

m
m

o
n
ia

 c
o
n
ce

n
tr

at
io

n
 (

p
p
m

)

1

10

100

p<0.05 

 
 
Odor 
 
Odor measures ranged from 0 (no noticeable odor) to 15 D/T (most would declare a nuisance) 
at both dairies.  A value of 0 corresponded to no odor, 1 corresponded to noticeable without 
dilution, while 2 was the lowest value detectable using the scentometer.  Odor values are listed 
in Table VII.  Values for odor are modes while the maximum odor value is the highest occurring 
value at any time during the sampling period.  In total, the mode value and the maximum value 
were equal for the study and control dairies.   
 
Though not significantly different, the study dairy had higher odor than the control dairy while in 
spring the control dairy had higher odor.  Summer and fall were equal between the study and 
control dairies.   
 



 

Figure III. Box-Whisker Plot of Mean and Peak Hydrogen 

Sulfide Concentrations at Study and Control Dairy Lagoons

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Endotoxin and Particulate 
 
Inhalable particulate and endotoxin concentrations are listed in Table VII.  Inhalable particulate 
ranged from below the LOD to 2.3 mg/m3 at the study dairy and from below the LOD to 1.5 
mg/m3 at the control dairy.  Inhalable endotoxin ranged from 2.1 to 270.7 EU/m3 at the study 
dairy and from 2.3 to 487.2 EU/m3 at the control dairy.  Inhalable endotoxin per mg of particulate 
ranged from 6.7 to 1237 EU/mg at the study dairy and from 6.6 to 2270 EU/mg at the control 
dairy.  In fall, the study dairy had significantly higher (p<0.05) inhalable endotoxin (GM 10.1 
EU/m3) than the control dairy (GM 9.7 EU/m3).  Total and inhalable particulate levels are 
summarized by size fraction and dairy in a box-whisker plot in Figure IV.   



 

 

  
Table VII.  Comparison of Inhalable Particulate and Endotoxin 
Concentrations by Season and Dairy  

  

           

   Location   

  
Season, Toxicant Study Dairy Control Dairy 

  

   GM (GSD) n GM (GSD) n   

  Total         

  Inhalable Particulate (mg/m3 ) 0.096 (3.0) 41 0.104 (3.5) 61   

  Inhalable Endotoxin (EU/m3) 17.3 (3.2) 31 20.1 (3.4) 54   

  
Inhalable Endotoxin/Particulate 
(EU/mg) 192 (5.2) 31 186.5 (4.2) 54   

  Winter         

  Inhalable Particulate (mg/m3 ) 0.105 (4.1) 10 0.106 (2.7) 12   

  Inhalable Endotoxin (EU/m3) 48.5 (6.7) 4 22.7 (3.7) 11   

  
Inhalable Endotoxin/Particulate 
(EU/mg) 817.4 (5.2) 4 201.7 (3.6) 11   

  Spring         

  Inhalable Particulate (mg/m3 ) 0.091 (2.5) 10 0.09 (3.1) 12   

  Inhalable Endotoxin (EU/m3) 18.1 (2.4) 9 45.8 (2.0) 12   

  
Inhalable Endotoxin/Particulate 
(EU/mg) 179.5 (3.9) 9 509.5 (2.7) 12   

  Summer         

  Inhalable Particulate (mg/m3 ) 0.071 (3.5) 10 0.234 (4.2) 20   

  Inhalable Endotoxin (EU/m3) 17.7 (2.4) 9 18.9 (3.4) 16   

  
Inhalable Endotoxin/Particulate 
(EU/mg) 264.3 (6.3) 9 68.7 (5.2) 16   

  Fall         

  Inhalable Particulate (mg/m3 ) 0.135 (2.6) 13 0.044 (1.7) 18   

  Inhalable Endotoxin (EU/m3) * 10.1 (3.3) 9 9.7 (3.3) 16   

  
Inhalable Endotoxin/Particulate 
(EU/mg)  78.4 (3.8) 9 219.7 (2.4) 16   

                  

  Note: * = p < 0.05 that means in that row are not equal by ANOVA    

 
 
Total and inhalable endotoxin concentrations are summarized by size fraction and dairy in a 
box-whisker plot in Figure V.  The whiskers delineate the 10th and 90th percentiles and the box 
lines represent the median, lower, and upper quartiles of the data.        
 
Total particulate and endotoxin concentrations are listed in Table IX.  Total particulate ranged 
from below the LOD to 2.4 mg/m3 at the study dairy and from below the LOD to 0.21 mg/m3 at 
the control dairy.  Total endotoxin ranged from 2.5 to 6587 EU/m3 at the study dairy and from 
2.0 to 2986 EU/m3 at the control dairy.  Total endotoxin per mg of particulate ranged from 17.9 
to 100,413 EU/mg at the study dairy and from 12.2 to 39817 EU/mg at the control dairy.  In fall, 
the study dairy had significantly higher (p<0.05) total particulate (GM 0.037 mg/m3) than the 
control dairy (GM 0.028 mg/m3).     

 



 

Figure IV. Box-Whisker Plot of Total and Inhalable Particulate 

Concentrations at Study and Control Dairy Lagoons  

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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In winter , the study dairy had significantly higher (p<0.05) total endotoxin (GM 252.7 EU/m3) 
than the control dairy (GM 26.3 EU/m3).  In summer, the control dairy had significantly higher 
(p<0.05) total endotoxin per mg particulate (GM 322.4 EU/mg) than the study dairy (GM 131.3 
EU/mg).            
 



 

Correlations 
 
Table IX shows the significant Pearson correlation coefficients of interest for environmental 
parameters.        
 

Figure V. Box-Whisker Plot of Total and Inhalable Endotoxin

 Concentrations at Study and Control Dairy Lagoons  

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Carbon dioxide was negatively correlated with H2S, H2S maximum, NH3 maximum, and 
temperature.  H2S was positively correlated with H2S maximum, NH3 maximum, and 
temperature.  NH3 maximum was positively correlated with H2S maximum and temperature.  
Odor mode and maximum, particulate, and endotoxin did not significantly correlate with H2S or 
NH3.     



 

 
 

  
Table X.  Comparison of Total Particulate and Endotoxin Concentrations by 
Season and Dairy  

  

           

   Location   

  
Season, Toxicant Study Dairy Control Dairy 

  

   GM (GSD) n GM (GSD) n   

  Total         

  Total Particulate (mg/m3 ) 0.053 (2.6) 34 0.047 (2.0) 41   

  Total Endotoxin (EU/m3) 35.6 (5.2) 29 21.5 (4.4) 37   

  
Total Endotoxin/Particulate 
(EU/mg) 605.1 (6.9) 29 451.1 (5.1) 37   

  Winter         

  Total Particulate (mg/m3 ) 0.043 (4.7) 5 0.051 (2.0) 10   

  Total Endotoxin (EU/m3) * 252.7 (12.1) 2 26.3 (11.5) 8   

  
Total Endotoxin/Particulate 
(EU/mg) 2415.8 (1.2) 2 462.8 (9.5) 8   

  Spring         

  Total Particulate (mg/m3 ) 0.05 (1.9) 7 0.057 (2.2) 12   

  Total Endotoxin (EU/m3) 25.9 (2.1) 6 20.7 (2.9) 11   

  
Total Endotoxin/Particulate 
(EU/mg) 499 (2.7) 6 364.1 (5.0) 11   

  Summer         

  Total Particulate (mg/m3 ) 0.083 (2.4) 11 0.06 (1.5) 9   

  Total Endotoxin (EU/m3) 11.9 (2.5) 10 20.1 (3.7) 8   

  
Total Endotoxin/Particulate 
(EU/mg) * 131.3 (5.1) 10 322.4 (4.1) 8   

  Fall         

  Total Particulate (mg/m3 ) * 0.037 (1.9) 11 0.028 (1.5) 10   

  Total Endotoxin (EU/m3)  80.1 (5.9) 11 20.2 (3.5) 10   

  
Total Endotoxin/Particulate 
(EU/mg) 2176.3 (5.7) 11 731.5 (4.0) 10   

                  

  Note: * = p < 0.05 that means in that row are not equal by ANOVA    

 



 

 
 

  
Table IX.  Significant Pearson Correlation Coefficients for 
Environmental Parameters   

  
 H2S 

H2S 
Maximum 

NH3 
Maximum 

Temperature  
  

  
CO2   

-0.41               
*** 

-0.27                                
* 

-0.49                           
*** 

-0.81                           
***   

  
H2S 

 
0.56                              
*** 

0.57                             
*** 

0.36                              
**   

  

NH3 
Maximum 

0.57                         
*** 

0.51                               
***  

0.49                           
***   

  Note:   * = p < 0.05     ** = p < 0.01     *** = p < 0.001             

 
Discussion 
 
Mean H2S values were consistently higher, though not significantly, at the control dairy in total, 
winter, spring, and fall.  In summer the study had significantly higher (p < 0.05) H2S.  Maximum 
H2S values were significantly (p < 0.001 to 0.05) higher at the control dairy in total and for all 
seasons except summer.  The control dairy had a higher summer maximum H2S mean value 
but it was not significantly different from the study dairy.  H2S is an easily recognized component 
of odor and reductions in H2S can greatly increase the publics‘ acceptance of agricultural 
facilities.   The highest recorded value for the study dairy (17,000 ppb or 17 ppm) was higher 
than the current recommended short-term standards of 10 and 15 ppm for occupational 
exposures (ACGIH 2007, NIOSH 2007b).  This high value was recorded as a one minute 
average not over 10 minutes as recommended by the standards.  NIOSH recommends an 
immediate danger to life and health (IDLH) limit of 100 ppm (NIOSH 2007b).  This value should 
never be exceeded.  The highest recorded value at the control dairy was 5200 ppb or 5.2 ppm.  
Our average H2S values at both the study and control dairies were similar to those measured at 
swine facilities in exhaust air and before, during, and after manure slurry removal.  Swine 
confinement values have been reported to range from 1 to 35,825 ppb (Donham 2006, Heber 
2006, Hoff 2006, Ni 2000, Zhu 2000).  Values reported inside dairy barns were all below 
quantifiable levels of 1 ppm (Kullman 1998).     
 
Total maximum NH3 values were significantly higher (p<0.05) at the study dairy.  Maximum NH3 
values varied over all four seasons at both dairies.  Values were higher at the control dairy in 
winter and spring, but lower in summer and fall.  The study dairy had a significantly (p<0.0001) 
higher peak ammonia value during summer.    The other seasons were not significantly 
different.  The highest recorded value for the study dairy (142 ppm) was higher than the current 
recommended short term standards of 35 ppm for occupational exposures (ACGIH 2007, 
NIOSH 2007b).  This high value was recorded as a one minute average not over 10 minutes as 
recommended by the standards.  NIOSH recommends an IDLH of 300 ppm (NIOSH 2007b).  
This value should never be exceeded.  Our peak value from the study dairy was approximately 
50% of the IDLH.  The highest recorded value at the control dairy was 23 ppm.  Our maximum 
NH3 values at both the study and control dairies were similar to those measured at swine 
facilities in exhaust air, inside poultry houses, and inside dairy barns.  Swine and poultry values 
ranged from 1 ppb to 73 ppm (Donham 2006, Groot Koerkamp 1998, Heber 2006, Omland 
2002, Zhu 2000).  Values measured inside dairy barns ranged from 0.1 to 26.1 ppm with a 
geometric mean of 6.4 ppm (Kullman 1998).  Different lagoon practices may be responsible for 
the higher ammonia levels measured at the study dairy.  The control dairy was able to remove 
liquids from their lagoon.  These liquids were applied to nearby fields.  This practice reduces the 
nitrogen levels in the lagoon and can reduce ammonia emissions.      



 

 
Odor values were similar between the dairies. Dilution to threshold (D/T) values ranged from 0 
to 15. However, 2 was the most commonly observed number over all seasons at both dairies.  
The study dairy had a higher maximum value of 15 in the winter, while the control dairy had a 
higher maximum value of 15 in the spring.  To reduce operator bias, odor measurements were 
recorded every two hours at specific time points at each dairy for a total of 4-5 recorded 
samples per day.  Therefore, it is possible that odor measurements may have been higher or 
lower overall depending on the time of the individual samples.  Most odor regulations, including 
Colorado‘s odor regulations, require multiple (two or more) samples made within a one hour 
period but separated by at least 15 minutes in order to provide proof of violation (Colorado 
2001).  Colorado‘s regulation is somewhat confusing in that it states that it is a violation for a 
swine facility to produce odor of 7 D/T at the property boundary and 2 D/T at any receptor, but 
any other odor producer must remain below 15 D/T if it is used primarily for residential or 
commercial and below 7 D/T for all other land use areas (Colorado 2001).  However, when the 
source is a manufacturing process or agricultural operation, no violation shall be cited if that 
operation is employing the best practical treatment, maintenance, and control currently available 
to maintain the lowest possible emission of odorous gases.  Furthermore, it is a violation for all 
areas when odors are detected at 127 D/T (Colorado 2001).  A value of 127 D/T is about 4 
times more odor than a value of 31 which most people find to be extremely nauseating.  Our 
H2S, NH3, and odor values measured near the lagoons at two dairies are high enough to create 
a nuisance to anyone living, working, or playing near these two dairies.  Wing et al. have 
reported that residents living near hog confinements in North Carolina suffer from decreased 
health and quality of life.  Residents have reported increased occurrence of symptoms including 
headache, runny nose, sore throat, excessive coughing, diarrhea, and burning eyes (Wing 
2000).  Schiffman et al. (2005) exposed healthy volunteers to diluted swine confinement air 
containing 24 ppb H2S, 817 ppb, NH3, 0.0241 mg/m3 total particulate, 7.4 EU/m3 endotoxin, and 
57 D/T odor.  Subjects were 4.1 times more likely to report headaches, 6.1 times more likely to 
report eye irritation, and 7.8 times more likely to report eye irritation (Schiffman 2005).   
 
Donham and Reynolds have found that a high proportion of disease occurs in workers at dust 
levels above 2.5 mg/m3 total and 0.23 mg/m3 respirable for swine confinement operations and 
poultry house operations.  Both have recommended that these levels serve as occupational 
limits for CAFO workers (Donham 1988, 1995, 2000a, 2000b, Reynolds 1996).  The U.S. EPA 
recommends National Ambient Air Quality Standards (NAAQS) for several pollutants and they 
recommend a level of 0.150 mg/m3 for PM10 for a 24-hour period not to be exceed more than 
once per year on average in a 3 year period (NAAQS 2007).  Donham et al. have recommended 
100 EU/m3 as an occupational limit (Donham 1988).  In the Netherlands, the Dutch Expert 
Committee on Occupational Standards has proposed an occupational exposure limit of 50 
EU/m3 (4.5 ng/m3) over an 8-hour exposure period (DECOS 1996, Duchaine 2001). 
Our highest total and inhalable particulate values are below these recommended occupational 
limits but they do approach these occupational limits.  Some of our higher values exceed the 
NAAQS of 0.150 mg/m3.  Our mean total endotoxin levels for the study dairy in winter and fall 
(253 and 80 EU/m3, respectively) far surpass the recommended levels.  Other seasons 
approach these values.  Keep in mind that our data were collected outside close to lagoons, and 
workers are not assigned to these areas except for brief tasks.   
 
We were unable to perform a pre- and post-intervention study at the same dairy.  Ideally, we 
would collect data for a specific period before the intervention was implemented and then again 
after the intervention had time to become established in the lagoon.  We were unable to collect 
samples at each dairy on the same day for the same time period.  We did not have the 
personnel or equipment to collect such samples.  The study and control dairies were not exactly 
the same.     



 

 
The two dairies were fairly different in all aspects except for the lagoon system design (Table II).  
The control dairy had 2 times the number of cows on 5 times the amount of land.  The lagoon 
systems were almost identical, but the control dairy composted much more waste and flushed 
much less waste as a function of the pens which housed the cows.  The control dairy had large 
dirt pens with concrete alleys on either side for feeding and watering.  The lots were periodically 
scraped and wastes composted and only the feeding alleys were flushed to the lagoons.  The 
pens at the study dairy were much smaller with a similar alley for feeding and a small sand area 
for bedding.  The study dairy pen alleys were flushed to the lagoons three times per day and the 
sand was periodically replaced and recycled.   
 
The control dairy had primary and secondary lagoons.  Each lagoon was approximately 3 acres.  
The study dairy had one lagoon of approximately 8 acres.  The control dairy maintained less 
lagoon capacity than the study dairy with double the amount of cows.  A primary and secondary 
anaerobic lagoon system is thought to emit less gases and odor than a single lagoon system.  
The lagoons at the control dairy appeared to contain less solid material as compared to the 
lagoon at the study dairy.  
 
Sampling locations were similar at both dairies.  Equipment was placed in a predominantly 
downwind location approximately 15-20 meters from the lagoon edge near an 110v power 
outlet.  At the study dairy this location was near the building which housed the algae tanks and 
near an open air recirculation pit which contained a submersible pump used to supply the 
flushing tanks.  The compost fields sat to the Northeast of this location.  The closest animal 
building was over 100 meters away.  At the control dairy this location was between the primary 
and secondary lagoons but downwind from the primary lagoon.  The compost fields sat to the 
North of this location.  The closest animal pen was over 100 meters away.  At random times the 
pump inside the recirculation pit at the study dairy would engage to fill the pit with lagoon liquid.  
At these times hydrogen sulfide, ammonia, and odor would increase.     
   
Conclusions 
 
Overall, our data do not produce a definitive answer as to the effectiveness of the algae lagoon 
treatment (Agsmart 2007).  While total maximum hydrogen sulfide levels were significantly lower 
at the study dairy, total maximum ammonia levels were significantly lower at the control dairy.  
The highest overall measures of H2S and NH3 were at the study dairy.  Odor measurements 
were not significantly different.  Lower H2S levels can have a large impact on overall odor 
reduction because it is easily recognized as a rotten odor.  Some of the differences in NH3 
levels can be explained by the differences in lagoon practices between the dairies.  Overall, 
total and inhalable particulate and endotoxin were not significantly different except for total 
endotoxin in winter and summer was significantly lower at the control dairy.  However, the algae 
lagoon treatment makes no claims about reducing particulate and endotoxin.  Further data 
collection will be necessary to substantiate any claims of gas and odor reduction.  A similar 
study must be conducted pre- and post-intervention.  If this is not possible, then more similar 
dairies must be recruited.  Also, an ammonia measurement device with a lower resolution would 
help to elucidate the overall ammonia concentrations.     
 
Study 3. Characterization of Occupational Exposures for Various Tasks at Two Colorado 
Dairies 
 
The purpose of this study was to measure total and inhalable particulate and endotoxin, 
characterize worker exposure, and evaluate differences among tasks at two Colorado dairies 
with different milking parlor systems.     



 

 
Materials and Methods 
Sampling Sites 
The dairy characteristics are listed in Table II.   
 
Sampling Schedule  
 
We measured total particulate and endotoxin at each dairy for milking and maintenance tasks, 
and inhalable particulate and endotoxin at each dairy for milking, working calves, working sick 
cows, maintenance, driving feed truck, and loading feed truck.  All samples were personal 
samples attached to the specific worker near their breathing zone except the feed truck driver 
and feed truck loaders which were located in the specific truck or loader near the breathing zone 
of the worker.    
Each dairy was sampled 40 total days over each season as follows:  10 fall, 10 winter, 10 
spring, and 10 summer.  When possible the same workers were sampled; however, this was not 
always possible with days off and high job turn over.   
 
Sampling and Analysis 
Meteorology 
Meteorological data, including temperature, relative humidity, and wind speed, were measured 
using a Vantage Pro Weather Station (Davis Instruments, Hayward, CA).  The Weather Station 
was mounted to a pole approximately 2 meters above ground level.  The Weather Station 
consisted of a combination of a wind vane and anemometer and a temperature and relative 
humidity sensor.  All were mounted at the apex of the pole.  The temperature sensor was 
shielded from direct sunlight.  The pole was orientated such that the wind vane was directed 
south and the temperature relative humidity sensor was directed north, as directed by the 
instruction manual.  Data were logged using Davis WeatherLink for Vantage Pro data collection, 
analysis, and display software for Windows.  Data were collected over 1-minute intervals as 
mandated by the software, and displayed as average values.   
Total Particulate and Endotoxin 
 
Total particulate and endotoxin samples were collected according to NIOSH method 0500 
(NIOSH 2007b).  Particulate was collected on a 37-mm closed-faced cassette on poly vinyl 

chloride filters with a 5 m pore diameter (SKC, Inc. Eighty Four, PA).  Filters were pre- and 
post-weighed using a Mettler MT5 microbalance (Mettler-Toledo, Inc.) and were blank-corrected 
to account for humidity differences and measurement drift.  Samples were collected for 8 hours 
at a flow rate of 2 L/min.  After sample collection the filters were stored at 4°C under desiccation 
and analyzed for endotoxin using a new Recombinant Factor C Endotoxin Assay (Biowhittaker, 
Walkersville, MD).  All results were reported as 8-hour TWAs.  Sample concentrations were 
reported as mg/m3 for total dust and EU/m3 for total endotoxin.  The limit of detection (LOD) for 
this method was 0.03 mg.  This value was determined from the mean of blanks plus 3 standard 
deviations.     
 

Inhalable Particulate and Endotoxin 
Inhalable particulate and endotoxin were collected using Institute of Occupational Medicine 
(IOM) samplers and SKC Button samplers (SKC Inc. Eighty Four, PA.) with 25mm filters with 5 

m pore size (SKC, Inc. Eighty Four, PA).  Button samplers were used to measure inhalable 
particulate and endotoxin for milking tasks.  It was our experience that the Button samplers 
provided better filter protection from splashed waster and manure as compared to the IOM 
sampler.  Personal sampling pumps were calibrated to 2.0 L/min for IOMs and 4.0L/min for 
button samplers.  Samples were collected for 8 hours.  For IOM samples the entire filter 
cassettes were pre- and post-weighed on a Mettler MT5 microbalance (Mettler-Toledo, Inc.).  All 



 

results were reported as 8-hour TWAs.  Sample concentrations were reported as mg/m3  
for inhalable dust and EU/m3 for inhalable endotoxin.  The LOD for this method was 0.05 mg.  
This value was determined from the mean of blanks plus 3 standard deviations.         
 
For the SKC Button only the filters were pre- and post-weighed.  All filters were blank-corrected 
to account for humidity differences and measurement drift.  After sample collection the filters 
were stored at 4°C under desiccation and analyzed for endotoxin using a new Recombinant 
Factor C Endotoxin Assay (Biowhittaker, Walkersville, MD).  All results were reported as 8-hour 
TWAs.  Sample concentrations were reported as mg/m3 for inhalable dust and EU/m3 for 
endotoxin.  The LOD for this method was 0.04 mg.  This value was determined from the mean 
of blanks plus 3 standard deviations.       
Endotoxin Measurement - Recombinant Factor C Endotoxin Assay 
 
The concentration of endotoxin was determined using a novel Recombinant Factor C Endotoxin 
(rFC) Assay (Biowhittaker, Walkersville, MD).  The activation of rFC is determined by the 
fluorescence generated by the enzymatic cleavage of a peptide-coumarin substrate. 
Fluorescence is measured after one-hour incubation with endotoxin standards at 37ºC. The log 
fluorescence is proportional to the log endotoxin concentration and is linear in the 0.01-10EU/ml 
range. The minimum detection of endotoxin is ~0.01EU/ml. The rFC assay has been found to 
detect no (1,3)-glucan activity; an improvement in specificity compared to the most commonly 
used assays.  
 
Samples were extracted in sterile, pyrogen-free (pf) water containing 0.05% Tween-20 for 1 hr 
at 22°C with continuous shaking. Extracts were centrifuged and supernatants were transferred 
into pf cryotubes. They were then analyzed using the Recombinant Factor C Endotoxin Assay. 
Two-fold serial dilutions of endotoxin standards and sample extracts were prepared using 
sterile, pf water with Tween-20 in borosilicate glass tubes.  The samples were added to a 96-
well plate followed by 100 microliters of a mixture of enzyme, buffer and fluorogenic substrate. 
The plates were incubated at 37ºC for one hour and read in a fluorescence microtiter plate 
reader (Biotek Instruments FLX800TBIE) at Excitation/Emission 380/440 nm. Background (1 
EU/ml) fluorescence was subtracted and log delta fluorescence plotted against log endotoxin 
concentration. Endotoxin concentrations of samples were calculated according to the standard 
curve.  Four assay reagent blank wells served as reference and control for the pf status of the 
reagent water, centrifuge tubes, pipette tips and microplates. Quality assurance spiking assays 
were performed to assess matrix interference or enhancement.  
 
Task Descriptions 
 
Six tasks at two Colorado dairies were characterized.  The tasks included milking, loading feed, 
distributing feed, maintenance, working calves, and working sick cows.  Dairy 1 included all six 
tasks.  Dairy 2 included milking, loading feed, and distributing feed.  Milking tasks included 
moving cows into position to be milked, cleaning cows prior to milking, attaching milking device, 
applying anti-mastitis medicine post milking, and moving cows out of position.  Loading feed 
tasks included driving a front end loader to load different types of feed by weight into a truck or 
trailer hopper.  Normally the windows of the loader would be closed in cold weather and open in 
warmer weather.  The cabs of the loaders were very dirty and dusty even with closed windows.  
Feed distribution tasks included driving either a truck with mixing hopper or tractor pulling a 
trailer mixing hopper to deliver the feed to the cows.  As with the loaders, normally the windows 
of the truck or tractor would be closed in cold weather and open in warmer weather.  The cabs 
of both the truck and tractor were very dirty and dusty even with closed windows.   
Maintenance tasks varied the most but often included scraping and moving manure, working 
compost, moving cows, and artificial insemination.  Working calves included moving calves, 



 

feeding (opening feed bags and distributing) and watering calves, checking health, and 
administering medication.  Working sick cows included checking sick cows, administering 
medication, milking sick cows, checking pregnant cows, moving sick and pregnant cows, 
delivering calves, and moving calves. 
 
Workers performed the same tasks throughout the day (8-12 hours).  Milking was performed by 
3-6 workers, feeding was performed by 1 worker, maintenance was performed by 1-3 workers, 
sick cows was performed by 1-2 workers, and feeding calves was performed by 1-2 workers.           
 
Questionnaire 
 
Participants were asked to complete a simple questionnaire designed to collect general 
information about demographics and health status.  The questionnaire was provided in the 
language of the participants‘ choice.  This study was approved by Colorado State University‘s 
Institutional Review Board for research.       
 
Statistical Analysis 
 
Excel databases were combined and analyzed using SAS Version 9.1 (SAS Institute, Cary, 
NC).  Descriptive statistics were used to characterize environmental measurements.  The 
normality of the data was tested using the Shapiro-Wilks test.  All variables, except 
meteorological conditions, were log transformed before completing statistical analysis.  
Geometric means and geometric standard deviations were calculated for environmental data 
that could be described as lognormal.  Comparisons between samplers, dairies, and seasons 
were made using linear analysis of variance with two-way interactions.  Included variables were 
as follows: dependent (total particulate mg/m3, inhalable particulate mg/m3, total endotoxin 
EU/m3, and inhalable endotoxin EU/m3); class (dairy, season, and task).  Means were compared 
using Tukey‘s test procedure.  Pearson correlation coefficients were calculated to evaluate 
associations among environmental parameters and particulate and endotoxin concentrations.  
Values that fell below the LOD, occurred for particulate sampling methods only, were replaced 
with the LOD divided by the square root of 2 for statistical analysis.         
 
Results 
 
Meteorology 
 
Seasons were defined as follows:  December, January, and February were considered winter. 
March, April and May were considered spring. June, July, August were considered summer. 
September, October, and November were considered fall.  Meteorological data is summarized 
by season in Table III.  For the Dairy 1 atmospheric air temperatures ranged from -9.9ºC to 
+40.1ºC with a mean of +15.3ºC.  Relative humidity ranged from 0.6% to 90.3% with a mean of 
36.8%.  Wind speeds ranged from 0.5 m/s to 8.7 m/s with a mean of 2.0 m/s.  For the Dairy 2 
atmospheric air temperatures ranged from -12.5ºC to +41.1ºC with a mean of +11.2ºC.  Relative 
humidity ranged from 7.9% to 92.3% with a mean of 44.7%.  Wind speeds ranged from 0.8 m/s 
to 4.7 m/s with a mean of 2.5 m/s.   
 
Demographics 
 
Demographics and questionnaire answers are summarized in Table X.  The majority of the 
workers were male Hispanics ranging in age from 19 to 57.  Most participants had at least some 
high school education.  Length of employment varied greatly from 1 to 236 months.  The  



 

average length of employment was about 44 months; however, frequent worker turnover was 
quite common.  Most participants were either former smokers or had never smoked, which is 
lower than the U.S. average.  The majority of participants had experienced flu-like symptoms at 
some point in their employment.  Many participants claimed to have experienced the following 
symptoms in the past 3 months: mild to severe eye irritation, blurred vision, nose irritation, 
mucous or phlegm, tingling in fingers, shortness of breath, chest discomfort, chest wheeze, 
throat irritation, and cough.  Most participants did not wear any type of personal protective 
equipment such as a dust mask, although 3 workers at Dairy 1 and 2 workers at Dairy 2 often 
used bandanas.         
 
Particulate 
 
Inhalable particulate levels for tasks are summarized in Table XI.  Inhalable particulate ranged 
from 0.07 to 8.0 mg/m3 at Dairy 1 and from 0.07 to 5.1 mg/m3 at Dairy 2.  The highest inhalable 
particulate values at both dairies occurred for loading feed.  Overall, Dairy 1 had significantly 
higher (p<0.05) inhalable particulate for milking, loading feed, and distributing feed.  In summer, 
Dairy 1 had significantly higher (p<0.0001) inhalable particulate than Dairy 2 for milking.  In fall, 
Dairy 1 had significantly higher (p<0.0001 loading and p<0.01 distributing) inhalable particulate 
than Dairy 2 for loading and distributing feed.  Inhalable particulate levels for milking, loading 
feed, and distributing feed tasks at both dairies are summarized in a box-whisker plot in Figure 
VI.  Inhalable particulate levels for maintenance, working sick cows, and working calves tasks at 
the study dairy are summarized in Figure VII.  The whiskers delineate the 10th and 90th 
percentiles and the box lines represent median, lower, and upper quartiles of the data.    
 
Total particulate levels for milking and maintenance tasks at both dairies are summarized in 
Figure VIII.  The whiskers delineate the 10th and 90th percentiles and the box lines represent 
median, lower, and upper quartiles of the data.  Total particulate levels for tasks are seen in 
Table XII.      
 

  Table X.  Demographics and Questionnaire Results   

           

   Location   

  Category Dairy 1 Dairy 2   

   Mean  or  % 
Ran
ge n Mean  or  % 

Ran
ge n   

  
Race 
(Hispanic) 

94%  16 100%  6 
  

  Gender (male) 88%  16 100%  6   

  
Age 35 

19 - 
57 

14 28 
23 - 
35 

6 
  

  

Highest 
Education 
Completed  

12% Grade 
School                
25% Some High 
School               
38% High 
School Grad        
25% Post High 
School 

 16 

83% High 
School Grad        
17% Post High 
School 

 6 

  

  

Length of 
Employment 
(months) 

46 
1 - 
236 

16 38 
6 - 
72 

6 
  



 

  
Smoker 

50% Former                        
38% No                             
12% Yes 

 16 
83% No                                   
17% Yes 

 6 
  

  
Flu-like 
Symptoms 

56% Yes  16 100% Yes  6 
  

  
Symptoms last 
3 months 

44% Yes  16 67% Yes  6 
  

  
Wear a 
Bandana? 

81% No  16 33% Yes  6 
  

  
Wear a Dust 
Mask? 

94% No  16 100% No  6 
  

  
Wear a 
Respirator? 

100% No  16 100% No  6 
  

                  

       
  

Table XI.  Comparison of Inhalable Particulate Concentrations for Tasks by 
Season and Dairy  

  

             

   Location   

  Season, Task Dairy 1 Dairy 2   

  
 

GM 
(GSD
) n range GM 

(GSD
) n range   

  Total           

  Milking * 
0.5
8 (2.6) 

3
8 

0.06 - 
3.8 

0.3
0 (1.8) 99 0.07 - 1.9   

  
Loading Feed 
* 1.5 (2.3) 

3
5 

0.26 - 
8.0 

0.5
7 (3.1) 38 0.06 - 5.1   

  
Distributing 
Feed * 

0.8
5 (2.2) 

3
5 

0.19 - 
3.8 

0.4
7 (2.9) 39 0.07 - 2.9   

  Maintenance 1.3 (1.7) 
1
4 

0.07 - 
4.4 NA NA NA NA   

  Sick Cows 1.1 (1.7) 
1
5 

0.4 - 
2.6 NA NA NA NA   

  Calves 1.2 (2.6) 
4
6 

0.074 - 
6.3 NA NA NA NA   

  Winter           

  Milking 
0.5
7 (1.8) 9 

0.20 - 
1.4 

0.2
9 (1.8) 22 0.09 - 1.3   

  Loading Feed 
0.7
4 (1.6) 7 

0.34 - 
1.3 

0.7
1 (2.7) 10 0.11 - 2.4   

  
Distributing 
Feed 

0.7
2 (2.4) 7 

0.20 - 
2.4 

0.9
6 (3.0) 10 0.16 - 5.0   

  Maintenance 1.7 (1.9) 4 
0.82 - 
2.7 NA NA NA NA   

  Sick Cows 
0.8
6 (1.3) 3 

0.70 - 
1.2 NA NA NA NA   

  Calves 1.3 (1.9) 
1
4 

0.28 - 
3.5 NA NA NA NA   

  Spring           

  Milking 
0.3
4 (2.6) 

1
0 

0.06 - 
1.5 

0.2
9 (2.0) 22 

0.07 - 
0.80   



 

 

  Loading Feed 1 (2.0) 
1
0 

0.26 - 
3.1 

0.5
3 (2.3) 11 0.10 - 2.9   

  
Distributing 
Feed 

0.8
2 (2.5) 

1
0 

0.20 - 
3.8 

0.7
3 (1.7) 10 0.40 - 1.6   

  Maintenance 1.6 (1.8) 2 
1.0 - 
1.3 NA NA NA NA   

  Sick Cows 1.2 (2.1) 4 
0.42 - 
2.6 NA NA NA NA   

  Calves 
0.7
6 (3.4) 

1
0 

0.074 - 
3.4 NA NA NA NA   

  Summer           

  Milking *** 
0.7
2 (3.2) 

1
4 

0.06 - 
3.8 

0.2
6 (1.6) 30 

0.14 - 
0.54   

  Loading Feed 2.4 (2.0) 8 
0.90 - 
8.0 1.1 (1.3) 8 0.70 - 1.3   

  
Distributing 
Feed 1.2 (1.9) 9 

0.30 - 
2.5 1.1 (2.5) 8 0.21 - 3.5   

  Maintenance 1.6 (1.8) 5 
1.0 - 
4.4 NA NA NA NA   

  Sick Cows 
0.8
7 (1.7) 4 

0.50 - 
1.6 NA NA NA NA   

  Calves 
0.8
9 (3.4) 

1
0 

0.15 - 
6.3 NA NA NA NA   

  Fall           

  Milking 1.0 (1.5) 5 
0.64 - 
1.7 

0.3
8 (1.7) 25 0.15 - 1.9   

  
Loading Feed 
*** 2.3 (2.2) 

1
0 

0.45 - 
5.6 

0.1
3 (2.0) 10 

0.07 - 
0.42   

  
Distributing 
Feed ** 

0.7
6 (2.3) 9 

0.25 - 
1.9 

0.1
5 (1.8) 10 

0.06 - 
0.34   

  Maintenance 
0.8
9 (1.3) 3 

0.70 - 
1.2 NA NA NA NA   

  Sick Cows 1.4 (1.5) 4 
0.80 - 
2.1 NA NA NA NA   

  Calves 1.9 (1.6) 
1
2 

0.86 - 
3.9 NA NA NA NA   

                      

  
* = p < 0.05, ** = p < 0.01, *** = p < 0.001 that mean 
concentrations in that row not equal by ANOVA 

  
  

 
Total particulate ranged from 0.03 to 5.3 mg/m3 at the Dairy 1 and from 0.03 to 6.9 mg/m3 at 
Dairy 2.  The highest total particulate values at both dairies occurred for milking.  Overall, Dairy 
1 had significantly higher (p<0.05) total particulate than Dairy 2 for milking.     
 
Endotoxin 
 
Inhalable endotoxin concentrations for tasks are listed in Table XIII.  Inhalable endotoxin levels 
for milking, loading feed, and distributing feed tasks at both dairies are summarized in a box-
whisker plot in Figure IX.  Inhalable endotoxin levels for maintenance, working sick cows, and 
working calves tasks at the study dairy are summarized in Figure X.  The whiskers delineate the 
10th and 90th percentiles and the box lines represent median, lower, and upper quartiles of the 



 

data.     Inhalable endotoxin ranged from 8.0 to 11096 EU/m3 at Dairy 1 and from 2.0 to 5286 
EU/m3 at Dairy 2.  The highest inhalable endotoxin levels were seen for working calves at Dairy 
1 and for milking at Dairy 2.  Overall, Dairy 1 had significantly higher (p<0.05) inhalable 
endotoxin than Dairy 2 for loading feed and distributing feed. In spring, Dairy 1 had significantly 
higher (p<0.05) inhalable endotoxin than Dairy 2 for milking. 
In summer, Dairy 1 had significantly higher (p<0.05) inhalable endotoxin than Dairy 2 for loading 
feed. In fall, Dairy 1 had significantly higher (p<0.0001 loading and p<0.001 distributing) 
inhalable endotoxin than Dairy 2 for loading and distributing feed.   

Figure VI. Box-Whisker Plot of Inhalable Particulate Concentrations for Milking, 

Loading Feed, and Distributing Feed Tasks at Dairy (1) and Dairy (2) 

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Figure VII. Box-Whisker Plot of Inhalable Particulate Concentrations for 

Maintenance, Working Sick Cows, and Working Calves at Dairy (1)

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Figure VIII. Box-Whisker Plot of Total Particulate Concentrations 

for Milking and Maintenance Tasks at Dairy (1) and Dairy (2) 

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Inhalable endotoxin per mg of particulate (Table XIV) ranged from 7.5 to 144,886 EU/mg at 
Dairy 1 and from 1.5 to 21,114 EU/mg at Dairy 2.  The highest value at Dairy 1 occurred for 
distributing feed and at Dairy 2 for milking.  Overall, Dairy 2 had significantly higher (p<0.05) 
inhalable endotoxin per mg particulate than Dairy 1 for milking, but Dairy 1 had significantly 
higher (p<0.05) inhalable endotoxin per mg particulate than Dairy 2 for loading feed.  In winter, 
Dairy 1 had significantly higher (p<0.05) inhalable endotoxin per mg particulate than Dairy 2 for 
loading feed.  In summer, Dairy 2 had significantly higher (p<0.0001) inhalable endotoxin per 
mg particulate than Dairy 1 for milking.       
 
 



 

 
 
 
 
 

  
Table XII.  Comparison of Total Particulate Concentrations for Tasks by Season 
and Dairy  

  

             

   Location   

  

Season, 
Task 

Dairy 1 Dairy 2 
  

   GM (GSD) n range GM (GSD) n range   

  Total           

  Milking * 0.53 (2.5) 47 0.03 - 5.3 0.30 (2.1) 81 0.05 - 6.9   

  Maintenance 0.32 (3.1) 26 0.03 - 3.6 NA      

  Winter           

  Milking 0.40 (5.2) 9 0.03 - 5.3 0.30 (2.1) 21 0.05 - 1.2   

  Maintenance 0.21 (6.2) 4 0.03 - 2.0 NA      

  Spring           

  Milking 0.50 (1.8) 11 0.2 - 1.5 0.25 (1.9) 19 0.05 - 0.61   

  Maintenance 0.22 (2.0) 10 
0.078 - 
0.5 NA      

  Summer           

  Milking 0.62 (2.0) 11 0.17 - 1.6 0.29 (2.3) 21 0.13 - 6.9   
  Maintenance 0.44 (2.5) 5 .21 - 1.6 NA      

  Fall           

  Milking 0.58 (2.2) 16 0.14 - 3.3 0.38 (2.0) 20 0.05 - 1.9   

  Maintenance 0.50 (3.5) 7 0.07 - 3.6 NA      
                      

  
* = p < 0.05  that mean concentrations in that row not equal by 
ANOVA 

  
  

 
 
 

  
Table XIII.  Comparison of Inhalable Endotoxin Concentrations for Tasks by Season 
and Dairy  

  

             

   Location   

  
Season, Task Dairy 1 Dairy 2 

  

   GM (GSD) n range GM (GSD) n Range   

  Total           

  Milking 571.3 (2.9) 38 22 - 2540 657.3 (3.4) 99 4 – 5286   
  Loading Feed * 386.1 (3.0) 35 32 - 2862 68.7 (5.0) 38 3 – 1611   

  
Distributing 
Feed * 252.8 (4.3) 35 8 - 1671 67.3 (5.1) 39 2 - 1701   

  Maintenance 416 (2.1) 14 89 - 2809 NA NA NA NA   

  Sick Cows 255.7 (2.6) 15 29 - 845 NA NA NA NA   



 

  Calves 666.9 (3.3) 46 
56 - 
11096 NA NA NA NA   

  Winter           

  Milking 844.2 (2.0) 9 
384 - 
1557 431.9 (3.8) 22 3.8 – 1676   

  Loading Feed 299.2 (3.0) 7 61 - 698 143.8 (8.3) 10 2.5 – 1701   

  
Distributing 
Feed 274.6 (4.3) 7 46 - 1349 99.4 (9.9 10 1.9 – 1611   

  Maintenance 500.2 (11.5) 4 89 - 2809 NA NA NA NA   

  Sick Cows 63.3 (3.1) 3 29 - 140 NA NA NA NA   

  Calves 465.6 (1.7) 14 
278.7 - 
1009 NA NA NA NA   

  Spring           

  Milking 264.4 (2.5) 10 71 - 1503 533.6 (3.9) 22 19 – 5286   

  Loading Feed 228.7 (3.8) 10 32 - 1859 104.9 (2.4) 11 43 – 1033   

  
Distributing 
Feed * 299.5 (3.7) 10 32 - 1671 125.8 (2.0) 10 41 – 296   

  Maintenance 263.3 (2.0) 2 159 - 436 NA NA NA NA   
  Sick Cows 202 (2.0) 4 92 - 300 NA NA NA NA   

  Calves 309.7 (3.2) 10 56 - 1561 NA NA NA NA   

  Summer           

  Milking 672.8 (3.4) 14 22 - 2540 521.9 (2.6) 30 
87.4 – 
3085   

  Loading Feed * 637.8 (2.2) 8 
249 - 
2524 109.0 (1.8) 8 41 – 232   

  
Distributing 
Feed 346.2 (4.5) 9 

 7.7 - 
1223 114.7 (1.8) 8 

40.5 – 
1519   

  Maintenance 715.1 (2.3) 5 
317 - 
2259 NA NA NA NA   

  Sick Cows 459.3 (2.0) 4 219 - 845 NA NA NA NA   

  Calves 459.3 (3.3) 10 
150 - 
5613 NA NA NA NA   

  Fall           

  Milking 980.9 (1.4) 5 
650- 
1370 1382.8 (2.9) 25 58 - 5065   

  
Loading Feed 
** 483.3 (2.6) 10 

100 - 
2862 10.2 (2.6) 10 2.7 - 46   

  
Distributing 
Feed ** 147.3 (5.4) 9 8.4 - 730 11.3 (2.6) 10 2.7 - 91   

  Maintenance 202.3 (1.4) 3 156 - 292 NA NA NA NA   

  Sick Cows 394.6 (1.8) 4 183 - 806 NA NA NA NA   

  Calves 991.8 (3.3) 12 
92 - 
11096 NA NA NA NA   

                      

  
* = p < 0.05, ** = p < 0.001 that mean concentrations in that row not 
equal by ANOVA 

  
  

 



 

Figure IX. Box-Whisker Plot of Inhalable Endotoxin Concentrations for 

Milking, Loading Feed, and Distributing Feed Tasks at Dairy (1) and Dairy (2)

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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In fall, Dairy 2 had significantly higher (p<0.05) inhalable endotoxin per mg particulate than 
Dairy 1 for milking.   
 
Total endotoxin concentrations are listed in Table XVI.  Total endotoxin levels for milking and 
maintenance tasks at both dairies are summarized in Figure XI.  The whiskers delineate the 10th 
and 90th percentiles and the box lines represent median, lower, and upper quartiles of the data.     
 



 

Figure X. Box-Whisker Plot of Inhalable Endotoxin Concentrations for 

Maintenance, Working Sick Cows, and Working Calves at Dairy (1)

(Whiskers delineate 10th, 90th percentile and box lines represent median, lower, and upper quartiles of the data)
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Total endotoxin ranged from 5.9 to 6758 EU/m3 at Dairy 1 and from 9.9 to 4649 EU/m3 at Dairy 
2.  The highest values at both dairies occurred for milking.  Total endotoxin levels were not 
significantly different between the two dairies for any task or any season.  Total endotoxin per 
mg of particulate (Table XVII) ranged from 15 to 96,506 EU/mg at Dairy 1 and 46 to 19,778 
EU/mg at Dairy 2.   
 
 

  
Table XIV.  Comparison of Inhalable Endotoxin/Particulate Concentrations for Tasks by 
Season and Dairy  

  

             
   Location   

  Season, Task Dairy 1 Dairy 2   

   GM (GSD) n range GM (GSD) n range   

  Total           

  Milking * 968.4 (2.1) 38 
304 - 
4378 2218 (2.8) 99 13 - 21114   

  
Loading Feed 
* 253.3 (2.7) 35 29 - 2791 124.7 (3.0) 38 1.5 - 435   

  
Distributing 
Feed 399.2 (4.0) 35 

7.5 - 
144886 143.3 (3.5) 39 1.5 - 5586   



 

  Maintenance 327.9 (2.1) 14 
109 - 
1356 NA NA NA NA   

  Sick Cows 244.1 (2.3) 15 35 - 986 NA NA NA NA   

  Calves 582.9 (2.8) 46 
107.8 - 
7426 NA NA NA NA   

  Winter           

  Milking 1731.1 (2.2) 9 
704 - 
2955 1657.7 (3.8) 22 13 - 5547   

  
Loading Feed 
* 471 (3.9) 7 78 - 2071 104.9 (1.8) 10 1.5 - 5586   

  
Distributing 
Feed 474.5 (2.1) 7 

244 - 
1096 203.0 (4.2) 10 1.5 - 367   

  Maintenance 384.9 (5.9) 4 
109 - 
1356 NA NA NA NA   

  Sick Cows 85 (3.5) 3 35 - 207 NA NA NA NA   

  Calves 340.4 (2.7) 14 
107.8 - 
1407 NA NA NA NA   

  Spring           

  Milking 903.5 (2.6) 10 
304 - 
2994 1811.7 (2.7) 22 150 - 6686   

  Loading Feed 221.9 (3.2) 10 29 - 1221 198.2 (1.5) 11 124 - 431   

  
Distributing 
Feed 564.5 (7.5) 10 

7.5 - 
144886 171.7 (1.4) 10 116 - 262   

  Maintenance 235.5 (2.4) 2 127 - 436 NA NA NA NA   

  Sick Cows 170.9 (1.4) 4 116 - 218 NA NA NA NA   

  Calves 409.8 (2.4) 10 
129.7 - 
2136 NA NA NA NA   

  Summer           

  Milking ** 929.6 (2.1) 14 
404 - 
4378 2022.4 (2.1) 30 538 - 8750   

  Loading Feed 270.3 (2.7) 8 
117 - 
2791 105.5 (1.8) 8 32 - 182   

  
Distributing 
Feed 536 (2.2) 9 

233 - 
2188 101.7 (3.5) 8 116 - 435   

  Maintenance 438.3 (1.7) 5 226 - 941 NA NA NA NA   

  Sick Cows 554.8 (1.7) 4 343 - 986 NA NA NA NA   

  Calves 1150.8 (2.8) 10 
316 - 
7426 NA NA NA NA   

  Fall           

  Milking * 956.3 (1.3) 5 
765 - 
1364 3605.7 (2.5) 25 203 - 21115   

  Loading Feed 214.1 (1.7) 10 94 - 638 83.0 (2.1) 10 30 - 246   

  
Distributing 
Feed 193.7 (2.8) 9 34 - 818 122.2 (2.3) 10 21 - 269   

  Maintenance 226.5 (1.2) 3 193 - 252 NA NA NA NA   
  Sick Cows 290.6 (1.3) 4 234 - 392 NA NA NA NA   

  Calves 535.3 (2.6) 12 
159.9 - 
2861 NA NA NA NA   

                      

  
* = p < 0.05, ** = p < 0.001 that mean concentrations in that row not 
equal by ANOVA 

  
  



 

 
 

  
Table XVI.  Comparison of Total Endotoxin Concentrations for Tasks by 
Season and Dairy  

  

             

   Location   

  

Season, 
Task 

Dairy 1 Dairy 2 
  

   GM (GSD) n range GM (GSD) n range   

  Total           

  Milking 815.6 (2.3) 47 
139 - 
6758 779.5 (3.5) 81 

9.9 - 
4649   

  Maintenance 223.4 (3.8) 26 
5.9 - 
2435 NA      

  Winter           

  Milking 549 (3.0) 9 
139 - 
2923 563.6 (6.2) 21 

9.9 - 
3470   

  Maintenance 723.0 (2.6) 4 
204.9 - 
773 NA      

  Spring           

  Milking 673 (1.8) 11 
253 - 
1548 618.2 (2.6) 19 

49 - 
1745   

  Maintenance 125.7 (6.0) 10 
5.9 - 
1273 NA      

  Summer           

  Milking 893 (2.5) 11 
207 - 
5415 477.1 (3.0) 21 

15.8 - 
1481   

  Maintenance 294.4 (2.4) 5 
143 - 
1033 NA      

  Fall           

  Milking 1016 (2.3) 16 
387 - 
6758 1981 (1.7) 20 

629 - 
4649   

  Maintenance 323.2 (3.8) 7 37 - 2435 NA      
                      

 
 

The highest values at both dairies occurred for milking.  In fall, Dairy 2 had significantly higher 
(p<0.05) total endotoxin per mg particulate than Dairy 1 for milking.   
 
Overall, the only significant differences between the different tasks at the individual dairies 
occurred at Dairy 1.  For IOM samplers, inhalable endotoxin associated with working calves 
(GM 422 EU/m3) was significantly higher (p<0.05) than that with working sick cows (GM 256 
EU/m3) and distributing feed (GM 253 EU/m3).  For button samplers, inhalable endotoxin for 
milking (571 EU/m3) was significantly higher (p<0.01) than for working calves (297 EU/m3).  For 
total samplers, total endotoxin for milking (816 EU/m3) was significantly higher (p<0.001) than 
working calves (223 EU/m3).  There were no significant differences among tasks at Dairy 2, and 
there were no significant differences between tasks as a whole.          
 



 

Figure XI. Box-Whisker Plot of Total Endotoxin 

Concentrations for Milking and Maintenance Tasks at Dairy (1) and Dairy (2)

(Whiskers delineate 10th, 90th percentile and box linesrepresent median, lower, and upper quartiles of the data)
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Table XVI.  Comparison of Total Endotoxin/Particulate Concentrations for Tasks by 
Season and Dairy  

  

             

   Location   

  

Season, 
Task 

Dairy 1 Dairy 2 
  

   GM (GSD) n range GM (GSD) n range   

  Total           

  Milking 1617 (3.0) 47 
140 - 
96506 2459 (3.1) 81 46 - 19778   

  Maintenance 905 (2.8) 26 15 - 8266 NA      

  Winter           

  Milking 2702 (8.4) 9 
412 - 
96506 2037 (5.0) 21 71 - 19778   

  Maintenance 1447 (6.7) 4 
189 - 
8266 NA      

  Spring           

  Milking 1344 (1.7) 11 
570 - 
4276 2208 (2.0) 19 458 - 6278   

  Maintenance 654.7 (7.4) 10 15 - 4431 NA      



 

  Summer           

  Milking 1431 (2.4) 11 
258 - 
4619 1649 (3.7) 21 46 - 4999   

  Maintenance 670 (3.6) 5 15 - 3772 NA      

  Fall           

  Milking * 1684 (3.0) 16 
140 - 
8293 4616 (1.8) 20 1391 - 10525   

  Maintenance 646.6 (1.4) 7 453 - 992 NA      
                      

  
* = p < 0.05  that mean concentrations in that row not equal by 
ANOVA 

  
  

 
Discussion 
 
The two dairies were vastly different in all aspects except for lagoon systems and feeding cows.  
Dairy 2 had twice as many cows and 5 times the amount of land.  The lagoon systems were 
similar, but Dairy 2 composted much more waste as a function of the pens which housed the 
cows.  The pens at Dairy 2 were scraped and composted, and only the feeding areas were 
flushed to the lagoons.  The pens at Dairy 1 were much smaller and were only flushed to the 
lagoons.  The milking parlors were very different.  Dairy 1 parlor was capable of milking 40 
stationary cows at one time with 20 on each side of a long walkway.  The workers moved along 
the walkway to perform milking tasks.  Dairy 2 parlor was capable of milking 80 cows at one 
time on a large rotating circular platform.  Cows walk onto the platform, rotate around, and then 
walk off after the milking is complete.  Workers were mostly stationary.   
 
Workers at Dairy 1 performed 6 total tasks including milking, loading feed, distributing feed, 
maintenance, working sick cows, and working calves.  Workers at Dairy 2 had 3 total tasks 
including milking, loading feed, and distributing feed.  Dairy 2 did not raise calves on site.  Dairy 
2 outsourced the majority of their veterinary needs so there were no sick cow tasks.  The 
maintenance workers at Dairy 2 refused to participate in our study.           
 
The highest inhalable particulate levels at both dairies occurred for loading feed. However, the 
highest particulate level for working calves at Dairy 1 (6.3 mg/m3) was higher than the highest 
level for loading feed at Dairy 2.  The geometric mean levels for particulate for all tasks at Dairy 
1 were higher than those at Dairy 2.  Milking tasks had the lowest levels of inhalable particulate 
as expected given that these environments appeared to be the cleanest and wettest of all tasks.  
Although, milking at Dairy 1 and loading feed at Dairy 2 had almost identical inhalable 
particulate levels (GM 0.58 and 0.57 mg/m3 respectively).  Inhalable particulate levels for 
maintenance, working sick cows, and working calves at Dairy 1 were all similar.  Inhalable 
particulate levels were highest for loading and distributing feed during summer as expected 
given that the windows of the loaders, tractors, and trucks were almost always open.  
  
The highest total particulate levels at both dairies occurred for milking; however, they were 
much lower than inhalable particulate levels.  Unlike the levels for inhalable particulate, milking 
tasks at Dairy 1 produced the highest levels of total particulate.  The highest GM inhalable 
endotoxin levels were seen for working calves at Dairy 1 and for milking at Dairy 2.  The lowest 
GM inhalable endotoxin levels at both dairies were for distributing feed.   
 
The highest GM inhalable endotoxin per mg particulate values at both dairies occurred for 
milking.  These levels are not surprising given that milking tasks at both dairies had the lowest 
inhalable particulate levels but the highest inhalable endotoxin levels.  Again the milking parlor 



 

was thought to be the cleanest environment at each dairy.  In summer, working calves produced 
higher GM inhalable endotoxin per mg particulate than did milking at Dairy 1.       
 
The highest GM total endotoxin values at both dairies occurred for milking.  Total endotoxin 
levels were not significantly different between the two dairies for any task or any season.  The 
highest total endotoxin per mg of particulate values at both dairies occurred for milking.  Again, 
these levels are not surprising given that milking tasks at both dairies highest inhalable 
endotoxin levels.  Again the milking parlor was thought to be the cleanest environment at each 
dairy.  In spring, maintenance produced higher inhalable endotoxin per mg particulate than did 
milking at Dairy 1.   
 
Our data was similar to those collected by others in dairy and cattle environments both inside 
and outside barns. Geometric mean inhalable particulate values ranged from 0.22 to 2.67 
mg/m3 for various dairy and cattle tasks and locations (Firth 2006, Kullman 1998, 
Nieuwenhuijsen 1999, Takai 1998).  Inhalable endotoxin levels were similar to those found 
inside dairy barns and for other dairy tasks.  Geometric mean values ranged from 23 to 647 
EU/m3 (Kullman 1998, Nieuwenhuijsen 1999, Seedorf 1998).  Niewenhuijsen et al. measured 
inhalable particulate and endotoxin in several agricultural tasks in California.  They found 
geometric mean levels of 0.61 mg/m3 and 24 EU/m3 for milking and 0.47 mg/m3 and 120 EU/m3 
for feeding cows (Nieuwenhuijsen 1999).  Our levels of inhalable particulate are similar for 
milking but 2-3 times higher for feeding and our levels of inhalable endotoxin are more than 25 
times higher for milking and 2-3 times higher at Dairy 1 but 2 times lower at Dairy 2 for feeding.  
The California feeding methods are not described.         
Our total particulate data were similar to other dairy studies ranging from 0.07 to 7.3 mg/m3 with 
geometric means ranging from 0.22 to 3.87 mg/m3 for ambient samples (Cathomas 2002, 
Kullman 1998, Omland 2002).   
 
OSHA, NIOSH, and ACGIH maintains 8-hour time weighted average (TWA)   occupational 
standards for total, inhalable, and respirable particulate not otherwise classified (PNOC) and 
grain dust ranging from 3 to 15 mg/m3 (ACGIH 2007, NIOSH 2007a, OSHA 2007).  However, 
agricultural dusts other than specific grain dusts, such as wheat, oat, and barley, are not 
covered by these standards.   

 
Donham et al. and Reynolds et al. have found that a high proportion of disease occurs in 
agricultural workers at dust levels above 2.5 mg/m3 total and 0.23 mg/m3 respirable for swine 
confinement operations and poultry house operations.  Both have recommended that these 
levels serve as occupational limits for CAFO workers (Donham 1988, 1995, 2000a, 2000b, 
Reynolds 1996).  Donham et al. have recommended 100 EU/m3 as an occupational limit 
(Donham 1988).  In the Netherlands, the Dutch Expert Committee on Occupational Standards 
has proposed an occupational exposure limit of 50 EU/m3 (4.5 ng/m3) over an 8-hour exposure 
period (DECOS 1996, Duchaine 2001). 
 
Our highest total and inhalable particulate values were 2-3 times the recommended limits by 
Donham et al. and Reynolds et al.  Mean particulate levels for all tasks were below the Donham 
et al. and Reynolds et al. recommended level of 2.5 mg/m3.  However, some tasks at both 
dairies (22% of working calves samples and 30% of loading feed samples) produced at least 
one particulate sample above the recommended level of 2.5 mg/m3.  Our mean total and 
inhalable endotoxin levels for every task at both dairies (84 - 100% of all samples) surpass the 
recommended levels of 50 - 100 EU/m3.  Most tasks are 4-10 times higher than these 
recommended levels. 
 



