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Foreword 
Chemicals are an important part of the management systems for many farmers. Cross-contamination of 
chemical residue between farm workers and family members has been identified as a potential safety 
issue. 

This project sought to test the potential for cross-contamination and identify options to mitigate risks. 

Tests were undertaken with the cooperation of the South East Premium Wheat Growers (SEPWA), 
farmers initiated group established in 1993 operating in one Esperance Port Zone. 

The project included a literature review of United States research which has found that children living 
with at least one farm worker have significantly higher levels of pesticide metabolites in their urine 
than children living in non-farming households. 

From interviews conducted during this project, and also from anecdotal evidence, it is clear that a high 
proportion of farmers have had ‘incidents’ with spills, etc at some stage during their career. As a 
consequence, the aim of SEPWA in 2012 was to encourage farmers and their employees to be more 
aware of exposing children to chemicals; to wear personal protective equipment; and to wash and store 
contaminated clothing separately. 

Urine samples were obtained from all members of a cross section of families across the EPZ in 2011 
and 2012; one specimen collected pre-spraying of any pyrethrum and the second, two weeks post-
spraying. These samples were tested by Murdoch University and results became available in May 
2014. Health checks were also carried out by a registered nurse of each of the participants. 

This project was funded by the Rural Industries Research and Development Corporation (RIRDC) and 
through Primary Health Care Research, Evaluation and Development (PHCRED) Fellowship grant, 
with support from the Combined Universities Centre for Rural Health (CUCRH) and South East 
Premium Wheat Growers’ Association (SEPWA). 

The outputs from the project included a multitude of media releases; a paddock guide and laundry 
guide (300 of each distributed to all SEPWA members); seminars and field day presentations including 
information about this project; on-going newsletter articles and radio interviews from 2010 to 2012.  

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 
part of our Primary Industries Health and Safety Partnership, which aims to support increasingly 
healthy, safe and productive working lives in the primary industries through investment in RD&E to 
drive sustainable improvements to work health and safety outcomes. 

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 
Managing Director 
Rural Industries Research and Development Corporation 
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Executive Summary 
What the report is about 

This report summarises the Cross Contamination of Chemicals project that was carried out by South 
East Premium Wheat Growers Association (SEPWA) between 2010 and 2013.  

Most agricultural chemicals are hazardous and can cause injury or harm to health if not handled and 
used correctly, and stored and disposed of safely. The effects of chronic exposure to chemicals, such as 
pesticides, are not always immediately obvious and sometimes do not appear for many years. 
Sometimes the effects of exposure are subtle, such as personality changes or memory loss. (Worksafe, 
WA) 

Despite the risks associated with pesticide exposure, many farmers do not employ safe work practices 
when handling agricultural chemicals. For example, in a study of Victorian farming households, 55 per 
cent of farmers had not undertaken a course about the safe use of chemicals and 64 per cent reported 
only ‘sometimes’, ‘rarely’ or ‘never’ wearing protective equipment when mixing or applying 
pesticides (Hanna, 2005).  

Given the potential for chemical contamination of the family home, it was evident that farmers may 
require more education about better hygiene and work practices to reduce the risk of exposing family 
members to pesticides.  

Who is the report targeted at? 

This report is targeted at all stakeholders of the agricultural industry – from farmers (primary 
stakeholders) through to broader regional communities. 

Where are the relevant industries located in Australia? 

The information is relevant to all agricultural regions of Australia. There are approximately 134,000 
farm businesses in Australia, 99 per cent of which are family owned and operated. Each Australian 
farmer produces enough food to feed 600 people; 150 at home and 450 overseas. Australian farmers 
produce almost 93 per cent of Australia’s daily domestic food supply. As of 2010-11, there are 
307,000 people employed in Australian agriculture. The complete agricultural supply chain, including 
the affiliated food and fibre industries, provide over 1.6 million jobs to the Australian economy. (ABS, 
2012) 

Aims/objectives 

This project aimed to raise the awareness of farmers and other stakeholders in rural health of the 
potential for families of farm workers to be affected by farm chemicals, through doing health tests and 
testing urine samples.  

The project addressed the following scenarios: some people don’t handle chemicals as safely as they 
could; children may have chemicals in their bodies as a result; and the level of knowledge of the 
problem is not high.  

By focussing the project at a family level, the aim was for farmers to be more willing to adopt safer 
chemical handling practices because their actions impacted on their families. Through testing families 
at a local level, there would be a greater impact and awareness in the community.   