 

New workers at both dairies normally begin in the milking parlors or feeding calves (Dairy 1).  
The most experienced workers feed cows or work with sick cows.  The new workers are 
exposed to high levels of endotoxin during milking and calf tasks, and, while feeding cows may 
be considered the easiest task, it produces some of the highest particulate and endotoxin levels.  
Reducing these levels would prove difficult for some tasks.  Dairy 2 had much better ventilation 
in the milking parlor than Dairy 1.  This may have led to their almost 50% lower particulate 
levels.  The milking parlors produced similar endotoxin levels.  Exposures for feeding tasks 
could be reduced by installing cabin filtration systems (or maintaining the current systems) on 
the feed loaders and distributors.  Because of the nature of the other tasks (maintenance, sick 
cows, and calves), providing personal protective equipment, such as dust masks, might be the 
best option.  However, the workers must be trained how to properly use the equipment.          
 
Conclusions 
 
Dairy 1 had significantly higher inhalable particulate for milking and loading and distributing 
feed, significantly higher inhalable endotoxin for loading and distributing feed, and significantly 
higher total particulate for milking.  Overall, the only significant differences between the different 
tasks at the individual dairies occurred at Dairy 1.  For IOM samplers, inhalable endotoxin for 
the task of working calves was significantly higher than that for working sick cows and 
distributing feed.  For button samplers, inhalable endotoxin for milking was significantly higher 
than working calves.  For total samplers, total endotoxin for milking was significantly higher than 
for working calves.  There were no significant differences between tasks at Dairy 2, and there 
were no significant differences between tasks as a whole.  Overall, the greatest risk of exposure 
comes from endotoxin.  Every task was above the recommended levels for good worker health.  
Particulate levels for all tasks were generally below levels of concern.           

 
Study 4. EVLUATION OF THE CYRANOSE 320 ELECTRONIC NOSE FOR ODOR 
IDENTIFICATION AT DAIRY FARMS 

 
The Cyranose 320 is a direct reading ―electronic nose‖ that may provide a cost-effective 
alternative to the qualitative scentometer or more costly chemical air sampling methods.  
Historically, the Cyranose 320 has been used at facilities such as dog food factories, beer 
breweries and in sewage systems to discern a ―good‖ from a ―bad‖ batch and to detect the 
presence of compounds that could negatively impact human health. The Cyranose 320 uses 32 
internal polymer sensors that expand and contract according to their individual response to the 
compound being sampled.  The method recommended for calibrating the Cyranose 320 is to 
group compounds according to their chemical class.  The chemical classes used in this project 
were organic Sulfurs, Nitrogens, Fatty Acids, Phenols/Indoles, Ketones and Alcohols. 

 
Study Objectives 
 
The purpose of this study was to evaluate the Cyranose 320 electronic nose for use as a 
quantitative direct reading instrument in comparison to traditional air sampling methods for 
measuring odors (gases and vapors) from livestock facilities. 
 

The specific objectives of this study were as follows: 
1. Train the Cyranose to identify a variety of compounds commonly found in 

manure. 
2. Evaluate the ability of the Cyranose to identify these compounds in the field. 
3. Compare the results from these field tests with simultaneously collected air 

samples, analyzed by a GC. 
 



 

The first phase of the project focused on the development of a standard operating procedure 
(SOP) for the calibration and operation of the Cyranose in a laboratory setting prior to use in the 
field.  The next phase involved field tests to evaluate limitations of the Cyranose with respect to 
a variety of meteorological conditions such as heat, moisture/humidity and wind vector.  Finally 
the relations between quantitative measurements taken by the Cyranose and air samples 
analyzed by Gas Chromatography (GC) were evaluated. 
 
MATERIALS AND METHODS 
 
A general standard operating procedure (SOP) was developed for the training of the Cyranose; 
however slight changes in specific methods were needed to account for different compound 
properties.  In the Cyranose computer program response patterns to standard compounds were 
stored as methods, which were interchangeable on the handheld when hooked up to the laptop 
via a data cable.  Based on the review of the literature the following compounds were selected 
as representative of the major constituents of odor from manure: acetone, butanol, butanone, 
butyric acid, ethanol, indole, p-cresol, propanol and propionic acid.   
 
It is important to note that the terms ―Training‖ and ―Calibration‖ should be used separately 
when using the Cyranose 320.  Training is the process by which the user teaches the Cyranose 
to recognize specifics odors for field identification.  In this respect the Cyranose is a blank slate 
that has no prior knowledge of any odor, therefore it must be ―trained‖ to identify odors.  The 
better the training set the better the identification quality.  Calibration for the Cyranose 320 is a 
completely different process and can only be completed once a full training set has been 
developed. 
 
Field trials were conducted at one Colorado dairy farm that was used as part of a larger case-
control study to evaluate the effectiveness of an intervention using algae in the attempt to 
decrease odor emissions from the manure lagoon to reduce odors.  Two Cyranoses were used 
side-by-side for field identifications to evaluate the variability of the instrument relative to itself; 
however only one Cyranose was needed to create a training set and corresponding smellprints 
can be uploaded from a laptop where the data training data files are stored to any Cyranose. 
 
The method used to verify the accuracy of the Cyranose was to compare identification results to 
GC samples analysis results.  This was done by collecting air samples using charcoal tubes as 
the sample media.  Samples collections setup was similar to the Cyranose training setup.  
Immediately following sample collection the Cyranose was hooked up to the Tedlar bag and 
allowed to identify the contents of the bag.  This data was recorded and saved for later 
comparison to the results of GC analysis of the collected air samples.  The bag was purged 
twice with clean air after each sampling/identification event. 
 

1. Laboratory Training 
 

In order for the Cyranose 320 (Smith‘s Detection, Danbury, CT) to be able to identify 
compounds in the field it first must be trained with the necessary compounds or manure 
samples collected at the study farms.  In doing this the Cyranose creates individual smellprints, 
similar to finger prints on humans, of each compound that it automatically refers to in deciding 
the results, see Figure 1D.  We trained the Cyranose using specific compounds at varying 
concentrations.  The concentrations for each individual compound were 10 parts per millions 
(ppm), 25 ppm, 50 ppm, 75 ppm and 100 ppm.  Known concentrations were prepared by 
injecting a standard (Fisher, Fair Lawn, NJ) using a microliter-syringe into a 25 liter Tedlar bag 
(SKC Inc., Eighty Four, PA) filled with 20 liters of air using a high flow pump (SKC Inc., Eighty 
Four, PA).  The training process was extremely tedious, the first year of work with the Cyranose 



 

was devoted to training.  In order to obtain the highest possible quality training set all data had 
to be checked and rechecked after each successful training run. In this study the minimum of 5 
training runs per concentration per compound was used, a larger training set would have been 
desirable but not practical due to time constraints of the study. 
 
The Cyranose was then hooked up to the laptop using the provided data cable and the sample 
inlet was connected to the Tedlar bag inlet/outlet using Teflon tubing.  The septum was opened 
and the Cyranose pump was turned on in order to pull a sample of air through the tube and onto 
the 32 silicon polymer sensors.  Five training runs per concentration were done for a total of 25 
training runs per compound. 
 
Data interpretation was done several ways, but most often each sensor response was displayed 
on the laptop for easy viewing when saved as an Excel file, see Table 2.  A quick check of the 
response magnitudes, which ranged from unit-less values of thousandths to tenths, was enough 
to indicate any corrections that may have been needed to fine tune the production of the training 
set.  The most commonly changed variable was sample draw time, which ranged from 30-60 
seconds.  The data can also be viewed graphically in 2D or 3D plots, as an individual sensor 
response pattern or as a scrolling strip chart, see Figure 1 A-D. 
 

Table XIII – Sensor Responses for Butanol 10 and 25 ppm Displayed as an Excel File. 

Class Name Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5 

      

Exposure=Butanol10 -0.0001415 -0.00021 0.000344 -0.00015 0.001106 

Exposure=Butanol10 -2.86E-05 -7.40E-05 -0.00032 -0.00015 0.000423 

Exposure=Butanol10 -5.05E-05 -0.00024 -0.00016 -0.0002 0.000826 

Exposure=Butanol10 0.0002779 0.00025 0.000319 0.000379 0.001427 

Exposure=Butanol10 0.0002699 0.000273 0.000289 0.000395 0.001521 

      

Exposure=Butanol25 0.0380811 0.027049 0.033134 0.052754 0.019571 

Exposure=Butanol25 0.0028598 0.002538 0.002576 0.003498 0.001291 

Exposure=Butanol25 0.0004523 0.00038 0.000378 0.000571 0.002 

Exposure=Butanol25 -6.32E-05 -0.00018 -5.30E-05 -0.0001 0.000764 

Exposure=Butanol25 0.0004524 0.000397 0.000339 -9.72E-05 0.001306 

 
A minimum of five sample draws per concentration was required for the Cyranose to be able to 
make an acceptable smellprint.  Negative sensor values were equivalent to a non-response by 
that particular sensor.  This was not an out-of-the-ordinary occurrence as not all sensors 
respond to all compounds, so as long as there was consistency in the negative values they 
were considered acceptable.  If abnormal outliers were present additional training pulls were 
done to create a more robust smellprint. 
 



 

Figure 1 – Screen shots of A) 3D Plot, B) 2D Plot, C) Scrolling Strip Chart and  
D) Individual Sensor Response Pattern 

A)  

B)  



 

C)  

D)  
 

The Cyranose 320 utilizes an internal substrate heater which serves to volatilize samples drawn 
through the inlet.  This heating enables compounds to stick to the sensors; the amount of 
sticking directly determines the response strength.  The internal heater needs to be at least 7°C 
above ambient temperature in order to ensure optimal volatilization and maximize identification 



 

potential. The operating range of the substrate heater is from 35°C to 42°C which can be 
manually set by the user. 

 
2. Field Tests 

 
After the Cyranose was trained for all compounds preliminary field tests were done to evaluate 
performance in various environmental conditions.  During these field trials the Cyranose was 
operated exactly as it would be during actual field identifications in order to identify any areas 
where alterations needed to be made.  Several trips to conduct field identifications were 
conducted in the autumn of 2004 and the summer of 2005. 
 
Meteorological data including temperature, wind vector and relative humidity was collected by 
the Vantage Pro 6150 (Davis Instruments) wireless weather station with an attached wind vane 
and anemometer.  Temperature and humidity effect emissions from the lagoon as well as the 
composition of the manure itself and the lagoon water.  Wind affects dispersion patterns of the 
odor.  The wind vane was pointed due north as instructed by the manual.  The weather station 
was equipped with a wireless data logger that automatically stored data that can be viewed at 
any time.  After testing several locations and studying climatic data for the geographical area it 
was decided that the Cyranose would used on the east side of the lagoon because of prevailing 
wind directions and the general dispersion of odor in a normal day. 

 
3. Comparison with GC Methods 

 
The overall poor response by the Cyranose to a variety of less than ideal environmental 
conditions aided in the decision to use laboratory studies as the primary method for evaluating 
the effectiveness of the Cyranose.  The methods used were the same as those used to initially 
train the Cyranose.  Review of the training data was done to evaluate the overall response 
quality of the Cyranose to all the training compounds.  As a result three compounds were 
chosen to be used during the laboratory studies; acetone, butanol and propanol (Fisher, Fair 
Lawn, NJ). A test atmosphere was made using a 25 liter Tedlar bag (SKC Inc., Eighty Four, PA) 
filled with 20 liters of air and injected with a specific amount of an individual compound equating 
to one of five concentrations; 10, 25, 50, 75 or 100 parts per million (ppm).  Charcoal sorbent 
tubes (SKC, Eighty Four, PA) were used as the sample media.  A low-flow air sampling pump 
(SKC Inc., Eighty Four, PA) was calibrated to 0.2 liters per minutes (Lpm) and each compound 
was sampling according to the appropriate NIOSH method.  The method used for acetone was 
NIOSH Method #1300 and the method used for propanol and butanol was NIOSH Method 
#1405.  Immediately following the collection of each sample the equipment was removed from 
the bag valve and the Cyranose was hooked up and allowed to identify the contents of the bag.  
The data was recorded and stored for later comparison to the data obtained from the GC.  
Samples were stored in a refrigerator prior to being prepared for GC (Hewlett-Packard 5890 
series II plus gas chromatograph, Palo Alto, CA) analysis. Sample preparation was done 
according to each NIOSH method which entailed desorbing the charcoal from the tube in 1mL of 
carbon disulfide (CS2).  The samples were allowed to sit for at least 30 minutes.  During that 
time standards were prepared to be run with the samples on the GC in order for a standard 
curve to be developed, five standards for acetone and six each for propanol and butanol.  The 
standard concentrations were calculated in order to cover the range of sample concentrations; 
i.e. the lowest standard concentration was lower than the lowest sample concentrations and the 
highest standard concentration was higher than the highest sample concentration. 
 
GC analysis was conducted according the NIOSH method for each compound.  After several 
trial runs using freshly prepared standards for each compound a single method was developed 
that could be used for the analysis of all compounds.  However, due to technical difficulties with 



 

the GC, butanol was unable to be used.  Therefore only two compounds, acetone and propanol, 
were used for Cyranose evaluation.  Both compounds were run for 10 minutes at 40 degrees 
Celsius.  Samples were injected using an auto sampler (Hewlett-Packard Model 7673, Palo 
Alto, CA) and data for each injection was automatically stored as an individual file in a specified 
subdirectory.  Column conditions for the GC were set at 250ºC for the inlet temperature, 300ºC 
for the injection temperature and a run time of 15 minutes at 40ºC for both compounds.  The 
program used for data analysis is called ChemStation (HP GC ChemStation, Revision A.06.01, 
Palo Alto, CA), and was located on the computer linked to the GC.  This program has the ability 
create standard curves and offered many different viewing options for each data file created.  
Data obtained from the GC analysis was then put through a series of calculations so that it 
could be directly compared to the results from the Cyranose analysis done in the laboratory. 

 
RESULTS 
 

1. Laboratory Training Results 
 

Results of the laboratory training are difficult to quantify alone.  They were evaluated later after 
identifications were done to see what changes needed to be made to the training set to yield 
better identification results.  The reason for this is that not all sensors will respond to all 
compounds.  As previously shown in Table XIII some sensors give a positive response and 
some give a negative response.  In basic terms, a positive response by a sensor means that the 
compound moving across it ―stuck‖ to it and caused the sensor to expand, yielding the positive 
response; conversely if the sensor showed a negative response the compound did not ―stick‖ to 
the sensor, so as far as the sensor could tell clean air was being moved across it causing it to 
contract, yielding the negative response.  It is also shown in Table XIII the relative increase of a 
sensor‘s positive response was directly correlated to the level of concentration of the compound 
(i.e. Butanol at 25ppm had a higher response value than butanol at 10ppm).  It is also evident 
from Table 2 that the increased concentration also recruited more positive sensor responses.  
For example, butanol at 10ppm yielded 2 positive and 3 negative responses of 5 training runs 
on sensor 1 but at 25ppm there were 4 positive responses and only 1 negative response of 5 
training runs on the same sensor. 

 
2. Field Trials/Environmental Limitations 

 
The three environmental factors encountered during field trials were high temperature, moisture 
(precipitation and humidity) and high wind. 
A.      High temperatures posed the biggest problem and were the most commonly encountered 
of the three environmental factors during field trials.  High temperatures (>85°F) have a negative 
impact on the functionality of the Cyranose and in one case did not allow for any further 
identifications.  Usually when the Cyranose was in an environment with high temperatures or a 
lot of sunlight the screen became progressively darker due to the heating of the LCD screen, 
much like what would happen to a digital watch left in the sun, and the heater warning icon, 
―HTR‖, would flash.  This was a warning system signifying to the user that the Cyranose needed 
to be moved to a cooler location and use should be discontinued to prevent any internal 
damage.  It was difficult to specify an acceptable temperature range because even at cooler 
temperatures (<55°F), direct sunlight also had a negative effect on the Cyranose by causing 
internal heating. 
  
Two solutions to mitigate this issue were developed.  First a shade was fabricated used a wire 
harness and a piece of cardboard cut to fit the shape of the Cyranose, much like an umbrella on 
a picnic table.  This solution was dropped when it was realized that the heating was coming 
from sources all around the Cyranose, not just from the sun directly.  The second solution was 



 

the use of an insulated lunch bag with slits cut on the side and the top in order to allow for the 
necessary Cyranose attachments to operate properly and the placement of an ice pack 
wrapped in a towel inside the bag with the Cyranose to keep it cool.  This solution was dropped 
after one test run when condensation began to form on the screen of the Cyranose which 
effectively eliminated one problem and replaced it with another, potentially more damaging one. 
 
B.       Moisture, whether from condensation or from precipitation, presented a major concern 
when using the Cyranose for field trials.  Taking the Cyranose from areas of very low humidity to 
very high humidity can cause condensation to form inside and severely damage the internal 
computer so keeping the Cyranose close to a similar temperature and humidity was always a 
concern during transport.  The Cyranose was transported in a motor vehicle and placed in the 
provided hard side case that was completely lined in a thick, shock absorbing foam.  One 
example was transporting the Cyranose during a hot summer day.  The Cyranose would be 
removed from indoor storage at an average temperature of 25°C and average relative humidity 
(RH) of 30%.  The Cyranose would then be placed in a motor vehicle at a much higher initial 
temperature and lower RH before the air conditioning was turned on changing the 
environmental conditions in the vehicle significantly.  Upon arrival the Cyranose was removed 
from the now cooler, more humid environment and used in a very hot, very dry outdoor 
environment which may inversely effect sensor performance and potentially cause internal 
condensation. 
          
Exposing the Cyranose to precipitation for any duration of time also proved to be damaging to 
the Cyranose.  During one of the early preliminary sampling days it began to rain and the 
Cyranose malfunctioned, all the loaded methods were corrupted and the Cyranose needed to 
be manually reset back at the laboratory.  Because the methods were saved on the laptop 
computer, there was no need to retrain the Cyranose. 
 
C.       Wind did not have an effect on the Cyranose as far as internal operation was concerned; 
however the concern was that it may have caused problems when being used for identification 
purposes.  High wind moves the air too quickly for the Cyranose to draw a sufficient sample and 
thus decreased the potential for high quality identification.  Wind caused mechanical erosion 
that forced particles into the air from dirt roads which can clutter the sampling needle or get into 
the Cyranose and clog or possibly even damage sensors.  This is the case on many farms, 
particularly by the lagoon.  To eradicate this problem a 25mm Teflon filter (SKC Inc., Eighty 
Four, PA) was stored with the Cyranose that could be attached to the inlet in case this problem 
arose during field trials.  Later it was left permanently attached because of the great potential for 
sudden weather changes while operating the Cyranose outdoors. 
 
D.  The Cyranose 320 needs a continual source of ―clean‖ air in order to clean the sample 
inlet to return the sensors to their initial baseline response between identifications.  During field 
trials, a clean air source was not easy to come by, the air being sampled would be the same as 
the air being used to purge the chamber if no intervention was done.  An activated charcoal 
sorbent tube was used to clean the air during the purging cycles.  The sorbent tubes were 
attached to the Cyranose using Tygon tubing and placed inside a sorbent tube holder. 
 
Overall the Cyranose performance in these outdoor field trials was poor mainly because of the 
complex mixtures present and the variety of environmental conditions present on any given day.  
All attempts at identification from both Cyranoses gave the same result: ―Unknown‖.  This 
indicated that the Cyranose could not fin any smellprints that modeled any of the training data 
smellprints, but it also indicated good agreement between the Cyranoses and helped alleviate 
any concerns about variability between different Cyranoses.  Another likely problem for the 
Cyranose may have been the concentrations that it was trained for.  The lowest trained 



 

concentration was 10 ppm, and it was very possible that the actual concentrations in the field 
were much lower, perhaps around 1ppm or below. 
 

 
3. GC/Cyranose Comparison 

4.  
Table XIV - Acetone Comparison Results 

Sample 
ID 

GC 
Result

s 
(µg/mL

) 

Averag
e 
(µg/mL) 

Sorbent 
Tube 
Conc’n 
(µg) 

Air 
Conc’n  
(mg/m3) 

Actual 
Air 
Conc’
n 
(ppm) 

Expecte
d Conc’n 
(ppm) 

Cyranos
e ID 

461 11.61 11.85 11.85 3.95 1.66 10 10 (3*) 
Acetone 12.08             

464 53.20 53.06 53.06 17.69 7.45 25 10 (1*) 
Acetone 52.92             

460 122.92 124.68 124.68 41.56 17.49 50 25 (1*) 
Acetone 126.43             

467 199.28 199.16 199.16 66.39 27.95 75 Unknown 
Acetone 199.04             

468 254.63 254.53 254.53 84.84 35.72 100 Unknown 
Acetone 254.43             

Blank 
563 0.00 0.00 0.00         

Acetone 0.00             

Standar
d L1 15.74 15.57 15.57         

Acetone 15.40             

Standar
d 2 93.93 95.91 95.91         

Acetone 97.88             

Standar
d L3 265.36 257.09 257.09         

Acetone 248.82             

Standar
d L4 515.78 509.41 509.41         

Acetone 503.04             

Standar
d L5 747.14 741.88 741.88         

Acetone 736.62             

 
 



 

Table XV - Propanol Comparison Results 

Sample 
ID 

GC 
Results 
(µg/mL) 

Average 
(µg/mL) 

Sorbent 
Tube 
Conc’n 
(µg) 

Air 
Conc’n  
(mg/m3) 

Actual Air 
Conc’n 
(ppm) 

Expected 
Conc’n 
(ppm) 

Nose 
ID 

Propanol 7.97 11.12 11.12 1.85 0.75 10 
25/75 
(1*) 

462 14.27             

Propanol 29.30 27.63 27.63 4.61 1.87 25 
25/75 
(1*) 

463 25.96             

Propanol 206.80 206.60 206.60 34.43 14.01 50 
75  
(1*) 

450 206.39             

Propanol 369.03 372.49 372.49 62.08 25.26 75 
75 
(1*) 

452 375.95             

Propanol 502.49 492.35 492.35 82.06 33.39 100 
75 
(1*) 

451 482.20             

Propanol 0.00 0.00 0.00         
Blank 
564 0.00             

Propanol 5.09 4.52 4.52         
Standard  

L1 3.95             

Propanol 290.43 288.47 288.47         
Standard 

L2 286.51             

Propanol 674.41 682.29 682.29         
Standard 

L3 690.17             

Propanol 944.10 936.94 936.94         
Standard 

L4 929.77             

Propanol 1247.13 1260.18 1260.18         
Standard 

L5 1273.22             

Propanol 1402.62 1402.62 1402.62         
Standard 

L6               

 



 

Tables XIV and XV above show the method used for direct comparison of the GC results to the 
Cyranose identification results done immediately following sample collection in the laboratory.  It 
is evident that all actual concentration levels were lower that what they are expected to be using 
the GC analysis.  However, there is an obvious trend showing loss in all samples and, given the 
purpose of the study and the overall performance of the Cyranose, exact values were not 
needed for results comparison.  Possible sources for the decrease in actual concentration were: 
 

1. The entire compound was not collected on the sorbent tube even though all sample 
parameters were within the recommended range; 

2. Sample loss during the waiting period while more samples were collected prior to 
desorption; 

3. The entire sample collected on the sorbent tube was desorbed by the carbon 
disulfide prior to running on the GC; 

4. Sample loss while sitting in the GC vials awaiting injection by the autosampler into 
the GC. 

 
Despite this sample loss/decrease in actual concentration whether it was in the beginning of the 
process or at the end, the Cyranose still under-performed is most all aspects.  An ID result of 
Unknown was indicative of a zero response by the sensors or a response that does not closely 
resemble the training set response.  The Cyranose should have found something or at least 
been more accurate in its ID results, regardless of sample loss over time.  As previously shown, 
the Cyranose gives its confidence level, shown by the number of *‘s (1, 3 or 5), with each ID that 
it makes.  A response of 1* is the lowest level and 5* is the highest.  The Cyranose only had one 
confidence level above 1* which was acetone 10ppm at 3*.  Given the low PELs of some of the 
compounds the Cyranose was originally trained for a 1* confidence level left something to be 
desired when it comes to someone‘s safety in the field. 

 
DISCUSSION 
 
This study was one of the first to evaluate an electronic nose as a quantitative instrument rather 
than a qualitative one.  Many issues arose throughout the process starting from laboratory 
calibration all the way through field trials at the dairy farm. 
 
Laboratory calibration proved to be more difficult than expected and was the most labor 
intensive part of the study.  The Cyranose can only identify well in the field if it has been 
adequately trained in the laboratory with proper equipment and chemical standards.  The first 
problem concerned the proper tubing connecting the Cyranose to the Tedlar (SKC, Inc., Eighty 
Four, PA) bag containing the sample environment.  Initially tygon tubing was used; the 
magnitude of concentrations was coming back negative meaning that the Cyranose was only 
sensing clean air.  It was discovered that the tubing reacted with the compounds and removed 
enough during transport to give the Cyranose a negative reading.  The tygon tubing was 
replaced with Teflon tubing (SKC, Inc., Eighty Four, PA) which is inert and allowed for complete 
passage of the environmental air from the Tedlar bag to the Cyranose. 
 
The second calibration issue concerned the compounds used to generate standards.  Not all 
compounds arrived in the same phase; some were solid and some liquid with two in the gas 
phase.  The compounds were injected into the Tedlar bag using a micro-syringe so the 
preferred phase was liquid.  Solid compounds were dissolved using alcohol in order to ensure 
the compound would keep its smell properties.  Cylinders containing gaseous compounds were 
hooked up directly to the Cyranose via Teflon tubing and a low flow was set using a regulator for 
the sample draw time.  All compounds were trained for the same concentrations of 10, 25, 50, 
75 and 100ppm.  Calibration below 10ppm was extremely difficult given the small injection 



 

amounts.  However, it is very possible that some of the actual concentrations in the field were 
much lower, perhaps around 1ppm. 
 
Although a general SOP was developed for the calibration of the Cyranose, specific details such 
as sample draw, purge and baseline draw times were highly variable from compound to 
compound.  Different chemical properties of different compounds called for the adjustment of 
these values as calibration was conducted.  However, there were some boundaries of these 
times noted in the Cyranose 320 Users Manual.  Sample draw time was recommended to be at 
least 30 seconds but not more than 60 seconds and sample inlet purge time was recommended 
to be at least half of the draw time with a maximum time equal to that of the draw time to ensure 
proper time to clean the sensors.  Adjustments to these times were made in the laboratory as 
soon as it became clear that a change was needed.  General guidelines were set for the air inlet 
purge time as being 1/3 of the sample time, up to a maximum of 30 seconds when sampling in 
the field. 
 
The default file type of the methods was ‗.met‘ which can viewed in any number of text editor 
programs such as Microsoft© Word or Excel.  The files were saved and viewed as Excel files 
because Excel files use columns and rows which makes data analysis much easier than if the 
file is saved as a Word file. 
 
After a calibration set was complete, there were several ways to view the data on the laptop 
using the computer program that accompanies the Cyranose 320 handheld unit.  The scrolling 
strip chart is a way to view the sensor response live.  It started by showing the initial baseline 
reading and then quickly increased before reaching a steady state to represent the magnitude of 
response by the sensors.  The next phase was the purging phase where the sensors should 
return to at or near the initial baseline response indicating that the handheld is ready for the next 
training pull. 
 
Another way to view the data is the 2D Plot.  Basically this is a way to view the data with the 
magnitude of sensor response plotted on an XY Axis.  This varied from the scrolling strip chart 
in that the individual sensors were not displayed throughout the process but rather the 
magnitude averaged over all of the 32 sensors was displayed.  A similar variation of this view 
was the 3D Plot.  The 3D Plot used a three dimensional display (X, Y and Z planes) to show the 
data.  It gave more information by showing each compound, or concentration of a specific 
compound, in relation to the others that existed in the same training class.  The 3D Plot can also 
plot the different concentrations in relation to one another; this was helpful to evaluate the 
strength of association within the method and between the classes.  By viewing the data in the 
3D Plot more can be extracted and evaluation of the need for more training runs is easier. 
 
During field sampling, protecting the Cyranose was a high priority.  The issue of wind was not 
an internal operation concern.  The dairy farm used in this study was located in rural areas so 
dirt roads are prominent which allows for potentially high amounts of airborne dust particles.  
Even on days where a light wind was present (5-10 mph) particles were be readily transported 
through the air and may have potentially disturbed the internal operation of the Cyranose.  In 
order to circumvent this issue a sorbent tube air filter system was attached to the sample inlet 
during purge cycles and another sorbent tube air filter system was permanently attached to the 
air inlet used for purging the sensors. 
The first issue of extreme temperature posed the biggest threat to the Cyranose but with some 
ingenuity it was resolved quickly.  In order to shield the Cyranose from direct sunlight and 
prevent over heating, an insulated Arctic Zone lunch cooler bag was purchased from a local 
department store.  Holes were cut in the lunch bag, one in each side and one in the top and an 
ice pack wrapped in a towel was placed inside the bag with the Cyranose to keep it cool.  The 



 

top hole enables the sample needle to protrude out and had enough room for other attachments 
such as the sorbent tube air filter system.  The side holes allowed for the protrusion of the clean 
air inlet tube with sorbent tube filter system attachment and the opposite hole allowed for 
sufficient area for the discharge of the exhaust air.  This solution was dropped after one test run 
when condensation began to form on the screen of the Cyranose which effectively eliminated 
one problem and replaced it with another, potentially more damaging one. 
 
The second major concern of using the Cyranose in the field was moisture.  Moisture was 
potentially the most dangerous situation encountered in the field, second only to temperature 
because of the infrequency of precipitation in Colorado.  The insulated lunch bag served a dual 
purpose as it provided a more than adequate ―umbrella‖ to protect the Cyranose from light to 
moderate precipitation, provided that there was a low temperature (<55-60°F) and not much 
sunlight.  Heavy precipitation was not encountered on any of the sample days, but in case of an 
unforeseen storm, a tent was brought along to protect the equipment.  This solution was 
dropped after one test run when condensation began to form on the screen of the Cyranose 
which effectively eliminated one problem and replaced it with another, potentially more 
damaging one. 
 
The functional running time of the Cyranose 320 was extremely limited and could become a 
problem when sampling for a large number of compounds such as in this study.  The battery 
lasts about 2 hours under normal operating conditions, such as field identifications.  The battery 
takes about 4 hours to fully charge and use an AC power supply.  An extension cord was 
brought out to the field and there was a pump shed located about 100ft. from the sample site.  
The pump shed housed the power supply needed to run bubblers that were placed throughout 
the lagoon for aeration purposes.  The Cyranose can be operated while charging, but it was 
recommended by the manual to use the handheld separate from battery charging time as to not 
damage any internal structures.  The battery was allowed to charge in the laboratory overnight 
for approximately 12 hours prior to field testing. 

 
CONCLUSION 
 
Overall the Cyranose proved to be a difficult instrument to tame.  It required meticulous attention 
to detail to prepare for any type of sampling.  The Cyranose was designed more for qualitative 
analysis in operations such as dog food manufacturing and beer breweries.  The overall 
intensity of work for this type of use is considerably less than what was necessary to prep the 
Cyranose for the quantitative analysis aimed for in the project.  Our intentions were to enable 
the Cyranose to make exact decisions with a high degree of confidence.  This desired use 
required several iterations of training in order to obtain a high quality training set for high quality 
identifications in the field. 
 
Conversely, the qualitative ID use is much less rigorous and basically the Cyranose is 
deciphering between ―good‖ and ―bad‖, if the user wants to ID a bag of dog food they would train 
the Cyranose using dog food with a known quality.  If the Cyranose gives a few consistent 
unknown IDs or low confidence level IDs, the user would be prompted to assume that that 
particular bag of dog food is not good and therefore possibly not acceptable for sale. 
 
The Cyranose‘s sensitivity to environmental conditions greatly limits its capability to be used in 
almost any agricultural setting.  Even indoors, the Cyranose 320 is extremely sensitive to heat 
and humidity as well as any particulates that may be present. 
 
In conclusion the Cyranose 320 is not recommended for quantitative evaluation, particularly in 
unpredictable outdoor environments.  Given the many other options available for direct reading 



 

instruments that have been proven to work in a potentially dangerous atmosphere, the 
Cyranose is not the best choice at this time. 
 
Recommendations: 
 

1. The Cyranose should be trained with a robust, high quality training set in order to yield 
high quality identification results. 

2. Use in an outdoor environment is not recommended due to the very high sensitivity of 
the Cyranose to a variety of environmental conditions. 

3. The Cyranose should be used mainly for qualitative identifications as opposed to 
quantitative ones. 
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Cyranose 320 Standard Operating Procedure (SOP) 
 
The Cyranose Handheld 
 

1. Turn on the nose by pressing and holding the Yellow button on the side for a few 
seconds.  Let the instrument warm up for the displayed amount of time. Keeping it 
plugged into the charger is recommended for any extended use, generally over 1 hour.  
Plug the data cable (gray with large connector and phone jack like connectors on 
respective ends) into the Cyranose (phone jack) and into the back of the laptop (large 
pronged head). This will allow for quick saving to the laptop and direct saving by the 
Cyranose in the ―EVENT LOG‖ 

2. After sufficiently warming up, the operational menu will be displayed. At this point the 
instrument can be set up for the desired duty.  Before any training, identifications or 
calibrations can be performed the pump must be manually cleaned. To do this scroll 
down to ―MANUAL TEST‖ and press the select button. When that menu is brought up 
press the appropriate keys to open the valve and turn on the pump for at least 5 minutes 
to allow for sufficient purging of the sensors. 

 
The Laptop 
 

1. The laptop is where the user can change method names for unique identification and 
later use.  To do this right click on the method name as it appears and select rename 
and type in the new method name.  You can do this for any or all of the methods 
displayed on the menu. 

2. You will then be able to select which method you want to work with on the Cyranose 
handheld itself. Go to ―CHANGE METHOD‖ and scroll down to the desired method, hit 
select and exit out of the menu. At the top of the menu you will see the method you just 
selected. 



 

 
Training 
 

1. After choosing the desired method training can be done several ways.  Gases can be 
transported into a Tedlar bag for direct sampling by the Cyranose, liquids can be injected 
into a Tedlar bag for direct sampling by the Cyranose and solids can be diluted and 
sampled in liquid form. 

2. To initiate this action choose ―TRAINING‖ on the Cyranose handheld, be sure the 
desired method is active. 

3. On the laptop the specifics of the training set can be selected.  Sensors can be turned 
on and off, sample time, purge times, internal substrate heating temperature can be set.  
The substrate heater needs to be a minimum of 7°C above ambient temperature and 
ranges from 35-42°C. 
I usually set the following parameters and don‘t change them unless it is absolutely 
needed; ID Quality-MEDIUM, this decreases the possibility of unknown or outlier results 
during IDs.  Sample draw time was always 30-60 seconds, never to exceed 60 seconds.  
Sample purge should be at least half of the sample draw time, usually 10 seconds for 
the sample inlet, 30 seconds for the air intake and 20 more seconds for the final sample 
inlet purge. These have all been correctly set during the training process and should not 
be changed because any change requires re-training for that specific compound. 

4. After the sampling parameters have been set training can begin, simply follow the 
instructions on the screen of the handheld and the Cyranose does virtually all the work.  
The sampling inlet must be removed from the source at the end of the sample draw 
period and before purging begins, be sure to close to septum on the Tedlar bag to 
prevent any sample leaking. 

5. Results of the training can be displayed on the laptop under the ―TRAINING SET‖ tab.  
These results can be saved just like a regular file in any of the formats presented; I 
personally favor a MS Word or MS Excel file for easier viewing. 

 
Identification 
 

1. To ID a known (or unknown) sample, choose ―IDENTIFICATION‖ on the handheld and 
follow the onscreen instructions. The first time a method is used for this purpose a cross 
validation will automatically be performed by the instrument, basically it will be 
comparing the number of positive and negative responses within the training set and 
give a percentage of ―Correct‖ and ―Incorrect‖ which directly correspond to positive and 
negative respectively. 

2. The Cyranose will sample for the time originally programmed in the training set and 
show a result with a rating of *, *** or ***** the higher the * rating the more sure the 
instrument is that it is correct in its chosen result.  ID results are automatically stored in 
the ―EVENT LOG‖ which holds 60 events so be sure to save this information to the 
laptop or record it for use back at the laboratory (if in the field). 
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A.  Abstract 
 
Issue addressed and importance of problem: For youth growing up on farms and ranches to 
develop to their potential, they must learn about the stresses, risks, and dangers associated 
with their exposure to farming and ranching, and the coping and safety strategies they can 
employ to meet the enduring demands of this unique and dangerous environment. Recent 
surveillance statistics indicate there were over 22,000 injuries to youth under age 20 in the farm 
and ranch environment during 2001 (NASS, 2004). These youth require concerted efforts aimed 
at providing them with specialized and scientific-based knowledge and tools that will help assure 
them the opportunities enjoyed by other youth to grow and develop.  The urgency of helping 
farm youth meet this challenge is heightened by the continuing decline in the number of rural 
hospitals and emergency clinics. Healthy People 2010 (2000) identified the need for research 
based prevention efforts to reduce the burden of those injured on the job. 
 
Project Description: A CD-formatted agricultural health and safety educational curriculum was 
developed for youth 15-17 years of age.  The technology-driven curriculum contained nine 
modules and was based on the developmental stage of the target cohort and a needs 
assessment of agricultural educators in Colorado and Wyoming.    The specific goal of the two 
state project was to evaluate the impact of this newly developed curriculum on: (1) acquiring 
and retaining preventive knowledge in nine areas of identified risk, (2) on reducing agriculture-
related injuries and illnesses, and (3) instilling safety attitudes and behaviors in high school 
students. The curriculum provided information on hazard and safety issues involved in: the use 
of tractors, ATVs and garden machinery; the handling of horses, livestock, agricultural 
chemicals and volatile organic compounds; being around stored grain, organic dusts, electrical 
conduits and power lines; and basic emergency rescue concerns and procedures. The ultimate 
goal was to provide a research-proven vehicle that helps prevent and decrease agriculture-
related illnesses and injuries to adolescents through the acquisition and retention of knowledge 
about serious and common hazards encountered on the farm and the adoption of behaviors and 
attitudes associated with sound safety practices. 
 
Approach: This longitudinal project utilized quantitative (varied and repeat measures) and 
qualitative (semi-structured family interviews) methodologies, with random sampling to study 
and control (standard curriculum) groups.  Inputs - Planning: The curriculum was designed in 
the College of Agriculture at Colorado State University and incorporated nine content areas 
identified by an advisory group of community agriculture teachers and producers from Colorado 
and Wyoming.  Production: The curriculum was taught in Colorado and Wyoming high schools 
in collaboration with Ag Teachers Associations in both states and with cooperation from 34 
independent school districts in the two states.  Outputs - CD: After piloting the curriculum with 
area high school students, the curriculum was produced in CD format and distributed to 
volunteer agriculture teachers randomly assigned to the study group. Teachers’ Manual: A 
companion teacher‘s manual was created.  Study Instruments: Multiple instruments were 
created for the study: a 50-item multiple-choice knowledge questionnaire; a self-report illness 
and injury incidence form [modeled on the Childhood Agricultural Injuries Questionnaire (NASS, 
2001)]; a youth demographics instrument; a school district demographics instrument; and a 
family interview schedule.  The collaborative approach utilized throughout this project was 
evident in two critical aspects of the project: (1) agriculture teacher input into modular topic 
selection and development; and (2) teacher involvement in the implementation of the research 
protocol and suggestions for curriculum improvement and dissemination. 
 
Key Findings:  All aspects of the project were completed except for the final statistical analysis 
of the data.  Some of what follows are tentative findings based upon exploratory, initial analyses 
and may be altered or revised pending the results of the final statistical analyses.  Intermediate 



 

Outcomes - Training: Volunteer agriculture teachers received training in the curriculum (study 
group) and research protocol (both study and control groups).  Education: The curriculum was 
delivered in approximately 34 school districts.  Knowledge: Study group showed a substantial 
increase in knowledge scores from pretest of 26.45 to posttest of 35.28, while the control groups 
scores went from 26.75 to only 27.72 (t-test, p=.0005).  Attitudes: 44% of parents interviewed 
noted a marked change in both the content and quality of discussions with their children on 
health and safety issues, and 28% observed that their children had identified new hazards 
around the farm.  64% of those who took the curriculum claimed to have learned a lot and that 
the information was very helpful. Behaviors: 68% of parents interviewed reported having 
observed positive safety-oriented changes in their children‘s approach to hazardous tasks on 
the farm and attributed the changes to a multitude of factors, one of which was the curriculum.  
End Outcomes - Reduced Injuries and Illnesses: The study group‘s percent of those reporting 
an injury/illness dropped from a pretest of 17 to a 6-month posttest of 2.8.  The control group‘s 
percent showed a lesser decrease, from a pretest of 14.1 to 4.7. 
 
Use of results: This project addressed two prominent criticisms in the literature concerning 
educational efforts designed for use as prevention interventions: (1) that these educational 
products do not undergo rigorous testing and evaluation prior to dissemination; and (2) that they 
are not theory driven.  In addition, the lessons learned in conducting the research served to 
inform the research design of two follow-on 4-H CD studies seeking to achieve the same rigor in 
evaluation. Challenges:  Many of the challenges encountered were inherent in conducting 
longitudinal evaluation research in multiple educational settings spread throughout two rural 
states. IRB: dealing with bureaucratic layers in 85 independent school districts in Colorado and 
Wyoming required revisions resulting in the overlap in scheduling of curriculum implementation 
and data collection.  Longitudinal Research: disruptions in obtaining repeat measures data 
because of high teacher turnover (24% annually is typical for agriculture teachers) and students 
either moving out of school districts or dropping out of school altogether.  Distance Research: 
difficulties maintaining teacher and student involvement in repeat measures research when data 
is collected on site across two rural states.  Instrumentation:  self-report responses on 
injury/illness instrument included reports of historical injuries outside the required time frame 
and mishaps that did not curtail activities or require medical attention.  Finally, feedback from 
participating students and teachers advised that future CD curricula utilize interactive and video 
components.  These suggestions were incorporated into the development of the follow-on 4-H 
CDs. 
 
B.  Highlights/Significant Findings: 
 
1.  The specific aims as set forth in the original proposal have been met.  A health and safety 

CD containing nine topic modules was developed and underwent formative and process 
evaluation in two states in PHS region VIII. 

 
2.  This computer based approach to prevention education with a target group of high school 

youth grades sophomore through senior does appears to increase knowledge related to the 
topics addressed, which included: the use of tractors, ATVs and garden machinery; the 
handling of horses, livestock, agricultural chemicals and volatile organic compounds; being 
around stored grain, organic dusts, electrical conduits and power lines; and basic 
emergency rescue concerns and procedures. 

 
3.  The procedures utilized during this project were key to the successful completion of the 

project.  These specific approaches included:  
 

a. The technology-driven curriculum contained nine modules that were based upon the 



 

developmental stage of the target cohort and were identified and selected with the 
collaboration of agricultural educators, agriculture-producers and cooperative 
extension agents in Colorado and Wyoming. 

 
b.  The second key approach was agricultural teacher direct involvement in the 

implementation of the research protocol, assessment of the effectiveness of the 
educational material developed, and suggestions for curriculum improvement and 
dissemination. 

 
c. A third key approach was the involvement of over 34 high school administrators in 

multiple school districts throughout Colorado and Wyoming. 
 
d. A fourth key approach was the use of randomization in assigning students to the 

study and control groups and the use of pre- posttest and post-posttest repeat 
measures over a two-year period. 

 
e. A fifth key approach was the incorporation of qualitative methodologies and data that 

added a richness and depth to the data and findings. 
 
C.  Translation of Findings 
 
1. The successful development and initial testing of a CD curriculum for high school 

sophomores appears to produce a viable optional method of curriculum design and delivery 
to increase youth‘s knowledge related to key health and safety issues in agriculture, as well 
as influence youth‘s attitudes and behaviors towards more safety awareness and safety 
practices on farms and ranches. 

 
2. Future directions – Compare: evaluate this CD curriculum for effectiveness with diverse 

populations in other regions and compare results.  Expand: develop similar curricula with 
additional or substitute content appropriate to different regions of the country.   Modify: 
develop a curriculum for minority populations that is culturally sensitive and appropriate and 
test for effectiveness.  Dissemination: disseminate the CD curricula using Center websites 
for downloads, with links to Center websites on the NIOSH website. 

 
3. A number of guidelines related to the development and testing of educational materials have 

been confirmed in this project: 
 

a. Computer-based educational health and safety CDs appear to be a viable option to 
increase youth‘s knowledge regarding agricultural health and safety 

 
b. The importance of collaboration with key stakeholders cannot be overemphasized.  

Agriculture teachers and producers, and cooperative extension personnel, collaborated 
to select and evaluate the topics included. 

 
c. The appropriate selection and use of evaluation research procedures in developing 

educational materials are keys to success.  Formative evaluation assisted with material 
selection and communication of safety messages.  Process evaluation procedures 
assisted in the assessment of the appropriate procedures for use within existing school 
environments. 



 

 
d. A critical key to the development and ultimate dissemination of educational materials is 

partnership with an existing system of delivery such as school-based agricultural 
programs. 

 
 D.  Outcomes/Relevance/Impact 
 
 How did this project lead to improvements in occupational safety and health? 
 
This project illustrated that educational materials can be developed for high school youth living 
in an agricultural environment that do increase their knowledge about health and safety issues, 
and influence to some degree their safety attitudes and behaviors.  The use of appropriate and 
stimulating educational methods is key to success with different target audiences, and this 
project utilized technology that high school students are currently exposed to and comfortable 
using, e.g. computer based information delivery. 
 
How can this project guide future investigations and research? 
 
This project allowed for the development of a research protocol that could prove useful to future 
researchers seeking to develop and test educational materials designed to provide prevention 
education in agricultural health and safety. The project specifically addressed education-based 
prevention techniques and the use of computer technology. 
 
Several components of the project were identified as key contributors to success: 
 

1. Use of an interdisciplinary team – educators, social scientists (human behavior), 
engineering, and agricultural science. 

 
2. Inclusion of stakeholders as collaborators throughout development and testing. 
   
3. Selection of appropriate educational methodology for target group based upon 

research and developmental literature. 
 
4. Appropriate selection and application of evaluation research methods based upon 

project stage. 
 
5. Collaboration with an existing system for material evaluation and dissemination, in 

this case with school-based agricultural programs. 
 
6. Understanding that additional (and diverse) topics would be required due to the 

diversity of agricultural production across the U.S. 
 
7. Understanding of the need for culturally sensitive and appropriate content and 

delivery would be required due to the diversity of agricultural personnel across the 
U.S. 

 
E.  Scientific Report 
 

Background  
 
Unlike most other occupations, youth make up a significant portion of the work force on 
America‘s farms and ranches.  There are a variety of reasons offered for why this is so: (1) the 



 

home site and the work site are frequently the same on farms and ranches; and (2) under 
conditions of economic hardship farm youth are often needed as extra help.  According to 
Aherin, Murphy & Westaby (1992), ―The line between farming as a way of life and as an industry 
blur where children are concerned.‖ (p. 6) 
  
Federal child labor regulations contain a statutory exemption that permits the children of farmers 
to perform any job at any age on a family farm (U.S. Dept. of Health and Human Services 
(USDHHS: Announcement 725).  The precise number of youth under the age of twenty that are 
injured and killed working and playing on farms and ranches is not known.  Analyzing five years 
of data, NIOSH (2000) found that 12.2 occupational fatalities occurred for every 100,000 youths 
working in agriculture, more than twice the rate for fatal occupational injuries overall in the U. S. 
for a comparable period (5.1 fatalities per every 100,000 workers [see Windau, Sygnatur & 
Toscano, 1999]).  Rivara (1997) estimated that about 100 youths under the age of 20 die each 
year from farm-related injuries.  The National Committee for Childhood Agricultural Injury 
Prevention (1996) estimated that greater than 100,000 farm-related injuries occur yearly to the 
same group.  A 1991 estimate also set the number at over 100,000 preventable injuries yearly, 
but believed that the estimate may be low since some epidemiologists believe the true numbers 
are underreported due to an inadequate and nonsystematic data collection system (cited in 
Children and Agriculture, 1996; Stallones & Gunderson, 1994). 
 
However, there is wide-spread agreement on the part of safety and health experts that youth 
living on farms and ranches are at higher risk of death and injury than their peers in other 
environments; and that the personal, economic and social cost of these injuries is far too high 
(Hawk, Gay & Donham, 1991; Kelsey, 1994).  Farm safety directly affects the almost 1.3 million 
youth under the age of twenty who reside on U. S. farms and ranches (Dacquel & Dahmann, 
1991).  This number does not take into account youth who do not reside on a farm but are 
employed in farm and ranch production and/or agricultural support services. A combination of 
governmental, agricultural, social service, educational, child protection, and health and safety 
organizations have each made a commitment to reducing the number of fatalities and injuries to 
this at-risk population (USDHHS National Occupational Research Agenda, 1996; NCCAIP 
National Action Plan, 1996; Healthy People 2010). 
 
The rate of decline in injuries and fatalities in the field of agriculture has been marginal and 
disproportionately smaller when compared to the reductions in the rates of injuries and fatalities 
in other occupational areas (Kelsey, 1994).  Over the last twenty years, governmental, private, 
and community-based initiatives have been designed and implemented to address the problem.  
Major initiatives on the governmental level included the passage in 1971 of the Occupational 
Safety and Health Act (OSHA) establishing both OSHA and NIOSH, and a greater focus by both 
USDA and EPA on agricultural illnesses and diseases.  In 1990 the implementation of the 
NIOSH-Ag initiative with its five component programs enhanced the development of prevention 
programs.  In addition, manufacturing and control technology has sought to reduce machinery-
related injuries and fatalities.  Numerous educational efforts have been included as components 
of all these initiatives.  For example, EPA developed extensive training materials regarding 
pesticide worker protection standards; USDA, via Cooperative Extension, has funded 
agricultural health and safety specialists who developed training materials for local extension 
agents; and, NIOSH agricultural centers have generated numerous educational programs and 
projects addressing diverse populations, regions, and risks. However, the current disappointing 
statistics indicate the more remains to be done to protect the safety and health of the 
agricultural population (USDHHS National Occupational Research Agenda, 1996; Healthy 
People, 2010). 
 



 

Several reasons have been suggested for the lack of satisfactory progress in the field of 
agriculture. Kelsey (1994) believes that one reason for the lack of progress is the failure of 
government to implement existing safety regulations on farms and ranches.  According to 
Kelsey, the inability of government to act aggressively was brought about when a vocal segment 
of the agricultural community convinced Congress on the truth of what Kelsey calls ―The 
Agrarian Myth‖.  As a result, in 1977 Congress exempted farms and ranches with ten or fewer 
employees from OSHA regulations.  According to the U. S. Bureau of the Census, and the U. S. 
Department of Agriculture, in 1990 more than 98% of U. S. farms have ten or fewer employees 
(cited in Kelsey, 1994).  In addition, OSHA has devoted far less in resources to non-regulatory 
occupational illness and injury initiatives and prevention methods, such as educational 
programs, than it has in support of other industries (Aherin, Murphy & Westaby, 1990).  Thus, 
this important piece of occupational safety legislation was rendered virtually ineffective in 
reducing farming and ranching accidents and fatalities. 
 
Another possible reason for the lack of progress is inadequate scientifically-based knowledge 
about the effectiveness of educational programs designed to improve farm and ranch safety for 
youth.  Westaby and Murphy (1992) and Shutske (1994) have observed that, to date, no studies 
have been published that have scientifically evaluated the effectiveness of the long- and short-
term impact of agricultural educational programs for youth, this despite the fact that organized 
farm safety education began almost 60 years ago in the early 1940s (Burke, 1987, cited in 
Aherin, Murphy & Westaby, 1990). 
 

Colorado and Wyoming Agricultural Environment 
 
The agriculture in Colorado and Wyoming is largely ranching and dryland farming. Major crops 
include beef, soybeans, wheat, sugar beets, hay, sheep and hogs. The number of farms in 
Colorado is 29,000, while Wyoming boasts 9,200. While Wyoming‘s farms are a third the 
number of farms in Colorado, they are three times bigger, averaging 3,761 to Colorado‘s 1,097.  
Since the vast majority of Wyoming is either ranched or farmed by dryland farming, the industry 
is at the mercy of the precipitation year round. With the average annual rainfall of only 12 to 15 
inches, even missing a few storms can mean the difference between a good crop yield and a 
marginal one. These are low intensity, lower profit margin methods that require much more land 
to be profitable. Colorado‘s agricultural industry relies more heavily on irrigated row crops and 
grains but still supports a significant dryland industry.  In 1998, Wyoming enjoyed the dubious 
distinction of having the 2nd lowest farm real estate prices in the nation, followed only by New 
Mexico. The national average price for farm real estate at that time was $974.  Both Colorado 
and Wyoming fell well below that at $618 and $222, respectively. 
  
The agricultural education programs in both states are very strong and, with two exceptions, 
include a Future Farmers of America chapter in each program. Although the FFA chapter is part 
of the agriculture program, students are not required to be a member of FFA to be enrolled in 
the agriculture classes. There are 91 agricultural educational programs in Colorado and 46 in 
Wyoming. There are approximately 1,883 sophomores participating in programs in the two 
states, and 8,019 students in total enrollment. 
 
Family farms tend to utilize the labor from all members of the family before hiring outside labor.  
Because of the economics of the industry, it‘s difficult for many family farms to hire outside the 
family. The children are expected to take on many responsibilities before many of their urban 
counterparts. According to USDA statistics, the number of farming employees since 1910 has 
been steadily on the decrease, consistent with the drop in the number of farms. But the number 
of family members working the farm has been ahead of those hired outside the family (USDA, 
NASS Farm Labor Charts).  An hour of chores before the school bus arrives is not uncommon.  



 

Children learn to drive farm vehicles, work cattle, ride horses, feed and water stock, while the 
children in the suburbs take out the trash and mow the lawn.  Most would not trade this 
upbringing for anything.  But this way of life clearly exposes these children to many more safety 
risks and industrial hazards than most children.  With farming considered a ―high risk‖ industry, 
and children living on the job site, it‘s no wonder that agriculture accounted for 40% of fatal 
injuries from 1992 to 1997 in workers under age 18 (Census of Fatal Occupational Injuries, 
Monthly Labor Review, June 1999). 
 

Past and current efforts for modifying farm worker safety behavior can generally be 
grouped into educational activities, legislative initiatives, and engineering endeavors.  Aherin, 
Murphy and Westaby (1990) cite the work of Klein and Waller (1970) who observed the longer 
certain types of educational programs and materials are used, the more resistant are 
proponents to engage in scientific evaluation.  Aherin and his associates find little evidence to 
contradict Klein and Waller‘s observations and bemoan the continued lack of rigorous 
evaluation.  They imply that the lack of evaluation has led to a default reliance on ―historical 
evidence‖ that seems to indicate that education as a primary means of injury control has been 
quite limited in its ability to reduce injuries.   Obviously, more scientifically rigorous evaluation 
research on the effectiveness of agricultural health and safety curricula is needed. 
 
A recent (2001) needs assessment survey sponsored by HI-CAHS of all the agricultural 
educators in Colorado and Wyoming (with an approximate 70% response rate) found 
unanimous agreement on the urgent need for a better and more effective agricultural health and 
safety educational program for youth.  Research at Colorado State University by Seiz and 
Downey (1999) on the health and safety attitudes and practices among migrant and non-migrant 
farm families in northeastern Colorado uncovered a similar need. 
 
Over the past 10-15 years a number of educational efforts from both NIOSH supported 
programs and USDA efforts have targeted children and youth, but few have been rigorously 
evaluated. (Murphy, 2003; Westaby & Murphy, 1992; Shutske, 1994.)  Murphy pointed out 
(2003) that in addition to the lack of acceptable program evaluation methodology, few 
educational efforts have been theory driven. 
 

Prevention Theory 
 
Education is often viewed as an integral part of prevention strategies.  ―Learning is an enduring 
change in behavior or in the capacity to behave in a given fashion, which results from practice 
or other forms of experience.‖ (Schunk, 2004, p.2) 
 
According to Greene & Kreuter (1991), the immediate purpose of prevention interventions is to 
enable at-risk individuals and groups to gain mastery and greater control over the determinants 
of their health and safety, thereby decreasing the incidence of new cases (primary prevention).  
Safety and health promotion is typically achieved through a combination of educational and 
environmental supports for actions and conditions of living and working in the farm environment 
that are conducive to safety and health. 
  
According to Murphy (1992) ―[s]afety and health education is a loosely defined phrase covering 
a range of concepts, principles, philosophies, practices, and activities concerning hazard and 
injury prevention and control.  Its main purpose is a noncoercive, voluntary directing of human 
learning and behavior in such ways that hazards and injury are avoided or minimized‖ (p.136).  
0Safety education comprises any combination of learning experiences specifically designed and 
implemented to facilitate voluntary actions and beneficial attitudes favorable to health and 
safety.  The principal foci of safety education are to foster mastery through accurate and 



 

predictive knowledge and to enlarge coping repertoires through practical suggestions and 
meaningful forethought. 
 

Technology Based Education 
 
It is well known that today‘s youth have grown-up in a cultural environment informed by 
technology.  These youth were exposed to technology from an early age and have, in large part, 
developed their sense of the world from their experiences and interactions with multiple 
technologies.  It is not surprising that youth today use technology for their source of information 
about their environment. 
 
―Technology is assuming an increasingly important role in learning and instruction.  A central 
technological component is the computer.  Computer literacy, once a primary focus, has given 
way to technological applications that assist student learning….Research evidence on the 
effects of technology on learning generally is positive with benefits being obtained from 
metacognition, deep processing, and problem solving.  As technological innovation continues, it 
is important that researchers determine how technological advances affect student learning and 
explore artificial intelligence as a means of understanding human thought.‖ (Schunk, 2004, p. 
284) 
 
A variety of technologies are currently being used to deliver education in an effort to match the 
individual learning styles of students with the appropriate technology.  Multimedia, for example, 
is increasingly being used in online education to enhance the learning process.  Among the 
benefits of technology-based education is the shift from the student as a passive recipient of 
education to self-directed student learning (Quintana, 1997; Hill, 1992).  This medium-driven 
shift to active learning is especially advantageous for a farm-safety curriculum that seeks to 
instill in learners an attitude of mastery and control over information and skills deemed vital to 
their health and safety in the uniquely dangerous farm environment where the youth live and 
work. 
 
―Many evaluations of technology-based instruction simply ask students if they prefer it to more 
conventional classroom approaches.  Greiner [J. M. (1991). Interactive multimedial instruction: 
what do the numbers show? In Procedings of the Ninth Annual Conference on Interactive 
Instruction Delivery (pp. 100-104). Warrenton, VA: Society for Applied Learning Technology] 
reviewed these evaluations and found that typically from 70% to 80% of students polled 
preferred technology-based approaches over those that were not technology based.  When 
students reported that they did not prefer such approaches, the reasons were usually traced to 
implementation or technical problems with the technology, not the instructional approach itself.‖ 
(Fletcher, 2003, p. 89) 
 
A recent survey of students enrolled in high school computer courses in Colorado revealed the 
high value students place on the use of computers in the classroom and found these students to 
be more satisfied with these courses than with courses that didn‘t use computers (Danzig and 
Aljarrah, 1999).   
 

Developmental Theory 
 
Farm youth between 15 and 17 years of age were chosen as targets for the study for two 
reasons.  (1) There is evidence that the incidence of farm-related fatalities increase by age for 
young people under 20; with youth aged 16 to 17 making up the second highest proportion of 
fatalities (25 percent), second only to youth 18 to 19 years of age (30 percent) (NIOSH, 2000).  
(2) Cognitive development theory.  According to the theory, cognitive development occurs in a 



 

fixed sequence, with each stage building on the preceding stage and representing ever more 
comprehensive and more complex ways of thinking.  The mode of thinking is qualitatively 
different at each stage. 
 
Classic cognitive theory holds that the stages of cognitive development are specific to all 
humankind.  The stages are not culturally based and thus, the same stages would be evident in 
all cultures (Norlin & Chess, 1997).  This does not preclude, however, an inhibiting or enhancing 
influence that may be exerted by social or environmental conditions, such as gender, or 
socioeconomic class, or individual development (Schriver, 2001; Hetherington & Parke, 1986). 
 
The fourth and final stage of cognitive development occurs approximately from age 14 through 
adulthood (Piaget, 1950).  In this stage, abstract thought and scientific reasoning emerge.  
Problems are approached using logic, reason, and combinations thought.  Hypothetical 
reasoning and a growing appreciation of interactions among multiple factors are now possible.  
Thinking becomes detached from the here-and-now, and has the capacity for reflection and the 
contemplation of future states under various sets of circumstances (Shaffer, 1996). 
 
Adolescents at this stage are able to reason correctly from hypothetical data as they begin to 
solve problems and check solutions.  Cognitive structures become fully developed during this 
period and provide the foundation for an ability to expand and refine ideas and schemata that 
represent a ―guide to action that would be called forth in a specific interactional situation‖ (Norlin 
& Chess, 1997, p. 111). 
 
In essence, at this stage of cognitive development adolescents have the cognitive ability of 
transferring and applying knowledge obtained from a single dimensional and relatively abstract 
environment to a more complex and multidimensional environment with different sets of 
circumstances. 
 

Research Design and Methods 
 
The curriculum was developed over a one-year period and utilized community advisory input as 
well as subject matter experts within HI-CAHS.  Formative evaluation was undertaken via 
piloting the package with several groups including Agricultural Education teachers and students, 
as well as HI-CAHS program staff and graduate students.  The curriculum had not yet been 
provided to the target population, which allowed for the experimental design necessary to 
address outcome evaluation. 
 

Process Evaluation  
 
The purpose of process evaluation is to carefully document the implementation of a program to 
address questions related to content, organization and delivery within the framework of program 
theory.  Process evaluation tests assumptions and expectations about how the program is 
supposed to operate in order to achieve its goals and objectives.  (Rossi, Freeman and Lipsy, 
1999).  This evaluation stage then seeks to provide the necessary information to achieve 
program improvement by providing data from multiple constituencies, and monitoring of 
implementation procedures.  Process evaluation provides extensive descriptive detail that 
enhances the opportunity for successful program replication by others. 
  
The process measures used in the study are listed below. The primary data collection methods 
include questionnaires to provide feedback on: (1) curriculum content, (2) workshop procedures, 
(3) local level implementation issues, and (4) use of technology in curriculum delivery from the 
perspective of both teachers and students.  In addition a sub-sample of families were 



 

interviewed during year three of the project in Colorado, and year four of the project in 
Wyoming; part of that interview addresses the above listed process measures.  All instruments 
were developed in collaboration with an advisory board. 
 

Outcome Evaluation 
 
The purpose of outcome or impact evaluation is to assess the net effects of a program; that is, 
the effects that can be causally attributed to the program with confounding effects controlled for.  
Impact assessments are designed to address the question, ―does this program actually produce 
the intended effects?‖ (Rossi, Freeman & Lipsy, 1999).  The opportunity to accomplish such a 
rigorous study in an applied setting is rare and provides this project with a unique opportunity.   
  
School districts, stratified by size, with Agricultural Education Programs in Colorado and 
Wyoming provided the sampling frame from which treatment and control groups were assigned.  
A needs assessment with the target group of teachers and agricultural education students 
assisted in the design of the Health and Safety curriculum content and delivery method.  These 
teachers were anxious to continue the partnership at the community level, and this was 
evidenced by their willingness to participate in an experimental design.  Impact measures 
included: pre/post and post/post knowledge tests; sub-sample interviews with students and 
families; and collection of injury/disease incidence data.  All measures were utilized with both 
treatment and control groups.  The advantage of a five-year time frame for a research project 
that encompasses two states was that retained knowledge can be tested in each state two 
years after curriculum delivery occurs in the state and incidence data can also be collected 
throughout these two-year periods.  With the local partnership, the data received related to 
incidence may be much more reflective of reality [i.e., reliable] versus more traditional 
surveillance methods. 
 

Design 
 
An experimental design utilizing multiple process and outcome measures and following the 
same treatment and control cohorts for 2 and 1/2 years was used for each state.  While sample 
assignment, teacher training, pre-testing of knowledge, and curriculum delivery all occurred in 
the first year of the implementation of the research design in each state, the actual year for its 
implementation differed by state. 
 

Sample and Sampling Plan 
 
The population frame consisted of high school sophomore students in Colorado and Wyoming 
who were enrolled in local district Agricultural Vocational Education classes beginning Fall, 
2001.  With the assistance of the teachers from those high schools presenting Vocational 
Agricultural curricula, and with permission of local school districts, the students were randomly 
assigned by school district stratified by program size into either treatment or control groups.  
Both groups continued to receive locally developed agricultural curricula, the only addition to the 
treatment group will be the teacher‘s presentation of a computer based agricultural occupational 
health and safety curriculum. The two cohorts were followed from their sophomore through 
senior years in high school.  The samples were deemed statistically large enough to allow for 
normal attrition throughout the research time frame.  A randomly selected sub-sample of the 
treatment and control groups participated in family interviews approximately one-year post 
curriculum.  



 

 
Setting 

 
The teachers for the study group received training on the new curriculum and the research 
protocol, via a one-day workshop presented in each state. The teachers presented the 
curriculum to the students in their community high school setting in districts across the two 
states.  Multiple process and outcome measures (defined below) were collected over 2 1/2 
years in each state on both the treatment and control groups.  Data collection occurred in the 
student‘s communities, utilizing both local and university-based personnel.  The control group 
teachers also attended a one-day workshop in each state, the purpose of which was to provide 
an overview of the project and train in data collection instruments and methods.  
 

Data Collection 
   
The following provides a description of both process and outcome instruments utilized in the 
study. 
 

Outcome Evaluation Measures  
 
O1 – Questionnaire A 50-item multiple-choice questionnaire pre-test instrument tested pre-
existing knowledge based upon the objectives of the curriculum.  In addition it included an 
assigned ID number and basic demographic information that provided baseline data for the 
student database. 
 
O2 – Questionnaire The same 50-item multiple-choice questionnaire; post-test instrument 
included a participant ID number so individual comparison, as well as group comparisons could 
be made. At the end of the experimental time period, both treatment and control groups again 
took the knowledge post-posttest instrument addressing retention of knowledge gained. 
 
O3 – Interviews A sub-sample was randomly selected from both the treatment and control 
groups.  These students, along with an adult family member, were interviewed using an 
interview schedule specifically developed for the purpose to address attitudes and behaviors 
towards occupational safety and health in agriculture.   
 
O4  - Surveillance  A self-report illness and injury incidence form [modeled on the Childhood 
Agricultural Injuries Questionnaire (NASS, 2001)] was developed.  Incidence of agricultural 
injury or disease was collected from the time the students began the curriculum (baseline data), 
and at the same time with the control group.  Students self-reported using the same instrument 
twice a year all illness and injury incidents that may be agriculturally occupationally related. 
 

Process Evaluation Measures 
 
O5 - Student Demographics: provided basic demographic information on participants of both 
treatment and control groups 
 
O6 – District Demographics: Prior to the teacher training, a demographic instrument was 
developed and administered to teachers that provided information on the specifics of 
participants local community setting, health and safety training already presented, and 
anticipated class size.  This information was gathered at the workshops and questions regarding 
the data were addressed.  This data tracked regional differences, sample mortality, and 
potential confounding curriculum. 
 



 

O7 – Questionnaire At the end of the training sessions, teachers in the treatment group 
provided immediate feedback on the training procedures and supplemental materials by filling 
out an evaluation form. 
 
O8 - Survey Evaluative feedback on the curriculum (by objective) and the method of delivery 
(technology based) was obtained from teachers in the study group. Suggestions for revisions 
and improvement to the curriculum were obtained (and incorporated into the final revision to the 
curriculum). 
 
O9 - Survey Students in the treatment group provided feedback on the curriculum, both 
objectives and presentation, and their suggestions for revisions and improvement to the 
curriculum were incorporated into the final revision of the curriculum. 
 

Statistical Analysis 
 
All aspects of the project have been completed except for the final statistical analysis of the 
data.  The salary support for the statistical analysis was unexpectedly delayed due to CSU 
administrative official who was new to the project, unfamiliar with the project‘s interdisciplinary 
personnel configuration, and required additional and sometimes painfully detailed clarifications.  
By the time the funds were accepted and transferred, Dr. Thomas Keefe, the chief statistician of 
the project, had left campus on sabbatical leave.  It was still anticipated that sufficient time 
would remain for him to perform the analysis upon his return. Unfortunately, since his return, 
and because of an unanticipated overload of teaching and other responsibilities, he has been 
unable to make the progress that he himself had expected in completing the statistical analyses 
of the study data.  (It was based upon these assured expectations that a request for an 
extension of the timeline for the final report was not made to NIOSH within the time period 
allowed.) Dr. Keefe is confident that an addendum to be provided to this report will not merely 
complete the planned statistical analyses, but also contain additional statistical analyses 
suggested by the initial exploratory analyses.   
 
Data on each quantitative variable (e.g., knowledge score) will be statistically evaluated via 
analysis of variance (ANOVA) procedures appropriate for both the experimental design and 
other contributing explanatory factors.  In particular, because school programs were stratified by 
size of school district within both Colorado and Wyoming and then randomized within each 
strata to treatment or control, the ANOVA of the data on subjects‘ knowledge will be based on a 
mixed-effects model wherein students are ‗nested‘ within school programs (considered to be a 
random effect) which are categorized according to the two fixed main effects: treatment; and 
school district size; further, the ANOVA procedure will include partitioning of the variation among 
the school districts to evaluate both geographic differences (e.g., Colorado and Wyoming) and 
predominant agricultural practices (e.g., ranching, dry-land farming, etc) on each of the outcome 
variables, as well as an evaluation of the ‗interaction‘ of these two main effects. Additionally, the 
ANOVA procedure will include additional factors defined by person-variables (e.g., gender, age, 
and farm residency).  The ANOVA of post-test knowledge scores will include covariance 
adjustment for the pre-test knowledge score.  In the event of a statistically significant interaction 
between the two main effects, differences in treated and control group means within each 
school district will be statistically evaluated via Tukey‘s procedure for multiple comparisons of 
means.  Because the overall score for knowledge will be based on nine curriculum components, 
the ‗sub-scores‘ for these components of knowledge will be statistically evaluated via the same 
ANOVA and multiple mean-comparison procedures applied to the overall score for knowledge.  
Additionally, an analogous multivariate ANOVA procedure may be applied to the vector of sub-
scores in order to better evaluate both treatment effects and the relationships between the 
knowledge areas included in both the control and treatment curricula. 



 

 
Although the effects of the technology-based agricultural safety and health educational program 
will provide useful information in assessing the value of this delivery method with respect to 
increased knowledge and retention of knowledge, it should be noted that additional 
assessments of this ―treatment‖ is change in attitude and behavior with respect to risk-reduction 
practices.  Due to the nature of the study, only data on behavior intent can be collected in this 
study.  Data on such qualitative variables obtained via the proposed interviews will be 
statistically evaluated via either multiple logistic regression analysis or generalized log-linear 
model analysis for dichotomous or polychotomous response variables, respectively, on the 
basis of statistical models analogous to those used in the ANOVA of quantitative data. 
 
Finally, data on the incidence of agriculturally-related injuries among the study subjects will be 
statistically evaluated via multiple logistic regression analysis on the basis of statistical models 
analogous to those used in the ANOVA of quantitative data wherein each study subject will be 
simply ‗dichotomized‘ as having received an injury or not during the study period.  Because of 
the possibility of multiple injury episodes for at least some of the study subjects, data on the 
incidences of agriculturally-related injuries among the study subjects will also be statistically 
evaluated via Poisson regression analysis based on statistical models similar to those used in 
multiple logistic regression analysis of the injury data; if available, data on person-hours of 
‗exposure‘ will be incorporated in the Poisson regression analysis. 
 
Preliminary analyses indicate that the sample sizes provide adequate statistical power to detect 
(at the 5% level of significance) likely differences between treated and control group students.  
For example, based on an assumed baseline mean of 50% for the knowledge test consisting of 
approximately 4 to 5 items for each of the 9 curricular area (and a corresponding standard 
deviation of 15%) and a conservatively assumed intra-class correlation coefficient of 0.4, a 
study with as few as 150 subjects per treated and control groups would have a corresponding 
statistical power in excess of 80% power (overall) to detect (at the 5% level of significance) a 
difference in overall scores on knowledge between treatment groups (see, for example, Table 
T.11, ―Upper Probability Points of the Noncentral F Distribution‖ presented by Graybill, 1976). 
 

Limitations 
 
Because of the ability to randomly assign participants into experimental and control groups, 
many of the threats to internal validity are controlled (Campbell & Stanley, 1963).  Due to the 
study‘s relatively large N, mortality is not thought to constitute a significant threat.   
 
However, the study does pose several limitations.  The number of farm youth not enrolled in 
vocational agricultural education programs in Colorado and Wyoming is not known.  Thus, the 
sampling frame may not be identical to the population.  Because, in practice, it is from the 
sampling frame that the sample is actually drawn, the representativeness of the sample is 
limited by how closely the sampling frame approximates the population of interest. 
 
The sampling plan for the sub-sample may result in a biased sample because potential 
participants have the right of refusal.  Efforts were made to recruit a sample that reflects the 
demographics of the sampling frame by making follow-up calls to those participants randomly 
selected who initially refuse to participate.  By and large these efforts were not successful. 
 
Although the results of the study can be generalized to the Rocky Mountain Region covered by 
the states of Colorado and Wyoming, generalization to other agricultural areas in the United  



 

States is not possible.  Neither can results be generalized or extended to children and youth of 
different ages and ethnic backgrounds.  The design of the research, however, can serve as a 
model for replication in other agricultural environments. 
 
An inability existed, due to the lack of sufficient funds, to assure uniform presentation of the 
curriculum beyond that achieved by common training in the curriculum to teachers delivering the 
curriculum.  The group teacher training, the uniform teacher‘s manual, and follow-on feedback 
from teachers on their experiences with the curriculum, all provided impressions useful in 
making judgments about the uniformity of the curriculum‘s presentation.  That the curriculum is 
on CD also offers some assurance that each program in the study group received the same 
technology-driven aspect of the curriculum. 
 
Due to budgetary limitations and practical considerations, behavioral practices and incidences 
of illness and injury were self-reported, rather than using the more objective method of 
independent observation. 
 

Results:  Some of what follows are tentative findings based upon exploratory, initial 
analyses and may be altered or revised pending the results of the final statistical analyses.  All 
other aspects of the project were completed and results generated. 
 

Inputs - Planning: The curriculum was designed and developed in the College of 
Agriculture at Colorado State University.  The curriculum‘s nine content areas were identified by 
an advisory group of agriculture teachers, agriculture-producers, and cooperative extension 
agents from Colorado and Wyoming.  Production: The curriculum was delivered in high schools 
in collaboration with both the Colorado and the Wyoming Ag Teachers Associations and with 
cooperation from 35 independent school districts in the two states. 
 

Outputs - CD: After piloting the curriculum with area high school students, the curriculum 
was produced in CD format and distributed to volunteer ag teachers randomly assigned to the 
study group. Teachers’ Manual: A companion teacher‘s manual was created for use by these 
agriculture teachers.  Study Instruments: The following instruments were created for use in the 
study.  A 50-item multiple-choice questionnaire; a self-report illness and injury incidence form 
[modeled on the Childhood Agricultural Injuries Questionnaire (NASS, 2001)]; a youth 
demographics instrument; a school district demographics instrument; and a family interview 
schedule. 
 

Intermediate Outcomes - Training: Volunteer agriculture teachers were recruited and 
received training in the curriculum (study group) and research protocol (both study and control 
groups).  Education: The curriculum was delivered in approximately 35 school districts. 
Knowledge: Study group showed a substantial increase in knowledge scores from pretest of 
26.45 to posttest of 35.28, while the control groups scores went from 26.75 to only 27.72 (t-test, 
p=.0005).  Attitudes: 44% of parents interviewed noted a marked change in both the content 
and quality of discussions with their children on health and safety issues, and 28% observed 
that their children had identified new hazards around the farm.  64% of those who took the 
curriculum claimed to have learned a lot and that the information was very helpful. Behaviors: 
68% of parents interviewed reported having observed positive safety-oriented changes in their 
children‘s approach to hazardous tasks on the farm. 
 

End Outcomes - Reduced Injuries and Illnesses: The study group‘s percent of those 
reporting an injury/illness dropped from a pretest of 17 to a posttest of 2.8.  The control group‘s 
percent showed a lesser decrease, from a pretest of 14.1 to 4.7. 
 



 

Participants 
 
A total of 34 high schools in Colorado and Wyoming and 310 students were recruited for the 
study.  One school in Colorado dropped out after participating for one year, and three schools in 
Wyoming discontinued almost immediately after the initial data collection period, leaving a total 
of 287 students in the initial group from which data was obtained.  Of these, 104 males (53.9%) 
and 89 females (46.1%) were in the study group; and 56 males (59.6%) and 38 females (40.4%) 
were in the control group.  The average age of the both groups at the beginning of the project 
was 16.5 years.  Both groups had a high percentage of membership in FFA (97.6% in the study 
group and 99.8% in the control group). 
 
In Colorado, 24 schools participated in the project: 13 were randomly placed in the study group 
and 11 in the control group.  At the beginning, 232 students participated, with 135 continuing 
their participation throughout the two-and-a-half years of the project. 

 
Colorado School Participation and Data Collection 

 

Group # of 
Students 

Pretest Incident 
#1 

Posttest Incident 
#2 

Incident 
#3 

Incident 
#4 

Post-
Posttest 

X 5 5 6 5 3 1 4 4 

C 4 4 3 4 4 3 1 0 

X 5 5 5 4 4 3 3 3 

X 4 4 4 4 4 4 4 4 

X 6 6 4 4 4 4 0 0 

C 4 4 4 4 4 4 4 4 

C 7 7 7 7 6 6 5 6 

X 12 12 13 10 10 8 3 5 

X 15 15 13 15 12 10 11 11 

C 17 17 17 16 17 16 16 16 

X 35 35 35 35 35 34 24 16 

X 9 9 9 9 9 9 9 9 

X 11 11 9 11 6 7 7 7 

X 14 14 14 14 14 12 8 8 

C 5 5 5 5 5 4 4 4 

X 6 6 6 6 5 3 3 3 

C 7 7 7 7 7 6 6 6 

C 5 5 5 5 5 4 3 3 

X 8 8 8 8 9 7 7 7 

C 8 8 8 8 14 8 8 8 

C 4 4 4 4 4 0 0 0 

C 10 10 10 10 10 10 6 6 

X 20 20 20 22 20 17 17 17 

C 11 11 11 10 9 9 9 9 

 232 232 227 227 220 189 158 135 

 
 
 Legend: X=study group; C=control group 
 
 
 
 



 

In the smaller state of Wyoming, 10 schools were recruited and signed up for the project: 7 were 
randomly placed in the study group and 3 in the control group.  At the beginning, 82 students 
were signed up for the project, but almost immediately three of the participating teachers left 
their schools (two before any data was collected, and one after initial data was collected) and 
replacements were not immediately hired by the school district.  Incoming teachers were new to 
teaching and were not inclined to participate in the research because of the demands and 
stresses of new preparations.  As a result, 32 students were summarily lost to the project and 
could not be replaced.  Of the 55 participants from whom initial data was obtained, only 14 
students continued their participation throughout the two-and-a-half years of the project. 

 
 

   Wyoming School Participation and Data Collection 
 

Group # of Students Pretest Incident 
#1 

Posttest Incident 
#2 

Incident 
#3 

Incident 
#4 

Post-
Posttest 

C 15 10 12 0 12 0 0 0 

X 4 4 4 4 4 3 2 2 

C 14 0 0 0 0 0 0 0 

C 6 0 0 0 0 0 0 0 

X 12 9 0 0 0 0 0 0 

X 4 3 3 3 4 3 4 4 

X 3 3 3 3 3 3 3 3 

X 9 9 8 9 5 4 4 2 

X 9 9 9 11 7 3 3 3 

X 6 6 6 6 5 5 0 0 

 82 42 45 36 40 21 16 14 

 
 Legend: X=Study group; C=Control group 

 
Farm / Ranch Characteristics 

 
The research was conducted in two western states that share some common farm and ranch 
characteristics, as well as some differences. 
 

Top 5 Agricultural Commodities, Colorado, 2003  
 

Commodity  Value of 
Receipts 

Thousand $ 

Percent of 
State Total 

Farm Receipts 

Percent of 
US value 

1. Cattle and Calves  2,943,643 59.3 6.5 

2. Dairy Products  263,835 5.3 1.2 

3. Greenhouse/Nursery  243,838 4.9 1.6 

4. Corn  239,333 4.8 1.3 

5. Hogs  211,942 4.3 2.0 

    

All Commodities  4,964,312  2.3 

 



 

 
 

Top 5 Agricultural Commodities, Wyoming, 2003 
 

Commodity  Value of 
Receipts 

Thousand $ 

Percent of 
State Total 

Farm 
Receipts 

Percent of 
US value 

1. Cattle and 
Calves  

633,552 72.5 1.4 

2. Hay  47,221 5.4 1.1 

3. Sugar beets  31,810 3.6 2.9 

4. Sheep and lambs  30,199 3.5 6.1 

5. Hogs  23,761 2.7 0.2 

    

All Commodities  873,645  0.4 

 
Total Farmland Acreage by State, 2002 

 

State  Total Land 
Area 

(Million 
Acres) 

Total Farmland 
Area (Million 

Acres) 

Percent of 
Total Land Area 

Colorado  66.38 31.09 46.8 

Wyoming  62.14 34.40 55.4 

 
Data Source: www.ers.usda.gov/StateFacts/ 
 
Participants sometimes listed more than one crop when describing the characteristics of the 
farms and ranches they either lived on or visited.   
 

Participant Farm / Ranch Characteristics 
 

  Study % Control % 

Acreage    

 1000 30.7 29.2 

 100-500 40.9 38.9 

 Unsure* 23.4 23.6 

Primary Crops**    

 Beef Cattle 53.3 55.7 

 Wheat 29.3 21.5 

 Corn 26.7 19.1 

 
*Respondents who do not live on a farm or ranch 
**More than one crop listed 

 
Most respondents listed multiple work activities and responsibilities on the farm or ranch.  This 
accounts for the percentages in the following table not equaling 100%. 



 

 
Primary Work Activities of Participants 

 

 Study % Control % 

Feeding 68 72.2 

General Maintenance 60 45.6 

Machine Operation 38 38 

Livestock Handling 18.7 19.2 

 
 

Types of Injuries / Illnesses Reported: Colorado and Wyoming 
 
The following tables list the types of injuries and illnesses reported in both Colorado and 
Wyoming at six month intervals over the two-and-a-half years data collection period. 

 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
             
11-scrape: 8-T, 3-C 
13-bruise:10-T, 3-C 
7-strain torn 
ligament; 3-T, 4C 
5-bone fracture:1-T, 
4-C 
1-dislocation; 1-T 
9-cut: 7-T, 2-C 
7-puncture/stab: 4-
T, 3-C 
3-burn or blister: 2-
T, 1-C 
4-concussion/head: 
3-T, 1-C 
1-grinding of digit:1-
C 
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
1-scrape: 1-C 
1-bruise: 1-C 
2-strain torn 
ligament:1-T, 1-C 
2-bone fracture: 2-C 
2-cut: 1-T 
1-burn or blister:1-T 
 

Total  n=189  
Injuries n=12:  9-T, 
3-C 
 
2-scrape: 2-T 
4-bruise: 3-T, 1-C 
4-strain torn 
ligament: 4-T 
5-bone fracture: 3-
T, 2-C 
6-dislocation: 5-T, 
1-C 
3-cut:  3-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 
2-C 
 
1-scrape: 1-T 
1-bruise: 1-T 
2-strain torn 
ligament: 2-T 
1-bone fracture:1-T 
1-loss of body part: 
1-C 
 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
2-scrape: 1-T 
2-bruise:1-T, 1-C 
2-strain torn 
ligament: 2-T 
1-bone fracture: 1-C 
2-cut: 1-T, 1-C 
1-nerve injury: 1-C 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Type of Injury Reported by State  
 

Injuries Reported by State 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
             
11-scrape: 8-T, 3-C 
13-bruise:10-T, 3-C 
7-strain torn 
ligament; 3-T, 4C 
5-bone fracture:1-T, 
4-C 
1-dislocation; 1-T 
9-cut: 7-T, 2-C 
7-puncture/stab: 4-
T, 3-C 
3-burn or blister: 2-
T, 1-C 
4-concussion/head: 
3-T, 1-C 
1-grinding of digit:1-
C 
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
1-scrape: 1-C 
1-bruise: 1-C 
2-strain torn 
ligament:1-T, 1-C 
2-bone fracture: 2-
C 
2-cut: 1-T 
1-burn or blister:1-T 
 

Total  n=189  
Injuries n=12:  9-T, 3-
C 
 
2-scrape: 2-T 
4-bruise: 3-T, 1-C 
4-strain torn 
ligament: 4-T 
5-bone fracture: 3-T, 
2-C 
6-dislocation: 5-T, 1-
C 
3-cut:  3-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 
2-C 
 
1-scrape: 1-T 
1-bruise: 1-T 
2-strain torn 
ligament: 2-T 
1-bone fracture:1-T 
1-loss of body part: 
1-C 
 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
2-scrape: 1-T 
2-bruise:1-T, 1-C 
2-strain torn 
ligament: 2-T 
1-bone fracture: 1-
C 
2-cut: 1-T, 1-C 
1-nerve injury: 1-C 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Did you live on a farm or ranch when the injury occurred? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
  
No- 8: 5-T, 3-C 
Yes- 25: 17-T, 8-C 
        
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
No- 1:  1-T 
Yes- 5:  2-T, 3-C 
 

Total  n=189  
Injuries n=12:  9-T, 
3-C 
 
No- 3: 2-T, 1-C 
Yes- 8: 6-T, 2-C 
Unsure- 1: 1-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 
2-C 
 
No- 1: 1-C 
Yes- 3: 3-T 
1-Missing:1-C 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
No- 2: 1-T, 1-C 
Yes- 3:  2-T, 1-C 
 

Total  n= 21  
No reported 
injuries or 
illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

In which of the following areas did the injury occur? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-T, 
16-C   
 
1-Driving a tractor: 1-
T 
6-Using machinery: 3-
T, 3-C 
6-Riding an ATV: 6-T 
13-Horse handling:  8-
T, 5-C 
8-Handling livestock: 
6-T, 2-C 
1- Organic dusts: 1-T 
2- Electrical 
conduits:2-T 
2-Barb wire:1-T, 1-C 
1-Working with Hay: 
1-T 
1-Irrigating:1-T 
1-Lifting: 1-C 
        
 

Total  n=220 
 Injuries n= 6: 3-T, 3-
C 
 
2-Riding an ATV:1-T, 
1-C 
1-Horse handling: 1-
C 
1-Handling livestock: 
1-T 
1- Electrical conduits: 
1-T 
 

Total  n=189  
Injuries n=12:  9-T, 3-
C 
 
3-Using machinery:2-
T, 1-C 
2-Riding an ATV: 2-T 
6-Horse handling:4-
T, 2-C 
2-Handling livestock: 
2-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 2-
C 
 
1-Driving a tractor:1-C 
1-Using machinery:1-
C 
2-Horse handling: 2-T 
1-Roofing: 1-T 
 

Total  n= 40 
Injuries: n =5: 3-T, 2-
C 
 
1-Garden machinery: 
1-T 
1-Horse handling: 1-
T 
3-Handling livestock: 
3-T 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

How long were your normal activities restricted as a result of this injury? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
 
1-unsure:  1-T 
10-less than one 
day: 8-T, 2-C 
13-one to six days: 
7-T, 6-C 
3-seven to thirteen 
days:2-T, 1-C 
3-fourteen days to 
less than a   
   month:  3-T, 1-C 
1- one to two 
months: 1-C 
 
        
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
2-less than one day: 
2-T 
2-one to six days : 
2-C 
2- missing: 1-T, 1-C 
 

Total  n=189  
Injuries n=12:  9-T, 
3-C 
 
2-less than one day: 
2-T 
3-one to six days: 1-
T, 2-C 
3-fourteen days to 
less than a  
   month: 3-T 
1- one to two 
months: 1-T 
2-three or more  
   months:1-T, 1-C 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 
2-C 
 
1-less than one day: 
1-C 
2-one to six days: 2-
T 
1-three months or 
more: 1-T 
1-missing: 1-C 
 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
1-less than one day: 
1-T 
1-one to six days:  
1-C 
1-fourteen days to 
less than a   
   month: 1-T 
2- missing: 1-T, 1-C 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Did the injury result in a permanent disability? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
 
31- no : 20-T, 11-C 
6- missing: 1-T, 5-C 
 
        
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
4- no : 2-T, 2-C 
2- missing: 1-T, 1-C 
 

Total  n=189  
Injuries n=12:  9-T, 
3-C 
 
8-no:  5-T, 3-C 
3-yes: 3-T 
 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 2-
C 
 
4- no:  2-T, 2-C 
1- missing: 1-T 
 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
3- no:  2-T, 2-C 
2- missing: 1-T 
 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

How would you rate the overall seriousness of this injury? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
 
17-minor: 10-T, 7-C 
14-moderate: 11-T, 
3-C 
1-serious: 1-C 
 
        
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
1-minor: 1-T 
3-moderate: 1-T, 2-
C 
2-missing: 1-T, 1-C 
 

Total  n=189  
Injuries n=12:  9-T, 
3-C 
 
4-minor: 2-T, 2-C 
2-moderate: 2-T 
3-serious:  2-T, 1-C 
1-severe: 1-T 
1-life threatening: 1-
T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 
2-C 
 
1-minor:1-T 
3-moderate:  2-T, 1-
C 
1-missing: 1-C 
 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
1-minor: 1-T 
2-moderate: 1-T, 2-
C 
2-missing: 1-T 
 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Did the injury require professional medical attention? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Injuries n = 37:  21-
T, 16-C   
 
16-No:  13-T, 
3-C 
14-Yes: 6-T, 8-C 
       
 

Total  n=220 
 Injuries n= 6: 3-T, 
3-C 
 
2-No:  2-T 
2-Yes: 2-C 
2-missing: 1-T, 1-C 
 

Total  n=189  
Injuries n=12:  9-T, 
3-C 
 
4-No: 2-T, 2-C 
7-Yes: 6-T, 1-C 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Injuries n =5: 3-T, 
2-C 
 
2-No: 1-T, 1-C 
2-Yes:  2-T 
1-missing: 1-C 
 

Total  n= 40 
Injuries: n =5: 3-T, 
2-C 
 
2-No: 1-T, 1-C 
2-Yes: 2-T 
1-missing:1-C 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Type of illness reported  

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
3-itchy eyes:2-T, 1-
C 
5-watery eyes: 3-T, 
2-C 
2-scratchy throat: 1-
T, 1-C 
2-rash: 1-T, 1-C 
2-respiratory:  2-T 
2-dizziness: 2-T 
1-nausea: 1-C 
1-sunstroke: 1-C 
2-heat exhaustion:  
2-C 
       
 

Total  n=220 
Illness n= 3: 3-C 
 
1-itchy eyes: 1-C 
1-watery eyes: 1-C 
1-scratchy throat: 1-
C 
1-rash: 1-C 
1-respiratory: 1-C 
1-vomiting: 1-C 
 

Total  n=189  
Illness n=2:  2-T 
 
1-itchy eyes: 1-T 
1-watery eyes: 1-T 
2-scratchy throat: 2-
T 
1-rash: 1-T 
1-respiratory:  1-T 
1-dizziness: 1-T 
2-vomiting: 2-T 
2-nausea: 2-T 
1-heat exhaustion: 
1-T 
 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
3-itchy eyes: 2-T, 1-
C 
3-watery eyes: 2-T, 
1-C 
3-scratchy throat: 2-
T, 1-C 
3-rash: 2-T, 1-C 
2-respiratory:  1-T, 
1-C 
2-dizziness: 1-T, 1-
C 
1-vomiting: 1-T 
1-nausea: 1-T 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1-itchy eyes: 1-T 
1-watery eyes: 1-T 
1-rash: 1-T 
1-respiratory: 1-T 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Did you live on a farm or ranch when the illness occurred? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
1-No: 1-T 
6-Yes: 4-T, 2-C 
 
       
 

Total  n=220 
Illness n= 3: 3-C 
 
3-Yes: 3-C 

Total  n=189  
Illness n=2:  2-T 
 
2-No: 2-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
3-Yes: 2-T, 1-C 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1-Yes: 1-T 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

In which of the following areas did the illness occur? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
1-Driving a tractor: 
1-T 
3-Using machinery : 
2-T, 1-C 
1-Riding an ATV: 1-
T 
2-Horse handling: 2-
T 
1-Handling livestock 
: 1-T 
1-Being around 
agricultural   
   chemicals: 1-C 
1- Organic dusts: 1-
C 
1-Working with Hay: 
1-T 
    
 

Total  n=220 
Illness n= 3: 3-C 
 
1-Driving a tractor: 
1-C 
2-Missing : 2-C 

Total  n=189  
Illness n=2:  2-T 
 
2-Riding an ATV: 2-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
1-Handling 
livestock: 1-T 
1-Organic dusts: 1-T 
1- Hay fever: 1-C 
 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1-Garden 
machinery: 1-T 
1- Organic dusts: 1-
T 
 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

How long were your normal activities restricted as a result of this illness? 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
5-less than one day: 
3-T, 2-C 
3-one to six days: 3-
T 
 
    
 

Total  n=220 
Illness n= 3: 3-C 
 
1-less than one day: 
1-C 
1-one to six days: 1-C 
1-three months or 
more: 1-C 
 

Total  n=189  
Illness n=2:  2-T 
 
1-less than one 
day: 1-T 
1-fourteen days to 
less than a  
   month: 1-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
 
1-less than one day: 
1-T 
2-one to six days: 1-
T, 1-C 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1-missing 
 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

Did the illness result in a permanent disability? 
 
 

 

 
 
 

How would you rate the overall seriousness of this illness? 
 

 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
 8- no: 6-T, 2-C 
   
 

Total  n=220 
Illness n= 3: 3-C 
 
2- no: 2-C 
1-missing: 1-C 
 

Total  n=189  
Illness n=2:  2-T 
 
2- no: 2-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
3- no: 2-T, 1-C 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1- missing 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
 7-minor: 5-T, 2-C 
1-moderate: 1-T 
 
   
 

Total  n=220 
Illness n= 3: 3-C 
 
1-minor: 1-C 
1-moderate: 1-C 
1-serious: 1-C 
 

Total  n=189  
Illness n=2:  2-T 
 
1-minor: 1-T 
1-moderate: 1-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
2-minor: 2-T 
1-moderate: 1-C 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1-missing 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

 
Did this illness require professional medical attention? 

 

 
 
Parent / Student Interviews - Colorado 

 
All interviews were conducted approximately a year-and-a-half after the participants in the study 
group were taught the curriculum.  Of the 103 parents who agreed to be contacted for an 
interview, 51 were randomly selected using a random numbers table.  Of those 32 were parents 
of students in the study group and 19 were parents of students in the control group.  All 32 
parents of students in the study group agreed to be interviewed: of which 28 (89% response 
rate) were interviewed - 22 female parents and 6 male parents. Two parents and their children 
had moved and requested not to be part of the interview process.  One parent had listed a 
wrong phone number and was unable to be contacted.  Another parent was skeptical of the 
project and regardless of repeated efforts to explain the project, she chose not to participate.  
This parent had signed consent forms for her son to participate in the study and he was willingly 
interviewed (29 students in the study group were interviewed: 14 females and 15 males.)   
 

Colorado-Parent/Student Interview Qualitative Selections - Study Group 
 

Agricultural Health and Safety Curriculum Evaluation 
Colorado-Parent/Student Interview Qualitative Selections 

Study Group 
 
1. a. Since your son/daughter’s sophomore year of high school, has your son/daughter 

ever mentioned or talked about what he/she was learning in the agriculture classes 
about farm and ranch safety? 

 
No=12  Yes=14 

State Incident Report 1 
 (Baseline) 

Incident Report 2 
 (6 Months) 

Incident Report 3  
(12 Months) 

Incident 
Report  
(18 Months)  

Colorado Total  n= 227 
 Illness n = 8: 6-T, 2-
C   
 
2-No: 2-T 
2-Yes:  2-C 
2-missing: 4-T 
   
 

Total  n=220 
Illness n= 3: 3-C 
 
3-Yes: 3-C 
 
 

Total  n=189  
Illness n=2:  2-T 
 
2-Yes:  2-T 
 

Total  n=158  
No reported 
injuries or 
illnesses 
 

Wyoming  Total  n=45 
 Illness n =3: 2-T, 1-
C 
 
1-No: 1-T 
2-Yes : 1-T, 1-C 
 

Total  n= 40 
Illness: n =1: 1-T  
 
1-missing 

Total  n= 21  
No reported injuries 
or illnesses 
 

Total  n= 16  
No reported 
injuries or 
illnesses   
 



 

 
 b.  Yes → would you share what was said? 
 

Don‘t remember=4  Tractors=2  Livestock handling=1   Grain handling=1
 Welding=2  

Safety attire=1  PTO‘s=1 Machinery=1  Horses=1 
 

 ―Talking about how to drive the tractor safely, that kind of stuff.  I think that was a 
couple years ago [clarify].  It was during sophomore year.‖ 

  ―We‘ve had so many conversations, talking about animal science.  Both she and her 
brother are in it.  I don‘t know how to be specific about it; they talk about it a lot.  
(prompt) Talking about [teacher] and banding the sheep, he had asked her what 
―masculator‖ was; she does it all the time but didn‘t know that term. (speaking in 
background) Oh, docking bands. Bands on tails and testicles.‖ 

 ―Just, they make sure they wear safety goggles when working in the shop, common 
sense things.  Things they don‘t think about, to keep your clothing close when you‘re 
around PTO‘s, things like that.‖ 

 ―Yup, he‘s talked about the safer way to do things. I can‘t come up with one 
incident…well, a safer way to hook up or use machinery. He sees someone doing 
something and says ―that‘s not safe!‖ 

 ―Nutrition, feeding, grain handling.‖  

 ―Gosh, I don‘t think, I have a short memory.‖ 

 ―I don‘t know, since his sophomore year?  I think freshmen they go through the tools, I 
think that‘s freshman year.‖   

 ―Mostly when we‘re in the shop, he‘s say ―you‘re not supposed to do that.‖  (prompt) I 
can‘t remember exactly what.‘ 

 ―Oh yeah, what they had been doing.  I was always pushing, ―are you welding yet?‖ 
Probably, he talked; it was just never fast enough for me. I guess I rubbed off on him 
too.  It probably wasn‘t right, but it happens.  In retrospect I wouldn‘t have handled it 
like that.‖ 

 
 c.  Yes → Did your son/daughter ever talk to you about such things before the 

sophomore year?   
 

No=15     Yes=11         
 

 ―Um, yeah, he really did.  I can‘t remember back to what, though.‖ 

  ―Yes, he learned safety issues in junior high shop class‖ 

 ―Oh, yeah.  I would say, maybe not, well, yeah.  We talked about Ag class freshmen 
year.  Her brother was a state FFA officer and they‘d get together and talk.  (prompt) 
About different things in class, [teacher], other kids.  Difficulties with other kids, they‘re 
pretty boisterous, about other kids and problem solving.‖ 

 ―Well, yeah.  We have talked about that before; we‘re that kind of people, farmy people.  
She kind of had a little before; she‘s been good about having those things on.  
Goodness that was a long time ago!  Basic stuff, to keep clothing away, she has long 
hair so to keep that tied back when she‘s working around equipment, wearing gloves 
when working fence or working cattle, wearing gloves around branding irons.‖ 

 ―Yeah, we had discussed farm safety issues.  It‘s been so long.  You know general 
farm safety about animals and machinery.  We talk about it appropriately at the season 
of the year, like auger safety at harvest time.‖ 

 ―Probably, yeah.  I think it‘s because he has an uncle who‘s an Ag teacher and he 
worked with him in the summer and he stressed safety things with him, and with his 



 

business.  He has a business besides teaching that‘s in welding and backhoes.  And 
he drives tractor with him.‖ 

 ―Um, just that I knew that he wants to be a rancher, work on a farm at some point.  I 
don‘t think he knew a lot about it until he started class. That was freshman year.‖ 

 
2. Have you noticed any differences in your discussions with your son/daughter about 

farm safety issues since sophomore year?  What are those differences?   
 

No=13  Yes=11       More knowledgeable=3   More attentive=5 
More responsible=3 More safety conscious=8 More helpful=2 

 

 ―Yes, more responsible and pays more attention to detail.  Also, more knowledgeable.‖ 

 ―No I haven‘t, but if he talks about farming it would be more with his dad than with 
me…‖ 

 ―Not really because she‘s always been pretty conscious about things.‖ 

 ―Oh, yeah. A lot more aware than she was.  She is more aware without thinking about 
it.  She just goes out and puts the stuff on.‖ 

 ―Yes. Um…he is more concerned about…he is taking into account safety issue; in 
general, more safety conscious. ― 

 ―Yes. She is more aware of safety issues because one instructor was hurt by a tractor. 
The tractor ran over his foot. ― 

 ―No, don‘t think so.  He just pretty much watches me, if he does something wrong I 
jump his butt.  Sometimes he‘s accident prone, but nothing to get hurt.‖ 

 ―Not really.  I‘ve been at it so long; I don‘t notice a lot of change.‖ 

 ―Yeah, they pick up things.  He helps with his brothers and in our shop.  He picks up 
things others do that aren‘t right.  (prompt)  Well, running a cut-off saw and welding, 
hooking up to implements, things like that.‖ 

 ―Well, his dad probably has.  They work together on equipment, he‘s out there and I‘m 
not.‖ 

 ―Well, just more, I think she‘s more attentive to it (safety).  (prompt) When we were out 
welding something she said ―You have to get that supported better before you work on 
it.‖  It seemed like a good thought process.‖ 

 ―He‘s a very aware person.  Yes, we‘ve talked about it quite a bit.  He pays close 
attention to safety issues.  We‘ve instilled that in their heads, it only takes a minute for 
someone to get hurt.‖ 

 ―Oh yeah, he was real excited about it then.  I think he‘s disappointed about how it 
turned out. I don‘t know if it‘s fair or unfair, but I was big in Ag and my dad was a state 
farmer and I was a state farmer and her older brother was a state farmer.  We have 
this thing going; I have a deep passion about these things.  A lot of his disappointment 
fed off mine because I don‘t feel like (teacher) teaches in the real world.  He does 
what‘s easy rather than what takes effort.  A lot of us have volunteered to say let‘s go 
to the feed lots, let‘s watch the vet perform c-sections, let‘s talk to the soils people in 
the ditch work or backhoe work or tractors, people in the shop, with the big engines.  
Lots of people said we tried to take over teaching the class.  You can go to high school 
and sit in a rotten English class for 4 years when you love it, but lots of kids take Ag 
because they love farming.  The whole thing is if you‘re going to sit in class and rot, 
you can just as well take English!  Field trips may keep the kid going.  They keep me 
going!  My personality is blunt.  He was like, well, thanks but no thanks.  I‘m the 
teacher.  He told me I ought to go to college and get a degree so I can teach the class.  
I didn‘t take that too well. I was trying to make it better.  The numbers of attrition!  
There were 15-18 kids at freshmen year; maybe 2-3 seniors are in the class when they 
get there.  They‘re losing these kids. My son  had 19 or 21 kids when they were 



 

freshmen, I think there‘s only 3 in there now.  As a result of how he‘s teaching.  I want 
to justify where my thoughts come from, whether it‘s ―tradition.‖  I‘ve sat on a national 
board, been in front of 2000 people, had to answer difficult questions.  A lot is not a big 
deal, until it happens to you.  Teacher has tended to… He‘s not… a good mix of him 
and I would probably be pretty appropriate.  He needs to be a little more exciting and 
less dull.  He says he can‘t get the kids to do anything but they lost track.  I used to run 
a custom harvesting crew and safety is a big issue.  I didn‘t want to ever call a mother 
and say your son died today, you just don‘t want to do that.  Or that the neighbor kid 
was helping brand cattle and you explain why he was in a pen of bulls and he got 
tromped.  Practical explanation, the big way to learn, a lot of of us have learned that 
way.  Do like I did, you pass it on.  (Son quit Ag at semester of sophomore year).  I‘m 
46, I was a big welder, won arc welding contests; I burned up to 35-40 lbs. of welding 
rod in a day.  I got toasted lungs and burned up eyes.  But I never worried about it.  I 
never even wore a mask. It was just never discussed.  I had a kid working 6 feet from 
me, and a piece of rusty slag he was working on hit my eye, behind the shield!  I went 
to the doctor and he dug it out of me.  Then the next day I was chipping a bead and I 
had on a shield with a #9 lends, which was probably not dark enough.  I flipped my 
shield up and the kid was sharpening with a high speed drill, and it got my eye. The Dr. 
said he wouldn‘t work on my eye again, that I was stupid not to protect it.  The third 
day, again, in my eye.  Dr. wouldn‘t do it; I had to go somewhere else.  But it happens.  
I‘m all but blind in my right eye.  We have pesticide concerns; it‘s huge in our culture.  I 
used to stir atrizine (sp) with my arm for crying out loud!  These kids have got to learn 
things, life threatening, life ending things.  I have this safety chain, a tow rope.  I saw a 
deal, cutting through a fence from us in western Kansas.  The farmer came down. I 
said take my tow rope.  We use it if the chain ever breaks, so the trailer doesn‘t 
become a missile.  He said ―I‘m just barely stuck down there.‖  I was watching him, all 
of a sudden there‘s screaming and running.  The … bar pit popped on the …pin on tow 
hook broke.  What was left went in through the back of the windshield, him and killed 
him.  Horrors stories are told, it makes an impression.  When you‘re young.  All things 
to learn in Ag class.  If you have one guy who kept his eye or stayed alive, he learned 
enough. 

 
Yeah, he has, he‘s still bullet proof.  He tends to listen more than he did.  He‘s getting 
wiser, could be some things he learned starting to come to pass.  He helps me more 
on the tractor.  The other day I put him on a bigger 4wheel drive and asked him if he 
was ok and he said, ―It‘s the same as the other one.‖  I said ok.  He was being 
bulletproof.  I leave and come back and he goes, ―It‘s a little harder than it looks.‖  I 
don‘t argue as much as I used to, so we talked about it, there was nothing that couldn‘t 
have been fixed, the sprinklers were out of the way, so I just let him do it.‖  

 
3. a  Have you noticed any changes since the sophomore year in the way your 

son/daughter approaches potentially hazardous situations and tasks on the 
farm/ranch?  

 
No=5   Yes=9    Unsure=3     More cautious=14 More responsible=2 More 
aware=4  More knowledgeable=3 

 

 ―Yeah, he‘s honestly making a habit; he doesn‘t want to get hurt.  He‘s seen accidents, 
he‘s made a difference.  He‘s pretty cautious, more so than he was.  I am only 
assuming something attributes to that.  He wrecked a 4wheeler, broke his shoulder 
blade, that slowed him down, but he‘s 16 and got plenty of spunk.  He doesn‘t charge 
off head first like he used to.‖ 



 

  ―Oh, yeah.  He knows what‘s dangerous and what isn‘t.  I think he‘s a better driver on 
the tractor.‖ 

  ―Yes, he is more cautious and responsible like with using a jack in jacking up a trailer, 
and using a block under a trailer.‖ 

 ―Um, well yeah-I think he‘s a little bit more careful but it might be due to maturity. 
Overall, he‘s more careful; takes things seriously and drives carefully.‖ 

 ―Yeah because she‘s driving now.  She‘s more cautious now than since she had her 
permit and ran over her sister‘s bike.  She drives the truck a lot, hauling hay and 
manure.  We have a little 2-acre plot. She‘s definitely changed.‖ 

 ―Yeah, I have.  With her vehicle.  She knows more about what‘s safe to do and what‘s 
not.  She‘s more aware.  Also with farm equipment (tractors, not big stuff, compressors, 
welders).  She knows more about how to use them.‖ 

 ―Um, I really don‘t know how to answer.  I think she‘s more cautious.  There are issues 
about not having kids ride on the tractor behind you. If there‘s something dangerous 
she comments. ― 

 ―I‘ll say yes.  Since sophomore year might be stretching it, but I‘ll say yes.  Being 
careful under equipment.‖ 

 ―He‘s slowed down a bit. Like, he doesn‘t drive the tractor as fast.‖ 

 ―She is very cautious, especially since the event with the instructor. No specific 
examples.‖ 

 ―No, we really don‘t discuss nothing about farm safety.‖ 

 ―She‘s certainly more aware of what‘s around her, to be potentially dangerous.  She‘s 
more aware of her task at hand.‖ 

 ―Oh yeah.  Well, he‘s, since he was a little boy he wasn‘t very observant.  We always 
had to keep an eye on him.  I think it‘s his age, learning about augers.  He‘s just a lot 
more careful.  It‘s a combination of knowledge he‘s getting about the hazards.  He‘s 
much more careful about safety practices.‖ 

 ―Yes, when working with a John Deere A about the importance of standing on ground 
and shorting the starter out, so it doesn‘t get away from you.  Things he‘s heard.  He‘s 
more cautious, I think.‖ 

 ―I think he‘s very much aware about what‘s going on.‖ 

 ―As she‘s gotten older it‘s harder to get any real work out of her! (laughs).  Yeah, she 
takes a little more time being prepared.‖ 

 
b. Yes → to what do you attribute these changes?  

 
Maturity=11  Curriculum=8   Injury=2 Family=4    Life Circumstance=5   
FFA=1 Awareness=7 Peers=1 

 

 ―The right answer would be probably what she‘s learning at the Ag shop.  Other than 
maturity and just being more cautious.  When they first jump in the car they‘re 
nonchalant, they are invincible.  Its age, probably, if this is what she‘s getting down at 
Ag.‖ 

 ―I would say being in Ag, working in the shop, the teacher. Right now we‘re not living 
on a farm.  She‘s more conscious when in the Ag shop; my folks have a farm so when 
she‘s there.  If she sees someone work without the stuff on, she‘s tell them.  She‘s 
strong-willed.‖ 

 ―Um… (Prompt) yeah maturity, past injuries of other family members, and curriculum. 
Not peers.‖  

 ―Curriculum and maturity, because without these two my daughter would not have 
changed in any way.‖  



 

 ―After a cow ran his butt over he started looking more closely.  (Prompt to when) 2 
years ago at calving time.‖ 

 ―Probably two things:  first, the education of it [formal], and of course what her dad 
teaches her (laughs), and second, to her maturity, getting older.‖ 

 ―Age, overall knowledge of different hazards.‖ 

 ―Being around the equipment more, getting a little older.  Except I still don‘t think they 
understand the danger about the weights of the big trucks.  Hazards.  It might not be as 
obvious.  It‘s what I‘ve noticed, when they‘re turning corners.‖ 

 ―Certainly not becoming a teen.  More awareness that accidents do happen.‖ 
 
4.   Did she/he talk about the way the agriculture class was being taught by computer?  

What did she/he say?  
 

No=21  Yes=5  
 

 ―Yes.  She‘s talked about computer classes, being online; they keep their record books 
on computer.‖ 

 ―No, my son has never mentioned anything about the CD or this curriculum at any 
time.‖ 

 ―No. He doesn‘t like computers.‖ 

 ―No. I haven‘t heard her say anything about the computer.‖ 

 ―He don‘t talk to me too much about his Ag class.‖ 

 ―Um, no, because he really doesn‘t come home and talk unless I ask questions.  
Mostly I‘m in the dark about what goes on at school.  Except for parent-teacher 
conferences or if I drop in the shop.  So he might have, that was a year ago.‖ 

 ―Yes.  Well, he enjoys computers and I think it‘s good for the kids (she asked about 
how to answer this, what we’re asking.  Prompt about how the kids respond to the CD-
ROM version of the curriculum).  It can be a good learning tool.‖ 

 ―Um, yeah.  She‘s mentioned the fact that she‘d been on the computer or doing 
something on the computer.  I‘m probably a little negligent in pushing on issues.  
Maybe I should ask more about what‘s going on.‖ 

 
5.  Since their sophomore year, has your son/daughter identified to you a situation or 

task on the farm/ranch that she/he previously thought of as not being particularly 
hazardous but now views as hazardous?   

 
No=15  Yes=4    Livestock=1      Machinery/Equipment=4 Chemicals=1 

 Tractor=2 Horses=1 
 

 ―Yeah, working cattle (laughs).  He said that‘s a good way to get the dog kicked out of 
you.  He has a good respect for cows and calves both, they can cause serious damage 
if you‘re not paying attention.  It doesn‘t matter what you‘re doing, if you‘re not paying 
attention you‘ll have problems   whether you‘re running a grinder, a welder, or a paint 
gun with a heater, lots of things can go wrong.  He‘d help me with the cattle, and it‘s 
funny to watch someone else get smoked, not as funny if it‘s you.‖ 

  ―Um, the only one I can think offhand was the pitchfork issue.  She made a comment 
to her sister not to leave the pitchfork lying like that, that she had to stick it back in the 
hay.  That‘s something I would be aware of!‖ 

 ―I don‘t really know.  She‘s not actually told a story.  Just someone without goggles on 
or kids on the back of the tractor.  Using equipment, the table saw, kids don‘t think 
about losing fingers.  Somebody had an accident, and she‘ll say if they‘d been using 
the push board it wouldn‘t have happened.‖ 



 

 ―He feels like we-family and all others-should be wearing mask and protective clothing 
while using chemicals…especially this way with me.‖ 

 ―No… (Prompt) not that I can remember.‖ 

 ―Hmm, boy, you‘re really working me over here! (Laughs).  I‘m trying to think.  Since 
sophomore year, I‘ve leased out the farm so it hasn‘t been machinery around like 
before.  That was something to do with it, we‘re not involved with machinery now, just 
livestock here on the farm.‖   

 ―I can‘t think of anything right now.  Maybe if his brothers didn‘t have safety or eye 
protection in running a saw.  He looks out for his little brothers.‖ 

 ―I think he understands the importance of the auger more.  Probably the education of it, 
not sure where from though.‖ 

 
6.  Has your son/daughter made any comments about the way things (work?) were 

being done on the farm/ranch in terms of safety?   
 

No=14  Yes=10 
 

 ―I can‘t, well, he‘s more aware of if something‘s left out that‘ll be a hazard, he‘s moved 
it.  Sometimes we forget to put things away and leave them out.‖ 

 ―Uh, He gave me a ration of crap a lot of times, ―Where‘s your eye shields, huh?‖  
Sometimes I take the spot feeder and aim, close my eyes and hit my mark.‖  

 ―I would have to say yes, my father‘s dad is quite an elderly gentleman and [son] knew 
some things his grandpa was doing weren‘t good and he would point them out. His 
eyesight isn‘t the best anymore.  (prompt for example)  On equipment, they‘re told to 
be aware because you never know when someone might bump a lever or something 
and things could start moving and bump into your face or whatever.  My son has been 
doing this a long time, he was riding tractors with his dad when he was 4, he was 
driving tractors when he was 10.‖ 

  ―He‘s more inquisitive, might not be about safety, but he is asking why we do things 
the way we do. I can‘t think of anything in particular.‖ 

 ―You‘re talking about a teenage girl who‘s more interested in boys than farming.  
[laughs] I don‘t think so.‖ 

 ―Um, not that I can remember.  Boys don‘t talk!‖ 

 ―Yes. She talks about how there are so many new ways of doing things now days. She 
says that today‘s methods are safer and easier, and more efficient.‖ 

 ―Oh, something.  Tractor might not be put in park when it‘s shut off, he notices that.‖ 

 ―We promote drug-free, and she‘s drug-free and for all I know alcohol-free.  She likes 
to eat, which is just fine!  She went on a harvest crew this summer so we didn‘t get a 
chance to talk as much because she wasn‘t here.  It was a man and wife who ran the 
crew and I guess they yelled a lot.  When she came back I was a saint!‖ 

 ―Oh yeah.  There‘s always comments made but in particular I can‘t think of any.  He‘s 
always making comments that Dad or Grandpa shouldn‘t do things a certain way.‖ 

 ―We don‘t really have a farm, exactly, property with a few features like a farm.  She‘s 
complained about the condition of our road.  I‘m not sure if it‘s because of the mud or 
safety.‖ 

 
7. a. To the best of your knowledge, did your son/daughter experience a farm/ranch 

related injury or illness their sophomore year before taking the curriculum at 
school?  What was the injury?  The illness?   

 
No=22  Yes=5  Bite=1  Bruise=1  Broken bone=1 
Dismembered limb=1  Loss consciousness=1 



 

 

 ―I don‘t know if getting bit by one of the dog‘s counts.  It was a sheep-herding dog who 
got into a fight with another dog and she jumped in to stop it.  Now she wouldn‘t do 
that.  With her knowledge now, it wouldn‘t be to reach in.‖ 

  ―Yes. He was kicked by a calf, twice. It just bruised the skin.‖ 

 ―Oh, chopping his toe off with the post-hole digger.  That was before high school.‖ 

 ―Um, because of an injury that was self-inflicted?  (explanation) Um, well he has, we 
had a couple situations where he passes out when we work cattle. He can‘t stand the 
sight of the blood.  We can prevent that, he can turn his head.‖ 

 ―Um, well, yeah.  She‘s fell off and got bucked off a few times.  We made them, after 
she crashed headfirst into the feed bunks, made them wear helmets.  (Prompt of 
when).  That was 9th grade.  When they‘re working on equestrian stuff they wear 
helmets.  When they‘re western riding we don‘t make them wear a helmet.‖ 

 
b. Yes → in which area of activity did the injury/illness occur?  

 
General farming=1 Animal handling=3 

 

 ―Happened while combing the calf.‖ 
 
c.  Yes → How would you rate the overall seriousness of the injury/illness? Did it 

require medical attention? 
 

Minor=3 Moderate=1 Serious=1 Medical attention=2 
 

 ―Serious.  Yes, Montrose Memorial.  You can‘t stitch a dog bite so she just got 
bandages and antibiotics and was sent home.  That was her freshman year.‖ 

 ―Minor.  He thought it was major.  (prompt of medical attention) No, I told him to put his 
boot on and get back to work.‖ 

 ―One time he fell against the panels and hit his head.  It could have been severe.  It 
was minor.  We‘re alerted to it now.‖ 

 ―[Incident of crashing into the feed bunks] was minor, did not need medical attention.  
(prompt of any times needing medical attention)  She had a, I don‘t think she broke her 
wrist; she had it in a half-cast.  I would say that was probably right around 10th grade.‖ 

 
8. a.  To the best of your knowledge, did your son/daughter experience a farm/ranch 

related injury or illness while or since taking the curriculum at school/sophomore 
year?  What was the injury?  The illness?   

 
No=20   Yes=5 Cut=3  Bruise=1     Burn=1 Broken bone=1 

 

 ―She sun burned her arms while welding at school.  It wasn‘t serious.  I think she thinks 
about it at least now.‖ 

  ―No.  In fact, she was instrumental in, they were working sheep and 4H lambs and she 
said they should cut down some branches that were potentially hazardous.‖ 

 ―[clarified number of hours] She cut herself one day but didn‘t quit, that was a long time 
ago, but this year.  She came home and didn‘t want to tell teacher, she did it at school.  
I can‘t remember exactly what it was, her finger just bled, on the side of the finger. She 
just put a band-aid on it.  She was pretty conscious about it because she knew 
Teacher was pretty picky about it. I went in the other day and another kid was writing 
sentences because he didn‘t put his goggles on.‖ 

 ―Kicked once or twice by a calf while petting or combing it. It bruised his skin.‖ 



 

 ―No, only injuries were school-related, basketball or volleyball.  No, that‘s not true.  She 
broke the end of her finger this summer on the harvest crew.  She closed the lid or 
something in the combine on it.  She lost her fingernail and it hasn‘t completely healed, 
it‘s not quite right.‖  

 ―He cut his hand, I don‘t know, he‘d probably be able to tell you more.‖ 

 ―No.  But we have had a major incident in our community that made our community 
aware.  A man jumped into a loaded wheat semi to get his nephew, the nephew came 
out (through the bottom of the truck) but the man suffocated.  I think the nephew was 
about 4.  That was a big impact on our community and being aware.‖ 

 
b. Yes → in which area of activity did the injury/illness occur?  

 
Machinery=2    Welding=1 Animal handling=1 Ag class=1 

 
c. Yes →How would you rate the overall seriousness of the injury/illness? Did it 

require medical attention? 
 

Minor=3   Severe=1 Medical attention=1 
 

 ―Severe.  It‘s a good thing I wasn‘t there; I would have been very concerned.  I knew a 
lady who cut the end of her finger off and the bone got infected, when you damage the 
end of the finger and hurt it and the bone, it‘s serious.  (pause, husband speaking in 
background) He thinks it‘s minor, he doesn‘t agree with me that it‘s serious.  She had 
an x-ray and broke it, then lost her fingernail.  No stitches, they just put a thing on it.  
She plays basketball and it split, she has dry skin and a hang nail, an ingrown nail, and 
the next thing the doctor said is to superglue it.‖ 

 
9.  Is there anything else that we should have talked about but didn’t or that you would 

like us to know? 
 

No=15  Yes= noted below 
 

 ―I guess I just know that dealing with dead people sucks.  I have a main thing, what I 
can tell somebody, if it makes a difference it makes a difference.  My mom had a head-
on accident my sophomore year 3 miles from home.  She had 409 stitches in her face 
and over the next two years was out of the hospital 62 days, not IN the hospital, OUT 
of the hospital.  She was pretty much devastated; we‘re still dealing with the hospital 
bills 30 years later.  It broke my dad mentally.  He died two years ago, he wasn‘t quite 
65, he never got over it.  Mom hasn‘t gotten over it; she still struggles along the way.  
It‘s knowing when to say when; knowing when to quit.  My brother and I always say we 
can go a little harder, a little longer.  I was hauling beets a while back and had a lady 
hit me and was killed.  It has a way of getting people to pay attention.  I was within a 
couple minutes of that guy getting killed in Kansas, I‘ve driven up on 5 fatals where I 
either watched it happen or was within ½ mile.  2 weeks ago a kid rolled in the 
driveway, ¾ mile from home, he fell asleep.  No seatbelt and went through the window.  
He just got out of Intensive Care this week and went to Craig.  He‘s out of the coma but 
he can‘t walk.  I think he must have had some severe spinal injury.  If you‘re around a 
lot of these things; a lot, not all, but most accidents are preventable.  I know it‘s dull, 
you don‘t want to hear about it, but until you run into somebody tailgating, but ready to 
be told.  I don‘t need to nag incessantly as would be my habit.  The Ag dept. here has a 
great opportunity to teach kids not just that it‘s dangerous in the grain bin, but going 
down the road and running into a tractor or the cultivation bar.  You might be the guy 



 

who watches the rollover.  It does matter if it can keep you …..  That shows 
tremendous leadership.  I can‘t think of a better difference you can make, if you can 
keep some kid from dying.  Take the kid on a trip to the morgue sometime!  Times 
change; I couldn‘t tell you enough, there are ways to make things interesting (tell him 
about CD-ROM).  Its second nature to these kids; whatever it takes.  For crying out 
loud, you‘re not going to get them all, but if you can save one eye or one foot or one 
head.  100% is just not realistic. (chatting) We‘d harvest 40,000 acres of wheat in a 
year!  We harvested more in our crew than the country of Bolivia uses in the entire 
nation in an entire year.  He talked about bargaining with the eye surgeon about 
farming skills, painting skills, saying the skills each possesses isn‘t better than the 
other.  He talked about perspective as the thing that can make a huge difference.  If 
there‘s anything I can do, I don‘t know if there is, but you let me know and I‘ll be happy 
to do it.‖ 

  ―I can‘t think of any, only thing is to stress that a lot of city kids go to farms and have 
no clue as to how fast accidents can happen.  I really beat it into my kids‘ heads to pay 
attention, and not just to them but to people around them.  I‘ve seen a lot of farm kids 
who do get horsing around and things do happen, they don‘t know how fast it happens.  
We don‘t have that many farming accidents around here, I‘m glad to be able to say 
that.  I can‘t stress enough, safety pays off.‖ 

  ―I really like the age program, I think it‘s a nice thing to have, they‘re running a lot of 
good things.‖ 

  ―I don‘t think so.  Since sophomore year she‘s become more aware of boys. Ag class 
is a place to meet boys!‖ 

 ―No, I guess not.  We‘re pretty close, with a small school, with the Ag department and 
stuff.  My husband is in National Resources Conservation Service and works with lots 
of kids and with teacher.  Nothing else I need to know.‖ 

 ―I don‘t think so.  You‘re talking to the kids too?  Good.  You will probably get good info, 
better information from them.‖ 

 ―Yes.  I feel that the entire agricultural curriculum in high school has been a waist of 
time. Like, my son has never mentioned the CD or curriculum at all. I am not sure that 
he did it. Brandon probably has learned more on the farm, hands on, rather than at 
school over the years. Without this life experience, he may have gotten hurt more by 
the calves than he was. ― 

 ―Yeah…I think that no one should be alone with large animals. Especially people who 
live alone, or single people. They should have someone assist them with things. It is so 
easy to get hurt. They are such big creatures. This should be something implemented 
on the CD.‖ 

 ―This is a great program!‖ 

 ―I guess not.  I‘d like a list of the injuries you find.‖ 

 ―Um, well I guess, helping to develop. (prompt sections) We did talk about some 
chemical stuff last year in school, they did as a class.  You know the tests you take to 
apply for chemical, they did as a class, and we talked about that.  It jogged my mind 
when you said that.  You have to do that to buy chemicals at the coop.  She brought 
the book home and I had to take the test because mine expired.  We did discuss that.  
(prompt) Just general chemical handling. She asked what we had here on the farm, 
we‘re no longer spraying corn, so we just have little stuff, some Roundup for spraying 
around the grain bins, stuff like that.‖ 

 ―I can‘t think of anything.  I think any time you offer a program like that it‘s excellent.  
There was one incident, my Ag teacher had lost half his foot because of not doing 
something with the Continental posthole digger. My boys used one this summer.  
Through my experience, having known someone, I told them to use precaution, never 
to use your foot to unstuck the lever.  We have a friend who suffocated in a load of 



 

grain; it sucked him down when he was going to get a child.  Those kinds of things.  
You never think it‘s going to happen to you or someone you know.  Anything‘s good, 
watching videos, making people aware.  He gets Progressive Farmer and he reads that 
and gets a lot out of it.  He enjoys his Ag classes.  There aren‘t a lot of job 
opportunities for kids that aren‘t on a farm or ranch.  Lots of kids take the jobs who 
have nothing to do with them; it‘s just that there aren‘t opportunities for kids like there 
are on the front range.‖ 

 ―I think a part of the hazardous type things is identifying plant cultures.  I think they did 
a wonderful job on that.  There are so many potentially dangerous plants, to animals 
and to people.  [Mr. X and class]‖ 

 
 

STUDENT INTERVIEWS: 
 

 
1.  What was your opinion about the curriculum?   
 

Informative=3      Useful=6    Good=10   Alright=2 Interesting=3 
Helpful=3   Educational=3      Entertaining=1     Basic information=6  
Beneficial for Ag beginners=7  Don‘t Remember=1  

 

 ―I don‘t know pretty basic stuff.  Farm safety stuff like that.‖ 

 ―It was ok.  I honestly don‘t remember that much.  (prompt with sections)  I have 
nothing against it or I‘d remember.‖ 

 ―I remember most quite well. It was rather educational. I actually found it entertaining. I 
liked asking questions to get more details. I thought it was great for those coming into 
Ag; it gave them info on what might happen. Some did join our Ag class from in town.‖ 

 In each of our different classes we had different slideshows and he had different 
sections in our notebook. It had a lot of good information and I sure learned a lot. 

 ―I think it‘s good for everyone to watch it and learn, even if they know how to deal with 
everything.  [It would be] good if they were doing something wrong, then they watched 
the curriculum and then they would learn.‖ 

 ―Pretty informative, and that‘s saying a lot because most of that is boring, especially 
since it‘s the first two hours in the morning.  I think it was pretty interesting.‖ 

 ―Uh, yeah it was pretty useful, it covered a broad range… it was pretty good. 

 ―I thought it was good for Ag purposes.  Cattle kicking, tractors, when they back up 
where to stand, how to handle grain…‖ 

 ―I thought it was a pretty good idea to see if we have enough information on safety or 
not in curriculums.‖ 

 ―It was more in depth last year. I don‘t remember a whole lot now. It did not apply to my 
life a whole lot because I don‘t do a whole lot of farm/ranch stuff, but the curriculum did 
interest me.‖ 

 ―It was ok; I don‘t really know what to say.  It was pretty useful.  There was some stuff I 
didn‘t know that was helpful.‖ 

 ―Um, pretty interesting, helpful.  I thought it was worthwhile.‖ 

 ―I thought it was pretty good.  I think a lot of the kids that haven‘t been around farms as 
much learned a lot.  They got the best.  It was pretty good.‖ 

 ―Um, let‘s just say I learned more about livestock safety and stuff like that, because I‘m 
more of a farm kid [who works] with equipment [as opposed to livestock].‖ 

 ―Really good. Learned a lot from it.‖ 



 

 ―I think it was very informative.  There was some stuff I already knew but it gave me a 
different aspect of it.  Like, I don‘t know some stuff, with me living on a farm that I didn‘t 
know that‘s really important.  It‘s been a year. (asked for specifics)  Grain bin crusting 
over that was a big one I never knew of.‖ 

 ―I thought it was pretty good.  I liked it and got a lot out of it.  A lot of safety stuff, things 
like what to do and what not to do.‖ 

 ―I thought it was very helpful for me.   Just in case, I‘d like to take it again, if I had the 
time [explanation that Mr. Saunders would still have the CD-ROM if he was interested]‖ 
 

2.  What aspects of the curriculum did you find helpful? 
 

Chemical=4 General Farm/Ranch Safety=3    Tractor Safety=5   PTO‘s=1  
Machinery=1 Grain handling=6  Nothing=2 Emergency procedures=1    Animal 
handling=7  Electrical=2 ATV=5      Not sure=3       Don‘t Remember=5   

 

 ―I like the ATV and tractor safety.  I‘ve gotten in a few accidents and it helped to 
prevent me from more in the future.‖ 

 ―It was all pretty much helpful for someone not raised on a farm.  It was basically a 
review for me because I was raised on a farm.‖  

 ―…I knew most of it (prompt). It was pretty much a review.‖ 

  ―I think, more animal and equine stuff was more helpful to me because I do more with 
animals than farming.  Stuff to do, stuff not to do.‖ 

  ―Not really too much of it, I live on a farm and you‘re taught all that stuff out here.‖ 

  ―It all helped. Probably animal handling, like, I think that helped but cause I handle 
animals I learned some things.‖ 

 ―For me the info from animal handling was helpful. I found it informational. We live on a 
ranch and work with animals pretty much every day. The way you handle them so they 
react to different movements, colors, whatever.‖ 

 ―The equine one definitely, I own my own horses and it helped me out a lot.  My dad 
just got a 4-wheeler; the ATV section put more info into me.  The animal section is 
always good to know.‖ 

 ―Tractors and ATVs because I‘m around that stuff all the time and it‘s helpful to know 
what not to do.‖ 

 ―Safety, mostly.  I have 2 little cousins; it was mostly safety, trying to keep them safe 
(prompt) I can‘t really remember anything in particular, just all of it.‖ 

 ―Um…mainly the part about the grain and the safety of the grain…and the electrical 
stuff. Safety around the power lines, outlets and stuff.‖ 

 ―Tractor and ATV Safety were pretty good and the Grain Handling subject. Safety was 
good too. This is because I don‘t like working around animals…so the other topics 
don‘t interest me.‖ 

 ―The safety parts; what to do and what not to do.‖ 

 ―Some of the ATV stuff and chemical and grain stuff.  I‘m more aware of what goes into 
the grain, like the fertilizers, some stuff they use to fumigate bins.‖ 

 ―Pretty much all of it, actually. Bits and pieces of everything.  (prompt for specifics)  
Animal and equine handling, ATV and grain handling were all helpful.‖ 

 ―Probably, I hardly remember (prompt with sections) the grain handling and electrical.  
It helped me more, like how grain can create crusts, electrical. Pieces here and there.‖ 

 ―Don‘t know it‘s been quite a while.  I guess, I don‘t know.  I pretty much knew most of 
it because I‘d been to several safety camps.  The animal info was new.‖ 

 ―Probably machinery and chemical stuff.  PTO shafts, I basically knew all that, tractor 
safety.‖ 



 

 ―On the grain bins and the bridged grain collapsing in.  Chemical safety with the proper 
clothing, like not to wear leather because it absorbs it.   Tractor safety, PTO‘s, like 
that.‖ 

 ―Pretty much all of it, it was pretty good.  (prompt)  Probably emergency procedures 
and chemical safety were helpful.‖ 

 
3.  What aspects of the curriculum did you find disappointing? 
 

Don‘t Remember=6 Not sure=2      None=15      More ATV stats=1      
Lawn Mower info=2 Animal handling=1 Common sense info=2 
Too easy=1 ATV=1 Tractor=1 Not enough information=1 

 

 ―I can‘t really remember it that well, I‘m not sure.  (prompt) ATV and tractor stuff was 
kind of easy, but it was the most important part, I think, and it could have had more 
information.  Like dirt bikes, you could include that because you can use dirt bikes to 
search for cattle if they get lost.‖ 

  ―I don‘t know; I don‘t know if it‘s disappointing, I just basically knew a lot of the stuff 
already.‖ 

  ―I really don‘t think there was anything disappointing.  I know he [Brett Saunders] 
made us take a lot of notes but I don‘t think that was part of the curriculum.‖ 

 ―Um, I don‘t think I remember anything disappointing.  I learned a lot from it.‖ 

 ―Um, I thought the lawn mower stuff wasn‘t very relevant.‖ 

 ―Probably that ATV.  I think there should be a little more emphasis on ATV (prompt).  
Probably to tell you the statistics, how many people have rollovers each year, get 
injured, stuff like that.‖ 

 ―I don‘t think any of it was really disappointing. I thought it was all pretty good.‖ 

 ―Maybe the animal stuff.  I thought they‘d be more on diseases, troubleshooting, like if 
you have a downed horse and you‘re not sure what to do with it.  Diseases that go with 
it, what to do, like colic and stuff.‖ 

 ―Um, lawnmower safety, that was pretty easy.‖ 

 ―Hmm, I guess on how some of the safety things were more common sense.‖ 
 

4.   What should be changed to make the curriculum better? 
 

Nothing=5 Not Sure=2     Don‘t Remember=4      More in depth=4   Personal 
stories=1 More difficult questions=1    Less common sense information=2    More 
interactive=1   More hands-on=2 Increase frequency of curriculum=2 
    More pictures/videos=3   Tractor=2  

ATV=1   Limit lawn care=1 More chemical info=1    Too easy=5 
 

 ―It‘d be nice to get some hands-on.  Some experience that he might have had or 
anyone else [Mr. X].  Personal stories.‖ 

  ―Well, some of the questions I already knew seemed silly, because I already knew it, 
and was like why are they asking me this stuff?  (prompt) Safety stuff, just animal 
handling stuff.  The kids who don‘t work with animals as much, it was probably good for 
them so I wouldn‘t change it.‖ 

  ―Right now, I am not really sure; we went through it last year. Make it more interactive, 
hands-on for some kids. With the technology on the computer, have diagrams of the 
animals to see more of the animals‘ responses and explain why.‖ 

 ―I think maybe they should do it [curriculum] at the beginning and towards the end of 
the school year or at least more than once.‖ 



 

 ―Um, I don‘t know a lot of us like pictures, rather than a bunch of words.  I know he has 
a couple videos on safety and I think those helped.  We had worksheets too.  You 
could add that kind of thing.‖ 

 ―I honestly couldn‘t tell you, it really helped me a lot.  I liked it a lot. (prompt) I think it 
covered it all pretty good.‖ 

 ―I don‘t really know, I don‘t remember that that well.‖ 

 ―I think they could go in depth more with it. I thought that the Tractor and ATV stuff was 
common sense and you could go a lot further with it.‖ 

 ―Going over it again to remind us, this would help instill the curriculum in us. If the 
safety parts were repeated over time it would help.‖ 

 ―Maybe not quite as long, shortened up a bit (prompt for example); probably lawn care, 
that was a little too long.‖ 

  ―Well, I guess using better, harder wording, to make the questions more difficult.  To 
have to think about it.  Like the moving parts on equipment, PTO shaft, loader hidden 
wires.  I‘d like to have seen that.  You always see that info on warning labels on 
equipment.‖ 

 ―Um, I think he printed them off the computer for us, we looked at the pages. There are 
not enough computers in the class.  It was good, not too much to improve.‖ 

 ―Um, probably more on the safety aspect of, like, grain handling and operating 
equipment, more into detail. (asked for specific) I can‘t really think of anything specific.‖ 

 ―I don‘t know, more detail maybe.  (prompt) The tractor section could have had more 
detail.‖ 

 ―It was all pretty much helpful for someone not raised on a farm.  It was basically a 
review for me because I was raised on a farm.‖ 

 
5.  What are some things you learned about farm/ranch safety from the curriculum?   
 

Nothing=2     Don‘t remember=9  Grain=4    Tractor safety=6   Chemical safety=4 
Equipment/Machinery=3 ATV=2      ROPS=2  Animal handling=5  
Awareness=1 Electrical=2  

 

 ―Safety, how tractors are really dangerous.  I used to think they weren‘t.  There are 
many precautions that need to be used in order to be done correctly.‖ 

  ―I couldn‘t even remember to tell you. That was last year.‖  

 ―Some of like, I didn‘t know tractors need to have a bar over the top.  I was like wow.  
Only thing that sticks out in my mind.‖ 

  ―Read all the warning signs on machinery. If you have any questions, make sure you 
ask someone who knows.‖ 

 ―Let‘s see, how to be cautious around animals, I kind of knew but it backed up what I 
know.  And equine.  Tractors and stuff.  Even though I never drove a tractor, I have 
basic knowledge when I am around them; I know how to be safe.‖ 

 ―Just always be aware of what‘s around you, be aware of people around you, and don‘t 
put yourself in dangerous situations.‖ 

 ―Don‘t know, pretty much basic stuff, like common sense.  If you hadn‘t grown up 
around it would be new, but I grew up around it, I pretty much knew it.‖ 

 ―That when someone is being shocked by a power line, you aren‘t supposed to help 
them get help. Um…if you‘re driving up a steep hill with a tractor go down it instead of 
up it or you will tip over.‖ 

 ―I learned how to handle cattle better, be more cautious in the tractor, around my 
surroundings.  Probably with ATV‘s, where to go at what speed.‖ 



 

 ―I learned…actually…hmmm…about the rollover protection systems for tractors and 
also how grain can make a bridge and you can fall through that.‖ 

 ―Quite a bit with the electrical and the grain handling and ATV safety.  (prompt for 
examples) Grain gets crusted, I learned about that.  Electrical, just like how often 
electric lights can cause accidents and stuff.‖ 

 ―I guess about how a cow‘s vision works.  I guess I forget how it works now, but at one 
point I knew.‖ 

 ―Basically what to do if there‘s a chemical spill, what kinds aren‘t good if skin comes in 
contact.  I‘m one of the only girls in class, so I learned just some general stuff that I 
don‘t usually pick up on the farm likes the guys do, like heavy machinery.‖ 

 ―Grain bin crusting over.  It‘s been so long, I can‘t really think of anything.‖ 

 ―On the grain bins and the bridged grain collapsing in.  Chemical safety with the proper 
clothing, like not to wear leather because it absorbs it.   Tractor safety, PTO‘s, like 
that.‖ 

 ―I knew most of it but it was a good refresher.  I guess I pretty much got it in my head.‖ 

 ―That was a while ago. I think more of the animal safety, horses (was that on there? 
Laughs) I hadn‘t been raised around animals much; that was newer information.‖ 

 
6.  Is there anything else you would like us to know about the curriculum? 
 

No=13   Yes=8   Common Sense=3 Liked it=2 Equal learning 
experience=1 Helpful for kids who are not on or around farms=4   Good=6
 Nice=1    

 

 ―No (prompt about how Mr. X taught the curriculum) I think he put it on projectors on 
the computer so the whole class saw it, but I‘m not positive.‖ 

  ―I just think it‘s actually really nice when kids don‘t live out in the country. It‘s a great 
learning experience for those that do remember because you learn new stuff.  It‘s an 
equal learning experience.‖ 

 ―Thanks for sharing it with us!‖ 

 ―(prompt on how taught) He went on the CD-ROM and asked us to fill out the papers.  
He talked about all the safeties.  [used a projector and went over the slides]‖ 

 ―Um…don‘t think so. I‘d say it was probably a pretty good successful curriculum.‖ 

 ―No.  (prompt on what she thought of the CD)  Yeah, pretty good.  Kind of nice.‖ 

 ―No.  I think that‘s pretty much it.‖ 

 ―Not really, I thought it was pretty good.  (prompt to ask how Mr. X taught the 
curriculum) On the computer, the projector, we learned it by pieces.‖ 

 ―No, it covers pretty much everything.  (prompt how teacher taught) In a fun, 
understanding way.  He showed the slides.  He thought it was pretty good for some 
kids, some of the kids in the class don‘t really be around farms; it helps them to get a 
job and stuff.‖ 

 ―I don‘t think so.  (Prompt how teacher taught).  He printed it out on paper for you that 
worked out pretty well.‖ 

 
 



 

Agricultural Health and Safety Curriculum Evaluation 
Colorado-Parent/Student Interview Qualitative Selections 

Control Goup 
 
1. a.  Since your son/daughter’s sophomore year of high school, has your son/daughter 

ever mentioned or talked about what he/she was learning in the agriculture 
classes about farm and ranch safety? 

 
No=4  Yes=11  

 
b. Yes → would you share what was said? 

 
Don‘t remember=3     Tractors=1    Livestock handling=3     Chemical handling=4         
General Farm Safety=3    Grain handling=1   Welding=1   Safety attire=2   
Safety equipment=1  

 

 ―…she‘s talked about how chemical reactions can be toxic.‖ 

 ―She‘s brought up some things that we‘ve talked about, namely barn safety.‖ 

 ―They watch a film or something on safety.‖ 

 ―I know they had fun welding and used glasses. He talked about being safe with 
glasses and goggles-safety with all equipment.‖ 

 ―Farm and ranch safety involved welding. Proper shop safety, use of tools, and using 
the right equipment for any project.‖ 

 ―This is the end of junior year. I have no idea about the first year, but this year in 
advanced Ag I think she is studying soils, and digestion. I can‘t remember though. 
She‘s talked about it some this year.‖ 

 ―He‘s complained about Ag safety because he has to wear safety glasses and doesn‘t 
like them, but Dean makes them wear them while they work. He doesn‘t have Ag, now, 
he has advanced Ag. He had auto mechanics last year.‖ 

 ―I can‘t recall off hand. I‘m sorry, I have a bad cold.‖ 

 ―Mostly horticulture, she‘s very excited about horticulture. She just went to state and 
placed gold. We live on a ranch-10 acres-plant gardens, raise goats and horses. She 
takes allergy shots and wears protective gear being around horses and tractors. She 
takes safety precautions, like wearing earplugs.‖ 

 ―Well, I know some things about pesticide…that‘s about all I recall.‖ 

 ―Well, he tells me about crop soil-they have been doing soils, fertilizing. What else-his 
horse project, he enjoyed it, he loves his horse.‖ 

 ―Not really, mostly she complained when they had the auction to raise money and she 
sold them [cattle]. As long as her grades are good, she could farm, but her grades 
weren‘t good, so she didn‘t farm too much.‖  

 
c. Yes → did your son/daughter ever talk to you about such things before the 

sophomore year?   
 

Yes=7    No=8  General Ag health & Safety=2   Ag Wood Shop=1    
Machine safety=1 Tractors=1 Livestock=1 

 

 ―Uh, probably not. I might have talked about something like that, but not then or with 
her.‖ 

 ―Well…yes, he talked about tractors and pesticides, but wasn‘t as vocal about welding.‖ 

 ―Uh yeah. Not that he had learned, but questioning stuff about safety.‖ 



 

 ―Yeah some because of my husband. I am an older mother of children. I tend to be 
more safety conscious.‖ 

 ―Um-I don‘t think so. Not much. He did projects around here at home. About initiating a 
topic-no we‘ve always taught safety practices. We did most of the talking. You will do 
this.‖ 

 ―…I am sure first year studied animal stuff, but it doesn‘t stand up in my mind. We do 
converse [about Ag] pretty much every day.‖ 

 ―He talked about safety projects in Ag wood shop. Better at school than at home.‖ 

 ―Uh yeah-I mean golly, I can‘t even remember what they did. That was over two years 
ago. I think they were doing some wood working as far as learning machine safety, 
tools that type of stuff.‖ 

 ―Yeah. She was really into horses before she got older. She was always really cautious 
around them, but up until last year had lots of interests…‖ 

 ―Not much. Safety, Ag-related, tractors, being safe around PTO‘s. We had him in 4H 
stuff about that.‖ 

 
2.  Have you noticed any differences in your discussions with your son/daughter about 

farm safety issues since sophomore year?  What are those differences?   
 

No=8  Yes=6      General Ag Health & Safety= 3    Tractor=1 Equipment=1    
General Ag (w/o safety) =1 

 

 ―I didn‘t know about farm safety. I am more aware of Ag. FAA is the best program I‘ve 
ever seen. I‘m jealous of overall awareness to Ag issues. I can‘t see dramatic 
differences in safety issues, she‘s has a lot more common sense in every Ag-related 
subject.‖ 

 ―No…probably not a major topic of discussion.‖ 

 ―Probably just with each year, since 9th grade, with age, she has expressed a little more 
caution.‖ 

 
3. a  Have you noticed any changes since the sophomore year in the way your 

son/daughter approaches potentially hazardous situations and tasks on the 
farm/ranch?  

 
No=1   Yes=12   Unsure=1  Don‘t remember=1 More cautious=5    More aware=1 

 

 ―Uh, that one‘s kind of hard to answer, we talked a lot about different things and I 
tell her to water different things. If it is from what she‘s learned or what I‘ve told her 
it‘s hard to say.‖ 

 ―Yes, I can tell he‘s getting more cautious. He likes speed; typical teenager.‖ 

 ―Overall, I‘d just have to say…he approaches farm safety in a safer manner…‖ 

 ―I would say she‘s more aware of what goes on around her.‖ 

 ―Yes, he is very cautious. He has a younger brother, 7. Before his brother would get 
on the tractor with him, and he doesn‘t allow him now.‖ 

 ―Yes, a lot more cautious pertains to goats and horses. She is a lot more cautious 
around them.‖ 

 ―Well, I guess as I meant before, she‘s much more aware of issues…‖ 

 ―Yes, well, he don‘t live on a farm per say, but when he goes to get hay, he‘s really 
cautious.‖ 



 

 ―I can‘t remember the last time she was around it‘s been quite a while. It‘s sad 
because some people have a gift with horses and she‘s one of them. She lives with 
a single dad and her mom doesn‘t pay any attention to her or her sister.‖ 

 ―Yes. Oh, just when working with the lawn tractor and hooking up the manure 
spreader, he puts it away after use, and exercises a lot of caution.‖ 

 ―He has about tractors.‖ 
 

b. Yes → to what do you attribute these changes?  
 

Not sure=1     Maturity=3   Curriculum=8   Family=2   FFA=1      Newspaper=1  
Common Sense=1 4H=1 

 
4.  Since their sophomore year, has your son/daughter identified to you a situation or 

task on the farm/ranch that she/he previously thought of as not being particularly 
hazardous but now views as hazardous?   

 
No=11  Yes=3      

 

 ―Probably don‘t know what that‘d be.‖ 

 ―No. We don‘t really live on a farm or ranch.‖ 

 ―No, not that she‘s uncovered to me.‖ 

 ―No, not to me. We don‘t‘ live on a farm.‖ 

 ―Well I‘m sure that she‘s aware of things but not that we‘ve discussed.‖ 

 ―Like I said, fences, which we had concealed. She moved goats that had access to that 
area which was not wired and some were getting zapped in unconcealed wired areas. 
The goats kept getting out and she fixed it. In about a week, she helped build a pen.‖ 

 ―He doesn‘t take things lightly. He got on our middle son for leaving chemicals out 
cause it can explode.‖ 

 
5.  Has your son/daughter made any comments about the way things (work?) were 

being done on the farm/ranch in terms of safety?   
 

No=6   Yes=10     Unsure=1  
   

 ―Yeah-seems like I was doing something one day that wasn‘t too safe and he told me 
so.‖ 

 ―He might have. He might have told my husband or the hired hands. We talk about 
safety, but I don‘t know anything in particular.‖ 

 ―Um, I don‘t know. I‘m sorry, I‘ll say no.‖ 

 ―Yeah, but not as safe as they make him be at school.‖ 

 ―Hell, we have a ditch and he didn‘t want me to mow it, and he didn‘t want to mow it 
because it was not safe. He wanted dad to do it.‖ 

 ―Um, yeah, whenever his brother is not being safe on the tractor, like going to fast and 
not wearing ear protection.‖ 

 ―Yeah, I‘m sure, but specific incidents, I don‘t know.‖ 

 ―Like I said, she hasn‘t been around it.‖ 

 ―Yeah, well like running a back hoe from the ground, instead of getting the seat, he 
doesn‘t do that anymore.‖ 

 



 

6. a.  To the best of your knowledge, did your son/daughter experience a farm/ranch 
related injury or illness their sophomore year before taking the curriculum at 
school?  What was the injury?  The illness?   

 
No=10 Yes=4  Illness=2 Injury=2 Allergies=2 Horse Handling=2  

 

 ―Not that I can remember, or think of. A friend whose son was killed by his grandfather 
in a tractor by the blade, so you get more cautious.‖ 

 ―Yes, in regard to allergies.‖ 

 ―Yes, he‘s deathly allergic to millet, or any organic dust. He‘s just like his dad…he has 
to wear a mask.‖ 

 
b. Yes → In which area of activity did the injury/illness occur?  

 
Organic dusts (e.g., hay) =2  Horse handling=2 

 

 ―Our son had bone spurts and he was growing too fast so we had to stop him from 
riding. When he stopped riding, he healed.‖ 

 
c. Yes →How would you rate the overall seriousness of the injury/illness? Did it 

require medical attention? 
 

Moderate=3 Severe=1     Medical attention=3 
 

 ―Scared the dickens out of us. Had to go to the emergency room, luckily he wasn‘t 
kicked in the head because it happened early in the am.‖ 

 ―Mostly moderate, but could be serious because she ends up with a migraine for about 
two days and has to take medications. She doesn‘t like to take medicine.‖ 

 ―Severe enough he couldn‘t ride.‖ 
 
7. a.  To the best of your knowledge, did your son/daughter experience a 

farm/ranch related injury or illness while or since taking the curriculum at 
school/sophomore year?  What was the injury?  The illness?   

 
No=12   Yes=4  Illness=2 Injury=2 Horse handling=2

 Organic dusts=2 
 

 ―He jumped off tractor, hit the hay furrow, and hit his head. He missed the step and 
kind of fell.‖ 

 ―Allergies‖ 

 ―Yeah, allergy stuff, but started taking shots and much better.‖ 

 ―Shoulder was thrown off in the horse accident.‖ 
 
b. Yes →In which area of activity did the injury/illness occur? 
 

Tractor=1  Organic dust=2 Horse handling=2 
 

c. Yes → How would you rate the overall seriousness of the injury/illness? Did it 
require medical attention? 

 
Minor=2 Moderate=1  Serious=1 Medical Attention=2 

 



 

 
8.  Is there anything else that we should have talked about but didn’t or that you would 

like us to know? 
 

No=8 Yes=10 
 

 ―…FFA is an awesome program.‖ 

 ―This definitely sounds like it could be put to use. I have forever lived on a farm and 
seen some dumb stuff. One guy got killed when a tractor flipped over on its back. I‘m 
pretty well exposed to it; as an equipment manager, company safety is a big thing. I 
think it‘s great that it‘s going on in Mr. X‘s class.‖ 

 ―I will say our school didn‘t offer farm safety to our kids until this year.‖ 

 ―I think it‘s really super, whatever your doing. FSR safety accidents are really tragic.‖ 

 ―I do think it‘s important to emphasize safety at school. They often don‘t get it anywhere 
else, especially their house because kids don‘t always participate; they like it, but need 
to know.‖ 

 ―I don‘t think so. Everything was pretty much covered.‖ 

 ―No. I‘m pretty sorry I didn‘t call you back.‖ 

 ―No, it was ok. I wish I could have been more help to you…‖ 

 ―Uh, I just think the program is the greatest. I think she‘s learned a lot about animal 
control, and being more environmentally conscious.‖ 

 ―I can‘t speak higher enough about the Ag program.‖ 
 

Agricultural Health and Safety Curriculum Evaluation 
Wyoming-Parent/Student Interview Qualitative Selections 

Study Group (No Control) 
 
1. a.  Since your son/daughter’s sophomore year of high school, has your son/daughter 

ever mentioned or talked about what he/she was learning in the agriculture 
classes about farm and ranch safety? 

 
No=7 Yes=5 

 
b. Yes → Would you share what was said? 

 
Tractors=1    Pesticides=1    Livestock handling=1    Chemical handling=1    ROPS=1 

 

 ―I know he didn‘t feel challenged enough. He wanted to be a welder and not now. I‘m 
not sure. My nephew…two nephews who were state FFA presidents and who were on 
assignments-they said they were disappointed in the Ag program [FFA]. The FFA 
program is not a good program out here.‖ 

 ―Tractors, pesticides, Welding 

 ―She‘s always talking about what she‘s learned in Ag‖ 
 

c. Yes → Did your son/daughter ever talk to you about such things before the 
sophomore year?   

 
Yes=3       No=2       

 

 ―Yes. He loved welding then.‖ 

 ―Well…yes, he talked about tractors and pesticides, but wasn‘t as vocal about welding.‖ 



 

 ―Yes, she‘s always been interested in it [Ag health & safety] more serious since 
sophomore year.‖ 

 
2.  Have you noticed any differences in your discussions with your son/daughter about 

farm safety issues since sophomore year?  What are those differences?   
 

No=6    Yes=5      More knowledgeable=3      More mature=1    More cautious=1 
 

 ―Just sold last of cows so not a topic of discussion anymore…yes, she is more 
knowledgeable [about general Ag health & safety information], and yes we have talked 
in greater length.‖ 

 ―Yes, he doesn‘t like running equipment; doesn‘t like sprinkler lines and a wave of other 
elements. He is mature and makes decisions.‖ 

 ―Yes, she knows how dangerous it is because she has relatives who have lost arms 
and legs. She knows about the harm of younger kids riding on the back of tractors and 
ATV‘s; the equipment must be turned off before you get out. She has asked us to take 
radios out of the tractors, because they distract workers.‖ 

 ―Yes. We talk a lot about showing because he‘s a showman. He shows market hogs, 
bails hay, does things like that. We have talked more in the past year as he is getting 
ready to go to college and more because of the Agricultural Issues Team.‖ 

 
3. a  Have you noticed any changes since the sophomore year in the way your 

son/daughter approaches potentially hazardous situations and tasks on the 
farm/ranch?  

 
No=4   Yes=6    Unsure= 1    More cautious=4   More knowledgeable=2     

 

 ―Yes, he dresses better when outside, and is more careful when dealing with livestock. 
I think it‘s cause he‘s done it so long.‖ 

 ―He‘s always cautious anyway. There is no growth in this area because he already 
knows the stuff.‖ 

 ―Yes, with wearing rubber gloves and working in the corrals.‖ 

 ―Yes, she‘s more cautious-a lot more careful and more aware of her surroundings.‖ 

 ―When working with some of the livestock, he fixed the fencing and the chutes so there 
wasn‘t much direct contact with animals.‖ 

 ―Yes-well, he knows a lot more about equipment now, so he can decide if something is 
safe or not.‖ 

 
b. Yes → To what do you attribute these changes?  

 
Maturity=5   Curriculum=3    Injury=1 Family=1     

 
4.   Did she/he talk about the way the agriculture class was being taught by computer?  

What did she/he say?  
 

No=10     Yes=1    Somewhat=1 
 

 ―I know she uses computers in Ag, but she has not said anything about them.‖ 

 ―Not really. She does a lot of hands on stuff.‖ 

 ―He likes the hands on.‖ 

 ―No. I wish I was more into computers because if I was on more, than they [children] 
would be.‖ 



 

5.  Since their sophomore year, has your son/daughter identified to you a situation or 
task on the farm/ranch that she/he previously thought of as not being particularly 
hazardous but now views as hazardous?   

 
No=8 Yes=3  

 

 ―Equipment operation; he talks about how we should have done this or that. He is more 
aware.‖ 

 ―She is a lot more cautious when it comes to grain and chemicals.‖ 
 
6.  Has your son/daughter made any comments about the way things (work?) were 

being done on the farm/ranch in terms of safety?   
 

No=7 Yes=2 
 

 ―I know he‘s cut our hay for the last couple of years and he‘s communicated about the 
bailer being a piece of junk and not safe. Now, other people do it.‖ 

 ―He‘s into safety more and wants goggles and head phones when running saws. He 
also wants the tractor off when he‘s not in it.‖ 

7. a.  To the best of your knowledge, did your son/daughter experience a farm/ranch 
related injury or illness their sophomore year before taking the curriculum at 
school?  What was the injury?  The illness?   

 
No=8   Yes=3   Hay welts=1    Horse accident=2 

 

 ―Oh, you know what? He was working around bails of hay with no shirt on and came 
home all covered with hay welts and it only took him once; he never did it again.‖ 

 ―Yes, an injury. She was handling livestock and got kicked by a horse.‖ 

 ―Yes, an injury, a horse accident. The horse flipped over backwards and landed on 
her.‖ 

 ―No. We moved from the ranch to the city during his sophomore year, so no injuries or 
illnesses.‖ 

 
b. Yes → In which area of activity did the injury/illness occur?  

 
Organic dusts (hay) =1  Horse handling=2 

 
c. Yes →How would you rate the overall seriousness of the injury/illness? Did it 

require medical attention? 
 

Minor=1 Serious=1 Severe=1     Medical attention=2 
 

 ―No medical attention. He just used lotion on the hay welts.‖ 

 ―Yes it required medical attention.‖ 

 ―It was life threatening; we had life flight here and everything. The horse was on top of 
her.‖ 



 

 
9. a. To the best of your knowledge, did your son/daughter experience a farm/ranch 

related injury or illness while or since taking the curriculum at school/sophomore 
year?  What was the injury?  The illness?   

 
No=11  Yes=0  

 
9.  Is there anything else that we should have talked about but didn’t or that you would 

like us to know? 
 

No=9 Yes=2 
 

 ―Well, she‘s probably not a real good person to be doing the survey on. She was 
having a lot of problems in that class and at that school; maybe not a good candidate 
for your survey.‖ 

 ―I think more emphasis on machinery safety would be good; it‘s really dangerous and 
the younger the better. Horses, livestock and machinery are dangerous.‖ 

 
STUDENT INTERVIEW: 

 
1.  What was your opinion about the curriculum?   
 

Don‘t Remember=2 Informative=1      Useful=3     Good=2   Alright=1  
Relocated to different school=1    Helpful=1    Didn‘t Finish=1      Diverse=1     
Easy to understand=1 

 

 ―It taught a lot. Some things I didn‘t know and some were common sense.‖ 

 ―Honestly, I don‘t remember…oh, I guess it was good and useful.‖ 

 ―It was alright. It‘s been a while since I had that Ag class.‖ 

 ―I don‘t remember much. I‘m going to a different school now.‖ 

 ―It is very helpful to know what kinds of accidents happen around the farm.‖ 

 ―I didn‘t finish it. I didn‘t know a whole lot of it. There was a bunch of farming stuff and I 
didn‘t know a lot about it.‖ 

 ―It was useful. The teacher gave us short notice.‖ 

 ―Um, I liked it. I thought it was good. It was diverse and easy to understand. The tests 
were good and it flowed real well.‖ 

 ―It was useful. At first it was ok, but then we got the first test a bunch of times. It was 
annoying after that.‖ 

 ―It was good. I learned a lot, like everything we needed to do to weld. I don‘t think I did 
Ag health. I can‘t remember.‖  

 
2.  What aspects of the curriculum did you find helpful? 
 

Not sure=1 Don‘t Remember=3    Chemical=2 Ranch Safety=1    Tractor Safety=1    
Machinery=1   Animal handling=1   Farm Safety=2   Statistics=1 Lawn Mower=1    

 

 ―I don‘t remember. I remember welding stuff, but not Ag.‖ 

 ―I liked a lot. The farm safety stuff; I liked a lot of the statistics; the lawn mower stuff. I 
would have never realized.‖ 

 



 

3.  What aspects of the curriculum did you find disappointing? 
 

Don‘t Remember=3 Not sure=2      None=4 ATV=1  Grain/tractor questions=1 
 

 ―Nothing really. I liked most of it.‖ 

 ―Probably the ATV thing. That and not enough questions on the grain and the tractors.‖ 

 ―I don‘t think I did the program, so none.‖ 
 
4.   What should be changed to make the curriculum better? 
 

Nothing =2 Not Sure=1    Don‘t Remember=1 More teaching=1   More learning=1 
Test given too late=1   Increase topic choices=1   Less common sense information=1   

 

 ―Make more choices because some kids didn‘t like some of the choices. I don‘t know 
much else. I liked it.‖ 

 ―Some of the common sense stuff could have had less focus.‖ 

 ―Maybe more time learning about the different accidents that happen.‖ 

 ―Um, I don‘t know, it was pretty good the way it was for all the questions and stuff.‖ 

 ―I thought it took a really long time for us to complete the program. Taking the test so 
much later, after the curriculum, could have been different.‖ 

 ―I don‘t know. A little bit more towards each area like as far as the teaching part. 
Making sure there was enough info for every topic.‖ 

 
5.  What are some things you learned about farm/ranch safety from the curriculum?   
 

Not sure=3    Don‘t remember=1  Grain=3 Tractor Safety=2    Chemical 
handling=1 Equipment/Machinery=1 ATV=1     Lawn Mower=1 ROPS=2
  

 ―Grain stuff, how long a person has until they suffocate in a grain bin.‖ 

 ―Different accidents that happen with tractors, like what to do with tractor rollovers and 
with grain, what to do if you get trapped. Also, with chemicals, what to do if it gets into 
your system.‖ 

 ―Yeah, about equipment or machinery and stuff. Like how to run it safely.‖ 

 ―I learned a lot of new stuff about ATV safety.‖ 

 ―Tractor, pretty much because I‘m not much of a tractor person. Also the grain safety 
stuff.‖ 

 
6.  Is there anything else you would like us to know about the curriculum? 
 

No=6   Yes=6    Common Sense=1 Liked it=1 Helpful=1     
 

 ―A lot was common sense.‖ 

 ―I thought it was very helpful.‖ 

 ―I don‘t think so. I liked it; I didn‘t have any problems with it.‖ 
 

Discussion 
 

Parents Comments 
 
Over half (60%) of the parents of students in the study group recalled that their children had 
―mentioned‖ the curriculum. (―We talked about it appropriately at the season of the year; like 



 

auger safety at harvest time.‖)  Almost half (44%) claimed to have noticed changes in the tone 
and seriousness of the discussions they had with their children around safety issues. (―I think 
she is more aware…of where she is, what she‘s doing – she notices what other people do that 
may not be the safest.‖)  Well over half (68%) saw changes in the way their children approached 
tasks. (―Tractor not in park when shut off‖ and ―He‘s slowed down a bit…like not driving the 
tractor as fast.‖)  Over a quarter (28%) of the parents recalled instances when their children 
identified hazards to their parents. (―He feels like we should be wearing masks and protective 
clothing while using chemicals…[he‘s] especially this way with me.‖) 
 
When asked to what they attributed the changes they reported in their children, no parent 
mentioned only one source.  Every parent listed a number of factors and typically saw them as 
interacting almost in a systemic fashion.  Many included the curriculum as a contributing factor.  
Other factors mentioned included: maturity or a growing development in multiple areas of life of 
what they called common sense; learning from the family‘s knowledge or experiences; parent‘s 
constantly talking about safety issues; being around equipment more; a heightened awareness 
that accidents do, in fact, happen and can happen to them; learning from past injuries, to 
themselves or others; an influential teacher; and, reading about accidents. 
 
Many parents saw some or all of these factors co-mingling and interacting to achieve what they 
saw as positive changes in their children. 
 

Student Participant Comments 
 

Student participant opinions about a curriculum they studied well over a year ago were generally 
positive.  Some (8%) reported that they couldn‘t remember the curriculum.  Others not only 
remembered the curriculum but were able to recall specific modules and points raised in the 
curriculum.  Over half (64%) reported that they either learned a lot, or found the curriculum very 
helpful and containing good information.  For 12% the curriculum was mainly review.  The 
modules they found most helpful included in descending order: grain handling; animals; tractor 
safety; chemicals; and ATVs. 
 
The most positive response came from a male student.  ―Pretty informative, and that‘s saying a 
lot because most of that is boring, especially since it‘s the first two hours in the morning. I think it 
was pretty interesting.‖  Another respondent provided this analysis. ―I thought it was very useful 
for me.  I‘d like to take it again, if I had the time.‖ 
 
These students recommended that future CDs provide more in-depth detail, include personal 
stories and hands-on demonstrations, combine videos and sound; and be generally more 
interactive.  These recommendations were communicated to the 4-H CD development team and 
incorporated in their design of the 4-H CD. 
 

Conclusions 
 
The project team successfully completed the aims of this project and evaluated a new health 
and safety CD that utilized theory driven educational methods.  The project used appropriate 
evaluation research procedures. The experiences and procedures developed for and in this 
effort were used to inform the development of a follow-on 4-H CD project and contributed to a 
successful proposal to perform an outcome assessment evaluation of the 4-H CD1 at a national 
level. 
 
The CD evaluated in this project is thought to be generally effective as a useful ―add on‖ to what 
students get in regular agricultural curricula.  Part of the CD‘s curriculum‘s attractiveness was its 



 

use of technology in delivering the content, and its modular flexibility that allows for integration 
into already existing curricula and smooth incorporation into established course outlines.  There 
was evidence of the curriculum‘s lingering impact fully 1.5 years after participants were exposed 
to it. 
 
Parents who were interviewed for this project took pains to stress that, in their opinion, no 
curriculum - no matter how well constructed and presented - can stand alone in influencing 
children about farm safety.  They saw education (curriculum plus teacher) as one component in 
an array of factors, such as developing maturity, family dynamics, and experience (vicarious 
and real), that interact and act synergistically in achieving in their children an awareness and a 
level of integration that coalesces into adequate knowledge, proper attitudes and positive 
behaviors towards achieving and maintaining deliberate health and safety best practices on the 
farm and ranch. 
 
A number of important ideas were validated during the implementation of this project and can 
serve as ―lessons learned‖ to assist researchers who are interested in developing educational 
interventions.  These ideas include: 
 

1)  a multidisciplinary project team is beneficial allowing for the melding of 
expertise to create a product. 

 
2)  the incorporation of educational and developmental theory into an 

educational product is important to both methods and material included. 
 
3)  educational materials can be successfully used in concert with other factors 

to increase health and safety knowledge in youth living and working in 
agricultural settings and in decreasing agriculture-related illnesses and 
injuries. 

 
4)  working within an existing system (in this case agricultural teachers in rural 

high schools and districts) facilitates development and testing. 
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This report format should NOT be used for data collection from study participants. 

Study Title: HICAHS - Agricultural Health and Safety Curriculum Evaluation  

Total Enrollment: 287 Protocol 
Number: 

      

Grant Number: U50 OH008085  

 
PART A. TOTAL ENROLLMENT REPORT:  Number of Subjects Enrolled to Date (Cumulative) 

by Ethnicity and Race 

Ethnic Category 

Sex/Gender 

Females Males 
Unknown or 

Not 
Reported 

Total 

Hispanic or Latino 3 4       7 ** 

Not Hispanic or Latino 98 122       217  

Unknown (individuals not reporting ethnicity) 29 34       63  

Ethnic Category: Total of All Subjects*  127 160       287 * 

Racial Categories  

American Indian/Alaska Native  1 5       6  

Asian  1 1       2  

Native Hawaiian or Other Pacific Islander                           

Black or African American        1       1  

White  93 115       208  

More Than One Race                          

Unknown or Not Reported 32 38       70  

Racial Categories:  Total of All Subjects* 127 160       287 * 

 PART B. HISPANIC ENROLLMENT REPORT:  Number of Hispanics or Latinos Enrolled to Date 
(Cumulative) 

Racial Categories Females Males 
Unknown or 

Not 
Reported 

Total 

American Indian or Alaska Native                           

Asian                           

Native Hawaiian or Other Pacific Islander                           

Black or African American                           

White                           

More Than One Race                          

Unknown or Not Reported 3 4       7  

Racial Categories:  Total of Hispanics or 
Latinos** 

3 4       7 
** 

 
*  These totals must agree. 
** These totals must agree. 
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A. Abstract 
 

Issue addressed and importance of problem: Youth living and working on a farm or ranch 
grow up in an occupational environment that is widely recognized as one of the most dangerous 
in the country.  Recent surveillance statistics indicate that there were over 22,000 injuries to 
youth under age 20 in this environment during 2001.  Thirty-one percent of these injured youth 
were under age 10; 46% were ages 10-15; the highest rate of injury (15.7 per 100 youth) was to 
those youth who were part of a farm household (NASS, 2004).  Healthy People 2010 (2000) 
identified the need for research based prevention efforts to reduce the burden of those injured 
on the job, which is the primary goal of this project.  Project aims were 1) to develop a five 
module interactive prevention education CD and 2) to evaluate the CD in 3 regional states and 
revise the final product according to the results.   
 
Project Description: This interdisciplinary project was successful in developing and evaluating 
a computer based interactive Agricultural Health and Safety CD.  The modules developed were 
selected based upon appropriateness to mountain-west agricultural production and included 
Chemical Safety, Large Animal Handling, ATV Safety, Grain Handling and Tractor Safety.  The 
CD was developed to be self-loading on a personal computer and opened with an interface that 
introduces the topics and provides assistance to lead the user through module by module.  
Each module includes 3-4 video clips, safety tips and an embedded quiz that provides 
immediate feedback on correct/incorrect answers.  Three ―voiced characters‖ provide guidance 
to further assist the children.  Once a child has completed all five modules he or she can print 
out a certificate of completion. The target group was identified as 4-H youth in grades 3-6 in 
Public Health Service Region VIII.  The project was divided into two phases; Phase I involved 
the selection of topics, development of content and formative evaluation of a prototype CD.  
Phase II included multiple revisions of the CD and process evaluation testing of the CD for 
knowledge change in regional states. The original project was funded for three years; a fourth 
year was added with supplemental funding.   
 
Approach: One of the keys to success was the use of a ―concept team‖ made up of the Director 
of 4-H at Colorado State University, regional Extension Agents, farm/ranch families (parents and 
children) from NE Colorado and the interdisciplinary project team (consisting of researchers 
knowledgeable in theories related to developmental psychology, education, human behavior, 
evaluation research, agricultural engineering, and computer technology).  This collaborative 
approach to module topic selection and development helped the project team select the most 
appropriate topics and to set up continuous opportunities for formative evaluation feedback as 
the CD developed. A second key to success was the appropriate use of evaluation research 
methods to help in the development and assessment of the effectiveness of the educational 
material developed.   
 
Key Findings:  The 4-H Agricultural Health and Safety CD did increase children‘s knowledge 
as measured by overall scores on the pre- and post-tests on the five health and safety topics.  
The average increase in knowledge across all topics was 15% from pre- to post-test, with 
control groups not illustrating a significant gain over the same time period (N=237). The process 
evaluation was undertaken in two regional states, North Dakota and Montana, as well as 
Colorado.  The process evaluation data also allowed the team to statistically analyze the quiz 
questions and make revisions based upon content validity, clarity of wording and relatively low 
correlations with corresponding subscales. 
 
Use of results: Based upon the success of this project, the team proposed and has been 
funded to undertake rigorous outcome assessment evaluation on the 1st 4-H CD on a national 
level, as well as to develop a second CD for the same target group to add additional topics 



 

relevant to diverse agricultural regions of the country. The team has the processes in place, the 
skills and the experience to address two of the prominent criticisms of educational efforts found 
in the literature; that these products do not undergo rigorous testing and evaluation prior to 
dissemination, and that they are not theory driven. 

 
B. Highlights/Significant Findings 

 
1.  The specific aims as set forth in the original proposal have been met.  An interactive 
health and safety CD containing five topic modules was developed and underwent 
formative and process evaluation in three states in PHS region VIII. 
 
2.  This computer based approach to prevention education with a target group of youth 
grades 3-6 does increase knowledge related to the topics addressed which included: 
Chemical Safety, Animal Handling, ATV Safety, Tractor Safety and Grain Handling.  
Overall scores for the youth tested increased 15% from pre to post test, with control 
groups not illustrating significant knowledge gains. 
 
3. The procedures utilized by the team during this project were key to the 
successful completion of the project.  These specific approaches included:  
 

a. Collaboration with 4-H, Cooperative Extension and farm/ranch families to 
select topics and methods of presentation.   
b. The appropriate use of formative evaluation procedures with over 150 children 
to assist with the development of the modules, the embedded quizzes and the 
presentation of the CD.   

 c. The use of process evaluation procedures to test the prototype CD with over 
200 children in two regional states.  This testing led to final revisions of the CD 
materials in preparation for testing on a national basis. This step included not 
only testing children pre/post with control groups but also telephone interviews 
with 4-H leaders to address ease of use, appropriateness of topics, 
appropriateness of ages in the target group and recommendations for revisions. 

 
C. Translation of Findings 

 
The successful development and preliminary (formative and process evaluation) testing of an 
interactive CD for 4-H youth grades 3-6 appears to produce  a viable optional method of delivery 
to increase children‘s knowledge related to key health and safety issues in agriculture.  The next 
step in testing this approach has been successfully proposed and funded.   

 
Over the next four years the project team will work with personnel from three other Agricultural 
Centers across the country (the Northeast Center, the Southeast Center, and the Southwest 
Center) to undertake outcome assessment measures related to both knowledge and behavior of 
the current 4-H CD.  Additionally, the team proposes to develop a second 4-H CD utilizing the 
collaborative, interdisciplinary approach used in this project. 

 
A number of guidelines related to the development and testing of educational materials have 
been confirmed in this project: 

 
1. Interactive CDs appear to be a viable option to increase children‘s knowledge 

regarding agricultural health and safety. 



 

2. The importance of collaboration with stakeholders cannot be overemphasized.  
Parents, children and Cooperative Extension personnel worked with the project team 
to select and formatively evaluate the topics included. 

3. The appropriate selection and use of evaluation research procedures in developing 
educational materials are keys to success.  Formative evaluation assisted with 
material selection (in terms of quiz development and the wording of safety 
messages).  Process evaluation procedures assisted the team in initial assessment 
of the prototype CD to test for both knowledge gain and appropriate procedures for 
use within 4-H. 

4. A final key to the development and ultimate dissemination of educational materials is 
partnership with an existing system of delivery, such as 4-H and Cooperative 
Extension, both of which were closely involved in this project. 

 
D.  Outcomes/Relevance/Impact 

 
1.  How did this project lead to improvements in occupational safety and health? 
 

This project illustrated that educational materials can be developed for children/youth 
living in an agricultural environment that do increase their knowledge about health 
and safety issues.  The use of appropriate educational methods is key to success 
with different target audiences, and this project utilized technology that all children in 
grades 3-6 are already exposed to and comfortable with, e.g. computer-based 
interactive information delivery.  The project reports intermediate outcomes based 
upon process evaluation procedures with over 200 children in three states in PHS 
region VIII. 

 
 
2. How can this project guide future investigations and research? 
 

This project allowed the researchers to experiment with and develop a protocol 
perhaps useful to future project teams seeking to develop and test educational 
materials to provide prevention education in agricultural health and safety. The 
project specifically addressed improved practices (in education), 
prevention/intervention techniques and use of technology. 
 
The following components were keys to success: 
 
1. An interdisciplinary project team – educators, social scientists (human behavior), 

engineering, and agricultural science. 
 

2. The inclusion of stakeholder groups as collaborators throughout the project 
development and testing.  (Farm/ranch families, 4-H leaders, Cooperative 
Extension.) 

 
3. The selection of appropriate educational methodology for the target group, based 

upon research literature. 
 

4. The appropriate selection and application of evaluation research methods 
throughout the project, based upon project stage. 
 

5. Collaboration with an existing system of material dissemination (in this case 4-H), 
Cooperative Extension and the Land Grant system. 



 

 
6. The understanding of additional steps required to lead to the currently funded 

proposal: the need for outcome evaluation procedures to be applied, and that 
additional topics would be required due to the diversity of agricultural production 
across the U.S. 
 

E. Scientific Report 
 
Background: Youth living and working on a farm or ranch grow up in an occupational 
environment that is widely recognized as one of the most dangerous in the country.  Recent 
surveillance statistics indicate that there were over 22,000 injuries to youth under age 20 in 
this environment during 2001.  Thirty-one percent of these injured youth were under age 10; 
46% were ages 10-15; the highest rate of injury (15.7 per 100 youth) was to those youth 
who were part of a farm household (NASS, 2004).  Healthy People 2010 (2000) identified 
the need for research based prevention efforts to reduce the burden of those injured on the 
job, the primary goal of this project.  Project aims were 1) to develop a five module 
interactive prevention education CD and 2) to evaluate the CD in 3 regional states and 
revise the final product according to the results.   
 
In addition to these two specific aims, another primary purposes of this project was to 
respond to the criticism of occupational health and safety education efforts found in the 
literature by addressing the need for theory, and by correctly applying appropriate evaluation 
research techniques to the development and testing of the materials.  Over the past 10-15 
years a number of educational efforts from both NIOSH supported programs and USDA 
efforts have targeted children and youth, but few have been rigorously evaluated. (Murphy, 
2003; Westaby & Murphy, 1992; Shutske, 1994.)  Murphy pointed out (2003) that in addition 
to the lack of acceptable program evaluation methodology, few educational efforts have 
been theory driven.  This project sought to develop a theoretically sound product which 
would also undergo formative and process evaluation during development; particularly 
utilizing ongoing feedback from end-users. 
  
Specific Aims: There were two specific aims proposed by this project: 1) Develop an 
interactive CD for delivery of agricultural health and safety information to youth in 4-H, 
grades 3-6th and  2) evaluate and revise the prototype CD using both formative and process 
evaluation methods. 
 
Procedures:  The project included two phases; Phase I included the development and 
formative evaluation and piloting of the five-module CD.  Phase II consisted of the process 
evaluation of the product using multiple measures and sample groups.   
 
Phase I objectives 

1. Select ―concept‖ team members in collaboration with CSU Cooperative Extension 4-
H Leader. 

2. Select five health and safety module topics based upon regional agriculture and 
injury statistics. 

3. Develop a five module interactive Health and Safety CD for children, utilizing 
continuous concept team feedback.  

4. Develop instruments for pilot groups. 
5. Pilot CD with four groups of children in 4-H (N= 30 ), Cooperative 
      Extension agents (N=4) and 4-H leaders (N=4). 
6.   Data entry and analysis. 
7    Revise CD based upon pilot feedback. 



 

8.   Report Year I. 
9. Develop evaluation instruments for Phase II. 
10. Draft instruction/resource manual for use in Phase II.  

 
Phase II objectives 

1. Select 10-12 4-H groups from Colorado and three regional states to use the CD and 
participate in process evaluation (target n=50). 

2. Select 10-12 4-H groups in Colorado and three regional states to serve as a 
comparison group (target n=50). 

3. Train Cooperative Extension agents associated with treatment groups regarding the 
use of the CD. 

4. Train Cooperative Extension agents associated with treatment and comparison 
groups regarding   the evaluation protocol and data collection. 

5. Pretest the treatment and control groups on health and safety knowledge modules. 
6. Pretest the treatment and control groups on health and safety attitudes. 
7. Implement the CD with treatment groups. 
8. Data entry and ongoing analysis. 
9. Post test the treatment and control groups once the modules are completed on 

knowledge and attitudes. 
10. Report Year II. 
11. Interview Cooperative Extension Agents, 4-H leaders and selected parents of 

children in the treatment group. 
12. Six month follow-up tests with the treatment groups assessing retention of 

knowledge and attitude changes, if any. 
13. Revise CD. 
14. Revise manual. 
15. Final Report Year III, with recommendations. 

 
Methodology:  An interdisciplinary team (consisting of researchers knowledgeable in 
theories related to developmental psychology, education and human behavior as well as 
evaluation research expertise and an agricultural engineer skilled in computer technology) 
worked closely with 4-H Extension service personnel.  In addition a ―concept team‖ 
representing potential users of the CD (e.g. farm/ranch families – parents and children, as 
well as regional extension agents) was utilized to review regional agricultural health and 
safety hazards and to select the topics considered most appropriate for intervention 
education efforts. 
 
Once the five topics were selected, the project team sought appropriate video material for 
short clips to be included, developed safety facts and information to be included and 
developed quiz questions for each module.  The project team‘s computer specialist then 
developed an initial interface, and the formative evaluation steps began.  Over 150 children 
in eastern Colorado provided feedback on the first version of the CD.  As revisions were 
made, new versions were created and formatively evaluated.  In addition, a student in the 
target group was video taped and recorded while interacting with the CD to address 
instruction issues, level of interest, and general reaction to the CD. 
 
Overall, approximately 10 versions of the CD were developed and piloted.  Once a version 
was available that illustrated a gain in knowledge by those children viewing it, several 
additions were made to enhance both the ease of use and attractiveness of the CD‘s 
interface.  Three characters, ―Duke, Dusty and Daisy‖, were created to help the children 
navigate both within and between modules.  Music was added to the introduction, and 
immediate feedback was provided to each embedded quiz question.  Finally, a ―Certificate 



 

of Completion‖ was added to indicate that a child had successfully accomplished each of the 
five modules and to create a record of their score. 
 
In phase II, the 4-H CD prototype was tested with over 200 children randomly assigned into 
treatment and control groups in North Dakota and Montana.  The Extension personnel who 
assisted the children were asked to participate in a telephone interview after their group had 
finished with the CD.  The interviews addressed questions related to appropriateness of the 
material, ease of use, and in addition requested their recommendations for revisions.  Based 
upon the results of this process evaluation step, revisions were again made to the content, 
to the interface and to the Leader Manual developed to accompany the 4-H CD. 
 
A supplemental year of funding that was received by the Center allowed the project team to 
test the revisions that were made in southern Colorado.  The primary reason for this 
additional step was to test some new quiz questions based upon statistical analysis of the 
results of the process evaluation.  We were not able to test with as many children as we 
would have liked, and thus plan to continue that testing while we implement a currently 
funded project. 

     
Results & Discussion: 
 
Both aims of the 4-H Interactive Agricultural Health and Safety CD were met.  Utilizing an 
interdisciplinary team and a concept team of stakeholders five topics were chosen to 
include: Chemical Safety, Tractor Safety, Large Animal Handling, ATV Safety and Grain 
Handling.  
 
Formative evaluation procedures were successfully utilized to revise the CD materials 
(including video clips, embedded quiz questions & product interface) multiple times and 
throughout the development of a Leader‘s Manual to accompany the CD.   
 
Process evaluation procedures were then applied to test for a change in knowledge in 237 
children in regional states.  The average increase in knowledge was 15% from pre to post 
test.  The control group did not score significantly differently than the scores of the pre tests 
in the treatment groups.  The process evaluation also assisted the project team in identifying 
nine quiz questions that needed to be reworked to increase their difficulty.  The interviews 
with the 4-H leaders in the process evaluation step also assisted the project team with 
identifying which educational methods could be appropriately utilized with the CD, how long 
it took for children to go through the CD, any technical problems dependent upon the 
operating system and perhaps most importantly the appropriateness of the materials for the 
targeted age group. 
 
Conclusions 
 
The project team from HICAHS at Colorado State University successfully completed the 
aims of this project and developed an interactive CD for 4-H youth utilizing theory driven 
educational methods and appropriate evaluation research procedures. Based upon the 
experiences and procedures developed for this effort, a proposal was submitted in 
November 2006 and funded in September 2007 to undertake outcome assessment 
evaluation of the 4-H CD1 at a national level, and to develop a second 4-H CD (2).   
 
A number of important concepts were validated during the implementation of this project and 
can serve as ―lessons learned‖ to assist future researchers who are interested in developing 
educational interventions.  These concepts include: 



 

 
1) A multidisciplinary project team is very beneficial in allowing for the melding of 
    expertise to create a product. 
 
2) Incorporating product stakeholders (―concept team‖) was invaluable, both in 

assisting with validating the overall educational approach and more specifically  with 
developing  the topics for the modules. 
 

3) The incorporation of educational and developmental theory into an educational 
    product is important to both the methods used and the material included. 
 
4) The appropriate application of both formative and process evaluation research 
    methods is key to successful development and revision stages. 
 
5) Educational materials can be successfully used to increase health and safety 
    knowledge in youth living and working in agricultural settings. 
 
6) Working within an existing system (in this case 4-H programs in land grant 
    institutions) facilitates development and testing, and ultimately provides a 
    venue for dissemination of materials developed.  

 
The authors are currently working on an article to provide this information to others 
interested in developing educational materials, particularly those targeting children 
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PART A. TOTAL ENROLLMENT REPORT:  Number of Subjects Enrolled to Date (Cumulative) 
by Ethnicity and Race 

Ethnic Category 

Sex/Gender 

Females Males 
Unknown or 
Not Reported Total 

Hispanic or Latino 2 3       5 ** 

Not Hispanic or Latino 119 113       232  

Unknown (individuals not reporting ethnicity)                          

Ethnic Category: Total of All Subjects*  121 116       237 * 

Racial Categories  

American Indian/Alaska Native                           

Asian                           

Native Hawaiian or Other Pacific Islander                           

Black or African American                           

White                           

More Than One Race                          

Unknown or Not Reported                          

Racial Categories:  Total of All Subjects* 121 116       237 * 

 PART B. HISPANIC ENROLLMENT REPORT:  Number of Hispanics or Latinos Enrolled to Date (Cumulative) 

Racial Categories Females Males 
Unknown or 
Not Reported Total 

American Indian or Alaska Native                           

Asian                           

Native Hawaiian or Other Pacific Islander                           

Black or African American                           

White                           

More Than One Race                          

Unknown or Not Reported                          

Racial Categories:  Total of Hispanics or Latinos**                         ** 

 
*  These totals must agree. 
** These totals must agree. 
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Abstract 
 
A major challenge to agricultural health and safety outreach in the high plains intermountain 
region is the diversity of operations and the long distances between communities.  Regionalized 
education utilizing state extension agents and other agricultural stakeholders addresses these 
issues by increasing communication and collaboration between HICAHS and established 
networks of extension safety specialists and other agricultural stakeholders in the six state 
region.  The agricultural extension model is one of the most successful in securing user‘s 
adoption of research results (Rogers, 1995).  This integrated system consisting of university 
researchers, county extension agents who work as change agents with rural populations, and 
extension specialists who link researchers to the county agents is instrumental in the innovation-
development process. 
 
Project Description 
 
This initiative was designed to provide an economical, yet effective way of providing agricultural 
health and safety education to agriculturalists throughout PHS Region VIII.  The size of Region 
VIII covers approximately 20% of the land area of the United States, thus regionalizing the 
educational component from a NIOSH Agricultural Center presents challenges in delivering 
health and safety education to agricultural communities within the region. This initiative has 
proven to be a model that could be followed by the other NIOSH Agricultural Health and Safety 
Centers that also experience challenges in reaching out to their stakeholders due to large 
distances in their regions.  
 
The model used already established networks and extension farm safety specialists in 
Colorado, Utah, Wyoming, Montana, North Dakota, and South Dakota. Such established 
networks provide immediate access to agricultural stakeholders without building a Center 
focused program at great expense. Agriculture is extremely varied in the arid west, ranging from 
truck farming, wheat farming, to large cattle ranches. Thus, the extension safety specialists in 
each state targeted health and safety problems unique or common to the region in which they 
provide their educational health and safety.  
The goal of this project was to determine the feasibility of utilizing the existing structure of 
cooperative extension services and other agricultural stakeholders to improve agricultural health 
and safety education throughout PHS Region VIII.  The specific objectives included: 
 

1. Provide financial support to enhance agriculture health and safety education in PHR VIII 
region. 

2. Deliver education programs that meet unique agriculture health and safety needs in PHR 
VIII.   

3. Facilitate effective communication between HICAHS personnel and state extension 
specialists in each state. 

4. Facilitate collaboration between HICAHS personnel and state Extension Specialists by 
providing opportunities to meet. 

5. Evaluate HICAHS devolved educational materials as used in regionalization projects.  
6. Evaluate Region VIII extension safety programs in relation to objectives set for each 

regional state as part of the contract. 
7. Disseminate HICAHS health and safety materials where appropriate in Region VIII.  
8. Provide access to agriculture health and safety expertise from HICAHS personnel to 

regional initiative and others as appropriate. 
 



 

Approach 
 
In each phase of the Regionalization Project, Farm Safety Extension Specialists and Agents in 
each State of Region VIII were provided funds (average of $4,000 per year) to collaboratively 
develop or augment intervention programs appropriate for the agricultural health and safety 
needs in their communities. Each regional expert developed a proposal(s) indicating the 
significance, objectives, target audience, and budget needs for the proposed project. The 
network of regional Cooperative Extension Specialists in each state provided a key route of 
dissemination of educational materials, such as articles and fact sheets developed from the 
community projects, as well as from HICAHS research projects. 
 
Highlights/Significant Findings 
 
The specific aims as set forth in the original proposal have been met.  Farm Safety Extension 
Specialists and Agents and other agricultural stakeholders in each State of Region VIII were 
provided funds to develop intervention programs appropriate for the agricultural health and 
safety needs in their communities. 
 
Farm Safety Extension Specialists in Region VIII are required to provide services to diverse 
clientele over a very large geographic region.  Budgetary constrains have increased the 
importance of leveraging scarce resources and this project has been very effective in this 
regard.  HICAHS personnel have built solid relationships with Region VIII Extension Specialists 
and collaboration with Region VIII Extension Specialists has increased. Additionally, through 
networking with Extension Specialists and Agents we have identified other agricultural 
stakeholders that have become partners in the goal of improving agricultural health and safety 
throughout PHS Region VIII.  As a result, accurate health and safety information dissemination 
has increased and HICAHS customer needs have been better identified.  Support provided by 
HICAHS has allowed the six Region VIII states greater opportunities for the promotion and 
education agricultural related health and safety and that would not have been available 
otherwise.  Table 1. below highlights the projects supported by HICAHS for each state. 
 
Overall, HICAHS has received very positive feedback from each State's Extension Safety 
Office. The funding enabled each state to develop new or augment existing educational 
materials and training modules to meet the needs in each Individual State or locale. 
 

STATE ORGANIZATION PROGRAM TARGET 
AUDIENCE 

YEAR 

Colorado  CSU Cooperative 
Extension 

Agricultural Safety Training 
Program Assessment  

Extension Agents  2003-2004 

Colorado Colorado Foundation 
for Agriculture 

Farm Safety Issue of Colorado 
Reader 

4th – 7th grade 
students in 
Colorado 

2004-2005 

Colorado  CSU Cooperative 
Extension – Morgan 
County 

Youth Safety Days 3rd – 5th grader 
students in Morgan 
County 

2004-2005 



 

 

Colorado  CSU Cooperative 
Extension – 
Cheyenne County 

Eastern Colorado Farm Safety 4 
Just Kids and Progressive 
Farmer Day Camp 

2nd – 5th grade 
students in several 
Eastern Colorado 
Counties 

2004-2005 

Colorado CSU Cooperative 
Extension – 
Cheyenne County 

Eastern Colorado Farm Safety 4 
Just Kids and Progressive 
Farmer Day Camp 

4th grade students 2005-2006 

Colorado CEPEP and 
WyoPEP 

Maintaining Personal Protective 
Equipment and Pesticide 
Application Equipment 

Pesticide workers, 
applicators, train the 
trainers 

2005-2006 

Montana Cooperative 
Extension Service 

Hearing Conservation Education Middle and high 
school students 

2003-2004 

Montana Montana State 
University Extension 

ATV Safety Training Northern Cheyenne 
Indian Reservation 

2004-2005 

Montana Montana State 
University Extension 

Youth Safety Day camps All school aged 
children in six 
Northeastern 
Montana counties 

2004-2005 

Montana  Montana State 
University Extension 

Grain Elevator Rescue Training  Rural emergency 
responders 

2004-2005 

Montana Montana State 
University Extension 

Grain Elevator Rescue Training Train the trainers 2005-2006 

North 
Dakota 

North Dakota State 
University Extension 
Service 

Agricultural First Aid Health 
Instruction Program  

High school 
students 

2003-2004 

North 
Dakota 

North Dakota State 
University Extension 
Service 

Farm safety Day Camp Grade school 
students 

2005-2006 

North 
Dakota 

North Dakota State 
University Extension 
Service 

Tractor Safety School High school 
students 

2005-2006 

South 
Dakota 

South Dakota State 
University 

Entering Manure Pits Safely Livestock producers 2003-2004 

South 
Dakota 

South Dakota State 
University 

Dust Emission from South 
Dakota Cattle Feedlots 
 

Cattle producers 
with feedlots and 
their neighbors 

2004-2005 

South 
Dakota 

Farm Safety 4 Just 
Kids 

Farm safety Day Camp Grade school 
students 

2004-2005 

Utah Utah State University Utah Rural Health & Safety – 
Tractor and ATV rollover 
demonstration development 

Middle and high 
school students 

2003-2004 

Utah Utah State University Utah Rural Health & Safety – 
Safe animal handling fact sheet 
development 

Agricultural 
producers in Utah 

2004-2005 



 

 

Utah Utah State University 
Cooperative 
Extension 

Dairy Safety Training in Spanish Hispanic dairy 
workers 

2005-2006 

Wyoming University of 
Wyoming 
Cooperative 
Extension 

Keeping Wyoming Safe and 
Secure – Bio / Agro Terrorism 
Conference 

Agricultural 
producers, agri-
business 

2003-2004 

Wyoming University of 
Wyoming 
Cooperative 
Extension 

Keeping Wyoming Safe and 
Secure – Bio / Agro Terrorism 
Conference and fact sheet 
development 

Farmers, Ranchers, 
Extension Agents 
 

2004-2005 

Wyoming University of 
Wyoming 
Cooperative 
Extension 

Published articles and created 
poster displays on ATV safety 
and pesticide safety 

Farmers, Ranchers, 
Extension Agents 

2005-2006 

Table 1.  Organizations and programs supported by HICAHS in the Regionalization Project. 
 
 
Translation of Findings 
 
The regional Cooperative Extension specialists and other agricultural stakeholders also 
provided a key route of dissemination of HICAHS educational materials such as articles and fact 
sheets. Our participatory approach with the Agricultural Extension Model allows for greater input 
on research needs from end-users, provides more effective dissemination methods, and affords 
greater attention to the regional needs of our agricultural partners that have direct access to 
end-users (farmers, ranchers, farm families, and migrant and seasonal farm workers).  This 
participatory approach has enhanced our current Regionalization project and will be carried 
forward in the proposed Education / Translation project. 
 
Outcomes/Relevance/Impact 
 
During the last three years, we determined that the use of the Agricultural Extension Model was 
a sound method for establishing regional collaboration, developing region-specific educational 
materials, and in providing HICAHS‘ researchers access to end-users such as farmers, 
ranchers and farm workers via Extension Agents (change agents).  However, in this process, 
we learned that Cooperative Extension projects funded under HICAHS were more successful 
when they were closely coordinated from regional bases such as the state universities rather 
than by individual Extension Agents.  We now rely on the Extension Specialists and Directors to 
help set regional priorities and work closely with the Agents as they conduct projects in their 
own locale.  We learned from these experiences that the translation and dissemination efforts of 
agricultural health and safety materials was limited to those involved with Extension Programs. 
In response, we actively expanded our partnership base in an effort to provide wider 
dissemination of existing and new agricultural related health and safety information.  Our newest 
partners include agricultural associations, health clinics serving seasonal and migrant farm 
workers, insurance companies, and other agricultural stakeholders such as Farm Safety for Just 
Kids.  Additionally, it became apparent that the Extension Agents had limited knowledge in the 
development of effective educational campaigns. As recommended by our external advisory 
board, we began to explore with our agricultural health and safety partners methods to foster 



 

more effective r2p efforts through social marketing principles.  We will continue to incorporate 
social marketing principles in the proposed translation and dissemination project. 
 
Over the last several years we have also learned that several channels of information 
dissemination are necessary to reach the agricultural change agents and end-users (agricultural 
associations, other researchers, equipment manufacturers, insurance companies, ranchers, 
migrant and seasonal workers, health care providers) concerned with health and safety. We 
have modified our approach within the Agricultural Extension Model.  Instead of the traditional 
technology transfer, or top down approach, we now emphasize a participatory approach.  Our 
participatory approach with the Agricultural Extension Model allows for greater input on research 
needs from end-users, provides more effective translation and targeted dissemination, and 
affords greater attention to the regional needs of our agricultural partners that have direct 
access to end-users (farmers, ranchers, farm families, and migrant and seasonal farm 
workers).  This participatory approach has enhanced our current Regionalization Initiative and 
will be carried forward in the proposed translation and dissemination project.  
 
Scientific Report 
 
As indicated by the Specific Aims, this Regionalization Project focused on the supporting the 
health and safety initiatives of existing agricultural partners developed by HICAHS personnel.  
Thus, few of the projects were scientific research studies.  The following section includes brief 
descriptions (organized by state) of the projects performed by the HICAHS partners and 
collaborators from 2003 - 2007. At the end of each project description is the amount of funding 
provided to the HICAHS partner for that specific project. 
 
Colorado 
 
2003-2004 
The Colorado State University Extension Agent performed a needs assessment of youth farmer 
safety programs is the first year and developed a manual that outlines the planning and 
development of youth Farm Safety Day Camps.  The manual contains information that will 
assist other regional Extension Agents in the planning process as well as resources that are 
available for Day Camps. $4,000 
 
2004-2005 
Colorado Foundation for Agriculture:  Farm Safety Issue of Colorado Reader.  This project 
produced an issue of the Colorado Reader devoted to farm safety. The publication discusses 
and illustrates potentially dangerous farm and ranch trouble spots, discusses equipment safety 
tips, safety around animals, and electrical safety. More than 45,000 Readers were published 
and distributed to upper elementary and middle school students throughout Colorado. $2,500 
 
Colorado State University Extension, Morgan County:  Youth Safety Days were organized to 
reach 1479 elementary students in Morgan County.  Eight days of youth safety programs were 
at Morgan County Schools.  Ten to fourteen different workshops of 20 minutes each were held 
at each site depending on the needs of the school.  Topics covered included animal safety, food 
safety, chemical safety, electricity safety, first responders (ambulance EMT‘s), grain safety, 
water safety, lawn and garden safety, power take-off (PTO) safety, grain entrapment, tractor 
safety, sun exposure, seatbelt use, and fire safety.  Photographs and articles about the program 
were included in the local newspapers.  The Morgan County Extension Agents shared the  
results of the program with advisory committees, local decision makers and through 
organizational reporting.  $1,500 



 

 
Colorado State University Extension, Cheyenne County:  Eastern Colorado Farm Safety 4 Just 
Kids and Progressive Farmer Day Camp.  With assistance from HICAHS, the10th annual 
Progressive Day Camp was held in April 2005 in Cheyenne Wells, County with approx. 200 
youth (2nd – 5th grade) and 80 adults in attendance. An additional Day Camp was held in 
Burlington, County with approximately 80 youth with local FFA members volunteering their time 
to help the younger members.  Topics presented at both the Day Camps included lawn 
equipment safety, wildlife safety, tractor safety, first aid, electrical safety, and ATV safety.  The 
goal of the Day Camps were to 1) reduce the incidence of agriculture-related injuries, illnesses 
and deaths by increasing the awareness of the potential dangers associated with specific farm 
and ranch practices; 2) increase public awareness and understanding of hazards to children 
and adolescents on the farm, 3) provide individuals, families and communities with appropriate 
skills and resources to make the farm a safe and healthy environment, and 4) to motivate and 
empower individuals, families and communities to make positive changes regarding farm safety 
and health issues. $500 
 
2005-2006 
Colorado State University Extension in cooperation with Eastern Colorado Farm Safety 4 Just 
Kids and Progressive Farmer Day Camp.  Two Progressive Agriculture Safety Day Camps were 
held in 2006.  The first camp was held in Burlington Colorado and consisted of 79 4th graders as 
participants.  There were 36 volunteers.  The second camp was the larger of the two and held in 
Cheyenne Wells, Colorado.  There were 160 youth in attendance and 78 volunteers.  $1,488 
 
The Colorado Environmental Pesticide Education Program (CEPEP) at Colorado State 
University and the Wyoming Pesticide Education Program (WyoPEP) at the University of 
Wyoming received a mini-grant from HICAHS to enhance their current pesticide safety training 
modules titled ―Maintaining Personal Protective Equipment and Pesticide Application 
Equipment.‖  These training modules were used in 100 train-the-trainer classes and 1,200 
applicator training classes.  The training program was also available to other pesticide education 
programs and disseminated through CD-ROMS.  $4,750 
 
Montana 
 
2003-2004 
Montana State University Extension Service:  The Montana State University Extension Safety 
Specialist used the HICAHS funding to develop a hearing conservation display that has been 
used in four different Montana counties and viewed by approximately 800 people at the 
Extension Multi-State Farm Safety Program. $4,000 
 
2004-2005 
Montana State University Extension, Northeastern Montana:  Youth Safety Day Camps were 
held in six northeast Montana communities for school age children and youth.  The day camps 
were held June 24 – through July 1, 2005 with the purpose of educating youth about a safe 
environment, safe use of equipment, and accident prevention.  All school age youth in the six 
northeastern Montana counties were targeted.  The project was planned and implemented by 
Montana Extension Service Agents with collaboration from local fire departments, EMT groups, 
county health nurses, the rural electric provider, law enforcement, implement dealers, and the 
Tobacco Coalition.  A total of 273 youth participated in the Youth Safety Day Camps held in 
Circle, Glasgow, Scobey, Plentywood, Culbertson, and Sidney.  Topics presented at the Day 
Camps included:  lawn equipment safety, wildlife safety, tractor safety, first aid, electrical safety, 
ATV safety, tobacco prevention, child safety / using 911, and West Nile Virus prevention. $1,333 



 

 
Montana State University Extension, Northern Cheyenne Tribe:  ATV safety training was 
provided for the Bureau of Indian Affairs Forestry Department at the Northern Cheyenne 
Reservation.  Approximately 30 employees of the Bureau of Indian Affairs Forestry Department, 
attended the one-day hands-on ATV safety training course.  The training course was presented 
by an outside expert on safe ATV handling practices.  $1,333 
 
Montana State University Extension, Fire Services Training School:  HICAHS provided partial 
support for the Grain Elevator Rescue program.  Thirty trainers, who were members of local 
emergency services in rural Montana, were trained to conduct additional Grain Elevator Rescue 
programs to others in their organizations.  This project has developed the capabilities of rural 
emergency responder to respond to and handle rescues involving grain bin accidents.  Train the 
trainer strategy was used to broaden the impact of the training.  $1,333 
 
2005-2006 
Montana State University Extension.  The Montana State University Fire Services Training 
School was offered partial support to help conduct a grain elevator rescue training class 
attended by 30 trainers.  The train-the-trainer strategy was used to broaden the impact of the 
class and reach a much wider audience.  Funding was used to purchase rescue equipment and 
to compensate the trainer.  $2,000 
 
North Dakota 
 
2003-2004 
North Dakota State Extension Service – Department of Agricultural and Biosystems 
Engineering:  In 2004, an Agricultural Safety Specialist used the HICAHS funds to develop an 
ongoing Tractor Safety School Program. In addition to tractor safety, other topics included 
agricultural first aid, respiratory hazards, chemical safety, zoonotic disease prevention, 
agriculture hazard identification, and hearing loss prevention.  Tractor schools were offered at 
six locations each year in late May and June.  Approximately 50 students attended the program.  
Approximately 10 to 20 percent of the student population is Native American. $4,000 
 
2005-2006 
North Dakota State University Extension held two Farm Safety Day Camps and one Tractor 
Safety School.  The first was in Adams County with 105 students and 33 adult volunteers in 
attendance. The second Camp was in McIntosh County where 43 children and 21 adult 
volunteers were in attendance.  Funding for these safety day camps was used to purchase 
various safety demonstration equipment, safety brochures, and tee shirts with safety logos.  
Eighty-three high school students attended the Tractor Safety School.  Funding was used to 
purchase safety demonstration equipment and text books. 
North Dakota State University Extension – Mountrail County Tractor Safety School $540 
North Dakota State University Extension – McIntosh County Farm Safety Camp $330 
North Dakota State University Extension Service – Adams and Hettinger County Farm Safety 
Day Camps $3,193 
 
South Dakota 
 
2003-2004 
South Dakota State University Extension conducted research and developed a presentation on 
titled ―Entering Manure Pits Safely.‖   The South Dakota State University Extension Agent 
developed educational materials for safer entry of manure pits.  They assembled a 



 

demonstration kit consisting of a self-contained breathing apparatus, detector tubes and a gas 
meter.  A PowerPoint presentation was constructed and addressed proper entry procedures.  
The demo kit and the presentation were used to train livestock producers.  The Power-Point 
presentation was published on the University Extension website. $4,000 
 
2004-2005 
South Dakota State University:  Researchers at South Dakota State University developed am 
educational program on dust emissions from South Dakota cattle feedlots.  This project was 
conducted in collaboration with HICAHS researchers that were also involved in similar projects 
investigating dust exposures among agriculture workers. $4,000 
 
2005-2006 
South Dakota Farm Safety 4-Just-Kids received support from HICAHS for Farm Safety Day 
Camps.  The organization used their funding to support a Farm Safety Day Camp held in 
Aberdeen, SD and to have a booth at the Brown County Fair.  Funding was used to purchase 
pamphlets, brochures and other materials distributed at the Safety Day Camp.  Just over 90 
children and 30 adults were present at the Safety Day Camp.  Approximately 2000 attendees 
stopped by the information booth at that Brown County Fair. 
 
Utah 
 
2003-2004 
Utah State University:  During this year the Utah State University Extension Agent performed an 
assessment of the Youth Farm Safety Operator Certification Curriculum.  The assessment was 
compared to the National Safe Tractor and Machinery Operation Program.  As a result, the 
Farm Safety Operator Certification Curriculum was revised and updated.  The revised 
curriculum was utilized in future training programs.  In addition, they developed two farm safety 
displays that were used at various farm shows throughout the year.  The displays were used 
four times that year and approximately 100 to 200 people attended each show.  $4,000 
 
2004-2005 
Utah State University conducted an injury/illness survey targeting animal handling mishaps that 
were associated with livestock producers in Utah. Information obtained from the survey was 
used to develop ―lessons learned‖ and ―best practice‖ fact sheets for publication on their 
website.  The project personnel also assessed (via survey) farm safety fact sheets currently 
available through Utah State University's Extension website.  Based on the results of the 
survey, they identified the areas with the greatest need and/or potential impact. Several fact 
sheets addressing Utah producer's safety needs were developed.  $4,000 
 
2005-2006 
Utah State University Cooperative Extension was awarded funding to conduct agricultural safety 
training to Hispanic dairy workers in Spanish.  During the project year they trained 82 Hispanic 
workers on 15 different dairy farms.  All instruction was given in Spanish with interactive 
presentations and hands on demonstrations.  Future plans included holding Spanish Farm 
Safety training seminars semi-annually. In addition, they conducted a one-day farm safety 
workshop with 24 adults in attendance and 12 youth.  $1,200 
 



 

Wyoming 
 
2003-2004 
University of Wyoming Extension Agents were partially supported by HICAHS to organize and 
host a Bio/Agro-Terrorism conference. Approximately 150 people were in attendance.  One of 
the presenters was from Colorado State University.  $4,000 
 
2004-2005 
Another University of Wyoming Extension conference on Bio/Agro-Terrorism was supported bu 
HICAHS this year.  The goals of the conference were to educate farmers and ranchers on the 
threats of agro terrorism.  This enabled farmers and ranchers to be better prepared for and 
aware of the potential threats.  The program also provided Extension Agents with information on 
steps that the Wyoming legislature is taking on disaster preparedness.  $2,737 
 
2005-2006 
University of Wyoming Extension Service: University of Wyoming Extension was provided 
limited funds to develop and publish information on ATV and pesticide safety.  Several articles 
were developed and printed in the quarterly magazine for small acreage owners called 
Backyards and Barnyards. The magazine has 2,451 subscriptions and approximately 2,500 
additional copies were distributed through other outreach methods.  They developed fact sheets 
on ATV safety and pesticide safety.  They were distributed through all 23 Wyoming County 
extension offices.  An additional 4,500 copies were distributed at the Sate Fair.  They also 
developed two safety poster displays for ATV and pesticide safety.  These posters were 
displayed at various functions around the state with an audience of approximately 3,000 
including youth.  A multi-page newspaper insert on ATV safety was developed and placed in 
various newspapers in Wyoming with 24,000 being distributed. $3,935 
 
Significance 
 
During the four years of the Regionalization Project, we determined that the use of the 
Agricultural Extension Model was a good method for establishing regional collaboration, 
developing region-specific educational materials, and in providing HICAHS‘ researchers access 
to end-users such as farmers, ranchers and farm workers.  We relied on the Extension 
Specialists and Directors to help set regional priorities and work closely with the Agents as they 
conducted projects in their specific region.  Over the last several years we have also learned 
that several avenues of information dissemination are necessary to reach the many agricultural 
stakeholders (agricultural associations, other researchers, equipment manufacturers, insurance 
companies, ranchers, migrant and seasonal workers, disabled farmers, health care providers) 
concerned with health and safety.  In response, we expanded our partnership base in an effort 
to provide wider dissemination of existing and new agricultural related health and safety 
information.  We established many new partnerships with agricultural associations, agricultural 
equipment and service companies, insurance carriers, dairy owners, community health clinics 
that treat migrant farm workers, and organizations such as Farm Safety 4 Just Kids.  Lastly, we 
have modified our approach within the Agricultural Extension Model.  Instead of the traditional 
technology transfer, or top down approach from the university researcher to the farmer, we now 
emphasize a participatory approach.  Our participatory approach with the Agricultural Extension 
Model allows for greater input on research needs from end-users, provides more effective 
dissemination methods, and affords greater attention to the regional needs of our agricultural 
partners that have direct access to end-users (farmers, ranchers, farm families, and migrant and 
seasonal farm workers).  This participatory approach has enhanced our current Regionalization 
Project and will be carried forward in future education and translation projects at HICAHS. Plans 



 

for the next four years are to improve upon the Regionalization Project by enhancing the 
translation, dissemination, and utilization of information generated from community initiated 
grant projects and HICAH research projects. 



 

 
  

FINAL PROGRESS REPORT – December 14, 2007 
 
 
 
 
Project Title:    Development of Novel Biomarkers for Pesticides in  

PHS Region VIII 
 
 
 
 

Project Period:   August 1, 2002-July 31, 2007 
 
 
 
 
Grant Number:  5 RO1 OH007841 
 
 
 
 
 
Principal Investigator:   John D. Tessari, PhD 

        Associate Professor 
Department of Environmental & Radiological Health Sciences 
135 Physiology Building 
John.Tessari@colostate.edu 

    970-491-5128 
 

Institution:   Colorado State University 
    Fort Collins CO 80523-1681 
 
 
 
Co-Investigator:  Brian Cranmer, MS 

Department of Environmental & Radiological Health Sciences 
137 Physiology Building 
Colorado State University 

    Fort Collins CO 80523-1681 
    970-491-5245 
    Brian.Cranmer@colostate.edu 
 
 
 
 

mailto:John.Tessari@colostate.edu
mailto:Brian.Cranmer@colostate.edu


Development of Novel Biomarkers for Pesticides in PHS Region VIII 
 
Table of Contents 
 

 
List of Terms and Abbreviations ............................................................................................................... 201 

Abstract ..................................................................................................................................................... 202 

Highlights/Significant Findings .................................................................................................................. 202 

Translation of Findings .............................................................................................................................. 203 

Outcomes/Relevance/Impact ................................................................................................................... 203 

Scientific Report ........................................................................................................................................ 204 

Publications ............................................................................................................................................... 213 

Inclusion of Gender/Minority ................................................................................................................... 214 

Inclusion of Children ................................................................................................................................. 214 

Materials Available for Other Investigators .............................................................................................. 214 

 

 
  



 

LIST OF TERMS AND ABBREVIATIONS 
 
 
Biomarker- biological markers which are observable properties of an organism 

 that indicate variation in cellular or biochemical structure or function that  
can be measured. 

 
 
Biomarker of Exposure-measure actual absorbed dose,internal dose and extent  
 of xenobiotic to the target site 
 
 
Adducts-a covalently bound xenobiotic to a macromolecule  
 
 
Hemoglobin-the red respiratory protein of erythrocytes 
 
 
Atrazine-a triazine herbicide 
 
 
Chlorpyrifos-an organophosphate pesticide 
 
 
Mascot-a powerful search engine that uses mass spectrometry data to identify 
 Proteins. 
 
 
PBPK-Physiologically Based Pharmacokinetic (PBPK) Modeling is a special type of 
pharmacokinetics where physiology and anatomy of the animal or human body, and the 
biochemistry of the chemical or chemicals of interest, are incorporated into a conceptual model 
for computer simulation. Unlike classical pharmacokinetics, PBPK modeling is a powerful tool 
for many types of extrapolation, including species-to-species 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ABSTRACT 
 
The scope of this research is to develop biomarkers of exposure for pesticides used in U.S. 
EPA Region VIII- a region that represents geographical specialization in the production of U.S. 
farm commodities and hence an area with unique pesticide-use and worker exposure profiles. 
The region encompasses over 20 % of the landmass of the continental United States, and is 
represented by the States of Colorado, Wyoming, Montana, Utah, North and South Dakota. 
Despite the fact that this is a regionally-focused program to develop novel biomarkers of 
exposure to be used for future risk assessment tools, strategies, and PBPK models, it is 
important to note that it will adaptable to any region of the U.S. 

This research addresses an important problem in agricultural health and safety and is very 

relevant to the mission of HICAHS, National Agricultural Health and Safety Initiative, and /or 

NORA objectives. This research investigates agricultural chemicals that could cause 

occupational disease and injury among agricultural workers and their families.  

 

This research project is intended to develop critically needed tools to identify and measure novel 

biomarkers of exposure to agricultural chemicals. It will address the following aims: 

 

Aim1:  We will develop analytical methods for biomarkers of exposure (using samples 

           from rodents) to determine specific bound protein adducts of Atrazine and 

           chlorpyrifos and their major metabolites to hemoglobin. 

 

Aim 2: We will develop analytical methods for biomarkers of exposure (using rodent and human  

 samples) to determine free residues of Atrazine, chlorpyrifos and their metabolites in      

 blood, brain, hair, saliva, and urine. 

 

Aim 3: We will identify and characterize biomarkers of exposure to Atrazine and chlorpyrifos by  

utilizing in-vivo techniques and laboratory studies in rodents. 

 

HIGHLIGHTS/SIGNIFICANT FINDINGS 
 

Analytical methods for biomarkers of exposure (using rodent hair and blood samples) to 
determine specific bound protein adducts for Atrazine and major metabolites. Previous data 
from our laboratory suggests that the commonly applied herbicide atrazine may covalently bond 
with hemoglobin in Sprague Dawley rats. Exposures of rats to Atrazine resulted in significantly 
greater globin adduct formation than exposure experiments with control rat whole blood, 
suggesting that metabolism of Atrazine is important for adduct formation. Mass spectrometry 
data indicates a  110 addition to the beta globin chain, which may correspond to a reaction with 
a dechlorinated and dealkylated Atrazine. Using globin isolated from SD rats exposed to 
Atrazine, we investigated the nature of the covalent binding of metabolized Atrazine to the beta 
chain of globin. These results show that Atrazine metabolism in Sprague Dawley rats yields a 
reactive intermediate capable of forming a covalent adduct with sulfhydryl functional groups 
found on cystiene residues. This adduct has a mass of 110 and is found on Cys 125 of the 
major beta subunit. The structure of this adduct is not know, but based on the mass the only 
reasonably anticipated structure is a dechlorinated diaminoatrazine. Although the exact 
metabolic pathway leading to adduct formation is not known, exposure of SD rats to Atrazine 



 

will form an adduct that is reproducibly detected and could provide and analytical model for 
detection of Atrazine adducts in other macromolecules with sulfhydral function groups. 

 
Analytical methods for biomarkers of exposure to determine free residues of Atrazine, 
chlorpyrifos and their major metabolites in blood, brain, hair, saliva and urine. We have 
developed analytical methods in blood, brain, and urine for Atrazine and its 3 major metabolites. 
These analytical methods allow for individual quantitative analysis of parent compound and 
chlorinated metabolites. 
 
We have modified/developed analytical methods for chlorpyrifos and 3,5,6 –trichloro-2-pyridinol 
(TCPy) in saliva, and urine. 

 
Identification and characterization of biomarkers of exposure to Atrazine and chlorpyrifos by 
utilizing in-vivo techniques and laboratory studies in rodents. 

 
TRANSLATION OF FINDINGS 

 
The new analytical methods and procedures for bound protein adducts of Atrazine and its major 
metabolites, the methods for free residues of atrazine, chlorpyrifos and metabolites in blood, 
brain, hair, saliva, and urine can be used by researchers and analytical laboratories for 
measuring chemical exposures of biologically effective doses, as well as early warning signals 
of adverse health effects. This laboratory data can be used to develop rapid exposure 
assessment paradigm for agricultural workers and their families. This would include rural homes 
where adults and children may be exposed to multiple agricultural chemicals through many 
diverse sources including contaminated clothing, air, and water.  
 
The development of biomarkers of exposure to agricultural chemicals, and their metabolites 
which may form adducts to proteins can be used to directly measure the internal dose of 
pesticides, metabolites or adduct concentrations and can be used as markers of biologically 
effective dose. 
 
This analytical data can provide critical data for future development of mechanistic PBPK 
models that will allow for the interpretation of biomarker levels, and will determine pesticide 
kinetics that link biomarker levels, concentrations to target organ dose and exposure. 
 
This research data can be used to answer the following questions: (1) What is the relationship 
of biomarker concentrations with the intensity and duration of exposure in the receptor 
population.(2) What time domains of exposure are confidently assessed by specific biomarkers 
of the parent chemical, metabolites, or adducts. We intend that the results of this research could 
be used for future risk assessment model-building frameworks following standard methods that 
rely on current U.S. EPA applications of mode of action for assigning the shape of the dose 
response curves and dosimetry( i.e. PBPK models) to support low-dose and interspecies 
extrapolation.  

 
OUTCOMES/RELEVANCE/IMPACT 

 
Our research includes several innovative and significant components. First it represents the only 
attempt, of which we are aware, to develop consistent approaches for assessing exposure, and 
developing the ground work for future risk association due to the use of biologically active 
chemical pesticides in U.S. Region VIII. The results of our initial research provided data to 
develop both mechanistic interspecies PBPK models, as well as data for PBPK model analysis 



 

that will enable understanding of the relationships between the pesticide parent chemical and 
the presence of metabolites in the chosen biomarker matrices, urine, hair, blood and saliva. 
These data, in turn will provide exposure dose estimates for a wide variety of possible exposure 
scenarios. Second, the biomarker analysis that we have provided can be empirically correlated 
to exposure levels and can lead to the development of mechanistic association between 
exposure levels and the achieved biomarker concentration/response. Optimally, biomarkers will 
be mechanistically connected to exposure intensity by a set of coherent, measurable steps, 
including chemical exposure to the individual, absorption into the blood stream, circulation to 
various organs (including biomarker matrices), interactions of the compound or metabolites with 
tissues, and final elimination from the body. All of the above steps could be integrated by PBPK 
models. PBPK models developed in the future for animals and humans will permit the 
estimation of tissue doses that are associated with adverse responses observed in laboratory 
studies, in human epidemiological studies, or in case reports. Because PBPK models 
mechanistically associate biomarker results with exposures, human tissue-dose can be 
accurately characterized for various exposure scenarios. Additionally, such PBPK models will 
permit tissue dose-scaling for children using a mechanistic approach rather than using 
conventional algometric dose scaling that treats children as if they are ―small adults‖ which 
physiologically, they are not. This research laid the groundwork for the development of these 
powerful risk assessment tools. 

 
SCIENTIFIC REPORT 

 
Bound Protein Adducts Using Exposure to Atrazine   
 
Hemoglobin Adduct Work 
 
In our initial experiments, we exposed SD rats to 0, 10, 30, 100, and 300 mg atrazine/kg/body 
weight for 3 days and drew blood at 0 h, 24 h, 72 h, 20 d, 1 m, and 2 m. Globin was purified 
from red blood cells and the alpha and beta subunits were separated with HPLC. HPLC analysis 
of globin samples from rats exposed to atrazine showed a peak (β1) that eluted earlier than the 
two β peaks (β2 and β3) seen in control animals (Figure 1).  
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Figure 1.  HPLC separation of precipitated Sprague Dawley rat globin with a Vydac C4 reversed 
phase column and detection at 203 nm. The α subunits eluted at 4.5 mins and β subunits eluted 
7-11 mins.  (A.) 72h post-exposure to 300 mg/kg and (B.) control 72 h. *Subsequent MALDI-
TOF-MS analysis of the 7.4 min. retention time in the control samples showed no peak in the 
16,000 Da range.  
 

A. B
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This β1 peak was not seen in controls and was not seen at 0h or 2m for exposed animals. The 
peak presented itself in a dose dependent increase that coincided with a dose dependent 
decrease in the β3 peak (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Relative percentage of each β subunit HPLC fraction at each dose range in Sprague 
Dawley rats 72h following exposure. (       7.4 min,       8.8 mins ,        10.4 mins)             
 
 
This relationship was also seen over the course of the experiment (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Relative percentage of each β subunit HPLC fraction at each time point in Sprague 
Dawley rats exposed to 300 mg/kg atrazine.   (      7.4 min,        8.8 mins,        10.4 mins). 
 
These data indicate the β1 peak is a modified version of the β3 peak where the modification 
caused a shift in chromatographic behavior that decreased the area of the β3 peak. Mass 
spectrometry analysis of the β1 fraction showed a peak of 15,993 Da consistent with mass 
addition modification of the 15,869 Da β3 subunit (Figure 4).  
 

 
 
Figure 4.  MALDI-TOF MS spectra of each β subunits HPLC fraction from Sprague Dawley rats 
72h post-exposure to 300 mg/kg. (A. 7.4 mins), (B.10.4 mins). 
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Tryptic digestion of the β1

 and β3 HPLC fractions from rats exposed to 300 mg/kg were analyzed 
by MS (Figure 5) followed by a protein database search with Mascot.   
 
 

 
Figure 5. MALDI-TOF MS spectra of tryptic digest of selected β subunits HPLC fractions from 
Sprague Dawley rats 72h post-exposure to 300 mg/kg.  (A. 7.4 min peak) and (B. 10.4 min 
peak) 
 
Both fractions were identified as Rattus norvegicus hemoglobin β chain major form, with protein 
sequence coverage of 83% and 91% for β1 and β3, respectively. The β1 digest was missing the 
peptide corresponding to amino acids 121-132 of this β chain. This peptide has a mass of 1340 
Da and contains Cys-125, which has been shown to form a covalent adduct with xenobiotic 
chemicals (Zimmerman et al. 2002, Zimmerman et al. 2004, Erve et al. 2000, Hughes et al. 
1981). Examination of the β1 digest spectrum in the region of 1400 Da to 1500 Da revealed a 
large peak at 1449.9 Da that was not present in the β3 digest spectrum (Figure 5) and is 
suggestive of the 1340 Da peptide with a 110 Da modification. This was consistent with our MS 
data for the whole globin that showed a peak 110 Da greater than the β subunits.  Analysis of 
the MS/MS spectrum of the 1449.9 Da peak (Figure 6) showed a fragmentation pattern which 
matched that of the known sequence for amino acids 121-132 with a 110 Da adduct on Cys-
125.  
 
 

A. 

B. 



 

 
 
Figure 6. MALDI-TOF-TOF MS/MS sequencing of the 1449.9 Da peak  in the 7.4 min peak 

tryptic digest of Sprague Dawley rats 72h post exposure to 300 mg/kg atrazine. The y-ions 
sequence is EFTPC*AQAAF with Cys-125* modified by a 110 Da triazine adduct. 
 
These results are very strong evidence that the β1 peak is a modified β3 peak with a 110 Da 
adduct from the atrazine exposures. The β1 digests from all time points and doses indicated that 
the 1449.9 Da adduct peak is readily detected with 30 mg/kg exposures at 72h and 10 days, 
and the highest adduct levels are seen in the 300 mg/kg dose group.  This peak was also seen 
in one rat with 10 mg/kg exposure at 48h- 10d, but this may be due to variability in the dosing 
regime or metabolic variability. The lowest dose that reliably produced the atrazine adduct in 
this experiment was 30 mg/kg.  
 
The principal atrazine metabolite DACT is thought to be responsible for the in vivo hemoglobin 
adduct seen in this study. The absence of atrazine adducts and adducts of desethylatrazine or 
desisopropylatrazine is likely due to rapid metabolism to DACT. McMullin et al. (2003) showed 
complete metabolism of atrazine to DACT within 48h of a single 90 mg/kg/body weight atrazine 
dose in SD rats. This adduct formation was confirmed with in vitro incubation of globin obtained  

EFTPC*AQAAF 



 

from controls and rats dosed with 90 ppm DACT. Tryptic digestion (Figure 7) of this globin 
indicated that Cys-125 is modified with a 110 Da mass addition following DACT incubation.  
 
 
 

 
 
Figure 7. MALDI-TOF MS spectra of tryptic digest of Sprague Dawley rat globin from in vitro 
exposures (A. DMSO control) and (B. 90 ppm DACT). 
 
The MS/MS fragmentation of the peak at 1449.6 Da (Figure 8) seen in the DACT exposed 
globin was identical to that of the 1449.9 Da peak of the modified β subunit seen in the in vivo 
atrazine exposures.   
 
 

 
 
 
Figure 8. MALDI-TOF-TOF MS/MS sequencing of the 1449.6 Da peak from tryptic digest of 
Sprague Dawley rat globin exposed in vitro to diaminochlorotriazine (DACT).  The y-ions 
sequence is EFTPC*AQAA with Cys-125* modified by a 110 Da triazine adduct. 
 

B. 

A. 

EFTPC*AQAA 



 

This result clearly indicates the Cys-125-triazine adduct that forms in vivo can also be formed in 
vitro with exposure to DACT. The proposed mechanism of the triazine adduct formation is via 
nucleophilic aromatic substitution.  Only the chlorinated metabolites would provide a carbon 
center with partial positive charge favoring this nucleophilic displacement.  Since a 
dechlorinated diaminotrazine has a mass of 110 Da, the modified Cys-125 is hypothesized to 
have the structure shown in Figure 9.  

 
 

Figure 9.  Proposed nucleophilic aromatic substitution reaction for adduct formation as the 
nucleophilic cysteine residue of hemoglobin attacks the chlorine of the diaminochlorotriazine.  
 
 Although the chemical structure of this adduct was not positively identified, this is the most 
realistic option for an adduct of this size from atrazine metabolism. This adduct research 
indicates exposure to atrazine results in chemical interactions with cellular macromolecules and 
provides an analytical model for detection of atrazine adducts in other macromolecules with 
sulfhydryl functional groups.  
 
Albumin Adduct   
 
Because humans lack Cys-125 in their hemoglobin, the adduct we discovered is not directly 
applicable to human biomonitoring, but it does provide evidence that atrazine adducts could be 
formed with other sulfhydryl containing proteins. Albumin is a protein which could be directly 
applicable to human biomonitoring. Like Cys-125 of rat hemoglobin, human albumin contains a 
sulfhydryl group (Cys-34) that is on the surface of the protein and solvent accessible. Human 
and rat albumin have high sequence homology and both contain this Cys-34 allowing results 
from in vivo rodent exposures to possibly be extrapolated to human for developing a human 
biomarker of atrazine exposure.        
 
We did a preliminary investigation of Cys-34 of albumin as a possible site of triazine adduction 
using SD rats exposed to 200 mg/kg/day of atrazine via oral gavage for 5 days. Rats were 
sacrificed on day 5 and blood collected via decapitation. Serum was separated from red blood 
cells with centrifugation and albumin precipitaed. The albumin precipitate was further purified 
with gel electrophoresis and the albumin band excised for enzymatic digestion.  Thermolysin 
was used to digest the albumin and digested peptides were analyzed with MALDI-TOF mass 
spectrometry. 
 
The thermolysin digest product that contains Cys-34 is a 1145.5 Da peptide with a sequence of 
LQKCPYEEH. During the digestion procedure, albumin is reduced with dithiothreitol (DTT) and 
the free thiols acylated with iodoacetamide (IAA). Assuming Cys-34 is a free thiol, acylation 
results in a peptide with a mass of 1203.5. The MALDI analysis of the albumin digest showed a 
peak at 1203.5 m/z in both the control rats and atrazine exposed rats (Figure 10a). MS/MS was 
used to sequence this 1203.5 m/z peptide using the y-series ions and the resulting sequence 
was LQKCPYEEH confirming this as the peptide containing Cys-34. MALDI spectra from the 
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atrazine exposed rats showed a peak at 1255.5 m/z that was not seen in control animals (Figure 
10b).  
 

 
Figure 10. MALDI-TOF MS spectra of thermolysin digest of albumin from Sprague Dawley rats 
exposure to (A.) 0 mg/kg atrazine and (B.) 200 mg/kg atrazine. 
 
From previous research with globin from atrazine exposed rats, an adduct resulting in a 110 Da 
mass increase is seen in Cys-125. We therefore selected this 1255.5 m/z peak as a possible 
adducted version of the 1145.5 Da peptide from a substitution reaction the atrazine metabolite 
DACT. MS/MS sequencing of this peak gave LQKCPYEEH when the mass of the cysteine 
residue was changed to 212 instead of 102 corresponding to the 110 Da adduct (Figure 11). 
This result confirms a 110 Da triazine adduct to Cys-34 of albumin from atrazine exposed rats.   
 
     

        
Figure 11. MALDI-TOF-TOF MS/MS sequencing of the 1255.6 Da peak thermolysin digest of 
albumin from Sprague Dawley rats exposure to 200 mg/kg atrazine. The y-ions sequence is 
LQKC*PYEEH with Cys-34* modified by a 110 Da triazine adduct 
 

A. 

B. 



 

To confirm that the 110 Da adduct resulted from a nucleophilic substitution reaction with DACT, 
purified rat albumin was obtained from Sigma Chemical and exposed in vitro to 90 ppm DACT 
or dimethylsulfoxide (DMSO) as a control. The reaction vessel was sealed under nitrogen for a 
5 day incubation period. Aliquots from each reaction were electrophoresed and the albumin 
band excised for thermolysin digest as done for the in vivo albumin (Figure 12).  
 
 

         
Figure 12. MALDI-TOF MS spectra of thermolysin digest of Sprague Dawley rat albumin from in 
vitro exposures (A. DMSO control) and (B. 90 ppm DACT). 
 
Both exposure conditions had peak at 1203.5 m/z in the MALDI spectra, which gave the 
expected sequence of LQKCPYEEH with MS-MS analysis. Spectra from albumin exposed to 90 
ppm DACT showed a peak at 1255.5 m/z as seen in the in vivo exposures to atrazine 
(Figure12b). MS-MS spectra of this peak was identical to the spectra from MS-MS (Figure 13) 
on the 1255.5 m/z peak in vivo confirming these two peptides are identical in containing a 110 
Da adduct on Cys-34.  
 
 

              
Figure 13. MALDI-TOF-TOF MS/MS sequencing of the 1255.6 Da peak from thermolysin digest 
of Sprague Dawley rat albumin exposed in vitro to diaminochlorotriazine (DACT).  The y-ions 
sequence is LQKC*PYEEH with Cys-34* modified by a 110 Da triazine adduct. 
 

B. 

A. 



 

The 1255.5 m/z was not seen in the DMSO exposed albumin. The results from the atrazine and 
DACT incubations confirmed the mechanism of adduct formation as a nucleophilic substitution 
reaction with the sulfur of Cys-34 and the chlorinechlorine of the triazine.  
 
Analytical Methods for biomarkers of Exposure to Determine Free  Residues of Atrazine, 
Chlorpyrifos and their major metabolites. 
 
Atrazine and metabolites: 
We have developed analytical methods in blood, brain, and urine for Atrazine and its 3 major 
metabolites. These analytical methods allows for individual quantitative analysis of parent 
compound and chlorinated metabolites. 
BLOOD: Using plasma isolated from whole blood we developed an analytical method for 
quantitation of parent Atrazine  and chlorinated metabolites desethylatrazine, 
desisopropylatrazine and diaminochloroatrazine. These compounds were extracted from the 
plasma using a lliquid/liquid extraction technique, and the resulting extracts were derivatized 
with tetrabutyl ammonium hydroxide and methyl iodide to produce methylated derivatives of 
Atrazine and its chlorinated metabolites. Derivatized  samples and standards were analyzed 
using Gas Chromatography/Mass Spectrometry with Selective Ion Monitoring (GC/MS/SIM). 
Recoveries of fortified plasma samples ranged from 84% to 97%, and the method was validated 
to 100 ng/ml (ppb). 
BRAIN: An analytical method for the determination of Atrazine, desethylatrazine, 
deisopropylatrazine, and diaminochlorotriazine from rodent brain samples by using polymeric 
mixed cation exchange solid-phase extraction followed by chemical derivatization and gas 
chromatography/mass spectrometry. Estimated method detection and quantitation limits were 
below 20 ng/g and 40 ng/g, respectively, for each compound. However, the method was 
validated at 200 ng/g fortification for each compound. Mean recoveries for all analytes were 
between 85 and 129%, respectively. 
URINE: Atrazine and its chlorinated metabolites are eliminated in the urine. 
Diaminochlorotriazine is the major chlorinated metabolite eliminated in the urine, 24 hours after 
a single dose of the parent compound. We have developed an analytical method using 1.0 ml of 
urine, a polymeric mixed mode cation exchange solid-phase extraction followed by chemical 
derivatization and gas chromatography/mass spectrometry. Estimated method detection limits 
range from 1.0 ng/g to 5.0 ng/g. Method quantitation limits were established at 10 ng/g. 
 
Chlorpyrifos and 3,5,6-trichloro-2-pyridinol (TCPy): 
Our  research developed/modified analytical methods for chlorpyrifos and its major metabolite 
TCPy in the following substrates: 
 
SALIVA: Using 0.5 ml of Saliva, samples were hydrolyzed with 1% phosphoric acid at 80 o C for 
60 minutes. Compounds 3,5,6-TCP and Chlorpyrifos were extracted using dichloromethane. 
The extracts were then blown to dryness with a 0.1% paraffin/acetone keeper. The residues 
were then derivatized with N, N-Bis(trimethylsily)trifluoroacetamide(BSTFA) and analyzed by 
electron capture detection and gas chromatography. Data collected indicated a detection limit of 
1-10 ng/g using 0.5 ml of saliva. 
URINE: An analytical method for TCPy has been modified from 
An analytical method obtained from DowAgro Sciences. This method is applicable for the 
quantitative determination of the major urinary metabolites of chlorpyrifos. The method 
measures total 3,5,6-TCP(both free and conjugated) in urine over a concentration range of 2-
1000 ng/ml. The stated limit of quantitation is 2 ng/ml. The urine alky phosphate method was not 
productive as there were no know sources for obtaining standards for o,o-
dimethylthiophosphate (DMTP) and the o,o-dimethyldithiuophosphate(DMDTP). 
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ABSTRACT 
 
More than 1,000,000 U.S. farm workers are at risk for occupational lung disease related to 
organic dust exposures.  It is clear that Gram-negative bacterial endotoxin plays an important 
role, however key aspects of exposures and genetic susceptibility remain unknown.  This 
project used a novel Recombinant Factor C (rFC) endotoxin assay in concert with mass 
spectrometry (GC/MS) chemical methods to explore the role of endotoxin exposure and genetic 
factors in lung disease among agricultural workers. This was the first study to characterize 
occupational exposure to dust and lung disease among cattle feedlot workers.  It was also 
addressed exposures and lung disease among grain handlers following changes in the industry 
over the past few decades. The primary goals of this project were to 1) characterize worker 
exposure to endotoxin-containing corn dust aerosols; 2) evaluate respiratory outcomes including 
symptoms, cross shift changes in pulmonary function, (PFT) and cellular/immune markers 
(cytokines); 3) survey genetic markers related to lung disease and endotoxin etiology (TLR4 
gene mutations, and polymorphisms of IL1-RN, and TNF-alpha); 4) explore whether endotoxin 
assay or GC/MS is best predictor of biomarkers; 5) explore whether cellular/immune responses 
and PFT differ among those with different genetic status (data still be analyzed).  

 
Altogether a total of 174 participants were recruited.  There were 76 grain handlers, 71 cattle 
feedlot workers, 18 dairy workers, and 9 farmers.  On average participants were 37 years of 
age, had been at their current job for 8.5 years and had worked in agriculture for 16 years.  
Grain elevator workers and farmers were older, with more experience.  28 % of the population 
was Hispanic or Latino.  25% were current smokers, although none of the farmers smoked.   
 
Work shift personal breathing zone samples were collected from 145 agricultural workers in 
Colorado and Nebraska using IOM inhalable samplers (29 samples were damaged, lost, or 
otherwise not able to be analyzed).  Geometric mean dust levels were highest among grain 
elevator operators (4.50 mg/m3) and lowest among farm workers (2.49 mg/m3), whereas 
geometric mean endotoxin exposure level was highest among feedlot workers (1,093 EU/m3 for 
rFC).  Analysis of variance (ANOVA) confirmed dust and endotoxin exposures differed by 
agricultural environment (p < 0.05).  Dust and endotoxin exposures also varied by task (p < 
0.05).  The highest geometric mean dust concentration was found during housekeeping and 
cleaning operations (4.55 mg/m3), the highest endotoxin concentration was measured during 
running legs in grain elevator (948 EU/m3) and the highest geometric mean GC/MS result was 
found while mixing feed (3,214 pmol/m3).  Multiple regression analyses were applied to identify 
determinants of dust and endotoxin exposures.  Grain elevator operator (+), hours working in 
feed storage (+), hours at running legs in grain elevator (+), and hours at supervising (-) were 
major determinants of dust concentration.  Grain elevator operator (-), farm worker (-), hours in 
feed storage (+), hours at running legs in grain elevator (+), hours at supervising (-), and years 
in the job (-) were the most important determinants of endotoxin exposure.  In general, a high 
percentage of dust and endotoxin measurements exceeded suggested occupational health 
guidelines.  The characterization of dust and endotoxin exposure determinants is important for 
developing and prioritizing exposure control strategies, and for the prevention of organic dust 
lung disease among agricultural workers.    
 
This study is the first to report comparison of GC/EI-MS results to the rFC assay in various 
agricultural dusts. An existing GC/MS-MS method (for house dust) was modified and optimized 
for agricultural dusts using GC/EI-MS.  A total of 134 breathing zone samples using IOM 



 

inhalable samplers were analyzed by GC/MS.  Livestock dusts contained approximately two 
times higher concentrations of 3-OHFAs than grain dusts.  Patterns of 3-OHFA distribution and 
proportion of each individual 3-OHFA varied by dust type.  Grain dust contained a higher 
proportion of shorter chain 3-OHFAs (C8:0 and C9:0) than livestock dusts.  Livestock dusts 
contained more variable 3-OHFAs than grain dust.  Pearson correlations and multiple linear 
regressions showed higher correlations between GC/EI-MS and rFC results for livestock dusts 
than for grain dusts.  The rank order of Pearson correlations was feedlot (0.72) > dairy (0.53) > 
farm (0.33) > grain elevator (0.11). Odd chain length 3-OHFAs were found to correlate with rFC 
assay response as well as even chain length 3-OHFAs.  In general, good correlations exist 
between the biological assay and the modified GC/EI-MS method.  The GC/EI-MS method is 
especially useful for identification of specific 3-OHFAs for endotoxins from various agricultural 
environments and may provide useful information for evaluating the relationship between 
bacterial exposure and respiratory disease among agricultural workers.  
 
A pilot or sub-study of Nebraska workers compared respiratory symptoms, pre- and post-shift 
spirometry as well as inhalable dust and endotoxin exposures of cattle feedlot workers (n = 33) 
to a comparison group of grain elevator workers (n = 48). Phlegm and cough were symptoms 
reported commonly by both groups of workers. Airway obstruction was seen on spirometry 
results in 17% of cattle feedlot workers and 14% of grain elevator workers. Cattle feedlot 
workers were significantly more likely to report having physician-diagnosed asthma (16% vs. 
2%, p = 0.04) a finding that could be a reflection of the relatively small sample size. Mean 
inhalable dust and endotoxin exposures for feedlot workers were not significantly different from 
that of grain elevator workers. No association was identified between inhalable dust or 
endotoxin exposure and measures of lung function, including cross-shift changes in spirometry.  
In summary, this pilot study revealed no significant differences between cattle feedlot and grain 
elevator workers in terms of respiratory symptoms or lung function. The higher prevalence of 
self-reported physician-diagnosed asthma in the cattle feedlot workers will have to be explored 
further with a larger sample size and a control group of workers not exposed to organic dust 
before firm conclusions can be drawn.  
 
Using the total population from Colorado and Nebraska, 10% of the population had baseline 
FEV1 and FEV1/FVC below criteria (Gold II, Celli 2003) used to clinically define Obstructive 
Lung Disease.  Close to 50% of the population had FEV1and FEV1/FVC less than 95% of 
predicted – a significant effect for the population from an epidemiological standpoint (Pelligrino 
2005).  Rates were highest for grain elevator workers.  Cross shift pulmonary function dropped 
more than 5% in 26% of the population and more than 10% in 10% of the population.  19% had 
a drop in FVC exceeding 5% and 8% had and FVC decrease exceeding 10%.  Normally FEV1 
and FVC would be expected to increase by 5% over a daytime workshift. The proportions were 
largest in farmers, followed by dairy workers and grain handlers. The most commonly reported 
pre-shift symptoms were mucus, cough, and irritation of throat, nose, and eyes.  The overall 
rates were comparable to previous studies of agricultural workers and higher than expected in a 
non-exposed population (e.g. NHANES III).  Symptoms with the largest cross shift increase 
included eye and nose irritation, and mucus.  Both correlations and regression models indicate 
that smoking, endotoxin/dust exposure, and facility type were significant predictors of symptoms 
(eye and throat irritation, cough) and pulmonary function (cross shift decrease in FEV1, pre-shift 
FVC and FEV1). As noted above studies using GC/MS showed distinct differences in the 3-
OHFA content (endotoxin) of dust from these four types of facilities.    
 
Personal exposure to organic dusts among agricultural workers has been associated with 
decrements in respiratory function and several debilitating forms of chronic respiratory disease. 
The mechanism underlying these disorders involves immune system activation, although more 



 

research is needed to sort out how specific work environments, work related behaviors, 
individual responses and susceptibilities, and different organic dust constituents combine to 
induce these effects. In this study, personal workplace exposure to total ambient dust in the 
workplace as well as to the endotoxin component of personal airborne dust exposure were 
quantified among agricultural workers. These exposures were compared to post work shift 
respiratory symptoms and immune marker concentrations within nasal lavage fluids. Respiratory 
and other symptoms among participants in this study were not strikingly more prevalent among 
those with elevated dust or endotoxin exposures, suggesting a certain degree of resistance to 
the acute effects of organic dusts in this population, although some immune markers were 
elevated (PMN, albumin, ECP, MPO) among those with headaches, cough, mucous, or blurred 
vision. Personal exposure to airborne dust had no statistically significant impact on the immune 
markers that were quantified in post work shift nasal lavage fluids collected from these workers. 
However, personal exposure to airborne endotoxin, when normalized to the total amount of dust 
sampled (EU/mg), was associated with statistically significant increases in both IL-8 and 
albumin concentrations. There was a broad range of work duration among study participants 
(mean + standard deviation = 6.9 + 8.5 years, minimum: 0.8 and maximum 48 years), and dust 
or endotoxin induced increases in IL-8 and albumin, as well as effects on MPO and ECP 
concentrations in lavage fluids tended to be most prominent among workers with fewer months 
per year working on a farm, fewer months per year working at a grain elevator or corn storage 
area, or fewer work hours on the week of participation.  
 
Although workers in this study experienced high exposures, in general the relationships 
between exposure and pulmonary function, biomarkers, and symptoms was not strong.  
Endotoxin exposure was however an important predictor of change in FEV1, symptoms, and IL-
8 and albumin. These results suggest that workers with less chronic exposure to work 
environments with elevated ambient concentrations of endotoxin containing dusts are more 
susceptible to the acute effects of endotoxin on the immune system, and that extended 
workplace exposures confer a degree of resistance to the effects of endotoxin, or that sensitive 
workers who do not adapt leave the industry over time. Genetic studies are continuing and 
analysis of results will be reported as an addendum to this report.     
 
 
HIGHLIGHTS/SIGNIFICANT FINDINGS 
 
This was the first study to characterize occupational exposure to dust and lung disease among 
cattle feedlot workers.  It was also addressed exposures and lung disease among grain 
handlers following changes in the industry over the past few decades. 
 
Geometric mean dust levels were highest among grain elevator operators (4.50 mg/m3) and 
lowest among farm workers (2.49 mg/m3), whereas geometric mean endotoxin exposure level 
was highest among feedlot workers (1,093 EU/m3 for rFC).  The highest geometric mean dust 
concentration was found during housekeeping and cleaning operations (4.55 mg/m3), the 
highest endotoxin concentration was measured during running legs in grain elevator (948 
EU/m3) and the highest geometric mean GC/MS result was found while mixing feed (3,214 
pmol/m3).   
 
Multiple regression analyses were applied to identify determinants of dust and endotoxin 
exposures.  Grain elevator operator (+), hours working in feed storage (+), hours at running legs 
in grain elevator (+), and hours at supervising (-) were major determinants of dust concentration.  
Grain elevator operator (-), farm worker (-), hours in feed storage (+), hours at running legs in 



 

grain elevator (+), hours at supervising (-), and years in the job (-) were the most important 
determinants of endotoxin exposure.    
 
This study is the first to report comparison of GC/EI-MS results to the rFC assay in various 
agricultural dusts. Pearson correlations and multiple linear regressions showed higher 
correlations between GC/EI-MS and rFC results for livestock dusts than for grain dusts.  The 
rank order of Pearson correlations was feedlot (0.72) > dairy (0.53) > farm (0.33) > grain 
elevator (0.11). Livestock dusts contained approximately two times higher concentrations of 3-
OHFAs than grain dusts.  Patterns of 3-OHFA distribution and proportion of each individual 3-
OHFA varied by dust type.      workers.  
 
A study of the Nebraska workers found airway obstruction based on spirometry results in 17% 
of cattle feedlot workers and 14% of grain elevator workers. Cattle feedlot workers were 
significantly more likely to report having physician-diagnosed asthma (16% vs. 2%, p = 0.04) a 
finding that could be a reflection of the relatively small sample size. The higher prevalence of 
self-reported physician-diagnosed asthma in the cattle feedlot workers will have to be explored 
further with a larger sample size and a control group of workers not exposed to organic dust 
before firm conclusions can be drawn.  
 
Using the total population from Colorado and Nebraska, 10% of the population had baseline 
FEV1 and FEV1/FVC below criteria (Gold II, Celli 2003) used to clinically define Obstructive 
Lung Disease.  Close to 50% of the population had FEV1and FEV1/FVC less than 95% of 
predicted – a significant effect for the population from an epidemiological standpoint.  Rates 
were highest for grain elevator workers.  Cross shift pulmonary function dropped more than 5% 
in 26% of the population and more than 10% in 10% of the population.  19% had a drop in FVC 
exceeding 5% and 8% had and FVC decrease exceeding 10%.  Normally FEV1 and FVC would 
be expected to increase by 5% over a daytime workshift. The proportions were largest in 
farmers, followed by dairy workers and grain handlers. Both correlations and regression models 
indicate that smoking, endotoxin/dust exposure, and facility type were significant predictors of 
symptoms (eye and throat irritation, cough) and pulmonary function (cross shift decrease in 
FEV1, pre-shift FVC and FEV1).  
 
Although workers in this study experienced high exposures, in general the relationships 
between exposure and pulmonary function, biomarkers, and symptoms was not strong.  
Endotoxin exposure was however an important predictor of change in FEV1, symptoms, and IL-
8 and albumin. These results suggest that workers with less chronic exposure to work 
environments with elevated ambient concentrations of endotoxin containing dusts are more 
susceptible to the acute effects of endotoxin on the immune system, and that extended 
workplace exposures confer a degree of resistance to the effects of endotoxin, or that sensitive 
workers who do not adapt leave the industry over time. Genetic studies are continuing and 
analysis of results will be reported as an addendum to this report.     
 
TRANSLATION OF FINDINGS 
 
Findings have been shared in presentations at scientific meetings.  Three peer reviewed 
publications have been submitted, three more have been drafted and will be submitted in early 
2008.  This work also helped contribute to 8 related peer reviewed publications. One PhD 
dissertation will be completed in January 2008. Additional publications and meetings with 
agricultural producer organizations are scheduled to share findings.  Results will also be posted 
on the HICAHS Website and shared through Extension.  Dr. Reynolds also gave a Webinar: 
Biological Hazards in the Workplace: Defining Endotoxins, August 3, 2006 hosted by ACGIH. 



 

 
Results have also been shared with the CSU Veterinary Integrated Livestock Management 
program for integration into the training conducted for new dairy workers throughout the western 
region of the U.S.   Results of this study contributed to design of two follow-up studies now 
being conducted in California (Respiratory Health and Exposures in Large California Dairy 
Herds – Western Center for Ag Health and Safety) and Colorado (Prospective Study of 
Occupational Lung Disease and Endotoxin Exposure in Naïve (New) Dairy Workers - HICAHS). 
Research protocol and questionnaires in English and Spanish were shared with UC Davis and 
Tyler Texas Centers to plan related research.  
 
As a result of interactions with producer organizations on this project the  HICAHS outreach 
core is also now working with the Associations and with Pinnacol Assurance on a number of 
collaborative projects.  
 
OUTCOMES/RELEVANCE/IMPACT 
 
This was the first study to characterize occupational exposure to dust and lung disease among 
cattle feedlot workers.  It was also addressed exposures and lung disease among grain 
handlers following changes in the industry over the past few decades. It was the first study to 
evaluate a new endotoxin assay (rFC) and the first to use GC/MS to characterize 3 - OHFA 
(endotoxin) content in agricultural dusts.  
 
A unique aspect of this project was the ability to study endotoxin exposure, respiratory 
outcomes and immune biomarkers in a concerted multidisciplinary approach. This project 
involved close collaboration with the University of Saskatchewan (Institute of Agricultural, Rural, 
and Environmental Health), University of Nebraska, NIEHS and NIOSH.  

Results showed that workers in this study experienced high exposures to dust and endotoxin, 
and that endotoxin exposure was an important predictor of change in FEV1, symptoms, and IL-8 
and albumin. The results suggest workers new to these environments are more susceptible to 
the acute effects of endotoxin, and that extended work experience may confer a degree of 
resistance. It is also possible that sensitive workers who do not adapt leave the industry over 
time. This underscores the need for new studies to evaluate this adaptation response (currently 
under way at HICAHS) to better understand disease pathogenesis.  In the short term however, 
development and evaluation of control technologies in these industries must remain a priority.   

 
SCIENTIFIC REPORT 
Objectives  

This project used a novel Recombinant Factor C (rFC) endotoxin assay in concert with mass 
spectrometry (MS) chemical methods to explore the role of endotoxin exposure and genetic 
factors in lung disease among agricultural workers. The primary goals of this project were to 1) 
characterize worker exposure to endotoxin-containing aerosols; 2) evaluate respiratory 
outcomes including symptoms, cross shift changes in pulmonary function, (PFT) and 
cellular/immune markers (cytokines); 3) survey genetic markers related to lung disease and 
endotoxin etiology (TLR4 gene mutations, and polymorphisms of IL1-RN, and TNF-alpha); 4) 
explore whether endotoxin assay or GC/MS is best predictor of biomarkers; 5) explore whether 
cellular/immune responses and PFT differ among those with different genetic status.  

 
Funds for this project were released from CDC/NIOSH on March 3, 2004 after the final IRB 
approval was received from the University of Utah. Significant delays were caused when the 



 

farm managers at the LDS Church declined to participate.  In addition Dr. Lillquist left the 
University of Utah.  A new faculty member who took over for Dr. Lillquist was unable to recruit 
any participants using alternative strategies. Kurt Church , research assistant on the project also 
left Utah.  Since no subjects were recruited in Utah we also collaborated with Dr. Susanna Von 
Essen at the University of Nebraska to reach our goal.   
 
Table 1 presents characteristics of study population.  Further results are presented in relation to 
the specific aims by sub-study following the table.   

Recruiting in Colorado was conducted with the assistance of the Colorado Corn Growers 
Association, Pinnacol Assurance, Colorado Livestock Association, and the Colorado Grain and 
Feed Handlers Association. Lists of owners and operators of agricultural facilities were obtained 
from producer organizations.  Once the owner agreed to be involved in the study, we recruited 
workers at each facility.  Overall response and participation rate was approximately 50 %.  
Altogether a total of 174 participants were recruited.  Table 1 presents a summary of their 
characteristics.  There were 76 grain handlers, 71 cattle feedlot workers, 18 dairy workers, and 
9 farmers.  All laboratory analyses were completed except for genetic analyses at Dr. 
Schwartz‘s lab at NIEHS.  Preliminary results are included in this report, but full analysis will be 
completed in 2008.  Results will be sent to NIOSH. This study was approved by the Colorado 
State University and all other partner institutional review boards for human subject protection. 
 
TABLE 1.  Characteristics of Study Population 
 

Characteristic 
Grain 

Elevator 
(n=76) 

Feedlot 
(n=71) 

Dairy (n=18) Farm (n=9) Total (n=174) 

 Ave Stdev Ave Stdev Ave Stdev Ave Stdev Ave Stdev 

Age (years) 41 13 34 12 30 9 38 13 37 13 
Time at Current Job 
(years) 

9.2 11.0 7.8 9.3 4.8 5.9 14.4 11.0 8.5 10.0 

Hours worked this week 18.6 17.4 32.3 20.8 25.0 17.1 22.4 20.7 25.0 19.9 
Working in area with 
Visible Dust (hours/day) 

8.3 10.9 10.8 15.9 29.6 27.1 19.1 22.8 11.9 16.8 

Months/year working at 
grain elevator or corn 
storage bin 

9.5 5.1 7.7 31.2 2.5 4.8 2.3 3.2 7.7 20.1 

Years worked in grain 
elevator or corn storage 
bin 

10.1 10.5 7.1 10.9 1.0 2.7 8.4 11.8 8.0 10.5 

Months/year working on 
any farm 

3.5 7.6 10.6 4.4 9.6 4.2 10.1 3.7 7.5 6.8 

Years worked on any 
farm 

12.7 14.6 20.4 14.0 9.9 11.8 23.4 17.9 16.1 14.9 

 n % n % n % n % n % 

Ethnicity           
Hispanic or Latino 12 16 17 24 16 89 3 33 48 28 
Not Hispanic or Latino 59 78 50 70 1 6 9 100 116 67 
Refuse/don‘t 
know/missing 

5 7 4 6 1 6 0 0 10 6 

Education           
Elementary 2 3 11 15 5 28 1 11 19 11 



 

High School 52 68 24 34 11 61 2 22 89 51 
College 21 28 36 51 1 6 5 56 63 36 
Refuse/don‘t 
know/missing 

1 1 0 0 1 6 1 11 3 2 

Income           
Under $10k 2 3 4 6 4 22 0 0 10 6 
$10k - $30k 23 30 20 28 8 44 3 33 54 31 
$30k - $50k 26 34 19 27 3 17 1 11 49 28 
$50k - $75k 11 14 10 14 0 0 1 11 22 13 
$75k - $100k 5 7 4 6 0 0 1 11 10 6 
$100k or more 2 3 3 4 0 0 2 22 7 4 
Refuse/don‘t 
know/missing 

7 9 11 15 3 17 1 11 22 13 

Live on a farm 22 29 35 49 6 33 5 56 68 39 
Live at sampling 
location 

10 13 16 23 3 17 2 22 31 18 

Livestock kept at 
workplace 

2 3 67 94 14 78 9 100 92 53 

Fed livestock antibiotics 
in past month 

20 26 40 56 2 11 1 11 63 36 

Ever smoked cigarettes 31 41 21 30 9 50 3 33 64 37 
Ever smoked pipe or 
cigars 

7 9 8 11 2 11 1 11 18 10 

Exposed to second 
hand smoke 

35 46 22 31 6 33 0 0 63 36 

Current Smokers:           
Heavy (>47 packs/year) 20 26 15 21 4 22 0 0 39 22 
Low (<47 packs/year) 2 3 1 1 2 11 0 0 5 3 
Ever worked at a job 
where breathed: 

          

Visible dust >1hour/day 51 67 54 76 6 33 7 78 118 68 
Visible metal fumes 
>1hour/day 

13 17 25 35 1 6 3 33 42 24 

Gases or vapors 17 22 12 17 1 6 4 44  0 
Herbicides or 
insecticides 

20 26 23 32 3 17 7 78 53 30 

Within the past month 
used: 

          

Pesticides at home 14 18 16 23 0 0 1 11 31 18 
Pesticides at work 11 14 18 25 0 0 0 0 29 17 
Herbicides at home 19 25 15 21 0 0 0 0 34 20 
Herbicides at work 12 16 19 27 0 0 0 0 31 18 

 
 
Sub-Study 1 - Determinants of personal exposures to dust and endotoxin in four 
agricultural environments 
 
The goals of this study were to characterize operational tasks and to identify determinants of 
personal dust and endotoxin exposures in four agricultural environments: dairy, cattle feedlot, 
grain elevator, and farm.   
 



 

Method 
 
Sample collection 
A total of 145 personal breathing zone samples using IOM inhalable samplers were collected in 
four agricultural environments in Colorado and Nebraska: dairy farms (n = 21), cattle feedlots (n 
= 55), grain elevators (n = 58), and farm (n = 11). 29 samples were damaged, lost, or otherwise 
unavailable for analysis. IOM inhalable samplers used 5 μm pore size polyvinyl chloride (PVC) 
filters (SKC Inc., Eighty Four, PA), at a flow rate of 2 l/min over 6 to 8 hrs during typical work 
shifts.  Pre and post-shift surveys were conducted on each worker in English or Spanish.  The 
pre-shift survey included questions about worker‘s demographic data and working experience 
(Table II), and the post-shift survey included hours spend in each task during the sampling shift 
(Table III for example tasks in each agricultural environment).  Samples were collected in 2004 
– 2006, during all four seasons.  Morning (6 – 9 am) and late afternoon (2 – 5 pm) ambient 
temperature and humidity were measured in selected facilities (58 % of all samples).   
 
Sample preparation 
Collected dust samples were placed on desiccators for 24 hrs before weighing using a 6-place 
balance (Model MT5, Mettler-Toledo Inc., Columbus, OH).  Filters were then extracted in sterile, 
pyrogen-free (pf) water containing 0.05 % Tween-20 for 1 hr at room temperature, 22 ˚C, with 
continuous shaking for endotoxin analysis.  A portion of each extract was analyzed by 
recombinant Factor C (rFC) endotoxin assay and another portion was lyophilized for gas 
chromatography/ mass spectrometry (GC/EI-MS) determination of chemical marker of endotoxin 
(3-OHFAs).  Lyophilized samples were stored at -70 ˚C until analysis.  Field and laboratory 
blanks were handled in same fashion. 
 
rFC assay for endotoxin measurement 
The rFC assay method for endotoxin detection uses recombinant factor C (rFC), the first 
component of the cascade.(29)  The activation of rFC was determined by fluorescence generated 
by the enzymatic cleavage of a peptide-coumarin substrate.  Fluorescence was measured after 
1 hr incubation with endotoxin standard (Escherichia coli O55:B5) at 37 ˚C.  Log fluorescence 
was proportional to log endotoxin concentration and was linear in the 0.01 to 10 EU/ml range.  
Two-fold serial dilutions of endotoxin standards and sample extracts were prepared using 
sterile, pf water with Tween-20.  The samples were added to a 96-well plate followed by 100 μl 
of a mixture of enzyme, buffer and fluorogenic substrate.  The plates were incubated at 37 ˚C 
for one hour and read in a fluorescence microtiter plate reader (Biotek Instruments, Winooski, 
VT; FLX800TBIE) at Excitation/Emission 380/440 nm.  Background (0 EU/ml) fluorescence was 
subtracted and log delta fluorescence plotted against log endotoxin concentration.  Endotoxin 
concentrations of samples were calculated according to the standard curve.  Four assay 
reagent blank wells served as reference and control for the pf status of the reagent water, 
centrifuge tubes, pipette tips and microplates.  Quality assurance spiking assays were 
performed to assess matrix interference or enhancement. 
 
GC/EI-MS determination of 3-OHFAs (chemical marker of endotoxins) 
GC/MS analysis focuses on quantification of biomarkers of endotoxins, 3-hydroxy fatty acids (3-
OHFAs) in lipid A of LPS.  Samples and external 3-OHFA standards of 8 to 18 carbon chain 
lengths (except C11:0, method surrogate) were digested and methylated with 0.5 ml of 3 M 
methanolic HCl (2.5 ml of acetyl chloride added to 11 ml of methanol) for 16 to 18 hrs at 80 ˚C 
and cooled to room temperature.  Samples and standards were amended with 10 µl 
pentadecanol (100 µl per ml in heptane) as a keeper solvent and diluted with 1 ml deionized 
water for solid-phase extraction (SPE) clean up.  For SPE clean up, samples were applied to a 
60 mg/ 3 ml Strata-X polymeric reversed phase cartridge (Phonemenex, Torrance, CA).  



 

Cartridges were conditioned with 1 ml diethyl ether and 1 ml deionized water prior to sample 
loading.  Following 20 min aspiration, 3-OHFA methyl esters were eluted with 2 ml diethyl ether 
and evaporated to dryness with a Nitrogen stream.  Samples were converted to trimethylsilyl 
(TMS) analogs for GC/EI-MS analysis by adding 50 μl BSTFA and 5 μl pyridine and heating for 
20 min at 80 ˚C.  Derivatized samples and standards were diluted with 50 μl heptane and a 2 μl 
aliquot of each was analyzed by GC/EI-MS using a HP 5890 Series II Plus GC equipped with 
HP-5MS column (0.25 mm × 30 m, 0.25 µm film thickness, Hewlett-Packard, Palo Alto, CA) with 
split/splitless inlet, electronic pressure control, 7673 automatic liquid sampler, and a HP 5972 
Mass Selective Detector.  Selected Ion Monitoring (SIM) for individual 3-OHFA was used for 
endotoxins, and the concentration calculated in picomole (pmol).  The M-15 ion and m/z 175, 
the acid portion of the fatty acid cleaved between C3 and C4, were monitored.  The 3-OHFAs of 
C8:0 to C18:0 except C11:0 were processed identically.  The 3-OHFA of C11:0 was added as 
surrogate to each sample prior to digestion and methylation.  Since agricultural dusts contain a 
wide range of endotoxin concentration levels, spike levels of 2, 6, 20, 100, and 500 ng of 
individual 3-OHFAs (in ethanol, stored at -20 ˚C) were used for creating the calibration curve.   
 
Statistical analysis 
Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC).  The 
PROC UNIVARIATE procedure was used to evaluate the distributions of data.  Since dust 
concentration, rFC results, GC/EI-MS results, and years in job were log-normally distributed, 
they were natural log transformed before proceeding with analysis. Geometric mean (GM) and 
geometric standard deviation (GSD) of dust and endotoxin measurements in each agricultural 
environment and each task were calculated.  Pearson correlations were calculated between 
dust concentration, rFC result, GC/EI-MS result, and years in job.  Ambient air temperatures 
and humidity were categorized into four levels by percentiles (< 25 %, 25 – 50 %, 50 – 75 %, 
and > 75 %).  ANOVA (PROC GLM) followed by Bon-Ferroni multiple comparison test was used 
to test for differences by agricultural environment, task, education level, morning and afternoon 
ambient air temperatures, and humidity.  The empirical models were constructed for dust 
concentration, rFC result, and GC/EI-MS result using multiple stepwise linear regression 
analysis.  Factors tested in the empirical model were: agricultural environment (dummy 
variables), hours at each task (14 tasks), and years in job.  Interactions of variables were also 
included. 
Dust (mg/m3), endotoxin (EU/m3), and 3-OHFA (pmol/m3) concentrations were adjusted to 8-hr 
time weighted average (TWA). 
 
Results 
 
Table II shows the demographic data of participated workers.  Proportions of male and female in 
each environment were not significantly different; more than 90% of workers were male in all 
environments.  Majority of workers were Hispanic or Latino in dairy farms, which was the 
opposite in other environments.  Higher proportion of workers had higher education in cattle 
feedlot (> 50 %) and farm environments (45 %) comparing to dairy farms (15 %) and grain 
elevators (27 %).  In general, very small proportion of workers used respirators; grain elevator 
workers had the highest proportion of respirator use (25 %) and the lowest proportion was found 
in dairy farm workers (0 %).  The χ2 tests confirmed the difference in ethnicity, job status, 
education, and respirator use among agricultural environments. 
 
Figure 1 shows GM and GSD of dust and endotoxin concentrations.  A significant difference 
was found for dust concentration (p = 0.03) and endotoxin concentration per mg dust (p < 0.01) 
between agricultural environments (cattle feedlot and grain elevator).  Among the four 
agricultural environments, grain elevators had the highest geometric mean dust concentration 



 

(4.50 mg/m3), followed by dairies (3.02 mg/m3), cattle feedlots (2.54 mg/m3), and farms (2.49 
mg/m3).  Endotoxin concentrations were the highest among cattle feedlot workers (450 EU/mg 
and 1,093 EU/m3).  Farms contained lowest endotoxin concentration per m3 air (447 EU/m3) 
while grain elevator was the lowest for endotoxin concentration per mg dust (143 EU/mg).  Total 
3-OHFAs (sum of all 3-OHFAs) concentration per m3 air was the highest in farm (2,266 
pmol/m3) and the lowest among grain elevator operators (1,345 pmol/m3), but ANOVA showed 
there was a no difference between agricultural environments for total 3-OHFAs concentration. 
 
The frequency of self-reported task in each agricultural environment is summarized in Figure 2.  
Each worker could choose one or more answers.  In livestock environments (dairy and cattle 
feedlots), the largest number of workers spent time in feeding livestock, followed by loading and 
unloading feed and mechanical maintenance.  Running legs in grain elevator was the most 
common among grain elevator operators and truck harvesting was the highest in farm workers.   
 
GM and GSD of dust and endotoxin concentrations in each task combined for all environments 
are shown in Figure 3.  The five tasks corresponding to the highest dust exposures were: 
housekeeping and cleaning, running legs in grain elevator, bagging feed, and milling.  
Geometric mean dust concentrations higher than 4.0 mg/m3 were observed in these tasks.  
Geometric mean endotoxin concentration per mg dust was the highest in feeding livestock (294 
EU/mg), while endotoxin concentration per m3 air was the highest during running legs in 
elevator (948 EU/m3), followed by housekeeping and cleaning (936 EU/m3).  Similar to 
endotoxin concentrations, total 3-OHFAs in dust was the highest in feeding livestock (912 
pmol/mg), but total 3-OHFAs per m3 air was the highest during mixing operations (3,215 
pmol/m3).  A significant difference was found for dust concentration (p < 0.01) and a trend for 
difference was found for endotoxin concentrations between tasks (p = 0.07).  No interaction 
between task and agricultural environment was significant for both dust and endotoxin 
concentrations (p > 0.10). 
 
Pearson correlations between dust and endotoxin concentrations are presented in Figure 4.  
The significant moderate correlations in overall samples (combined for all environments) were 
found between dust and endotoxin concentrations (r > 0.50).  The correlation coefficients were 
significantly moderately positive for endotoxin and 3-OHFAs concentration in air both overall 
and in each agricultural environment (p < 0.05) except for the correlation between dust and 3-
OHFAs levels among farm workers (p = 0.34).  The correlation between dust and endotoxin 
concentrations was the highest among grain elevator operators (r = 0.80) and the lowest in 
cattle feedlots (r = 0.37).  The correlation between dust and 3-OHFA concentration was the 
highest in grain elevators (r = 0.74) and the lowest among farm workers (0.42).  Dust and 
endotoxin concentrations were correlated significantly positively in all tasks shown in Figure 3 (r 
> 0.50, p < 0.01).  The strongest correlation between dust and endotoxin concentration was 
observed during truck harvesting (r = 0.78) while the dust and 3-OHFA level correlation was the 
highest in bagging feed (r = 0.80).  In addition, a correlation between dust and endotoxin 
concentrations of each of specific tasks varied by agricultural environment; for example, dust 
and endotoxin correlations of housekeeping task in livestock environment (r = 0.58) and in grain 
elevators (r = 0.88) were different. 
  
ANOVA GLM was performed to evaluate differences in ambient air temperatures and humidity 
for selected samples.  Each morning temperature, afternoon temperature, morning humidity, 
and afternoon humidity were categorized into four levels using 25, 50, and 75 percentiles.  The 
result showed that endotoxin concentration differed between the lowest and highest afternoon 
temperatures (p = 0.01) but no significant difference was found in morning temperatures.  Other 
exposures were not affected by temperature differences, but afternoon temperature is weakly 



 

positively correlated with overall 3-OHFA concentration (r = 0.22, p = 0.03).  There was a trend 
of difference in morning humidity for endotoxin concentration (p = 0.06) and there were 
significant differences in afternoon humidity for dust and endotoxin concentrations (p = 0.004 
and 0.05, respectively).  In addition, afternoon humidity was weakly positively correlated with 
overall dust concentrations (r = 0.23, p = 0.03).   
 
Multiple linear regression models were constructed for dust concentration, endotoxin 
concentration per m3 air, and total 3-OHFA level per m3 air (Table IV).  The general equation 
could be explained as below: 

Ln(dependent variable) = intercept  +  β1X1 + … + βnXn     (1) 
In the equation, β represents regression coefficient and X represents the corresponding 
independent variable measurements.  Agricultural environments, hours working in feed storage 
(+), hours at running legs in grain elevator (+), and hours at supervising (-) were significant 
determinants and explained 21 % of dust exposure.  Agricultural environments, hours working in 
feed storage (+), hours at running legs in grain elevator (+), hours at supervising (-), and years 
in the job (-) explained 20 % of endotoxin exposures.  The grain elevator environment was 
positively associated with dust concentration, but negatively associated with endotoxin 
concentration.  Agricultural environments were not major determinants in GC/EI-MS results; 
only hours at supervising (-) and hours at feeding livestock (+) were significant in the model of 
total 3-OHFAs concentrations and the model explained 11 % of exposure.  In all three models, 
hours increased supervising and years in job were associated with lower exposures whereas 
other determinants were positively associated with dependent variables: dust, endotoxin, and 3-
OHFA concentrations.  Hours supervising accounted for the most variability in all three models 
(9 % of dust exposure, 6 % of endotoxin exposure, and 4 % of 3-OHFA level). 
 
Discussion 
 
Although the dust and endotoxin concentrations vary by agricultural environment, agricultural 
workers are exposed to high concentration of dust in all four agricultural environments.  The 
American Conference of Governmental Industrial Hygienists (ACGIH®) set the recommended 
Threshold Limit Value (TLV®) for total inhalable dust (10 mg/m3) and grain dust (4.0 mg/m3).(30, 

31)  Geometric mean dust concentrations did not exceed the total inhalable dust TLV, but the 
geometric mean for grain elevator exceeded the ACGIH TLV of 4.0 mg/m3 for grain dust.(30)  The 
inhalable TLV does not account for the biological activity of these agricultural dusts.  The 2.4 
mg/m3 for total dust was recommended for agricultural environments based on several 
exposure-response studies to prevent work-related health effects in swine and poultry 
production facilities.(2, 3, 17, 18)  This recommended value was based on 37-mm cassette total dust 
sampler; thus, we cannot compare our results collected by IOM samplers with this value 
directly.  Our previous study (Reynolds, submitted) recommended to multiple this value by a 
factor of 2 to produce an occupational exposure limit of 4.8 mg/m3 for IOM sampler.  In general, 
high dust concentrations were observed in all tasks.  Based on the results, 16 % of workers 
exceeded 10 mg/m3, 37 % exceeded 4.0 mg/m3, and 33 % exceeded 4.8 mg/m3 values.  The 
Dutch Expert Committee on Occupational Standards has recommended the limit of 50 EU/m3 
for 8-hour TWA personal inhalable endotoxin exposure.(32)  Geometric mean 8-hr TWA 
endotoxin concentrations in this study exceeded seven times the limit in all agricultural 
environments and in all tasks.   Among all samples, 92 % of workers exceeded the 50 EU/m3 
recommended exposure limit.  Previous epidemiological studies suggested occupational limit 
values of 614 EU/m3 for poultry and 900 EU/m3 for swine environments (both for total 
endotoxin);(2, 3, 18) although neither of environments were studied in this present paper, 59 % of 
workers exceeded 614 EU/m3 and 52 % of workers exceeded 900 EU/m3. 
 



 

Workers performed different tasks in each agricultural environment.  The largest number of 
workers reported feeding livestock and loading and unloading feed tasks in livestock farms 
whereas the largest number of response was found at running legs in elevator and 
housekeeping among grain elevator operators.  There was a trend of difference in dust and 
endotoxin exposures among tasks.  The source of dust or dust composition may be different 
among agricultural environments.  To support this, correlations between dust and endotoxin 
concentrations were different between housekeeping task in livestock environments (r = 0.58) 
and in grain elevators (r = 0.88).  Bacterial composition in livestock fecal matter and grain dust 
may cause the difference in endotoxin levels in dust. 
 
There was a significant difference of endotoxin concentration between the lowest and the 
highest afternoon outside temperature.  This may be related to more bacteria growth at higher 
temperature environments.  The afternoon humidity also significantly positively correlated with 
dust concentrations (r = 0.22 with slope of 0.01).  This is opposite from the finding of 
Niewenhuijsen and Schenker.(26)  This difference could be explained by the geographical 
difference.  We observed relatively low mean humidity (25 %) with only 5 % of all 
measurements exceeding 50 % humidity, whereas Niewenhuijsen and Schenker reported mean 
humidity of 41 – 45 % in their study.(26)   Thus, the magnitude of influence of humidity may vary 
between dry and wet seasons or environments.  In addition, only outside temperature and 
humidity were used in this study.  Therefore, these measurements may not represent the 
working condition of all workers. 
 
Based on the empirical models, dust and endotoxin exposures were primarily associated with 
the type of agricultural environment, hours working in feed storage, hours running legs in grain 
elevator, hours supervising, and years in the job.  Grain elevator operations had approximately 
1.5 times higher effect on dust exposures comparing to other agricultural environments (based 
on the regression coefficients of grain elevator); thus, working in grain elevator may have higher 
risk of respiratory disease.  However, it is important to know that endotoxin concentration in dust 
from grain elevator operations was relatively lower.  Unlike dust exposure, working in grain and 
farm operating facilities had a negative effect in endotoxin exposures; approximately threefold 
difference existed between livestock and non-livestock operations.  The difference between dust 
and endotoxin exposures may be explained by the difference in dust composition.  Although 
agricultural environment was not included in the model for 3-OHFA concentration, there was a 
significant difference in 3-OHFA levels among agricultural operations. 
 
Hours supervising and years in the job had negative effects in all three models.  Years in the job 
also negatively correlated to dust and endotoxin concentrations.  The more experience a worker 
had and the more supervising they did, the lower dust and endotoxin exposures they had.  In 
addition to the job experience, there was a significant difference in dust and endotoxin 
exposures between high school or lower education and college or above education levels (p < 
0.01).  Lower dust and endotoxin exposures were found among highly educated workers than 
lower educated workers.  Similar to the job experience, workers with higher education do 
cleaner jobs, such as supervising.   
 
Based on our results, dust and endotoxin controls are very important in agricultural 
environments and operations; controlling major determinant tasks, working in feed storage and 
running legs in grain elevators, may greatly reduce overall dust and endotoxin exposures.  Dust 
and endotoxin exposures in these areas may be reduced by installing proper ventilation 
systems with filter bags or dust collectors.  However, such engineering controls are relatively 
expensive. 
 



 

Although not the preferred control strategy, use of personal protective equipment may be one of 
the easiest and cheapest control methods to reduce personal dust and endotoxin exposures in 
agricultural operations.  Even though a higher percentage of workers used any type of 
respirators in grain elevators (25 %) compared to livestock environments (< 2 %), use of 
respirators was still low in all agricultural environments probably due to the lack of recognition of 
potential health effects.  Thus, education on dust and endotoxin exposures and their potential 
health effects and training on respirator use in agricultural operations are very important. 
  
Limitations 
 
Although there was only limited data available, we found that the temperature and humidity may 
affect dust and endotoxin exposures.  Stepwise regression showed both temperature and 
humidity were not significant in all models, but since including temperature and humidity data 
reduced the total sample size in the models, further investigation with larger sample size is 
recommended to support this finding.  Temperature and humidity differences may relate to 
seasonal differences; however, due to the non-uniformly distributed sample size in four seasons 
and small sample size in one or more seasons, seasonal variability could not be evaluated in 
this study.  Agricultural tasks may be different in each season in each agricultural environment.  
In addition, geographical differences between Colorado and Nebraska could cause differences 
in bacterial distribution, dust composition, or agricultural operations.  However, not enough 
samples were collected in Nebraska for geographical comparison in this study. 
 
Conclusion 
 
In this study, dust and endotoxin exposures were evaluated for each agricultural environment 
and for each agricultural task.  In addition, determinants of personal dust and endotoxin 
exposures were identified in four agricultural environments: dairy, cattle feedlot, grain elevator, 
and farm.  A high proportion of workers had exposures to dust and endotoxin exceeding the 
recommended occupational guidelines.  There is a need to improve control methods to reduce 
exposures.  However, exposure assessment and control are very difficult in agricultural 
environments since agricultural operations are combination of multiple short-time tasks in a 
variety of locations and seasons.  Although in the same agricultural facility, each worker may 
have a different combination of tasks.  The multiple linear regression models (empirical models) 
were successfully applied for dust and endotoxin exposures in agricultural environments.  The 
characterization of dust and endotoxin exposure determinants is important for developing and 
prioritizing exposure control strategies, and for the prevention of organic dust lung disease 
among agricultural workers.  Our results suggested that the controls of dust exposures are 
especially important in grain elevator environments, especially during working in feed storage 
and running legs in grain elevators.  Working in feed storage, running legs in grain elevator, and 
feeding are highly prioritized operations of control to reduce endotoxin exposure. 
 
In future study, it will be important to analyze additional determinants including dust and 
bacterial composition in various agricultural environments and to evaluate seasonal and 
geographic variability. 
 
 
  



 

TABLE II.  Demographic data of 145 workers 

  Overall Dairy Feedlot 
Grain 

Elevator Farm 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Age 36.8 (12.5) 31.2 (8.6) 33.1 (10.2) 37.7 (12.9) 31.7 (10.5) 

Years in job A 3.92 (3.89) 3.25 (3.77) 3.17 (3.61) 3.61 (3.56) 6.44 (3.00) 

           
  n (%) n (%) n (%) n (%) n (%) 

Gender           
Male 139 (96) 19 (91) 53 (96) 56 (97) 11 (100) 

Female 6 (4) 2 (9) 2 (4) 2 (3) 0 (0) 
           

Hispanic or Latino*           
Yes 46 (32) 16 (76) 15 (27) 12 (21) 3 (27) 
No  89 (61) 4 (19) 37 (67) 41 (71) 7 (64) 

Unknown 10 (7) 1 (5) 3 (6) 5 (9) 1 (9) 
           

Race*           
White 105 (72) 8 (38) 41 (75) 46 (79) 10 (91) 

Native American 3 (2) 0 (0) 1 (2) 2 (3) 0 (0) 
Other 29 (20) 11 (52) 10 (18) 8 (14) 0 (0) 

Unknown 8 (5) 2 (10) 3 (7) 2 (3) 1 (9) 
           
Job status*           

Owner 16 (11) 4 (19) 9 (16) 1 (2) 2 (18) 
Family member 9 (6) 1 (5) 6 (11) 0 (0) 2 (18) 

Local hire 100 (69) 10 (48) 29 (53) 55 (95) 6 (55) 
Seasonal worker 15 (10) 5 (24) 9 (16) 0 (0) 1 (9) 

Other 4 (3) 0 (0) 2 (4) 2 (3) 0 (0) 
Unknown 1 (1) 1 (5) 0 (0) 0 (0) 0 (0) 

           

Education* B           
Below high school 20 (14) 6 (29) 10 (18) 3 (5) 1 (9) 

High school 67 (46) 11 (52) 15 (27) 38 (66) 3 (27) 
College 47 (32) 1 (5) 27 (49) 14 (24) 5 (45) 

Above College 7 (5) 2 (10) 3 (12) 2 (3) 0 (0) 
Unknown 4 (3) 1 (5) 0 (0) 1 (2) 2 (18) 

           
Respirator used*           

Respirator with 
filter 4 (3) 0 (0) 0 (0) 3 (5) 1 (9) 

Dust/surgeon's 
mask 14 (10) 0 (0) 1 (2) 12 (20) 1 (9) 
None 121 (83) 19 (90) 52 (95) 41 (71) 9 (82) 

Unknown 6 (4) 2 (10) 2 (3) 2 (3) 0 (0) 

Note: * indicates significance difference (χ2, p-value < 0.05); A Years in job shows geometric 
mean and geometric standard deviation; B Included 32 workers educated in Spanish 
 



 

TABLE III.  Agricultural environment and task 

Agricultural 
environments Examples of task 

Dairy Feeding livestock, loading and unloading feed truck, mechanical 
maintenance, housekeeping and cleaning 
 

Cattle feedlot Feeding livestock, loading and unloading feed truck, mechanical 
maintenance, housekeeping and cleaning 
 

Grain elevator Running legs in grain elevator, housekeeping and cleaning, loading 
and unloading grain truck, mechanical maintenance 
 

Farm Truck and combine harvesting, feeding, mechanical maintenance 

 
TABLE IV.  Multiple linear regression models describing determinants of 8-hour time weighted 
average dust and endotoxin exposure 

    

Dust concentration  
(mg/m3) B   

Endotoxin 
concentration  

(EU/m3) B 
  

3-OHFAs level  
(pmol/m3) B 

  

Regressio
n 

Coefficient 
(β) 

p  
Regression 
Coefficient 

(β) 
p  

Regressio
n 

Coefficient 
(β) 

p 

Agricultural environment 
A 

                

 Dairy - -  - -  - - 
 Cattle feedlot - -  - -  - - 

 Grain elevator 
0.3947 0.04  -1.0155 

<0.0
1 

 - - 

 Farm - -  -1.1242 0.05  - - 
          
Task hours         
 Feed storage 0.1169 0.05  0.2793 0.01  - - 

 
Running legs in 
elevator 

0.1596 0.03  0.3507 0.01  - - 

 Feeding livestock - -  - -  0.1472 0.04 

 Supervising 
-0.1708 

<0.0
1 

 -0.2041 0.03  -0.2080 0.06 

          
Experience         

 Years in job B - -  -0.2274 0.06  - - 

          

Intercept 
1.1650 

<0.0
1 

 7.2944 
<0.0

1 
 7.4224 <0.01 

          
  R2 p  R2 p  R2 p 

  Overall model 
0.2064 

<0.0
1 

  0.2013 
<0.0

1 
  0.1054 0.01 

Note: EU = endotoxin unit; A Dummy variables (1 = yes, 0 = no); B natural log transformed.



 
 
FIGURE 1.  Geometric means with error bar (geometric standard deviation) of (a) dust 
concentration, (b) endotoxin concentration per mg dust, (c) endotoxin concentration per m3 air, 
and (d) GC/EI-MS endotoxin result (total 3-OHFAs) per m3 air. 
 



 

 
FIGURE 2.  Frequency of self-reported tasks in each agricultural environment (a-d) and overall 
(e). 



 

 
FIGURE 3.  Box-plots of (a) dust concentration, (b) endotoxin concentrations, and (c) 3-OHFA 
levels in each task.  Error bars indicate standard deviation and lines in the box indicate median.  
GLM p-values are: < 0.01 for dust concentration (mg/m3); 0.07 for both endotoxin in dust 
(EU/mg) and in air (EU/m3); 0.04 for 3-OHFAs in dust (pmol/mg) and 0.34 for 3-OHFA in air 
(pmol/m3). 
 



 

 
 
FIGURE 4.  Correlations between dust concentration and (a) endotoxin concentration per m3 air, 
(b) endotoxin concentration per mg dust, and (c) GC/EI-MS endotoxin result (total 3-OHFAs) per 
m3 air. 
 
 
 
Sub-Study 2. Recombinant Factor C (rFC) assay and gas chromatography / mass 
spectrometry (GC/MS) analysis of endotoxins in four agricultural dusts 
 
The goals of this study were to determine patterns of 3-OHFA distribution and proportion in 
dusts from four types of agricultural environments: grain elevator, cattle feedlot, dairy, and farm, 
and to evaluate correlations between the results of GC/MS analysis and biological recombinant 
Factor (rFC) assay. This study is the first to report comparison of GC/EI-MS results to the rFC 
assay in various agricultural dusts. 
 
Experimental methods 
Dust sample collection and preparation of samples 
A total of 134 personal breathing zone samples using IOM inhalable samplers were collected in 
four agricultural environments in Colorado and Nebraska: dairy farms (n = 17), cattle feedlots (n 
= 48), grain elevators (n = 58), and farm (n = 11).  IOM inhalable samplers used 0.5 μ PVC 
filters (SKC Inc., Eighty Four, PA), at a flow rate of 2 l/min over 6 to 8 hours during typical work 
shifts.  Samples were collected in 2004 – 2006, during all four seasons.  This study was 
approved by the Colorado State University‘s Institutional Review Board for human subject 
protection. 
 



 

Collected dust samples were extracted in sterile, pyrogen-free (pf) water containing 0.05 % 
Tween-20 for 1 hour at room temperature, 22 ˚C, with continuous shaking.  A portion of each 
extract was analyzed by rFC assay and another portion was lyophilized for GC/EI-MS 
determination of 3-OHFAs.  Lyophilized samples were stored at -70 ˚C until analysis. 
 
GC/EI-MS analysis 
Samples and external 3-OHFA standards of 8 to 18 carbon chain lengths (except C11:0, 
method surrogate) were digested and methylated with 0.5 ml of 3 M methanolic HCl (2.5 ml of 
acetyl chloride added to 11 ml of methanol) for 16 to 18 hours at 80 ˚C and cooled to room 
temperature.  Samples and standards were amended with 10 µl pentadecanol (100 µl per ml in 
heptane) as a keeper solvent and diluted with 1ml deionized water for solid-phase extraction 
(SPE) clean up.  For SPE clean up, samples were applied to a 60 mg/ 3 ml Strata-X polymeric 
reversed phase cartridge.  Cartridges were conditioned with 1 ml diethyl ether and 1 ml 
deionized water prior to sample loading.  Following 20 min aspiration, 3-OHFA methyl esters 
were eluted with 2 ml diethyl ether and evaporated to dryness with a Nitrogen stream.  Samples 
were converted to trimethylsilyl (TMS) analogs for GC/EI-MS analysis by adding 50 μl BSTFA 
and 5 μl pyridine and heating for 20 min at 80 ˚C.  Derivatized samples and standards were 
diluted with 50 μl heptane and a 2 μl aliquot of each was analyzed by GC/EI-MS using a HP 
5890 Series II Plus GC equipped with HP-5MS column (0.25 mm × 30 m, 0.25 µm film 
thickness, Hewlett-Packard, Palo Alto, CA) with split/splitless inlet, electronic pressure control, 
7673 automatic liquid sampler, and a HP 5972 Mass Selective Detector.  Selected Ion 
Monitoring (SIM) for individual 3-OHFA was used for endotoxins, and the concentration 
calculated in picomole (pmol).  For each 3-OHFA, monitored ions were: C8:0, m/z 175 and 231; 
C9:0, m/z 175 and 245; C10:0, m/z 175 and 259; C11:0, m/z 175 and 273; C12:0, m/z 175 and 
287; C13:0, m/z 175 and 301; C14:0, m/z 175 and 315; C15:0, m/z 175 and 329; C16:0, m/z 
175 and 343; C17:0, m/z 175 and 357; C18:0, m/z 175 and 371.  Selected ions represented the 
parent ion and m/z 175, the acid portion of the fatty acid cleaved between C3 and C4.  Ion ratios 
were monitored to identify interference from 2-OHFAs, which have the same parent ion as the 
corresponding 3-OHFA but lack the m/z 175 fragment. 
 
Calibration curves and method performance 
The 3-OHFAs of C8:0 to C18:0 except C11:0 were processed identically to samples instead of 
introducing 3-OHFA-methyl esters only at the final derivatization step.  The 3-OHFA of C11:0 
was added as surrogate to each sample prior to digestion and methylation.  Since agricultural 
dusts contain a wide range of endotoxin concentration levels, spike levels of 2, 6, 20, 100, and 
500 ng of individual 3-OHFAs (in ethanol, stored at -20 ˚C) were used for creating the calibration 
curve.  Limit of detection (LOD) and limit of quantitation (LOQ) were determined by signal-to-
noise (S/N) ratio based on the chromatograms of controls and 0.5 ng spikes (S/N > 2 for LOD 
and > 10 for LOQ).  Coefficient of variation (CV) of C11:0 3-OHFA surrogate peaks on the 
chromatogram were calculated to test accuracy and reproducibility of the modified method. 
Recovery efficiency was also calculated by comparing recovery of 2 ng spikes of individual 3-
OHFAs with 2 ng of individual 3-OHFA methyl esters.  3-OHFA methyl ester standards were 
introduced at the final derivatization step. 
 
rFC assay 
Extracted samples were analyzed using the rFC endotoxin assay (Cambrex, East Rutherford, 
NJ).  The rFC assay method for endotoxin detection uses recombinant factor C (rFC), the first 
component of the cascade.(30)  The activation of rFC was determined by fluorescence generated 
by the enzymatic cleavage of a peptide-coumarin substrate.  Fluorescence was measured after 
1 hour incubation with endotoxin standards at 37 ˚C.  Log fluorescence was proportional to log 
endotoxin concentration and was linear in the 0.01 to 10 EU/ml range. 
 
Two-fold serial dilutions of endotoxin standards and sample extracts were prepared using 
sterile, pf water with Tween-20.  The samples were added to a 96-well plate followed by 100 μl 
of a mixture of enzyme, buffer and fluorogenic substrate.  The plates were incubated at 37 ˚C 



 

for one hour and read in a fluorescence microtiter plate reader (Biotek Instruments, Winooski, 
VT; FLX800TBIE) at Excitation/Emission 380/440 nm.  Background (0 EU/ml) fluorescence was 
subtracted and log delta fluorescence plotted against log endotoxin concentration.  Endotoxin 
concentrations of samples were calculated according to the standard curve.  Four assay 
reagent blank wells served as reference and control for the pf status of the reagent water, 
centrifuge tubes, pipette tips and microplates.  Quality assurance spiking assays were 
performed to assess matrix interference or enhancement. 
 
Statistical analysis 
Statistical analyses were performed using SAS version 9.1 (SAS Institute, Carey, NC).  The 
PROC UNIVARIATE procedure was used to evaluate the distributions of data.  Since data were 
log-normally distributed, they were natural log transformed before proceeding with analysis.  3-
OHFA concentrations below the LOD were assigned a value of LOD divided by square-root of 
two,(40) which was 0.5 to 2 pmol depending on the specific 3-OHFA. Geometric mean (GM) and 
geometric standard deviation (GSD) of GC/EI-MS and rFC results in each agricultural 
environment were calculated. Analysis of Variance (Proc GLM) was used to test for differences 
by dust type.  Pearson correlations were calculated between GC/EI-MS results and rFC results, 
between individual 3-OHFAs, and between odd and even carbon length 3-OHFAs.  Multiple 
regressions were performed to evaluate the relationship between assay and GC/EI-MS results 
accounting for effects of individual 3-OHFAs.  In addition to the correlations and regression 
analyses, proportions of C8:0 to C18:0 3-OHFAs in each dust type were calculated. 
 
Results 
 
GC/EI-MS Calibration curves and method performance 
Two calibration curves were created for each experimental set: one for lower concentrations (2, 
6, and 20 ng) and one for higher concentrations (20, 100, and 500 ng).  The calibration curves 
yielded  R2 of 0.9966 with standard deviation of 0.0071.  Signal-to-noise ratios of the 
chromatograms showed that the method provided an LOD of 1 to 3 pmol (equivalent to 0.5 ng 
spike) and an LOQ of 2 to 6 pmol (equivalent to 1 ng spike), depending on carbon chain length 
of 3-OHFAs measured. 
 
The reproducibility of C11:0 3-OHFAs surrogate recovery was less than 12 % CV (n = 24).  
Since this method contained two derivatization steps including one overnight reaction, CV of 
less than 12 % was considered satisfactory.  Correlation between 3OHFAs taken through the 
entire sample preparation process and 3OHFA methyl esters converted directly to trimethylsilyl 
analogs, was poor (data not shown). Thus spike recovery was not evaluated in a traditional 
manner. Instead, C11:0 surrogate coupled with calibration linearity were used to ensure strong 
quality control of data reporting. As stated above, fatty acid standards were submitted to the 
entire sample workup and covered the analytical working range (2 to 500 ng spikes of individual 
3-OHFA).  This method effectively assessed relative spike recovery at 5 levels for each 
compound and yielded excellent calibration linearity.   
 
Analysis of Agricultural dusts 
Table V shows GM and GSD of total 3-OHFAs per mg dust (pmol/mg) and per cubic meter air 
(pmol/m3) obtained by GC/EI-MS, and endotoxin activity per mg of dust (EU/mg) and per cubic 
meter air (EU/m3) obtained by rFC assay.  Total 3-OHFAs was calculated as the sum of 
concentrations of each 3-OHFA with chain lengths of 8 to 18 except 11 and 16.  C11:0 was not 
included in the total because it was used as surrogate due to its absence in agricultural dusts.  
C16:0 had experienced interference, probably resulting from contamination, in 41% of total 134 
dust samples.  Based on the subset analysis of 79 samples with C16:0, C16:0 was not 
significantly correlated with the bioassay (p > 0.15); therefore, C16:0 was eliminated from the 
analyses.  Results are presented separately for each agricultural environment.  A clear 
difference between agricultural environments was discovered.  The general linear model 
(ANOVA) confirmed the difference in 3-OHFA concentration at 99 % level.  Among all, cattle 



 

feedlots had the highest concentration of total 3-OHFAs and endotoxin activity, followed by 
dairies.  Results indicate that livestock dusts contained approximately 1.5 to 2.5 times higher 
concentrations of 3-OHFAs than grain dust.  A similar trend was found for endotoxin activity per 
mg dust, but 3-OHFAs and endotoxin activity per m3 of air did not exhibit as large a difference. 
 
Pearson correlations between GC/EI-MS (total 3-OHFAs) and rFC assay (endotoxin activity) are 
shown in Table VI.  GC/EI-MS and rFC assay results were strongly positively correlated and 
statistically significant (p < 0.01) in livestock dusts; feedlot (0.71554), dairy (0.53317); but were 
not significant for grain dust and farm dust.  
 
A more detailed analysis for each individual carbon chain length of 3-OHFA is presented in 
Table VII.  More variable chain lengths of 3-OHFAs, C9:0 to C18:0, were more significantly 
correlated with endotoxin activity in feedlot dust than other dusts.  The C8:0 3-OHFA did not 
correlate with endotoxin activity in any environments in this study.  C10:0 3-OHFA was only 
correlated in livestock dusts.  All statistically significant correlations in livestock dusts were 
strongly positive, whereas in grain dusts, statistically significant correlations and insignificant 
correlations were positive or negative.  No correlations were significant in farm dust. 
 
Stepwise forward multiple linear regressions were performed to evaluate the relationship 
between GC/EI-MS and assay results accounting for effects of individual 3-OHFAs at the same 
time.  The results of the evaluation of maximum R2 for the combination of 3-OHFAs with rFC 
assay are shown in Table VIII.  Feedlot dust had the highest association (R2 = 0.7329) with 
endotoxin activity.  The combination of C9:0, C10:0, and C17:0 yielded the highest correlation 
for grain elevator; however, the correlation was weaker than livestock dusts.  C18:0 3-OHFA 
was retained only in the models for livestock dusts. 
 
The correlations between individual 3-OHFA was calculated to evaluate the potential 
interactions between each individual 3-OHFA.  The correlations between single 3-OHFAs varied 
by lengths of carbon chain and agricultural environments.  In general, 3-OHFAs with longer 
carbon chain (C12:0 to C18:0) correlated with other 3-OHFAs significantly.  Among shorter 
chain 3-OHFAs (C8:0 to C10:0), correlations were nonexistent or weak. .  Except for correlation 
between C9:0 and C14:0 in grain elevator, all statistically significant correlations were positive.  
No interactions were found to be statistically significant in the regression models. 
 
In Table IX, the correlations between odd-numbered (the sum of C9:0, C13:0, C15:0, and 
C17:0) and even-numbered (the sum of C8:0, C10:0, C12:0, C14:0, and C18:0) carbon chain 3-
OHFAs and endotoxin activity (rFC assay) are presented.  Total even-numbered length 3-
OHFAs correlated more strongly with endotoxin activity than odd-numbered length 3-OHFAs.  
The odd-numbered length 3-OHFAs of grain and farm dusts were not significantly correlated 
with endotoxin activity (p = 0.2799 and 0.3537).  However, odd-numbered length 3-OHFAs and 
endotoxin activity were strongly positively correlated in livestock dusts.  The correlations 
between odd and even-numbered carbon length 3-OHFAs and total 3-OHFAs were strongly 
positive in all environments.   
 
Figure 5 shows the relative proportion of each 3-OHFA by dust type.  The proportion of each 3-
OHFA varied by dust type.  Overall, C12:0 and C14:0 were dominant in all environments and 
C13:0 was least prevalent.  Grain dust contained a higher proportion of shorter chain 3-OHFAs 
(C8:0 and C9:0) than livestock dusts. 
 
Discussion 
 
Figure 6 shows the flowchart of the modified GC/EI-MS method and the existing method 
GC/MS-MS.(36-39)  The major changes in the modified method are elimination of liquid-liquid 
extraction, use of polymeric solid-phase extraction (Strata-X or equivalent Oasis HLB, Water 



 

Corp, Milford, MA) instead of silica cartridge for sample clean-up, and use of deionized water 
instead of 1:1 pentane: dichloromethane (DCM) mixture for sample loading to SPE. 
 
In addition, the modified method is calibrated by running 3-OHFA standards through the entire 
digestion/sample clean-up process instead of introducing 3-OHFA methyl esters at the silylation 
step.  For our study, this approach provides better method performance information for the 16 to 
18 hours methylation step by monitoring individual 3-OHFAs at several concentrations 
throughout analysis rather than relying only on the recovery of standards.  To support the above 
statement, we found poor correlation between standards prepared this way and 3OHFA methyl 
esters introduced at the final step, trimethylsilylation.  Ideally, isotope dilution would provide 
sample-specific method performance information and make this step unnecessary.  However, 
isotopically labeled standards for each 3-OHFA were unavailable and our compromise was this 
method of calibration coupled with addition of a single surrogate, C11:0 3-OHFA, to each 
sample.   
 
This modified method has advantages over the existing method.  Due to the elimination of 
liquid-liquid extraction, needs for pentane and highly toxic dichloromethane are eliminated.  This 
modification reduces sample handling and cost of analysis.  3-OHFA distribution varied by dust 
type.  Among all dust types analyzed in this study, cattle feedlot dust showed the highest 
correlation between 3-OHFAs and endotoxin activity, followed by dairy dust.  Farm and grain 
dusts showed the lowest correlation to endotoxin activity. Differences in dust composition, 
including the bacterial distribution, may explain differences in the correlations between 3-OHFAs 
and endotoxin activity.  The mechanisms relating to this difference are still unclear. 
 
For the four dust types, endotoxin activity (rFC) showed moderate or weak correlations with 
C8:0 to C14:0 3-OHFAs.  Longer chain (C15:0 to C18:0) 3-OHFAs were strongly positively 
correlated with endotoxin activity in livestock dusts, but were not correlated in grain dust.  
Several studies reported that the C10:0 to C14:0 3-OHFAs had strong positive correlations and 
longer-chain 3-OHFAs had lower or negative correlations with endotoxin activity in house 
dusts;(38, 41) however, agricultural dusts, especially livestock dusts, had an opposite tendency.  
This relationship could be explained by differences in biological assay response, as well as the 
difference in microbial community.  For example, C18:0 3-OHFA may be derived from 
Actinobacteria rather than from Gram-negative bacteria; (42, 43) rFC assay may positively react 
with this Actinobacteria.  Moreover, C10:0, C12:0, and C14:0 3-OHFAs were thought to be 
biologically active since their presence has been confirmed in lipid A of Gram-negative 
bacteria.(37, 44, 45)  However, our results showed that correlation between rFC assay and C10:0 3-
OHFA was only significant in livestock dusts, C12:0 3-OHFA was only significant in cattle 
feedlot, and C14:0 3-OHFA was only significant in cattle feedlot and grain elevator.  Similar to 
this study, a previous study using chicken, swine, and corn dusts found weak correlations of  
C12:0 and C14:0 3-OHFAs with biological LAL assay response.(34)  This tendency may be 
unique to agricultural dusts.  This result illustrates that chemical compositions of agricultural 
dusts differ from house dusts.  Helander et al. (26) have explained that LPS chemical composition 
could cause differences in acute pulmonary toxicity of LPS in guinea pigs.  Laitinen et al. (27) 
found C14:0 3-OHFA was related to self-reported respiratory and eye symptoms.  The Theame 
study did not use quantitative measurement of respiratory symptoms; however, their results 
indicate the importance of specific 3-OHFAs in worker‘s respiratory problems. Thus, 
understanding the chemical structure of endotoxin can provide better modeling of dose-
response relationships between endotoxin exposure and respiratory disease.   
 
Our study used the rFC assay to determine endotoxin activity instead of the traditional LAL 
assay.  Recent studies found LAL and rFC were strongly correlated, though LAL yielded higher 
endotoxin levels than rFC.(30)  This finding further supports the need for a better understanding 
of bioassay data in assessing endotoxin exposure.  Since this paper is the first to report 
correlation between GC/EI-MS and rFC assay results in agricultural dusts, additional analyses 
in future studies are expected.   



 

 
All four dust types contained a wide variety of 3-OHFAs including odd-numbered carbon chain 
3-OHFAs, which were not significant in house dusts.(46)  In agricultural dusts, odd-numbered 
carbon chain 3-OHFAs contributed to a significant portion of the 3-OHFA calculation.  For 
example, C17:0 3-OHFA was significantly positively correlated to rFC assay in livestock dusts 
but significantly negatively correlated in grain dust.  This result indicated that there is the 
difference in bacterial community and bacterial source in livestock and grain dusts.Not sure this 
is justifiable from previous sentence (delete?).   
 
Most studies to date have only investigated the even-numbered carbon chain 3-OHFAs for 
endotoxin exposure assessment in dusts;(17, 27, 34, 41, 47, 48) however, our findings showed that the 
odd-numbered carbon chain 3-OHFAs might also be important for accurate measurement.  
Including odd-numbered 3-OHFAs may provide better understanding of the bacterial sources.  
Future studies using 3-OHFAs for endotoxin exposure should monitor odd-numbered carbon 
chain 3-OHFAs as well as even-numbered carbon chain 3-OHFAs. 
 
Limitations 
 
Seasonal variation in bacterial distribution is likely to exist.  However, due to the non-uniformly 
distributed sample size in four seasons and small sample size in one or more seasons, 
seasonal variability could not be evaluated in this study.  In addition, geographical differences 
between Colorado and Nebraska could cause difference in bacterial distribution.  Not enough 
samples were collected in Nebraska for geographical comparison in this study.   
 
Conclusions 
 
A GC/EI-MS method for endotoxin analysis has been successfully applied to assessment of 
3OHFA distribution in several agricultural environments. Compared to the parent GC/MS-MS 
method, it reduces use of toxic chemicals and sample handling,  allows sensitive monitoring of 
the experimental process, and can be used for analysis of very small samples, typical of 
personal air samples.   
 
Evaluating personal exposure to endotoxin using chemical and biological analyses in various 
agricultural environments is very important for developing accurate assessment of endotoxin 
exposure in agriculture.  Understanding differences in 3-OHFA distributions in various 
agricultural environments may provide better explanations of the relationship between endotoxin 
exposure and development of respiratory diseases.  This study evaluated rFC assay and GC/EI-
MS results in four agricultural environments.  The distribution of 3-OHFAs and the correlation 
coefficients varied by agricultural environment.  Overall, livestock dusts had more variable 3-
OHFAs and stronger correlations between GC/EI-MS and rFC assay results than grain dusts, 
probably due to the difference in bacterial distribution and higher dust concentration.  
Quantification of 3-OHFAs may provide useful information for evaluating relationship between 
bacterial exposure and respiratory disease among agricultural workers. 
In future applications, it will be important to increase sample size, to analyze dust samples from 
different agricultural environments, to evaluate seasonal and geographical variability, and to 
investigate specific 3-OHFAs (including both even and odd chain length 3-OHFAs) roles in 
human respiratory diseases.  
 
TABLE V.  Geometric mean (GM) and geometric standard deviation (GSD) of 3-OHFAs (GC/EI-
MS) and endotoxin activities (rFC) per dust and air 

  
3-OHFAs per 

mg dust 
(pmol/mg) 

 
3-OHFAs per 

m3 air 
(pmol/m3) 

 

Endotoxin 
activity per 

mg dust 
(EU/mg)A 

 

Endotoxin 
activity per 

m3 air 
(EU/m3)A 

 n GM GSD  GM GSD  GM GSD  GM GSD 



 

Dairy 17 620 2.6  1333 3.5  350 2.8  752 3.9 
Cattle Feedlot 48 1062 2.9  2778 3.7  419 5.4  1097 6.6 
Grain Elevator 58 421 4.2  1968 5.6  143 3.9  669 8.8 
Farm 11 825 2.5  2176 3.0  179 3.0  473 4.3 

Note:  GLM analysis of variance for 3-OHFA per mg dust by environment yielded p-value of 
0.0021.  A EU = endotoxin unit 
 
 
TABLE VI.  Pearson correlation between GC/EI-MS (total 3-OHFAs) and rFC assay 

 n R p-value 

Overall A 134 0.43057 < 0.0001 
Dairy 17 0.53317 0.0275 
Cattle Feedlot 48 0.71554 < 0.0001 
Grain Elevator 58 0.11448 0.3922 
Farm 11 0.32878 0.3235 

A Combining of all four dust types 
 
 
TABLE VII.  Pearson correlation between individual 3-OHFA and rFC assay result 

 n C8:0 C9:0 C10:0 C12:0 C13:0 C14:0 C15:0 C17:0 C18:0 

Overall A 134   ++ ++ ++ ++ ++ ++ ++ 
Dairy 17   ++     ++  
Cattle Feedlot 48  ++ ++ ++ ++ ++ ++ ++ + 
Grain Elevator 58  ++B   +B ++ +B +B  
Farm 11          

Note: ―++‖ if p-value is <0.05 and ―+‖ if p-value is 0.05<p<0.10.  A Combining of all four dust 
types.  B Negative correlation. 
 



 

TABLE VIII.  Stepwise forward multiple regression analyses for 3-OHFAs and rFC assay 

 n 3-OHFA combination B R2 P-value 

Overall A 134 14, 8, 10 0.3314 0.0015 
Dairy 17 17, 10 0.6527 0.0610 
Cattle Feedlot 48 14, 18, 13 0.7329 0.0449 
Grain Elevator 58 9, 10, 17 0.2480 0.0565 
Farm 11 None at the 0.10 level - - 

A Combining of all four dust types. B In order of entrance to the model 
 
 
 
TABLE IX.  Pearson correlation of odd and even-numbered carbon chain 3-OHFAs with rFC 
assay and total 3-OHFAs 

 Endotoxin activity 
(EU/mg) 

Total 3-OHFAs 
(pmol/mg) 

Even carbon chain 3-OHFA 
(pmol/mg) 

Dairy (n = 17)    
Odd 3-OHFAs 0.60206 A 0.51163 A 0.34726 
Even 3-OHFAs 0.50018 A 0.97863 A 1.00 

    
Cattle Feedlot (n = 48)    

Odd 3-OHFAs 0.69657 A 0.82437 A 0.73586 A 

Even 3-OHFAs 0.67734 A 0.98728 A 1.00 
    
Grain Elevator (n = 58)    

Odd 3-OHFAs -0.24312 B 0.56181 A 0.46979 A 

Even 3-OHFAs 0.14428 0.99131 A 1.00 
    
Farm (n = 11)    

Odd 3-OHFAs 0.15239 0.81621 A 0.67507 A 

Even 3-OHFAs 0.30992 0.97458 A 1.00 

Note:  Odd = sum of C9:0, C13:0, C15:0, and C17:0 3-OHFAs.  Even = sum of C8:0, C10:0, 
C12:0, C14:0, and C18:0 3-OHFAs.  A p-value < 0.05.  B 0.05 < p-value < 0.10. 
 
 
 
 



 

 
 
FIGURE 5.  Mean proportion of 3-OHFA with standard deviation (error bar) found in each dust 
type 
 
 



 

 
FIGURE 6.  Changes in experimental procedures for GC/EI-MS analysis 

 
 
 
Sub-Study 3. A Study Comparing Respiratory Health and Dust Exposure in Cattle Feedlot 
Workers and Grain Workers 
 
This is a pilot study that compares respiratory symptoms, pre- and post-shift spirometry as well 
as inhalable dust and endotoxin exposures of cattle feedlot workers (n = 33) to a comparison 
group of grain elevator workers (n = 48) in a subset of Nebraska workers.  
 
Methods 
 
Subjects 
 
This study was a cross-sectional survey of grain elevator and cattle feedlot workers.  It was 
conducted as part of a larger project being done at Colorado State University for the purpose of 
studying a similar population of workers exposed to organic dust in a variety of agricultural 
settings. Data was collected during July and August of 2006. All persons working at grain 
elevators and on cattle feedlots in a county in eastern Nebraska or employed at 4 grain 
elevators owned by a major grain marketer and agricultural supplier in central Nebraska, were 
invited to participate in this study.  
 
Results from testing individuals enrolled in this study were compared to published results from 
administering a respiratory health questionnaire to and performing spirometry on the NHANES 
III population.  The NHANES III is a cross-sectional sample of 33,994 individuals from the non-
institutionalized, civilian population of the United States (Soriano 2003). 
 
Questionnaire 
 
Self-administered, structured, written questionnaires were used to gather information on 
respiratory health, mucous membrane irritation symptoms, tobacco smoke exposure and 
workplace exposures before and after a work shift.  These questionnaires were constructed 
using the American Thoracic Society standardized questionnaire (Ferris 1978).  Additional 
questions for identifying ODTS were based on Rylander (1990). All participants worked a day 
shift. 
 
Spirometry 



 

 
Spirometry was performed in triplicate with the subjects in a seated position using the Puritan 
Bennett Renaissance spirometer (Puritan Bennett; Wilmington, MA). The best value was 
reported according to American Thoracic Society standards.  Spirometry was performed before 
the work shift began and again at the end of the work period. Interpretation of the spirometry 
findings was done using prediction equations from Hankinson and colleagues (Hankinson 1999) 
and the interpretation algorithm of the American Thoracic Society and European Respiratory 
Society taskforce for the standardization of lung function testing (Pellegrino 2005).  The 
FEV1/FVC value was defined as demonstrating airway obstruction if it was less than the 5th 
percentile of predicted.  The FVC value was defined as being consistent with but not diagnostic 
of restriction if it was less than the 5th percentile of predicted. 
 
Environmental Monitoring 
 
Before beginning work, each worker was fitted with a constant airflow pump, which was worn 
throughout the work shift.  Personal breathing zone samples for Inhalable particulate matter 
(IPM) were collected using SKC IOM sampling cassettes and 25mm PVC filters with a 5micron 
pore size (SKC Inc.). Personal sampling pumps (MSA, SKC) were calibrated to a flow rate of 
2.0 Lpm, and calibration was rechecked following sampling. Inhalable dust samples were 
analyzed by weighing the internal cassette and filter as a single unit using a Mettler MT5 
balance (Mettler-Toledo, Inc.). Inhalable particles were defined as those collected with a 
cutpoint (50% collection efficiency) of  100 microns in diameter (ACGIH 2007). Filters were 
dessicated before pre-weighing and post-weighing.  Quality assurance included field and 
laboratory blanks.   
 
The concentration of endotoxin in each dust sample was determined using a Recombinant 
Factor C Endotoxin Assay by Cambrex (East Rutherford, NJ).  Samples were extracted in 
sterile, pyrogen-free (pf) water containing 0.05% Tween-20 for 1 hr at 22°C with continuous 
shaking.  Two-fold serial dilutions of endotoxin standards and sample extracts were prepared 
using sterile, pf water with Tween-20. The samples were added to a 96-well plate followed by 
100 microliters of a mixture of enzyme, buffer and fluorogenic substrate. The plates were 
incubated at 37 oC for one hour and read in a fluorescence microtiter plate reader (Biotek 
Instruments FLX800TBIE) at Excitation/Emission 380/440 nm. Background (0 EU/ml) 
fluorescence was subtracted and log delta fluorescence plotted against log endotoxin 
concentration. Endotoxin concentrations of samples were calculated according to the standard 
curve. Four assay reagent blank wells served as reference and control for the pf status of the 
reagent water, centrifuge tubes, pipette tips and microplates. Quality assurance spiking assays 
were performed to assess matrix interference or enhancement.  The minimum detection level of 
endotoxin is ~0.01EU/ml.  
 
Statistical Analysis 
 
SAS software Version 9.1 (SAS Institute, Cary, NC) was used for data analysis.  Descriptive 
statistics were used to examine participant survey results.  Chi-square tests were used to 
compare respiratory symptom rates between feedlot workers and grain elevator workers, and 
also survey results by airway obstruction, respirator use and training; Fisher‘s exact test was 
used for small sample situations.  T-tests were used compare continuous survey and lung 
function test results between feedlot workers and grain elevator workers.  Pearson‘s correlation 
coefficients were calculated for lung function tests with age, body mass index, and years at job.   
 
Mixed-effects linear models were used to examine dust and endotoxin concentration by worker 
type.  A log transformation was applied to dust and endotoxin concentrations for analysis and 
then the means and confidence intervals were back transformed to their original scale for 
presentation. Separate models were examined for dust and endotoxin as outcome variables. 
The models included fixed effect for worker type and a random effect for facility, to account for 



 

the nesting of workers within a facility.  Mixed-effects models were also used to examine the 
relationship between lung function variables (FVC, FEV1, FEV1/FVC and FEF25-75) and dust and 
endotoxin levels while adjusting for worker type and a random facility effect.   
 
SUDAAN was used to estimate the prevalence of cough, phlegm, wheeze, shortness of breath, 
and airway obstruction in a subset of the National Health and Nutrition Examination (NHANES) 
III survey, which was limited to participants between 18 and 66 years old, white non-Hispanic, 
and who are employed. SUDAAN adjusts for the complex sampling design of the NHANES III 
survey when calculating rates and variance estimates. The estimated rate in the NHANES III 
subset was used to estimate the expected number of symptoms and obstruction in our sample if 
they were similar to the NHANES III subset.  The observed number of cases in our sample was 
compared to the expected number as a ratio. 
 
Only 45 participants had data available for dust and endotoxin analyses.  No dust samples were 
available on 9 subjects because of pump failure and samples were missing from 27 additional 
subjects for other reasons.  Survey and lung function test results were compared between 
participants with and without dust and endotoxin values available.  Participants with dust and 
endotoxin value results were significantly younger than were the subjects without dust and 
endotoxin values.  There was no statistically significant differences in lung function test results 
between the group where dust analysis data was available and the group where that was not 
present.  A p-value of less than 0.05 was considered statistically significant for all analyses. 
 
Results 
 
Demographic and Dust Exposure Information 
 
A total of 81 subjects enrolled in the study. Demographic characteristics of the study population 
are presented in Table X.  A total of 33 (41%) were cattle feedlot workers and the remaining 48 
(59%) were grain elevator employees.  The number of years worked in these settings ranged 
from 0.25 years to 48 years, with 50% having been employed there for less than 5 years. The 
feedlot workers tended to be younger than the grain elevator workers (37.5 years vs. 43.0 
years, p = 0.063). The majority of workers in both groups were lifelong nonsmokers (76% of 
feedlot workers vs. 71% of grain elevator workers, p = 0.93).   
 
 As shown in Figure 7, the geometric mean inhalable dust exposure for feedlot workers was 
2.35 mg/m3 and for grain elevator/feed mill workers was 3.73 mg/m3 with no significant 
difference between the two groups (p = 0.28). The geometric mean endotoxin concentration for 
feedlot workers was 448 EU/ m3 and for grain elevator/feed mill workers was 288 EU/ m3 (p = 
0.62).    
 
A mixed-effects analysis was performed to determine if inhalable dust exposure or endotoxin 
exposure were associated with pre-shift measures of lung function: FVC, FEV1, FEV1/FVC or 
FEF25-75. It was also determined whether or not there was an association with a cross-shift 
change in lung function in either group of workers. No associations were found between these 
variables (data not shown). Smokers were not more likely than nonsmokers to have a cross-
shift drop in FEV1/FVC (p= 0.09).  
 
Respiratory Complaints 
 
Phlegm production was the respiratory symptom reported by the largest number of study 
subjects (Table XIII). This symptom was relatively common in both groups at the pre-shift 
assessment, with 42% of feedlot workers and 26% of grain elevator workers having this 
complaint (p = 0.13).  A greater percentage of the study subjects in both groups reported 
producing phlegm than did persons who were part of a reference population from the National 
Health and Nutrition Examination (NHANES) III survey, of whom only 8% reported this 



 

respiratory symptom. Wheeze was reported at baseline in a much smaller percentage of both 
groups of workers, with no significant difference between feedlot workers and grain elevator 
workers. Cough was reported by a greater proportion of workers but again, there was no 
statistically significant difference between the feedlot and grain elevator workers. This complaint 
was 1.5 times more common in our sample than in the NHANES III population. Shortness of 
breath with exertion was also a fairly common complaint in both groups of workers. It is of note 
that there were no statistically significant increases in any of these symptoms reported by 
workers at the time of the post-shift assessment. 
 
Subjects were also asked whether they had physician-diagnosed asthma. Having asthma was 
reported significantly more often by 16% of the cattle feedlot workers and by 2% by the grain 
elevator workers (p = 0.04).  In comparison, 5.5% of the NHANES III population reported having 
asthma (Soriano et al 2003). 
 
Spirometry Results 
 
Airway obstruction was seen in 17% of feedlot workers and 14% of grain elevator workers.  Not 
surprisingly, there was a significant association between airway obstruction and having a history 
of cigarette smoking, as well as having a history of cough and wheeze (Table XIII).  
Interestingly, there was a statistically significant association between feeding antibiotics to 
livestock and the presence of airway obstruction (p=0.038). There was however, no difference 
in terms of respiratory symptoms between those who reported feeding antibiotics to livestock 
and those who did not perform this task (data not shown).   
 
Cross-shift changes in lung function test results in feedlot workers vs. grain elevator workers are 
shown in Table XIV. An association was found between dust exposure and pre-shift FEF25-75 % 
predicted (data not shown).  There was no association between endotoxin exposure and any 
pre-shift lung function testing findings. Likewise, there was no significant association between 
inhalable dust exposure or endotoxin exposure and cross shift drop in FVC% predicted, FEV1 % 
predicted, or FEF25-75 % predicted. Also, there was no association between cross-shift change in 
lung function and age, body mass index or years worked at job (data not shown).  
 
 
Use of Respirators 
 
Only 18 participants reported using respirators while working on the study day.  Respirator 
users were younger (mean age = 35.2 years vs. 42.7 years, p = 0.032).  There was no 
significant difference in numbers of feedlot employees vs. grain elevator employees who wore a 
respirator while working. However, feedlot workers were less likely to report being trained in 
proper use of a respirator than were grain elevator workers (29% vs. 71%, p=0.034). 
Interestingly, workers who reported wearing masks on the day of testing had a significantly 
greater cross-shift drop in FEF25-75 % predicted (p=0.041).  
 
Discussion 
 
This pilot study describes dust and endotoxin exposures and respiratory health of two groups of 
agricultural workers from eastern and central Nebraska. Little was previously known about the 
respiratory health of cattle feedlot workers or their workplace exposures to dust.  The respiratory 
health of grain elevator workers had been studied extensively in the past in terms of symptoms, 
lung function, total dust exposure and to a lesser degree, exposure to endotoxin (do Pico 1984, 
Chan-Yeung 1992, Post 1998). Results from the two groups of agricultural workers studied as 
part of this project were compared and were found to be remarkably similar to one another. 
 
The pulmonary complaints reported most commonly by cattle feedlot workers included coughing 
and producing phlegm. Wheezing and shortness of breath were described less often by these 



 

workers.  Interestingly,there were no significant changes in the numbers of workers reporting 
symptoms before and after the workshift. (Actually table 2 shows an increase in numbers, but 
likely not significant)  Their mean pulmonary function test values were higher at the end of the 
work day than early in the morning, as would be expected because of a well known circadian 
rhythm effect. (But did they increase as much as expected?) Thus, there was no evidence of an 
acute effect of workplace exposures on respiratory symptoms or lung function in this group. 
However, pre-shift airway obstruction was seen in 27% of feedlot workers, even though 76% 
described themselves as being lifelong non-smokers.  Additional studies must be done before 
conclusions can be drawn regarding the cause of the airway obstruction observed in this group 
of subjects. It is interesting that doctor diagnosed asthma was present in a significantly larger 
percentage of the cattle feedlot workers than grain elevator workers.  This observation may be 
an artifact of the relatively small sample size.  Alternatively, cattle feedlot workers could have 
exposures which contribute to asthma causation that are not present in grain elevator workers.  
Recent GC/MS studies of personal endotoxin samples have shown that the 3-OH fatty acids 
making up endotoxin in cattle feed lots are different and more variable than those found in grain 
handling environments (Saito, 2007 submitted).     
 
Little information is known about inhalable dust exposure on Midwestern cattle feedlots. 
Previous studies on inhalable dust levels on livestock farms considered an environment where 
the animals were housed in barns. (Takai et al 1998). It is not surprising that endotoxin could be 
measured in feedlot dust because E. coli and other Gram negative bacteria are abundant in 
manure.  However, there was no association seen between respiratory symptoms or lung 
function and inhalable dust levels or endotoxin levels. Endotoxin exposure has been shown to 
be associated with the presence of airway obstruction in other agricultural settings, including 
work in swine confinement barns and while harvesting wheat (Reynolds 1996, Viet 2001, 
Vogelzang 1998).  A recently published laboratory based study supports the idea that cattle 
feedlot dust can cause lung inflammation (Wyatt 2007).  It is possible that other microbial 
products are having an impact on lung function in these workers. More work remains to be done 
to determine the relative contribution of various forms of endotoxin and the possible contribution 
of Gram positive bacteria.  
 
The grain elevator workers had respiratory complaints that were similar to the cattle feedlot 
workers in terms of frequency of pre-shift and post-shift symptoms. As with the cattle feedlot 
workers, there was no association between lung function and inhalable dust or endotoxin levels. 
Inhalable dust and endotoxin levels in grain elevator workers were not significantly different from 
cattle feedlot workers. Total dust exposure has been shown to be associated with decline in 
FEV1 in grain elevator workers (Enarson 1985). Endotoxin exposure has been described as 
being associated with an annual decline in FEV1 in a group of grain elevator workers (Post 
1998) but only with FEF25 over time in animal feed workers (Jorna 1994). While endotoxin is 
clearly important in causing lung disease in this setting, work done in the laboratory indicates 
that the presence of endotoxin only partially explains inflammatory responses associated with 
grain dust (Von Essen 1988). Similar observations have been made with swine barn dust 
(Romberger 2002).  
 
It is noteworthy that there was a statistically significant association seen in this study between 
having airway obstruction and feeding antibiotics to livestock. There were subjects from both 
groups of workers who described engaging in this work practice, likely because some grain 
elevator workers also did farm work. Merchant and colleagues had previously described an 
association between adding antibiotics to hog feed and the presence of asthma in children who 
live on farms where swine are raised (Merchant 2005).  Further studies must be done before 
definite conclusions can be drawn from this observation. 
 
The current OSHA standard for total grain dust is 10 mg/m3.  Total dust levels were not 
measured as part of the environmental assessment of grain elevators and cattle feedlots in this 
research project. In another study conducted recently, the ratios of total dust to inhalable dust 



 

ranged from 0.49 to 0.67 in hog barns, chicken and turkey houses and dairy barns (Reynolds, 
submitted 2007).  Further studies assessing both total dust and inhalable dust in grain elevators 
and on cattle feedlots must be done before conclusions can be drawn regarding  dust levels 
measured there with reference to existing standards or suggested threshold values for 
workplace exposures.  
 
Only a small number of cattle feedlot workers and grain elevators workers reported using 
respirators.  Those that did wear respirators were more likely to have a cross-shift drop in lung 
function. It has been previously shown that respirators are effective in an agricultural setting 
(Dosman 2000).  It would be interesting to determine if persons who experience symptoms 
associated with a cross-shift fall in lung function then choose to wear a respirator while working. 
Greater than 70% of grain elevator workers in this study reported being trained in proper use of 
a respirator, as opposed to only 29% of feedlot workers.  Our findings suggest that all cattle 
feedlot workers and grain elevator workers should be trained in the correct use of respirators 
and should have them available in the workplace. It would also be prudent to continue efforts to 
develop and implement engineering controls to reduce dust exposures in these environments.   
 
Finally, it must be noted that additional work is already being done using data from a larger 
number of cattle feedlot workers and grain elevator workers which will likely further clarify the 
relationships between exposures and respiratory health effects.  There is also the potential for 
additional work to be done in the laboratory to determine the relative contribution of the various 
components of cattle feedlot dust and grain elevator dust to the presence of respiratory disease 
in workers with these exposures. 
 
 

Table X:  Demographic information and asthma history (all workers) 
 

Age (years) Mean (SD) 
Range 
 

41 (13) 
18-72 

Age categories  < 30 
30 – 50 
> 50 
 

16 (20%) 
45 (55%) 
20 (25%) 

Gender Male 
Female 
 

78 (96%) 
  3 (4%) 

Race Caucasian 
 

81 (100%) 
   

Type of employee Feedlot 
Grain elevator/feed mill 
 

33 (41%) 
48 (59%) 

Years worked in the job Mean (SD) 
Range 
 

10.3 (11.6) 
0.25 – 48 

Years worked in the job < 5 years 
5-10 years 
> 10 years 
 

40 (50%) 
14 (17%) 
27 (33%) 

Doctor diagnosed asthma in workers* 
 
 

 Feedlot  
Grain elevator/feed mill  

5 (15%) 
1   (2%) 

  
* Asthma was significantly more common in feedlot workers than in grain elevator/feed mill 
workers (p=.04) 



 

 
 
 
 
Table XI:  Cross-shift changes in respiratory symptoms 
 
 

 Pre-shift symptoms Post-shift symptoms 

  
Feed lot 
worker 
 
(n=33) 

Grain 
elevator 
/feed mill 
worker 
(n=48) 

P-value  
Feed lot 
worker 
 
(n=33) 

Grain 
elevator 
/feed mill 
worker 
(n=48) 

P-value 

Phlegm amount 
None 
Mild/Mod 

 
19 (58%) 
14 (42%) 

 
34 (74%) 
12 (26%) 

 
0.13 

 
22 (67%) 
11 (33%) 

 
36 (75%) 
12 (25%) 

 
0.46 

Wheezing 
None 
Mild/Mod 

 
29 (88%) 
4 (12%) 

 
44 (92%) 
4 (8%) 

 
0.71 

 
32 (97%) 
1 (3%) 

 
47 (98%) 
1 (2%) 

 
1.0 

Shortness of 
breath 

None 
Mild/Mod 

 
 
27 (82%) 
6 (18%) 

 
 
38 (81%) 
9 (19%) 

 
 
0.91 

 
 
28 (85%) 
5 (15%) 

 
 
44 (92%) 
4 (8%) 

 
 
0.47 

Cough 
None 
Mild/Mod 

 
24 (73%) 
9 (27%) 

 
38 (79%) 
10 (21%) 

 
0.50 

 
24 (73%) 
9 (27%) 

 
39 (81%) 
9 (19%) 

 
0.36 

 
 
 



 

Table XII:  Cross-shift spirometry results compared by worker type. 
 

 Pre-shift spirometry results Post-shift spirometry results 

  
Feed lot 
worker 
 
(n=33) 

Grain 
elevator 
/feed mill 
worker 
(n=48) 

P-value1  
Feed lot 
worker 
 
(n=33) 

Grain 
elevator 
/feed mill 
worker 
(n=48) 

P-value1 

FVC % predicted 
 

93.3 (11.9) 96.2 (11.4) 0.26 94.2 (12.1) 95.7 (12.0) 0.58 

FEV1 % predicted 
 

90.3 (13.0) 93.1 (12.6) 0.33 90.4 (13.3) 92.0 (11.3) 0.58 

FEV1/FVC % predicted 
 

96.4 (7.2) 96.6 (7.8) 0.89 96.2 (9.2) 95.9 (8.7) 0.91 

FEF25-75 % predicted 
 

86.4 (23.6) 91.6 (26.4) 0.36 88.0 (24.5) 87.6 (23.1) 0.94 

 
All values are reported as the mean percent predicted with standard deviation in parentheses. 
 
Table XIII:   Associations between airway obstruction and demographic and symptom   
 variables. 
 
 

 Obstructed 
only 
(n=11) 

Normal 
(n=62) 

P-value 

Smoking status 
     Never 
     Ex-smoker 
     Smoker 

 
6 (55%) 
0 
5 (45%) 

 
50 (81%) 
6 (10%) 
6 (10%) 

 
0.017 

Smoking status 
      Never 
      Smoker/Ex-smoker 

 
6 (55%) 
5 (45%) 

 
50 (81%) 
12 (19%) 

 
0.059 

Allergies: N (%) 
     Yes 
     No 

 
2 (18%) 
9 (82%) 

 
14 (23%) 
46 (76%) 

 
0.71 

Pesticide use: N (%) 
     Yes 
     No 

 
7 (64%) 
4 (36%) 

 
29 (48%) 
31 (52%) 

 
0.35 

Feeding antibiotics to livestock: N (%) 
     Yes 
     No 

 
8 (80%) 
2 (20%) 

 
25 (42%) 
35 (58%) 

 
0.038 

Type of Employee: N (%) 
     Feed lots 
     Grain elevator/feed mills 

 
5 (45%) 
6 (55%) 

 
24 (39%) 
38 (61%) 

 
0.74 

Hours worked with visible dust in air  
     <= 5 hours 
     > 5 hours 

 
5 (45%) 
6 (55%) 

 
32 (53%) 
28 (47%) 

 
0.63 

Reported cough  
     Yes 
     No 

 
4 (36%) 
7 (64%) 

 
6 (10%) 
55 (90%) 

 
0.040 



 

 

Reported wheezing       
     Yes 
     No 

 
3 (27%) 
8 (73%) 

 
0 (0%) 
61 (100%) 

 
0.003 

Reported shortness of breath  
     Yes 
     No 

 
6 (55%) 
5 (45%) 

 
14 (24%) 
45 (76%) 

 
0.064 

 
 
 
 
Figure 7a  Inhalable dust concentration  
 
 

  
 
Figure 7b  Inhalable endotoxin concentration  
 



 

 
 
 
 
 
Study 4. Baseline and Cross Shift Changes in Pulmonary Function and Respiratory 
Symptoms in Colorado and Nebraska Agriculture Workers 
 
Methods  
Methods are the same as described above, however this component represents the full cohort 
from both Colorado and Nebraska.   
 
Subjects 
 
This study was a cross-sectional survey of workers in grain elevators, cattle feedlots, dairies, 
and farms.  Results from testing individuals enrolled in this study were compared to published 
results from administering a respiratory health questionnaire to and performing spirometry on 
the NHANES III population.  The NHANES III is a cross-sectional sample of 33,994 individuals 
from the non-institutionalized, civilian population of the United States (Soriano 2003). 
 



 

Questionnaire 
 
Self-administered, structured, written questionnaires were used to gather information on 
respiratory health, mucous membrane irritation symptoms, tobacco smoke exposure and 
workplace exposures before and after a work shift.  These questionnaires were constructed 
using the American Thoracic Society standardized questionnaire (Ferris 1978).  Additional 
questions for identifying ODTS were based on Rylander (1990). All participants worked a day 
shift. 
 
Spirometry 
 
Spirometry was performed in triplicate with the subjects in a seated position using a Puritan 
Bennett Renaissance spirometer (Puritan Bennett; Wilmington, MA) or a Spirometrics 2500 
(Grey, ME ). The best value was reported according to American Thoracic Society standards.  
Spirometry was performed before the work shift began and again at the end of the work period. 
Interpretation of the spirometry findings was done using prediction equations from Hankinson 
and colleagues (Hankinson 1999) and the interpretation algorithm of the American Thoracic 
Society and European Respiratory Society taskforce for the standardization of lung function 
testing (Pellegrino 2005).   
 
Environmental Monitoring 
 
Personal breathing zone samples for Inhalable particulate matter (IPM) were collected using 
SKC IOM sampling cassettes and 25mm PVC filters with a 5micron pore size (SKC Inc.). 
Personal sampling pumps (MSA, SKC) were calibrated to a flow rate of 2.0 Lpm, and calibration 
was rechecked following sampling. Inhalable dust samples were analyzed by weighing the 
internal cassette and filter as a single unit using a Mettler MT5 balance (Mettler-Toledo, Inc.). 
Inhalable particles were defined as those collected with a cutpoint (50% collection efficiency) of  
100 microns in diameter (ACGIH 2007). Filters were dessicated before pre-weighing and post-
weighing.  Quality assurance included field and laboratory blanks.   
 
The concentration of endotoxin in each dust sample was determined using a Recombinant 
Factor C Endotoxin Assay by Cambrex (East Rutherford, NJ).  Samples were extracted in 
sterile, pyrogen-free (pf) water containing 0.05% Tween-20 for 1 hr at 22°C with continuous 
shaking.  Two-fold serial dilutions of endotoxin standards and sample extracts were prepared 
using sterile, pf water with Tween-20. The samples were added to a 96-well plate followed by 
100 microliters of a mixture of enzyme, buffer and fluorogenic substrate. The plates were 
incubated at 37 oC for one hour and read in a fluorescence microtiter plate reader (Biotek 
Instruments FLX800TBIE) at Excitation/Emission 380/440 nm. Background (0 EU/ml) 
fluorescence was subtracted and log delta fluorescence plotted against log endotoxin 
concentration. Endotoxin concentrations of samples were calculated according to the standard 
curve. Four assay reagent blank wells served as reference and control for the pf status of the 
reagent water, centrifuge tubes, pipette tips and microplates. Quality assurance spiking assays 
were performed to assess matrix interference or enhancement.  The minimum detection level of 
endotoxin is ~0.01EU/ml.  
 



 

Statistical Analysis 
 
SAS software Version 9.1 (SAS Institute, Cary, NC) was used for data analysis.  Dust and 
endotoxin exposure data were log transformed before analysis since they followed a lognormal 
distribution. GLM ANOVA was used to compare pulmonary function results by type of facility, 
and Wilcoxon Rank Sum was used to compare rates of symptoms by facility.  Spearman‘s 
correlation coefficients were calculated for lung function tests, symptoms, and exposures.  
Multiple linear regression was used to develop models predicting both baseline and cross shift 
pulmonary function.  Logistic regression was used to develop models for baseline and cross 
shift symptoms.  
 
Results 
 
 Table I. presents the characteristics of the study population. See above.  Altogether a total of 
174 participants were recruited.  There were 76 grain handlers, 71 cattle feedlot workers, 18 
dairy workers, and 9 farmers.  On average participants were 37 years of age, had been at their 
current job for 8.5 years and had worked in agriculture for 16 years.  Grain elevator workers and 
farmers were older, with more experience.  28 % of the population was Hispanic or Latino.  25% 
were current smokers, although none of the farmers smoked.   
 
Table XIV. presents baseline and cross shift pulmonary function results. Overall, baseline FVC 
was 97.7% of predicted, FEV1 was 95.9% of predicted and FEV1/FVC was 98.5% of predicted.  
Farmers had significantly higher baseline FVC, and FEV1.  Cross shift FVC and FEV1 
decreased much more for farmers (6.8% and 6.0%), but the difference was not statistically 
significant, possibly due to the small numbers (n = 9).  Cross shift FEV1 decreased 1.0 to 2.1% 
for the other groups.  10% of the population had baseline FEV1 and FEV1/FVC below criteria 
(Gold II, Celli 2003) used to clinically define Obstructive Lung Disease (Table XV).  The rates 
were lowest among dairy workers and highest among grain workers. Close to 50% of the 
population had FEV1and FEV1/FVC less than 95% of predicted – a significant effect for the 
population from an epidemiological standpoint (Pelligrino 2005).  Again the rates were highest 
for grain elevator workers.   
 
Cross shift pulmonary function changes exceeding a drop of 5% and 10% are shown in Table 
XVI.  Overall dropped more than 5% in 26% of the population and more than 10% in 10% of the 
population.  19% had a drop in FVC exceeding 5% and 8% had and FVC decrease exceeding 
10%.  Normally FEV1 and FVC would be expected to increase by 5% over a daytime workshift. 
The proportions were largest in farmers, followed by dairy workers and grain handlers. 
 
Tables XVII and XVIII show pre-shift and cross shift changes in symptoms.  The most 
commonly reported pre-shift symptoms were mucus, cough, and irritation of throat, nose, and 
eyes.  The overall rates for these lower and upper respiratory symptoms were comparable to 
previous studies of agricultural workers and higher than expected in a non-exposed population 
(e.g. NHANES III).  There no significant differences between the rates of symptoms reported by 
facility type except for cough, mucus, and tingling fingers.  Rates of symptoms in almost all 
cases were lowest in dairy workers and highest in farmers.  Cross shift symptoms decreased at 
similar or greater rates than they increased.  Symptoms with the largest cross shift increase 
included eye and nose irritation, and mucus.   
 
Cross shift changes in FVC and FEV1 were moderately correlated with pre- shift measures 
(Table XIX).  As is commonly reported in many studies, symptoms and pulmonary function were 
poorly correlated (Table XX). Most pre-symptoms were highly correlated with each other (data 
not shown).  Most cross shift change in symptoms were highly correlated with each other.  Most 
cross shift change in symptoms were strongly negatively correlated with pre shift symptoms, 
especially the same symptom. Those already reporting symptoms were less likely to report an 
increase.  



 

 
Exposures were not correlated with symptoms except for smoking and endotoxin exposure. 
Smoking was positively correlated with pre- shift eye and throat irritation and cough, negatively 
associated with cross shift throat irritation and cough (Tables XXI and XXII).  Endotoxin 
exposure was correlated with pre- shift blurred vision and post shift throat irritation. 
 
Endotoxin and dust exposures were also correlated with cross shift change in FEV1 (Table 
XXIII).  Smoking was correlated with pre-shift FVC and FEV1.  Type of facility (which also 
represents dust type) was correlated with baseline FEV1 and with baseline shortness of breath 
(Tables XXI and XXIII).  
 
Multiple regression models for predictors of pulmonary function were not strong (low R2) for both 
baseline and cross shift pfts (Tables XXIV and XXV). Variables tested included age, type of 
facility, hours of work, years of work, smoking, log mg/m3, log EU/mg or log EU/m3 (dust and 
endotoxin were highly correlated and not used in the same models).  Forcing dust or endotoxin 
exposures and smoking into the models did not appreciably improve them. Final models 
(without forcing variables) included: type of facility for pre- FVC (using either dust or endotoxin), 
and type of facility and smoking for pre – FEV1.  There were no significant models for cross shift 
change in FVC or FEV1/FVC.  Both dust and endotoxin were retained in models predicting 
cross shift decrease in FEV1.   
 
Logistic regression models retained age in models predicting baseline shortness of breath, 
cross shift change in shortness of breath, and change in nose irritation.  Hours of work the 
previous week was retained in models predicting baseline cough, baseline throat irritation, and 
cross shift change in cough.  All odds ratios were very close to 1.0, but were significant.  
 
Discussion/Conclusion 
 
Almost one third of this population was Hispanic or Latino.  The pulmonary function predicted 
equations of Hankinson et al (1999) take this into account.  10% of the population had baseline 
FEV1 and FEV1/FVC below criteria (Gold II, Celli 2003) used to clinically define Obstructive 
Lung Disease.  Close to 50% of the population had FEV1and FEV1/FVC less than 95% of 
predicted – a significant effect for the population from an epidemiological standpoint (Pelligrino 
2005).  Again the rates were highest for grain elevator workers.   
 
Cross shift pulmonary function dropped more than 5% in 26% of the population and more than 
10% in 10% of the population.  19% had a drop in FVC exceeding 5% and 8% had and FVC 
decrease exceeding 10%.  Normally FEV1 and FVC would be expected to increase by 5% over 
a daytime workshift. The proportions were largest in farmers, followed by dairy workers and 
grain handlers. 
 
The most commonly reported pre-shift symptoms were mucus, cough, and irritation of throat, 
nose, and eyes.  The overall rates were comparable to previous studies of agricultural workers 
and higher than expected in a non-exposed population (e.g. NHANES III).  Symptoms with the 
largest cross shift increase included eye and nose irritation, and mucus.   
 
Both correlations and regression models indicate that smoking, endotoxin/dust exposure, and 
facility type were significant predictors of symptoms (eye and throat irritation, cough) and 
pulmonary function (cross shift decrease in FEV1, pre-shift FVC and FEV1). Our earlier studies 
using GC/MS (see above) showed distinct differences in the 3-OHFA content (endotoxin) of 
dust from these four types of facilities.    
 
Table XIV . Pulmonary Function - % Predicted, Overall and by Facility Type  
 Mean (SD) 

PFT All Grain Feedlot Dairy Farm  ANOVA 



 

Parameter N = 
174 

N = 
76 

N = 71 N = 
18 

N = 9  ANOVA 
R2 

P =  

Pre-FVC 
97.7  
(12.1) 

96.7 
(12.9) 

97.1 
(11.4) 

98.4 
(12.3) 

109 
(11.3) 

0.19 
0.02 

Pre-FEV1 
95.9 
(13.6) 

94.0 
(13.2) 

96.1 
(13.6) 

95.9 
(11.5) 

109.7 
(15.4) 

0.21 
<0.01 

Pre-
FEV1/FVC 

98.5 
(7.0) 

97.7 
(8.6) 

99.0 
(7.0) 

98.7 
(7.5) 

101.5 
(10.8) 

0.10 
0.51 

%Cross 
shift 
decrease 
in FVC  

1.0 
(7.5) 

1.4  
(8.6) 

0.3 
(5.4) 

- 0.6 
(9.8) 

6.8 
(5.8) 

 
0.14 

0.16 

%Cross 
shift 
decrease 
in FEV1 

1.8 
(8.6) 

2.1 
(10.2) 

1.0 
(7.0) 

1.3 
(7.8) 

6.0 
(5.8) 

 
0.10 

0.57 

%Cross 
shift 
decrease 
in ratio 

0.6 
(5.3) 

0.8 
(5.7) 

0.5 
(5.5) 

0.5 
(4.6) 

- 0.3 
(0.8) 

 
0.09 

0.64 

 
ANOVAs accounting for smoking, hours worked, years worked, mg/m3 
 
 
TABLE XV.   Baseline Pulmonary Function below Criteria for Obstruction 
 

 
Grain 
Elevator 
(n=76) 

Feedlot 
(n=71) 

Dairy (n=18) Farm (n=9) Total (n=174) 

 n % n % n % n % n % 

FEV1 <80% 9 12 7 10 1 6 1 11 18 10 

FEV1/FVC <88% 10 13 5 7 1 6 1 11 17 10 

FEV1 <95% 42 55 33 46 8 44 1 11 84 48 

FEV1/FVC <95% 24 32 16 23 3 17 2 22 45 26 

 
TABLE XVI. Cross Shift Change in Pulmonary Function exceeding 5% and 10%  
 

 
Grain 
Elevator 
(n=76) 

Feedlot 
(n=71) 

Dairy (n=18) Farm (n=9) Total (n=174) 

 n % n % n % n % n % 

FEV1 positive change 36 48 26 37 7 39 2 22 71 41 

FEV1 >5% decrease 20 27 13 18 6 33 6 67 45 26 

FEV1 >10% decrease 8 11 5 7 2 11 2 22 17 10 

FVC positive change 30 40 32 45 6 33 1 11 69 40 

FVC >5% decrease 13 17 10 14 4 22 6 67 33 19 

FVC >10% decrease 7 9 3 4 1 6 3 33 14 8 

FEV1/FVC positive 
change 

31 41 26 37 8 44 6 67 71 41 

FEV1/FVC >5% 
decrease 

8 11 5 7 2 11 0 0 15 9 

FEV1/FVC >10% 
decrease 

2 3 2 3 0 0 0 0 4 2 

 



 

 
 
Table XVII.  % Reporting Preshift Symptoms overall and by facility type 

Symptom All  All 
Wilcoxon 
Rank 
Sum 

 Rank  Order  

 % Pre % Post P =  Grain Feedlot Dairy Farm 

Eye 
Irritation 

22 31 0.40 2 3 4 1 

Blurred 
Vision 

8 8 0.46 3 4 1 1 

Nose 
Irritation 

26 99 0.42 3 2 1 4 

Mucous  38 32 0.03 2 3 1 4 

Tingling 
Fingers 

9 4 0.05 3 2 1 4 

Shortness 
of Breath 

18 11 0.24 3 2 1 1 

Headache 13 9 0.31 2 4 1 3 

Wheezing 13 6 0.27 2 3 1 4 

Throat 
Irritation 

21 17 0.38 2 3 1 4 

Cough 32 24 0.04 2 3 1 4 

 
 
 
 
 
 
 
 
Table XVIII % Reporting Cross shift Symptoms overall and by facility type 

Symptom All  All 
Wilcoxon 
Rank 
Sum 

 Rank  Order  

 % 
Increase 

% 
Decrease 

P =  Grain Feedlot Dairy Farm 

Eye 
Irritation 

18 11 0.11 2 3 1 4 

Blurred 
Vision 

5 7 0.14 1 2 3 4 

Nose 
Irritation 

18 14 0.58 2 3 4 1 

Mucous  10 21 0.09 3 2 4 1 

Tingling 
Fingers 

1 5 0.03 2 3 4 1 

Shortness 
of Breath 

4 14 0.31 1 2 3 3 

Headache 5 8 0.04 3 2 4 1 

Wheezing 2 10 0.15 2 1 4 3 

Throat 
Irritation 

8 14 0.22 2 3 4 1 

Cough 8 20 0.18 3 2 4 1 

        



 

 
 
 
 
Table XIX . Spearman Correlation Coefficients:  Pre Shift and Cross Shift PFT % 
Predicted (all p < 0.05) n = 174 

PFT 
Parameter 

Pre-
FEV1 

Pre-
FEV1/FVC 

Crossshift 
change in 
FVC 

Crossshift 
change in 
FEV1 

Crossshift 
change in 
ratio 

Pre-FVC 0.84  0.30 0.29  

Pre-FEV1  0.48 0.20 0.27  

Pre-
FEV1/FVC 

     

Crossshift 
ch 
ange in 
FVC 

   0.79  

Crossshift 
change in 
FEV1 

    0.34 

 
 
 
 
 
 
Table XX . Spearman Correlation Coefficients: Symptoms and PFTs (all p < 0.05) n =  

PFT 
Parameter 

Pre Eye 
Irritation 

Pre 
Blurred 
Vision 

Pre 
Nose 
Irritation 

Pre 
Mucous 
Amount 

Pre 
Tingling 
Fingers 

Cross 
Shift 
Eye 
Irritation 

Pre-FVC - 0.16     0.24 

Pre-FEV1  - 0.18    0.17 

Pre-
FEV1/FVC 

  0.15    

Crossshift 
change in 
FEV1 

      

Crossshift 
ch 
ange in 
FVC 

- 0.15      

Crossshift 
change in 
ratio 

    0.17  

 
 
 
Table XXI . Spearman Correlation Coefficients: Pre Symptoms and Exposures (all p < 
0.05) n = 141 - 174  



 

Parameter 
Eye 
Irritation 

Blurred 
Vision 

Nose 
Irritation 

Mucous 
Amount 

Tingling 
Fingers 

Shortness 
of Breath 

Headache Wheezing 
Throat 
Irritation 

Cough 

Type 
Facility 

     - 0.15   - 0.16  

Smoking   0.23         0.18  0.23 

Years Work           
Hours Work           
Mg/m3           

EU/mg           

EU/m3  0.18         

 
 
 
 
 
 
 
Table XXII. Spearman Correlation Coefficients: Cross Shift Symptoms and Exposures (all 
p < 0.05) n = 141 - 174  

Parameter 
Eye 
Irritation 

Blurred 
Vision 

Nose 
Irritation 

Mucous 
Amount 

Tingling 
Fingers 

Shortness 
of Breath 

Headache Wheezing 
Throat 
Irritation 

Cough 

Type 
Facility 

          

Smoking         - 0.21 - 0.19 

Years Work           
Hours Work           
Mg/m3           

EU/mg           

EU/m3         0.17  

 
 
 
Table XXIII. Spearman Correlation Coefficients: PFTs  and Exposures (all p < 0.05) n = 
141 - 174  

PFT N Variable Estimate Model R2  

Pre FVC 139 Type facility 2.67 0.0637  

  EU/m3 0.93  Forced 

  Smoking 3.73  Forced 

      

Pre FVC 139 Type facility 2.83 0.0385  

      

Pre FVC 138 Type facility 3.19 0.0734  

  Mg/m3 3.27  Forced 

  Smoking 3.57  Forced 

      

Pre FVC 138 Type Facility 2.82 0.0383  

      

Pre FEV1 139 Type Facility 2.98 0.1074  

  EU/m3 1.46  Forced 



 

 
Table XXIV . Multiple Regression – Pre Shift Pulmonary Function (% Predicted) 
 
 
Stepwise, 0.05 in/out.  Variables included age, type of facility, hours work, years work, smoking, 
log mg/m3, log EU/mg, or log EU/m3. 
 
 
 

  Smoking 6.59  Forced 

      

Pre FEV1 139 Type Facility 3.06 0.0987  

  Smoking 6.40   

      

Pre FEV1/FVC 139 EU/m3 0.82 0.0302 Forced 

  Smoking 2.48  Forced 

      

Pre FEV1/FVC 138 Mg/m3 0.005 0.0224 Forced 

  Smoking 2.38   

Parameter 
Pre- 
FVC 

Pre-
FEV1 

Pre-
FEV1/FV
C 

Crossshift 
change in 
FVC 

Crossshift 
change in 
FEV1 

Crossshift 
change in 
ratio 

Type Facility 
 

0.17     

Smoking 
- 0.15 

- 0.20     

Years Work       
Hours Work       
Mg/m3     0.18 0.16 

EU/mg 

 

     

EU/m3 

 

   0.17  



 

Table XXV. Multiple Regression – Cross Shift Change Pulmonary Function (% Predicted) 
 
PFT N Variable Estimate Model R2  

Decrease FVC 139 Log EU/m3 - 0.600 0.0229 Forced 

  Smoking 1.167  Forced 

      

Decrease FVC 138 Log mg/m3 1.59 0.0141 Forced 

  Smoking - 0.73  Forced 

      

Decrease FEV1 139 Log EU/m3 1.68 0.0422 Forced 

  Smoking - 1.46  Forced 

      

Decrease FEV1 139 Log EU/m3 1.74 0.0342  

      

Decrease FEV1 138 Log mg/m3 3.37 0.0493 Forced 

  Smoking - 1.61  Forced 

      

Decrease FEV1 138 Log mg/m3 3.39 0.0396  

      

Decrease 
FEV1/FVC 

139 EU/m3 0.466 0.0288 Forced 

  Smoking - 1.28  Forced 

      

Decrease 
FEV1/FVC 

138 Mg/m3 1.55 0.0472 Forced 

  Smoking - 1.32   

Stepwise, 0.05 in/out.  Variables included age, type of facility, hours work, years work, smoking, 
log mg/m3, log EU/mg, or log EU/m3.  
 
 
Table XXVI. Logistic Regression Pre and Cross Shift Symptoms 
 
Symptom N Variable OR MLE 

Pre Cough 137 Hours 0.968 - 0.0323 

Pre Throat 
Irritation 

139 Hours 0.977 - 0.0235 

Pre Short of 
Breath 

136 Age 0.936 - 0.0657  

Change Cough 137 Hours 1.028 0.0278 

Change Short of 
138Breath 

136 Age 1.042 0.0410 

Change Nose 
Irritation 

 Age 1.034 0.0333 

Stepwise, 0.05 in/out, Variables included: age, smoking, type of facility, hours of work, years of 
work, log mg/m3, log EU.mg, or log EU/m3.   
 
Study 5. Immunological Markers and Respiratory Outcomes in Colorado and Nebraska 
Agriculture Workers 
 
METHODS 
 
Nasal Lavage Fluids 
 
To quantify immune parameters, nasal lavage fluids were first centrifuged at 600 x G for 10 
minutes, and the supernatant was aliquoted, transported to the laboratory (on ice) and stored at 
___oC prior to analysis.  The cell pellet was re-suspended in 30 ml Cytolyte® mucolytic/ 
preservative (Cytyc Corp., Marlborough, MA). These samples were shipped to the laboratory 
where they were centrifuged at 600 x G for 10 min, the cell pellet resuspended in 20 ml 
PerservCyt®(Cytyc Corp.) and stored at 4 °C.  Cytology slides were made using the ThinPrep® 



 

instrument (Cytyc Corp).  The amount of sample not transferred to the cytology slide was 
measured and recorded.  Each slide was stained with Diff-Quick Stain Kit (Imeb, Inc., San 
Marcos, CA).  The nasal lavage cell number and differentials were evaluated in 20 visual 
microscopic fields under oil (500x).  The cell numbers were adjusted for total cell spot area and 
percent of nasal lavage sample transferred onto the microscope slide to provide cell 
number/nasal lavage. Nasal lavage supernatant fluid markers were measured according to 
manufacturer‘s instructions using commercially available immunoassay kits as follows: 
myleoperoxidase (MPO), Assay Designs, Inc., Ann Arbor, MI; eosinophilic cation protein (ECP), 
Pharmacia CAP SystemTM, Pharmacia Diagnostics, Uppsala, Sweden (this company was 
bought by Phadia, Portage, MI and the system is now called Immunocap); albumin, Human 
Serum Albumin Immunoassay Kit, Bethyl Laboratories, Montgomery, TX; interleukin-8, IL-8 
QuantiGlo Chemiluminescent Immunoassay, R & D Systems, Minneapolis, MN. Samples were 
diluted with respective assay diluent when required to achieve analyte concentrations within the 
quantitative range of the assay. Samples with cell differential counts or immune marker 
concentrations that were not quantifiable were assigned a value of one half the limit of detection 
for that parameter. Among the cellular subsets that were quantified for the differential cell 
counts, only polymorphonuclear neutrophils (PMNs) were present in sufficient quantities  to 
allow for statistical comparisons among all samples (n=9 samples below detection); other cell 
subsets in lavage fluids were excluded from further analysis. 
 
Statistical Analyses 
 
Statistical analyses were performed using the Statistical Analysis System (SAS) computer 
program (version 9.1, SAS Institute Inc., Cary, NC). Separate analyses were performed for 
either workplace dust or endotoxin exposures, and ambient endotoxin concentrations were 
normalized to either the total amount of dust or to the volume of air sampled (i.e., endotoxin 
units [EU] per mg dust or EU/m3 air) for each participant. Each of the exposure and immune 
marker variables were analyzed using log-transformed data, and back-transformations were 
performed for tabular presentation of mean values. For this reason, measures of variability for 
mean values were not reported. The relationship between personal workplace dust or endotoxin 
exposure and post-shift symptomatology or nasal lavage fluid immune marker levels was 
evaluated among 125 men with complete data available for analysis (one male subject without 
nasal lavage and three female subjects were excluded). The proportion of individuals with post-
shift respiratory or other symptoms within each quartile of work shift dust or endotoxin exposure 
was computed, and proportions in the first and fourth exposure quartile were compared using 
the Mantel-Haenzel chi-square statistic. Individuals were then grouped according to the 
absence (none) or presence (any score >0) of post-shift symptoms, and the Proc GLM 
procedure was used to compare mean dust, endotoxin or immune marker levels within each 
group. A variable selection procedure was used to identify questionnaire items associated with 
each exposure parameter. Items were univariately compared with each exposure using the Proc 
GLM procedure, and included in subsequent analyses as potential confounding factors if the 
statistical significance was p<0.10. Factors associated with each immune marker were 
evaluated similarly.  
 



 

To test the hypothesis that personal workplace exposure to total dust or endotoxin was 
associated with increased immune marker concentrations in nasal lavage fluids, individuals 
were grouped into quartiles of either dust or endotoxin concentration, and the Proc GLM 
procedure was used to compute least squares (LS) means of immune marker concentrations 
within each exposure quartile, after adjustment for potential confounding factors. LS means in 
the first and fourth exposure quartiles were then compared using the least significant differences 
statistic. To test for linear trend, each exposure parameter was evaluated as a continuous 
variable in the Proc GLM model, with adjustment for previously selected potential confounding 
factors. In separate analyses, individuals within each exposure quartile were further stratified by 
variables from the questionnaire potentially linked with chronic exposure to organic dusts (hours 
at job during the current week; months per year working at a grain elevator or corn storage area; 
hours per day working in an area with visible dust; and months per year working on a farm). LS 
means were calculated among each stratum of exposure and means in the lowest and highest 
exposure quartiles, as well as upper quartile means from the low and high chronic exposure 
strata were compared using the least significant differences statistic. 
 
RESULTS 
 
Table XXVII presents crude mean immune marker concentrations for different characteristics of 
the study population. IL-8 concentrations in nasal lavage fluid were greater among participants 
who worked at locations where livestock were kept (mean = 245 vs. 148 pg/mL, p<0.01), or 
among those who applied vaseline to their noses, or rinsed or flushed them with water in an 
effort to reduce upper respiratory dust exposures (419 vs. 199 pg/mL, p<0.05). Albumin and 
MPO levels were greater among Caucasians or non-Hispanics (Table _-1). MPO was also 
greater among participants reporting home pesticide use within the past month (117 vs. 35 
pg/mL, p<0.01), and albumin levels were greater among non-smokers (6,634 vs. 4,024 pg/mL, 
p<0.05).  
 
There were no statistically significant increases in symptom prevalence among increasing 
quartiles of dust or endotoxin exposure (Tables XXVIII-a, -b, and -c). Similarly, there were no 
statistically significant differences in adjusted mean dust or endotoxin exposure concentrations 
among participants with or without a given symptom (none vs. any, results not shown). 
However, there was a statistically significant elevation in mean nasal lavage PMN counts and 
albumin or ECP concentrations among those reporting post-shift headaches compared to those 
without headaches (Tables XXIX a, d, and e, respectively).  Mean albumin levels were also 
higher among those with abnormal amounts of mucous following their work shift (7,352 vs. 
4,711 pg/mL, p=0.05, Table XXIX d). There were also marginal increases in ECP among 
participants with a post-shift cough (1.45 vs. 0.96 pg/mL, p=0.06, Table XXIX e), and in MPO 
among participants with blurred vision (1,792 vs. 495 pg/mL, p=0.06, Table XXIX a). No other 
statistically significant increases in mean immune marker levels were observed among 
individuals with post-shift symptoms. 
 
Table XXX presents adjusted mean immune marker concentrations among quartiles of personal 
exposure to total dust or endotoxin in the workplace. There were no statistically significant 
increases in immune markers when compared against total dust or with endotoxin exposures 
summarized by the volume of air sampled. However, when endotoxin levels were normalized 
against total milligrams of dust sampled (EU/mg), increasing exposure as a continuous variable 
was associated with statistically significant increases in IL-8 and albumin concentrations in 
lavage fluids (p=0.01; p=0.03, respectively), and adjusted means in the highest exposure 
quartile were greater than those in the lowest quartile for both of these analytes (p=0.05 and 
p=0.02, respectively, Table XXX). When individuals among these endotoxin exposure quartiles 
were further stratified by the number of months per year working on a farm (<12 vs. >12), 
statistically significant increases in mean IL-8 and albumin were only observed among those 
with fewer months per year of farm work (Table XXXI). A similar tendency was noted for mean 
albumin levels among participants with less than 24 hours of work at their job during the week of 



 

study participation compared to those with 24 or more hours at work during that week (Table _-
5). Participants in the highest quartile of endotoxin exposure (EU/mg) who also worked less 
than three months per year at a grain elevator or corn storage area had adjusted mean albumin 
concentrations (11,734 ng/ml) that were more than double those observed among participants 
in the upper exposure quartile with three or more months per year working at a grain elevator or 
corn storage area (5,081 ng/ml, p=0.08, Table XXXI).       
 
When participants within quartiles of personal workplace dust exposure were further stratified by 
the amount of time spent at work during the week of study participation (<24 vs. >24 hours), 
there was a tendency towards lower adjusted mean ECP (p=0.25), and a reduction in MPO 
levels (p<0.01) across quartiles of dust exposure for individuals with 24 hours or more at work 
(Table XXXII). Adjusted mean MPO and ECP levels in the upper quartile of dust exposure were 
higher among those with less than 24 hours at their job during the week compared to those with  
24 or more hours at their job (p<0.01 and p=0.04, respectively). No other major differences in 
mean immune marker concentrations were observed across quartiles of dust exposure when 
stratified by other potential chronic exposure variables (Table XXXII). However, when 
participants exposed to endotoxin (EU/m3) were further stratified by the amount of time spent at 
work that week (<24 vs. >24 hours), adjusted mean MPO concentrations in the upper endotoxin 
exposure quartile (67 ng/ml) were elevated among those with less than 24 hours at their job 
compared to those with 24 or more hours (25 ng/ml, p=0.05, Table XXXIII). There were no 
consistent patterns of change in immune marker concentrations across quartiles of endotoxin 
exposure (in EU/m3) when stratified by potential chronic exposure variables (Table XXXIII).  
 
DISCUSSION 
 
Personal exposure to organic dusts among agricultural workers has been associated with 
decrements in respiratory function and several debilitating forms of chronic respiratory disease. 
The mechanism underlying these disorders involves immune system activation, although more 
research is needed to sort out how specific work environments, work related behaviors, 
individual responses and susceptibilities, and different organic dust constituents combine to 
induce these effects. In this study, personal workplace exposure to total ambient dust in the 
workplace as well as to the endotoxin component of personal airborne dust exposure were 
quantified among agricultural workers. These exposures were compared to post work shift 
respiratory symptoms and immune marker concentrations within nasal lavage fluids. Respiratory 
and other symptoms among participants in this study were not more prevalent among those with 
elevated dust or endotoxin exposures, suggesting a certain degree of resistance to the acute 
effects of organic dusts in this population, although some immune markers were elevated (PMN, 
albumin, ECP, MPO) among those with headaches, cough, mucous, or blurred vision. Personal 
exposure to airborne dust had no statistically significant impact on the immune markers that 
were quantified in post work shift nasal lavage fluids collected from these workers. However, 
personal exposure to airborne endotoxin, when normalized to the total amount of dust sampled 
(EU/mg), was associated with statistically significant increases in both IL-8 and albumin 
concentrations. There was a broad range of work duration among study participants (mean + 
standard deviation = 6.9 + 8.5 years, minimum: 0.8 and maximum 48 years), and dust or 
endotoxin induced increases in IL-8 and albumin, as well as effects on MPO and ECP 
concentrations in lavage fluids tended to be most prominent among workers with fewer months 
per year working on a farm, fewer months per year working at a grain elevator or corn storage 
area, or fewer work hours on the week of participation. These results suggest that workers with 
less chronic exposure to work environments with elevated ambient concentrations of endotoxin 
containing dusts are more susceptible to the acute effects of endotoxin on the immune system, 
and that extended workplace exposures confer a degree of resistance to the effects of 
endotoxin.      
 
 

Table XXVII.  Immune Marker Levels by Population Characteristic   



 

 
Characteristic 

PMN 
(cells/ml)  

MPO 
(ng/ml) 

IL-8 
(pg/ml) 

Albumin 
(ng/ml) 

ECP 
(ng/ml) 

Age group 
  18-24 (n=37) 
  25-40 (n=57) 
  41-72 (n=31) 

 
446 
545 
665 

 
30 
40 
55 

 
245 
181 
200 

 
6,634 
4,447 
6,003 

 
0.99 
1.07 
1.16 

Currently living on a farm 
  Yes (n=46) 
  No (n=78) 
  Missing (n=2) 

 
 

545 
545 

 
 

45 
40 

 
 

200 
200 

 
 

6,634 
4,915 

 
 

1.15 
1.05 

Living in the location of 
participation 
 Yes (n=24) 
 No (n=102) 

 
992 
545 

 
60 
37 

 
221 
200 

 
6,634 
5,432 

 
1.26 
1.02 

Job status 
  Owner/Family Member (n=22) 
  Local Hire (n=86) 
  Migrant Workers & Others (n=17) 
  Missing (n=1) 

 
898 
493 
493 

 
55 
40 
30 

 
221 
181 
293 

 
8,103 
4,915 
4,915 

 
1.38 
0.96 
1.36 

Livestock kept at workplace 
  Yes (n=75) 
  No (n=50) 
  Missing (n=1) 

 
602 
493 

 
45 
37 

 
   245** 

148 

 
6,003 
4,915 

 
1.11 
0.99 

Fed livestock with antibiotics 
within the past month 
  Yes (n=45) 
  No (n=79) 
  Missing (n=2) 

 
 

602 
545 

 

 
 

 60* 
33 

 

 
 

221 
200 

 

 
 

6,634 
4,915 

 

 
 

1.30 
0.95 

 
Smoker 
  Yes (n=50) 
  No (n=76) 

 
403 
602 

 
37 
45 

 
200 
200 

 
  4,024* 
 6,634 

 
1.04 
1.08 

Ethnicity 

  Hispanic or Latino 
  Not Hispanic or Latino 
  Refuse or Don‘t know 
  Missing (n=4) 

 
491 
542 
538 

 
27 

   53**  
39 

 
204 
189 
290 

 
    3,323 
   6,853** 
    8,168 

 
0.86 
1.22 
0.94 

Race 

  Caucasian 

  Mexican American 
  Missing (n=5) 

 
536 
503 

 
  50* 
28 

 
196 
204 

 
   6,843** 

3,294 

 
1.21 
0.85 

* p < 0.05  **p < 0.01 vs. referent group   
 
 

Table XXVII (Continued). Immune Marker Levels by Population Characteristic 

Characteristic 
PMN 

(cells/ml)  
MPO 

(ng/ml) 
IL-8 

(pg/ml) 
Albumi

n 
(ng/ml) 

ECP 
(ng/ml) 



 

Months per year working in a grain 
elevator or corn storage bin 

  0 - 2 months 
  3 - 5 months 
  6 - 8 months 
  9 -12 months 

 
 

533 
870 
589 
449 

 
 

35 
57 
20 
47 

 
 

230 
228 
110* 
177 

 
 

6,552 
6,589 
3,242 
4,304 

 
 

1.13 
1.18 
0.90 
0.97 

Time at current job the previous 
week 

    0 - 9 hours (reference category) 
  10 - 23 hours 
  24 - 39 hours 
  40 - 80 hour 

 
372 
456 
697 
652 

 
57 
44 
35 
35 

 
197 
199 
213 
202 

 
5,811 

   
5,159** 
5,310 
5,738 

 
1.00 
1.02 
1.12 
1.13 

Working in an area with visible 
dust  

(hours/day) 
  0 - 3  
  4 - 5 
  6 - 7 
  8 -12 

 
 

  447 
  538 
1029 
  380 

 
 

38 
33 
41 
50 

 
 

186 
168 
247 
219 

 
 

8,601 
3,792 
5,121 
5,705 

 
 

1.04 
1.16 
1.30 
0.87 

Using pesticides at home within 
the past month 

  Yes 
  No 
  Missing (n=2) 

 
 

427 
554 

 

 
 

   117** 
  35 

 
 

151 
211 

 
 

5,301 
5,499 

 
 

1.31 
1.03 

Treats nose with water or vaseline 

  Yes 
  No 
  Missing (n=2) 

 
734 
542 

 
40 
43 

 
  419* 
199 

 
9,210 
5,426 

 
2.07 
1.04 

Currently experiencing more than 
usual amount of stress 

  Yes 
  No 
  Missing (n=1) 

 
 

639 
523 

 
 

46 
40 

 
 

164 
211 

 
 

5,884 
5,378 

 
 

1.25 
1.04 

Exposed to second hand smoke 

  Yes 
  No 
  Missing (n=4) 

 
427 
629 

 
43 
39 

 
209 
195 

 
4,752 
5,767 

 
0.83 
1.19 

* p < 0.05  ** p <  0.01 vs. referent group 



 

Table XXVIII a. Dust Exposure and Post-Shift Symptoms  

 
 
 
 

Symptoms* 

                                               Quartiles 

 
1 

 
2 

 
3 

 
4 

1 vs. 4  
p-value 

Dust (mg/m3)** 

 (1 ± 2)  (3 ± 1)  (4 ± 1)  (14 ± 2)  

Eye Irritation 
28%   
(n=9) 

32%   
(n=10) 

29% 
(n=9) 

43% 
(n=13) 

 
0.21 

Blurred Vision 
13% 
(n=4) 

6% 
(n=2) 

3% 
(n=1) 

3% 
(n=1) 

 
0.19 

Nose Irritation 
28% 
(n=9) 

39% 
(n=12) 

35% 
(n=11) 

33% 
(n=10) 

 
0.50 

Amount of 
Mucous or 

Phlegm 

 
28% 
(n=9) 

 
26% 
(n=8) 

 
42% 

(n=13) 

 
40% 

(n=12) 

 
 

0.32 
Tingling 
Fingers 

9% 
(n=3) 

0% 
(n=0) 

3% 
(n=1) 

3% 
(n=1) 

 
0.33 

Shortness of 
Breath 

9% 
(n=3) 

6% 
(n=2) 

16% 
(n=5) 

13% 
(n=4) 

 
0.62 

Headache 
16% 
(n=5) 

6% 
(n=2) 

10% 
(n=3) 

7% 
(n=2) 

 
0.27 

Chest 
Wheezing or 

Whistling 

6% 
(n=2) 

3% 
(n=1) 

10% 
(n=3) 

7% 
(n=2) 

 
 

0.95 
Throat 

Irritation 
6% 

(n=2) 
23% 
(n=7) 

26% 
(n=8) 

20% 
(n=6) 

 
0.11 

Cough 
16% 
(n=5) 

23% 
(n=7) 

45% 
(n=14) 

23% 
(n=7) 

 
0.44 

* Symptoms coded as none vs. any.  ** Mean ± SD in parentheses 



 

Table XXVIII b. Endotoxin Exposure and Post-Shift Symptoms 

 
 
 
 
 

Symptoms* 

Quartiles** 

 
1 

 
2 

 
3 

 
4 

1 vs. 4  
p-value 

EU/mg 

(46 ± 2) (162 ± 1) (420 ± 1) (1,686 ± 2)  

Eye Irritation 
42% 

(n=14) 
29% 
(n=8) 

34% 
(n=11) 

27% 
(n=8) 

 
0.19 

Blurred Vision 
9% 

(n=3) 
0% 

(n=0) 
13% 
(n=4) 

3% 
(n=1) 

 
0.35 

Nose Irritation 
45% 

(n=15) 
29% 
(n=8) 

34% 
(n=11) 

27% 
(n=8) 

 
0.20 

Amount of 
Mucous or 

Phlegm 

 
42% 

(n=14) 

 
29% 
(n=8) 

 
31% 

(n=10) 

 
30% 
(n=9) 

 
 

0.31 
Tingling 
Fingers 

 12% 
(n=4) 

 4% 
(n=1) 

 0% 
(n=0) 

 0% 
(n=0) 

 
0.08 

Shortness of 
Breath 

18% 
(n=6) 

7% 
(n=2) 

16% 
(n=5) 

3% 
(n=1) 

 
0.06 

Headache 
15% 
(n=5) 

4% 
(n=1) 

13% 
(n=4) 

7% 
(n=2) 

 
0.28 

Chest 
Wheezing or 

Whistling 

 
6% 

(n=2) 

 
7% 

(n=2) 

 
0% 

(n=0) 

 
10% 
(n=3) 

 
 

0.56 
Throat 

Irritation 
24% 
(n=8) 

18% 
(n=5) 

19% 
(n=6) 

13% 
(n=4) 

 
0.27 

Cough 
33% 

(n=11) 
36% 

(n=10) 
22% 
(n=7) 

13% 
(n=4) 

 
0.06 

* Symptoms coded as none vs. any.   ** Mean ± SD in parentheses 



 

Table XXVIII c. Endotoxin Exposure and Post-Shift Symptoms 

 
 
 
 
 

Symptoms* 

                                              Quartiles** 

 
1 

 
2 

 
3 

 
4 

1 vs. 4  
p-value 

EU/m3 

(80 ± 2) (483 ± 2) (1,863 ± 2) (9,321 ± 2)  

Eye Irritation 
38% 

(n=12) 
27% 
(n=8) 

29% 
(n=9) 

39% 
(n=12) 

 
0.92 

Blurred Vision 
9% 

(n=3) 
7% 

(n=2) 
6% 

(n=2) 
3% 

(n=1) 
 

0.32 

Nose Irritation 
38% 

(n=12) 
33% 

(n=10) 
32% 

(n=10) 
32% 

(n=10) 
 

0.56 
Amount of 
Mucous or 

Phlegm 

 
41% 

(n=13) 

 
23% 
(n=7) 

 
35% 

(n=11) 

 
32% 

(n=10) 

 
 

0.49 
Tingling 
Fingers 

9% 
(n=3) 

0% 
(n=0) 

6% 
(n=2) 

0% 
(n=0) 

 
0.08 

Shortness of 
Breath 

19% 
(n=6) 

0% 
(n=0) 

23% 
(n=7) 

3% 
(n=1) 

 
0.05 

Headache 
13% 
(n=4) 

10% 
(n=3) 

10% 
(n=3) 

6% 
(n=2) 

 
0.41 

Chest 
Wheezing or 

Whistling 

 
3% 

(n=1) 

 
3% 

(n=1) 

 
10% 
(n=3) 

 
6% 

(n=2) 

 
 

0.54 
Throat 

Irritation 
16% 
(n=5) 

20% 
(n=6) 

23% 
(n=7) 

16% 
(n=5) 

 
0.96 

Cough 
28% 
(n=9) 

37% 
(n=11) 

19% 
(n=6) 

19% 
(n=6) 

 
0.41 

* Symptoms coded as none vs. any.  ** Mean ± SD in parentheses 



 

Table XXIX a. Post Shift Symptoms and  
Mean Immune Marker Concentrations 

Post-Shift  
Symptom 

Mean Immune Marker Level: 

PMN (cells/ml) 

No Yes p-value 

Eye Irritation 
539 

(n=84) 
535 

(n=41) 0.98 

Blurred Vision 
495 

(n=117) 
1,792 
(n=8) 0.06 

Nose Irritation 
482 

(n=82) 
686 

(n=42) 0.32 

Amount of Mucous 
486 

(n=83) 
655 

(n=42) 0.40 

Tingling Fingers 
527 

(n=119) 
1,167 
(n=5) 0.35 

Shortness of 
Breath 

508 
(n=111) 

840 
(n=14) 0.34 

Headache 
476 

(n=113) 
1,672 
(n=12) 0.03 

Wheezing 
535 

(n=117) 
579 

(n=8) 0.91 

Throat Irritation 
505 

(n=102) 
705 

(n=23) 0.44 

Cough 
546 

(n=92) 
515 

(n=33) 0.88 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

Table XXIX b. Post Shift Symptoms and  
Mean Immune Marker Concentrations  

Post-Shift  
Symptom 

Mean Immune Marker Level: 

MPO (ng/ml) 

No Yes p-value 

Eye Irritation 
40.8 

(n=84) 
40.8 

(n=41) 0.99 

Blurred Vision 
39.3 

(n=117) 
70.4 
(n=8) 0.23 

Nose Irritation 
40.1 

(n=82) 
44.1 

(n=42) 0.71 

Amount of Mucous 
41.5 

(n=83) 
39.5 

(n=42) 0.85 

Tingling Fingers 
41.5 

(n=119) 
18.1 
(n=5) 0.17 

Shortness of 
Breath 

40.9 
(n=111) 

39.6 
(n=14) 0.93 

Headache 
40.2 

(n=113) 
47.0 

(n=12) 0.70 

Wheezing 
40.3 

(n=117) 
49.8 
(n=8) 0.68 

Throat Irritation 
40.8 

(n=102) 
40.9 

(n=23) 0.99 

Cough 
42.3 

(n=92) 
36.8 

(n=33) 0.61 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table XXIX c. Post Shift Symptoms and  
Mean Immune Marker Concentrations 

Post-Shift  
Symptom 

Mean Immune Marker Level: 

IL-8 (pg/ml) 

No Yes p-value 

Eye Irritation 
203 

(n=84) 
201 

(n=41) 0.94 

Blurred Vision 
201 

(n=117) 
231 

(n=8) 0.63 

Nose Irritation 
209 

(n=82) 
192 

(n=42) 0.59 

Amount of Mucous 
200 

(n=83) 
206 

(n=42) 0.85 

Tingling Fingers 
204 

(n=119) 
181 

(n=5) 0.75 
Shortness of 
Breath 

201 
(n=111) 

212 
(n=14) 0.83 

Headache 
200 

(n=113) 
230 

(n=12) 0.57 

Wheezing 
201 

(n=117) 
232 

(n=8) 0.64 

Throat Irritation 
196 

(n=102) 
235 

(n=23) 0.33 

Cough 
212 

(n=92) 
178 

(n=33) 0.29 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table XXIX d. Post Shift Symptoms and  
Mean Immune Marker Concentrations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Post-Shift  
Symptom 

Mean Immune Marker Level: 

Albumin (ng/ml) 

No Yes p-value 

Eye Irritation 
5,452 
(n=84) 

5,489 
(n=41) 0.98 

Blurred Vision 
5,588 

(n=117) 
3,959 
(n=8) 0.43 

Nose Irritation 
4,998 
(n=82) 

6,520 
(n=42) 0.25 

Amount of Mucous 
4,711 
(n=83) 

7,352 
(n=42) 0.05 

Tingling Fingers 
5,771 

(n=119) 
1,643 
(n=5) 0.02 

Shortness of 
Breath 

5,154 
(n=111) 

8,610 
(n=14) 0.13 

Headache 
4,978 

(n=113) 
12,922 
(n=12)     <0.01 

Wheezing 
5,379 

(n=117) 
7,095 
(n=8) 0.55 

Throat Irritation 
5,044 

(n=102) 
7,738 
(n=23) 0.12 

Cough 
5,075 
(n=92) 

6,741 
(n=33) 0.25 



 

Table XXIX e. Post Shift Symptoms and  
Mean Immune Marker Concentrations 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Post-Shift  
Symptom 

Mean Immune Marker Level: 

ECP (ng/ml) 

No Yes p-value 

Eye Irritation 
1.14 

(n=84) 
0.93 

(n=41) 0.33 

Blurred Vision 
1.05 

(n=117) 
1.38 
(n=8) 0.48 

Nose Irritation 
1.03 

(n=82) 
1.15 

(n=42) 0.59 

Amount of Mucous 
1.05 

(n=83) 
1.11 

(n=42) 0.79 

Tingling Fingers 
1.06 

(n=119) 
1.27 
(n=5) 0.72 

Shortness of 
Breath 

1.05 
(n=111) 

1.21 
(n=14) 0.65 

Headache 
0.97 

(n=113) 
2.55 

(n=12)     <0.01 

Wheezing 
1.04 

(n=117) 
1.72 
(n=8) 0.22 

Throat Irritation 
1.00 

(n=102) 
1.43 

(n=23) 0.15 

Cough 
0.96 

(n=92) 
1.45 

(n=33) 0.06 



 

Table  XXX. Adjusted Mean Immune Marker Level and Dust or Endotoxin Exposure 

 
Immune Marker 

                                Exposure Quartiles*  

1 2 3 4 
1 vs. 4 
p-value 

Continuous 
Variable 
p-value 

 
 

                                             Dusta (mg/m3) 

 (1 ± 2)  (3 ± 1)  (4 ± 1)  (14 ± 2)     

PMN (cells/ml) 549 599 577 261 0.29 0.10 

MPO (ng/ml) 46 42 38 22 0.13 0.10 

IL-8 (pg/ml) 166 287 225 177 0.83 0.44 
Albumin (ng/ml) 3,005 4,003 7,951 7,654 0.06 0.43 
ECP (ng/ml) 0.90 1.10 1.18 0.71 0.53 0.13 

 
 

Endotoxinb (EU/mg) 

(46 ± 2) (162 ± 1) (420 ± 1) (1,686 ± 2)   

PMN (cells/ml) 420 523 643 485 0.81 0.44 
MPO (ng/ml) 41 23 74 44 0.86 0.37 
IL-8 (pg/ml) 148 175 279 241 0.05 0.01 

Albumin (ng/ml) 3,626 4,009 7,528 8,417 0.02 0.03 
ECP (ng/ml) 0.78 1.15 1.41 0.93 0.60 0.24 

 

Endotoxinc (EU/m3) 

(80 ± 2) (483 ± 2) (1,863 ± 2) (9,321 ± 2)   

PMN (cells/ml) 665 440 537 621 0.90 0.71 
MPO (ng/ml) 46 37 47 42 0.84 0.91 
IL-8 (pg/ml) 175 171 229 267 0.25 0.08 

Albumin (ng/ml) 4,209 4,530 6,807 6,467 0.27 0.46 

ECP (ng/ml) 1.19 1.29 0.75 1.06 0.74 0.59 

a - Adjusted for days per year working in a grain elevator or corn storage bin, hours have you 
worked at current job this week, education in English, daily tobacco use, time spent in work areas 
with visible dust. 
b -  Adjusted for Spanish education, daily antibiotic use, job status, work hours this week, days 
of farm work per year, home pesticide use, nose rinsing or flushing.  
c - Adjusted for Spanish education, ethnicity, English education, job status, work hours this week, 
stress at work or home, home pesticide use, second hand smoke exposure  * Mean ± SD in 
parentheses 
 



 

Table XXXI.  Adjusted Mean Immune Marker Levels: 
Stratified by Chronic Exposure Parameters from Questionnaire 

 
Immune Marker** 

Endotoxin Quartiles (EU/mg)* 

1 
 

(46 ± 2) 

2 
 

(162.0 ± 
1) 

3 
 

(420 ± 1) 

4 
 

(1,686 ± 2) 

1 vs. 4 
p-

value 

p-value 
comparing 
the highest 
quartiles 

 
 

<24 hours at job during the current week 

PMN (cells/ml) 389 187 764 383 0.98 0.57 
MPO (ng/ml) 47 24 64 51 0.89 0.41 
IL-8 (pg/ml) 147 154 268 202 0.35 0.25 
Albumin (ng/ml) 2,209 3,471 8,042 6,549 <0.01 0.36 
ECP (ng/ml) 0.63 1.26 1.38 0.88 0.46 0.81 

 
 

>24 hours at job during the current week 

PMN (cells/ml) 466 1,003 355 578 0.78  
MPO (ng/ml) 38 23 101 34 0.85  
IL-8 (pg/ml) 153 191 290 287 0.05  
Albumin (ng/ml) 5,172 4,511 5,894 6,549 0.60  
ECP (ng/ml) 0.92 1.09 1.44 0.98 0.89  

 <3 Months per year working at Grain Elevator or Corn Storage Area 

PMN (cells/ml) 325 366 528 784 0.33 0.20 
MPO (ng/ml) 40 18 51 36 0.87 0.64 
IL-8 (pg/ml) 166 222 322 260 0.23 0.54 
Albumin (ng/ml) 5,495 4,334 7,301 11,734 0.16 0.08 
ECP (ng/ml) 0.78 1.02 1.81 1.04 0.56 0.62 

 >3 Months per year working at Grain Elevator or Corn Storage Area 

PMN (cells/ml) 474 654 906 279 0.50  
MPO (ng/ml) 43 28 85 46 0.88  
IL-8 (pg/ml) 136 148 242 212 0.17  
Albumin (ng/ml) 2,715 3,780 7,738 5,081 0.18  
ECP (ng/ml) 0.76 1.21 1.13 0.83 0.85  

*Mean ± SD in parentheses  ** Adjusted for Spanish education, daily antibiotic use, job status, 
work hours this week, days of farm work per year, home pesticide use, nose rinsing or flushing. 
   



 

Table XXXI (Continued).  Adjusted Mean Immune Marker Levels: 
Stratified by Chronic Exposure Parameters from Questionnaire 

 
Immune Marker** 

Endotoxin Quartiles (EU/mg)* 

1 
 

(46 ± 2) 

2 
 

(162.0 ± 
1) 

3 
 

(420 ± 1) 

4 
 

(1,686 ± 2) 

1 vs. 4 
p-

value 

p-value 
comparing 
the highest 
quartiles 

 
 

<6 Hours Working in an area with visible dust per day 

PMN (cells/ml) 499 488 252 672 0.72 0.47 
MPO (ng/ml) 69 19 57 34 0.83 0.42 
IL-8 (pg/ml) 145 128 245 212 0.28 0.48 
Albumin (ng/ml) 3,372 4,078 7,394 9,230 0.06 0.73 
ECP (ng/ml) 1.04 1.07 1.44 0.72 0.44 0.29 

 
>6 Hours Working in an area with visible dust per day 

PMN (cells/ml) 369 576 1,615 390 0.94  
MPO (ng/ml) 42 28 95 51 0.69  
IL-8 (pg/ml) 149 256 219 265 0.07  
Albumin (ng/ml) 3,886 3,957 7,772 7,878 0.14  
ECP (ng/ml) 0.60 1.23 1.35 1.13 0.15  

 
<12 Months per year working on a farm 

PMN (cells/ml) 412 579 743 322 0.78 0.41 
MPO (ng/ml) 33 22 70 39 0.77 0.82 
IL-8 (pg/ml) 97 187 257 213 0.03 0.52 
Albumin (ng/ml) 2,229 5,250 7,918 9,278 0.01 0.78 
ECP (ng/ml) 0.56 0.92 0.97 1.16 0.13 0.39 

 >12 Months per year working on a farm 

PMN (cells/ml) 399 440 533 656 0.59  
MPO (ng/ml) 51 25 79 44 0.81  
IL-8 (pg/ml) 222 149 302 264 0.61  
Albumin (ng/ml) 5,790 2,703 6,925 8,141 0.48  
ECP (ng/ml) 1.18 1.48 2.16 0.80 0.38  

*Mean ± SD in parentheses  ** Adjusted for Spanish education, daily antibiotic use, job status, 
work hours this week, days of farm work per year, home pesticide use, nose rinsing or flushing. 
 



 

Table XXXII.  Adjusted Mean Immune Marker Levels: 
Stratified by Chronic Exposure Parameters from Questionnaire 

 
 

Immune Marker** 
 

                                Dust Exposure Quartile (mg/m3)* 

1 
 

(1 ± 2) 

2 
 

(3 ± 1) 

3 
 

(4 ± 1) 

4 
 

(14 ± 2) 

1 vs. 4 
p-value 

p-value 
comparing 

highest 
quartiles 

<24 hours at job during the current week  

PMN (cells/ml) 623 407 187 422 0.66    0.26 
MPO (ng/ml)    53 31 58 70 0.61   <0.01 
IL-8 (pg/ml)   163 271 224 225 0.44     0.21 
Albumin (ng/ml) 1,920 6,734 8,272 7,581 0.03     0.92 
ECP (ng/ml) 0.93 1.15 0.77 1.19 0.62     0.04 

 
 

>24 hours at job during the current week  

PMN (cells/ml)  437 801 1,170 171    0.30  
MPO (ng/ml)    40 53 26 8   <0.01  
IL-8 (pg/ml)   166 299 222 140     0.69  
Albumin (ng/ml) 4,379 2,640 8,071 7,154     0.43  
ECP (ng/ml)   0.82 1.02 1.43 0.46     0.25  

 <3 Months per year working at Grain Elevator or Corn Storage Area 

PMN (cells/ml) 744 360 490 421 0.69 0.66 
MPO (ng/ml) 39 27 36 35 0.92 0.76 
IL-8 (pg/ml) 179 495 296 130 0.60 0.80 
Albumin (ng/ml) 6,128 5,378 15,516 9,082 0.70 0.43 
ECP (ng/ml) 0.91 1.20 1.34 1.02 0.89 0.52 

 >3 Months per year working at Grain Elevator or Corn Storage Area 

PMN (cells/ml) 283 938 695 226 0.81  
MPO (ng/ml) 39 56 41 27 0.52  
IL-8 (pg/ml) 227 195 171 151 0.31  
Albumin (ng/ml) 1,772 3,729 4,092 4,121 0.21  
ECP (ng/ml) 1.15 1.06 1.04 0.61 0.23  

 <6 Hours Working in an area with visible dust per day 

PMN (cells/ml) 576 541 1,386 247 0.34 0.62 
MPO (ng/ml) 38 25 59 24 0.45 0.90 
IL-8 (pg/ml) 163 301 246 148 0.83 0.51 
Albumin (ng/ml) 3,541 4,246 9,799 7,644 0.26 0.79 
ECP (ng/ml) 1.19 1.07 2.60 0.66 0.26 0.86 

 >6 Hours Working in an area with visible dust per day 

PMN (cells/ml) 454 1,455 351 287 0.62  
MPO (ng/ml) 47 67 32 26 0.33  
IL-8 (pg/ml) 175 246 214 193 0.82  
Albumin (ng/ml) 2,883 3,916 6,797 6,519 0.23  
ECP (ng/ml) 0.57 1.14 0.79 0.72 0.65  

* Mean ± SD in parentheses  **Adjusted for days per year working in a grain elevator or corn 
storage bin, hours have you worked at current job this week, education in English, daily tobacco 
use, time spent in work areas with visible dust. 



 

Table XXXII (Continued). Adjusted Mean Immune Marker Levels: 
Stratified by Chronic Exposure Parameters from Questionnaire 

 
 

Immune Marker** 
 

                           Dust Exposure Quartile (mg/m3)* 

1 
 

(1 ± 2) 

2 
 

(3 ± 1) 

3 
 

(4 ± 1) 

4 
 

(14 ± 2) 

1 vs. 4 
p-value 

p-value 
comparing 

highest 
quartiles 

<12 Months per year working on a farm 

PMN (cells/ml) 796 577 614 189 0.11 0.23 
MPO (ng/ml) 31 42 30 21 0.50 0.81 
IL-8 (pg/ml) 203 246 186 154 0.49 0.23 
Albumin (ng/ml) 1,807 5,753 8,540 7,561 0.02 0.94 
ECP (ng/ml) 1.03 0.88 0.97 0.64 0.33 0.67 

 >12 Months per year working on a farm 

PMN (cells/ml) 338 622 471 581 0.60  
MPO (ng/ml) 58 42 55 25 0.25  
IL-8 (pg/ml) 146 326 298 268 0.23  
Albumin (ng/ml) 3,605 2,846 6,687 7,942 0.30  
ECP (ng/ml) 0.76 1.33 1.50 0.82 0.90  

* Mean ± SD in parentheses  **Adjusted for days per year working in a grain elevator or corn 
storage bin, hours have you worked at current job this week, education in English, daily tobacco 
use, time spent in work areas with visible dust. 

 
 



 

 Table XXXIII. Adjusted Mean Immune Marker Levels: 
Stratified by Chronic Exposure Parameters from Questionnaire 

 
Immune Marker** 

Endotoxin Quartiles (EU/m3)* 

1 
 

(80 ± 2) 

2 
 

(483 ± 2) 

3 
 

(1,863 ± 
2) 

4 
 

(9,321 ± 
2) 

1 vs. 4 
p-value 

p-value 
comparing 
the highest 
quartiles 

 
 

<24 hours at job during the current week 

PMN (cells/ml) 505 335 449 818 0.57 0.35 
MPO (ng/ml) 44 37 48 67 0.50 0.05 
IL-8 (pg/ml) 157 169 238 228 0.34 0.86 
Albumin (ng/ml) 2,228 5,030 7,941 6,748 0.07 0.84 
ECP (ng/ml) 0.92 1.47 0.84 1.25 0.56 0.46 

 
 

>24 hours at job during the current week 

PMN (cells/ml) 841 544 683 419 0.34  
MPO (ng/ml) 46 36 50 25 0.24  
IL-8 (pg/ml) 192 117 186 241 0.50  
Albumin (ng/ml) 6,223 4,426 3,621 6,748 0.86  
ECP (ng/ml) 1.31 1.17 0.61 0.90 0.40  

 <3 Months per year working at Grain Elevator or Corn Storage Area 

PMN (cells/ml) 563 457 330 938 0.54 0.35 
MPO (ng/ml) 36 37 36 40 0.86 0.77 
IL-8 (pg/ml) 195 277 281 273 0.34 0.38 
Albumin (ng/ml) 6,693 6,019 5,462 9,593 0.50 0.14 
ECP (ng/ml) 1.17 1.72 0.58 1.11 0.92 0.85 

 >3 Months per year working at Grain Elevator or Corn Storage Area 

PMN (cells/ml) 893 456 713 462 0.37  
MPO (ng/ml) 62 25 54 47 0.58  
IL-8 (pg/ml) 173 94 171 206 0.58  
Albumin (ng/ml) 2,843 3,308 6,390 4,669 0.29  
ECP (ng/ml) 1.17 0.89 0.86 1.02 0.75  

*Mean ± SD in parentheses  ** Adjusted for Spanish education, ethnicity, English education, job 
status, work hours this week, stress at work or home, home pesticide use, second hand smoke 
exposure  



 

Table XXXIII (Continued). Adjusted Mean Immune Marker Levels: 
Stratified by Chronic Exposure Parameters from Questionnaire 

 
Immune Marker** 

Endotoxin Quartiles (EU/m3)* 

1 
 

(80 ± 2) 

2 
 

(483 ± 2) 

3 
 

(1,863 ± 
2) 

4 
 

(9,321 ± 
2) 

1 vs. 4 
p-value 

p-value 
comparing 
the highest 
quartiles 

 
 

<6 Hours Working in an area with visible dust per day 

PMN (cells/ml) 840 512 278 631 0.71 0.95 
MPO (ng/ml) 42 33 25 47 0.83 0.73 
IL-8 (pg/ml) 175 163 220 203 0.68 0.42 
Albumin (ng/ml) 4,172 6,018 5,030 7,010 0.30 0.80 
ECP (ng/ml) 1.52 1.43 0.47 0.80 0.16 0.23 

 
>6 Hours Working in an area with visible dust per day 

PMN (cells/ml) 458 363 661 601 0.75  
MPO (ng/ml) 52 43 61 39 0.63  
IL-8 (pg/ml) 171 182 232 270 0.25  
Albumin (ng/ml) 4,178 2,908 7,854 6,170 0.49  
ECP (ng/ml) 0.72 1.01 0.93 1.38 0.21  

 <12 Months per year working on a farm 

PMN (cells/ml) 777 753 607 452 0.50 0.55 
MPO (ng/ml) 31 26 35 48 0.45 0.38 
IL-8 (pg/ml) 152 120 190 205 0.43 0.70 
Albumin (ng/ml) 3,526 3,807 7,738 4,750 0.58 0.37 
ECP (ng/ml) 0.78 1.17 0.58 1.10 0.47 0.67 

 >12 Months per year working on a farm 

PMN (cells/ml) 400 305 447 721 0.51  
MPO (ng/ml) 86 51 58 29 0.10  
IL-8 (pg/ml) 217 223 267 236 0.85  
Albumin (ng/ml) 4,226 5,075 5,924 7,719 0.33  
ECP (ng/ml) 1.94 1.46 0.91 0.89 0.16  

* Mean ± SD in parentheses  ** Adjusted for Spanish education, ethnicity, English education, job 
status, work hours this week, stress at work or home, home pesticide use, second hand smoke 
exposure.  
 

 
 
 



 

 
 
PUBLICATIONS 
 
Journal Articles 
 
Three manuscripts are submitted, three are drafted and scheduled for submission 2008.  
 
Kirychuck SP, Reynolds SJ, Koehncke NK, Lawson J, Willson P, Senthilselvan A, Marcinuik D, 
Classen HL, Crowe T, Dosman J [2007].  Respirable and non-respirable endotoxin and dust in 
cage and floor-housed poultry operations.  JOEH submitted.   
 
Von Essen SG, Prinz L, Mehaffy J, Bradford M, Smith L, Andersen C, Christensen O, Burch J, 
Koehncke N, Reynolds SJ.  A study comparing respiratory health and dust exposure in cattle 
feedlot workers and grain workers. J Agromed submitted. 
 
Saito R, Cranmer BK, Tessari JD, Larsson L, Reynolds SJ [2007].  Recombinant factor C (rFC) 
assay and gas chromatography/mass spectrometry (GC/MS) analysis of endotoxins in four 
agricultural dusts. JOEH submitted 
 
Related Journal Articles 
 
O‘Shaughnessy PT, Lo J, Golla V, Nakatsu J, Tillery MI, Reynolds S [2007].  Comparison of 
aerosol samplers relative to the inhalable and respirable collection criteria. JOEH 4:237-245.  
 
Donham KJ, Lee JA, Thu K, Reynolds SJ. [2006].  Assessment of air quality at neighbor 
residences in the vicinity of swine production facilities. J Agromedicine  11(3/4): 15 – 24. 
 
Kirychuk SP, Dosman JA, Reynolds SJ, Willson P, Senthilselvan A, Feddes JJR, Classen H, 
Guenter W [2006].  Total dust and endotoxin in poultry operations: comparison between cage 
and floor rearing and respiratory effects of workers. JOEM, 741-8. 
 
Roman-Muniz IN, Van Metre DC, Garry FB, Reynolds SJ, Wailes WR, Keefe TJ [2006].  
Training methods and association with worker injury on Colorado dairies: a survey.  JASH 11(2).   
 
Merchant JA, Naleway AL, Svendsen ER, Kelley KM, Burmeister LF, Stromquist AM, Taylor CD, 
Thorne PS, Reynolds SJ, Sanderson WT, Chrischilles EA [2005].  Asthma and farm exposures 
– a cohort of rural Iowa children.  Environ Health Perspect.  113(3):350-356. 

 
Reynolds SJ, Milton DK, Heederik D, Thorne PS, Donham KJ, Croteau EA, Kelly KM,  

Douwes J, Lewis D, Whitmer M, Connaughton I, Koch S, Malmberg P, Larsson BM, Deddens J, 
Saraf A, Larsson L [2005].  Interlaboratory evaluation of endotoxin analyses in agricultural dusts 
– comparison of LAL assay and mass spectrometry.  J. Environ. Monit. 7 1371 – 1377. 

  
Merchant JA, Naleway AL, Svendsen ER, Kelley KM,  Burmeister LF, Stromquist AM, Taylor 
CD, Thorne PS, Reynolds SJ, Sanderson WT, Chrischilles EA.  [2004].  Asthma and farm 
exposures – a cohort of rural Iowa children.  Environ Health Perspect.  DOI:10.1289/ehp.7240 
December 7 (online version). 
 
Kirychuk SP, Senthilselvan A, Dosman JA, Jurio V, Feddes JJR, Willson P, Classen H, 
Reynolds SJ, Guenter W, Hurst TS [2003].  Respiratory symptoms and lung function in poultry 
confinement workers in Western Canada. Can Respir J.  10 (7): 375-380. 
 
Proceedings/Presentations 
 



 

Andersen CI, Von Essen SG, Mehaffy J, Prinz LM, Bradford M, Christensen OM, Smith LM, 

Reynolds SJ [2007].  Dust and endotoxin exposure in cattle feedlot and grain elevator/feed mill 
workers.  San Francisco, CA.  May 18-23, 2007. 
 
Prinz LJ, Von Essen SG, Mehaffy J, Bradford M, Andersen CI, Christensen OM, Smith LM, 
Reynolds SJ [2007].  Respirator use and respiratory symptoms in cattle feedlot and grain 
elevator/feed mill workers.  San Francisco, CA.  May 18-23, 2007. 
 
Reynolds SJ, Keefe T, Mehaffy J, Serrano Martinez A, Bradford M, Baker L, Saito R, Tessari J, 
Cranmer B, Burch J, Koehncke N, Prinz L, Von Essen S [2007].  Endotoxin exposure and 
respiratory outcomes among agricultural workers in Colorado and Nebraska.  AIHCE 07.  
Philadelphia, PA.  June 2007. 
 
Reynolds SJ [2007].  Agricultural health and safety.  Rural health grand rounds, University of 
Colorado School of Medicine. Denver, CO.  February 13, 2007. 
 
Reynolds, SJ [2007].  Health and safety risk management. Colorado Agriculture Big and Small.  
Greely, CO. Feb. 22, 2007,  
 
Reynolds SJ, Buchan VB, Rosecrance J, Liu J, Borges D [2007]. Fu Chen Catholic University 
(Taiwan) Visitors. HICAHS.  CSU.  February 12, 2007.   
 
Reynolds S [2006].  Colorado Agriculture Big and Small.  HICAHS.  Greely, CO. 
March 3, 2006,  
 
Reynolds S [2006].  Colorado Agriculture Big and Small.  HICAHS.  Greely, CO. 
March 4, 2006,  
 
Reynolds SJ, Cranmer B, Keefe T, Mehaffy J, Serrano Martinez, Saito R, Tessari J, Burch  J, 
Koehncke N, Wood E, Burch L, Siegel P. [2006].  Endotoxin exposure and respiratory outcomes 
among dairy, feedlot, and grain elevator workers in Colorado.  AIHCE ‘06.  Chicago IL.  May 18, 
2006.  
 
Saito R, Cranmer B, Tessari J, Reynolds S [2006].  Modification and application of a GC/MS 
method for endotoxin analysis in agricultural dusts.  Won Best Poster Award (Grad Student).  
AIHCE ‘06. Chicago, IL.  May 15, 2006. 
 
Saito R, Cranmer B, Tessari J, Reynolds S [2006].  Modification and application of a GC/MS 
method for endotoxin analysis in agricultural dusts.  NORA Young Investigators Conference.  
Salt Lake City, UT.  April 2006. 
 
Reynolds SJ [2006].  Endotoxin and organic dust lung disease, UC Davis Ag Center Seminar.  
Davis, CA.  May 2006. 
 
Kirychuk SP, Koehncke N, Dosman JA, Reynolds SJ [2005].  Respiratory health outcomes of 
poultry workers and relationships to particle size of contaminants. CRHRS Conference.  
Quebec, Canada.  October 2005.  
 
Reynolds S [2005].  High Plains Intermountain Center for Agricultural Health and Safety.  
NIOSH Agricultural Centers Webinar (Internet) Series.  February 16. 
 
Reynolds, S [2005].  Overview of the High Plains Intermountain Center for Agricultural Health 
and Safety.  University of Wyoming, Department of Animal Science Seminar.  Laramie, WY.  
February 25. 
 



 

Reynolds S [2005].  Overview of the High Plains Intermountain Center for Agricultural Health 
and Safety.  ERHS graduate Seminar Series.  February 28. 
 
Nakatsu J, Reynolds SJ, Tillery M, Keefe T, Thate R, O‘Shaughnessy P [2004].   Evaluation of 
new and traditional methods in measuring agricultural dust particulates.  (student poster).  
AIHA-Rocky Mountain Section 11th Annual OEH&S Conference.  Golden, CO.  October 19-20, 
2004. 

  
Reynolds SJ [2004].  Endotoxin and organic dust lung disease seminar.  Department of 
Environmental and Radiological Health Sciences, Colorado State University.  Fort Collins, CO.  
October 11, 2004. 

 
Reynolds SJ, Mehaffy J, Ragan J, Thate R, Tessari J, Lewis D, Milton D, Alwis U, Larsson L, 
Chen L [2004].  Evaluation and optimization of a new rFC endotoxin assay for agricultural dusts.  
2004 National Symposium on Agricultural Health and Safety.  Keystone, CO.  June 22. 

 
Roman-Muniz I, Van Metre D, Garry F, Reynolds SJ, Wailes W, Keefe T. [2004].  Dairy worker 
safety education: current status and future needs in the Colorado dairy industry.  2004 National 
Symposium on Agricultural Health and Safety.  Keystone, CO.  June 22. 

 
 
 

Nakatsu J, Reynolds SJ, Tillery M, Keefe T, Buchan R, Ragan J, Thate R, O‘Shaughnessy P 
[2003].  Evaluation of new and traditional methods in measuring organic dust particulates in 
various livestock facilities.  (Poster  presentation.)  American Industrial Hygiene Conference.  
Dallas, TX.  May 10-15, 2003.   
 
Ragan J, Reynolds SJ, Thate R, Tessari J, Nakatsu J, Tillery M, Chen L [2003].  Evaluation of 
recombinant factor C endotoxin assay using organic dusts from livestock environments.  (Poster 
presentation.)  American Industrial Hygiene Conference.  Dallas, TX.  May 10-15, 2003.   

 
Reynolds SJ [2003].  Endotoxins. Fundacentro.  Sao Paulo, Brazil.  August 25, 2003Reynolds 
SJ [2003].  Methods for quantification of endotoxins.  Brazil Occupational Hygiene Association 
meeting.  Sao Paulo, Brazil.  August 26, 2003.   

 
Reynolds SJ [2003].  Evaluation of recombinant factor C endotoxin assay using agricultural 
dusts.  Organized and Chaired Pre-Conference Session: Exposure to Endotoxin and the Lung.  
Fifth International Symposium, Future of Rural Peoples: Rural Economy, Healthy People, 
Environment, Rural Communities.  Saskatoon, Sasktachewan, Canada.  October 19, 2003.   
 
Reynolds SJ, Ragan J, Thate R, Tessari J, Nakatsu J, Tillery M, Larsson L, Lewis D, Chen L.  
[2003].  Evaluation of recombinant factor C endotoxin assay using agricultural dusts.  Organized 
and Chaired Pre-Conference Session: Exposure to Endotoxin and the Lung.  Fifth International 
Symposium, Future of Rural Peoples: Rural Economy, Healthy People, Environment, Rural 
Communities.  Saskatoon, Sasktachewan, Canada.  October 19, 2003.   

 
Svendsen E, Naleway AL, Reynolds SJ, Taylor CD, Thorne PS, Stromquist AM, Merchant JA 
[2003].  Environmental exposure to chlortetracycline and non-atopic asthma in children living on 
farms.  American Thoracic Society.  Seattle, WA.  May 16-21.   
 
Reynolds SJ [2003].  Methods for evaluation of organic dust aerosols.  BOHS Occupational 
Hygiene Conference.  London, England.  April 8-10, 2003. 

 
Dissertations/Theses 
 



 

Saito, Rena PhD 2008  (defense scheduled for Feb. 2008) 
 
Other Products 
 
S.Reynolds and D. Milton., ACGIH Webinar: Biological Hazards in the Workplace: Defining 
Endotoxins, August 3, 2006.     
 
 
INCLUSION OF GENDER/MINORITY –  
See enrollment table attached 
 
INCLUSION OF CHILDREN – NOT APPLICABLE 
 
MATERIALS AVAILABLE FOR OTHER INVESTIGATORS 
 
The data set for this study may be accessed by contacting Dr. Reynolds at 
Stephen.Reynolds@Colostate.edu 
 
Analytical protocols for rFC Endotoxin Assay and GC/MS Endotoxin Analysis are also available.  
 
The research protocol and questionnaires have already been shared with investigators at the 
Southwest Center at UC Davis and used to design and implement a study of California Dairy 
workers.  
 

mailto:Stephen.Reynolds@Colostate.edu


 

 

Principal Investigator/Program Director (Last, First, Middle): Reynolds, Stephen J 

Inclusion Enrollment Report 

This report format should NOT be used for data collection from study participants. 

Study Title: HICAHS -Endotoxin Exposure and Genetics in Organic Dust Lung Disease- 

Total Enrollment: 174 Protocol Number: 03-199H 

Grant Number: U50 OH008085  
 
PART A. TOTAL ENROLLMENT REPORT:  Number of Subjects Enrolled to Date (Cumulative) 

by Ethnicity and Race 

Ethnic Category 

Sex/Gender 

Females Males 
Unknown or 
Not Reported Total 

Hispanic or Latino 2 46       48 ** 

Not Hispanic or Latino 4 112       116  

Unknown (individuals not reporting ethnicity) 0 10       10  

Ethnic Category: Total of All Subjects*  6 168       174 * 

Racial Categories  

American Indian/Alaska Native        3       3  

Asian                           

Native Hawaiian or Other Pacific Islander                           

Black or African American                           

White  4 128       132  

More Than One Race                          

Unknown or Not Reported 2 37       39  

Racial Categories:  Total of All Subjects* 6 168       174 * 

 
PART B. HISPANIC ENROLLMENT REPORT:  Number of Hispanics or Latinos Enrolled to Date (Cumulative) 

Racial Categories Females Males 
Unknown or 
Not Reported Total 
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Black or African American                           
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More Than One Race                          

Unknown or Not Reported 2 36       38  

Racial Categories:  Total of Hispanics or Latinos** 2 46       48 ** 

 
*  These totals must agree. 
** These totals must agree. 
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Abstract 
 
Migrant agricultural farm workers experience increased injury and pesticide exposure compared 
to other farm workers. They are also less likely to report hazardous conditions or receive 
medical care when injured due to cultural and economic reasons. Because of these problems, 
culturally sensitive research adapted to this underserved population is needed which includes 
exposures, risk factors for injuries/illness and to gain more accurate information regarding the 
true rates of occupational injury/illness. The goal of this project is to improve collection methods 
of migrant farm workers work history including occupational hazards as well as occupational 
and motor vehicle related injuries. Studies will be conducted with Colorado migrant farm 
workers and non-migrating farm workers in Guanajato, MX to obtain in depth information about 
their cultural, social and health beliefs. Theories of disease, injury and health beliefs influence 
how people respond to interview questions and differences between migrant farm workers in 
Colorado and native Mexican farm workers will provide important information in understanding 
the best way to collect this data. 
  
Highlights/significant findings  
 
The study documents the need to use narrative approaches to identify safety concerns among 
migrant workers.  Many studies have been done among migrant workers but most have focused 
on issues of concern for the researchers rather than the participants. Areas of concern of 
workers included lack of adequate protective clothing and equipment; falls; alcohol 
consumption; and back pain. 
 
Translation of findings 
 
The study provides information which can be used to target injury prevention programs using 
issues of high concern among migrant workers. 
 
Outcomes/relevance/impact 
 
The purpose of the study was to determine if use a narrative data collection provided relevant 
information about safety concerns among migrant workers which can be used to target 
intervention programs.  The project provided substantial evidence that use of story telling was 
an important component of culture for these workers and that through this approach intervention 
programs can be developed which may be effective at reducing injury risk and injury-related 
behavior. 
 
Scientific report 
 
Ethnographic interviews were conducted.  In the pilot study, ten interviews were conducted in 
Colorado and five were conducted in Guanajuato, Mexico.  All interviews were conducted in 
Spanish and taped.  Tapes were translated into and transcribed. Thematic analysis was done 
and identified concerns of workers related to pesticides, falls, and housing safety.  In Colorado 
and in Mexico the absence of adequate equipment was noted, including such basic items as 
new, sturdy work gloves; appropriate safety boots; and hand tools for safe work. There was no 
evidence that male participants from Colorado or Mexico viewed injuries or illnesses as fate or 
acts of God, but rather the cause of injury was attributed to carelessness or recklessness of self 
or others.  Of note was the view expressed in Colorado that alcohol use was the main reason 
for automobile crashes. In the fields the participants were most concerned about cuts from 
knives used in harvesting and conveyor belts.  In Colorado and in Mexico, slips, trips and falls 
due to environmental conditions such as mud were also of concern.  Back pain was viewed as 
an inevitable result of farm work in Colorado and in Mexico. This was a major concern in both 



 

locations.  The participants believed that pesticides are more regulated in the United States than 
in Mexico.  They also believed that the chemicals used in Mexico were stronger than those used 
in the United States.   
 
The second phase involved interviews with 99 migrant workers in Colorado and 49 farm workers 
in Guanajuato, Mexico. The interviews were translated from Spanish into English.  Qualitative 
data analyses are underway of the transcribed interviews from Guanajuato and from Colorado. 
 
Publications.  One is under review. 
 
Inclusion of gender and minority study subjects 
 
Males and females were included in the study.  All participants in Colorado and in Mexico were 
of Mexican descent. 
 
Inclusion of children 
 
No one under the age of 18 was included in the study.  There were workers included were 18-
21 years of age. 
 
Materials available for other investigators 
 
We are currently preparing publications from the interviews conducted.  When the researchers 
have completed their analyses and scientific publications, transcripts will be available for others 
to use.  They can be obtained by contacting Dr. Lorann Stallones at the address listed above.  
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