By raising the levels of awareness in the community, farmers would be more aware of exposing 
children to chemicals; more farmers and employees would wear personal protective equipment; more 
clothing would be washed and stored separately; chemical companies would alter their packaging to 
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make it safer; there would be an increased awareness by the Health Department of the risks to farmers 
of chemical exposure; and long-term there would be healthier farmers, therefore healthier businesses 
and a more sustainable industry.   

Methods used  

The community was invited to be involved with the project through the media and SEPWA newsletter. 
A group of participants was assembled and interviewed, and collected urine samples in 2011, with a 
further testing program undertaken during the crop growing season of 2012. Urine samples were 
frozen and sent to Murdoch University for testing in October 2012. 

Semi-structured interviews of the participating farmers were done to ascertain which chemicals they 
usually use on their farm, their use of personal protective equipment and how, and by whom, their 
clothing is laundered. Health checks were also carried out by a registered nurse and data was collated 
on the participants’ health. 

A literature review was done to determine prior knowledge of any chemical contamination in farming 
communities and any documented long-term effects of broad-acre chemicals in farming communities, 
compared to the wider population. 

Results/key findings 

Healthy Farming Families – health checks  

All farmers who responded to the survey sent to participants prior to the health checks said they used 
at least goggles, a mask and gloves when handling chemicals.  

The health checks included blood sugar, blood pressure, weight, body mass index, eye sight, as well as 
a simple questionnaire to measure mental health. 

Probably the most prevalent health concern was that 60 per cent of those tested were on the high end 
of average for blood sugar (BS) levels. Around 65 per cent were overweight and half had high 
cholesterol levels. Around one-third of the participants were in the “of concern” category for excessive 
alcohol consumption.  

Urine testing 

In 2011 and 2012 farmers and their participating family members were asked to collect urine samples 
to be tested for the presence of pyrethrum. One specimen was collected pre-spraying and the second, 
two weeks post-spraying.  

A total of 132 frozen samples were sent to Murdoch University for testing. The results show a high 
incidence of detectable pyrethroid metabolites (3-‐PBA and DCCA). 

No statistical differences (p>0.05) in the mean concentration of the detected pyrethroid metabolites 
were found between pesticide spraying events, despite their presence in the urine. 

Implications for relevant stakeholders 

Unhealthy farmers 

Due to modern farm machinery and all farmland in the EPZ being cleared and developed, farmers in 
the past generation have become more sedentary than their predecessors. The health checks carried out 
by SEPWA as part of this project found that 65 per cent of the farmers (men and women) tested were 
overweight. This was slightly above the national average of 63 per cent as estimated by the Australian 
Bureau of Statistics in 2012. 
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This growing issue of overweight farmers will have a direct impact on the health services in regional 
areas throughout Australia. Regional and remote areas already have higher incidences of mortality due 
to increased distances to health centres and less access to health care facilities (National Centre for 
Farmer Health). 

Handling of chemicals on farms 

The interviews with farmers revealed that although farm machinery had improved, ‘spills’ still 
occurred and the level of use of protective clothing could improve. 

Chemicals can enter the body through contact with skin, nose, mouth and eyes. The skin and eyes are 
at risk from splashes and spray drift. Not washing chemicals off the skin before eating, drinking and 
smoking may allow the chemical to enter via the mouth. The lungs can be affected when breathing in 
the spray mist, dusts and vapours. 

As a consequence of the results, the aim of SEPWA in 2012 was to encourage farmers and their 
employees to be more aware of exposing children to chemicals; to wear more personal protective 
equipment; to wash and store contaminated clothing separately; and to increase awareness by the 
Health Department of the risks to farmers of chemical exposure. 

Recommendations 

Health 

On-going holistic health and safety education and awareness programs are needed not only in the EPZ, 
but throughout Australian farming communities.   

Occupational health and safety 

Easy and on-going accessibility to Farmsafe WA and AusChem courses (which can be more expensive 
to farmers in the EPZ due to travel costs of trainers) need to be encouraged further. 

An occupational health and safety induction service needs to be created for workers, pre-seeding and 
pre-harvest.  

An on-going research program to monitor the health of a whole generation of farmers needs to be 
established to investigate further the effects that sustained long-term use of chemicals can have on 
farmers, their families and the wider community.  
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Introduction     
Agriculture is a key source of revenue in Western Australia (WA), contributing approximately $14.3 
billion annually to the national total income generated by Australian farms (NFF Farm Facts, Nov 
2011). Other businesses, both urban and rural, also rely on farmers for their income.  

In the Esperance Port Zone (EPZ), there are approximately 450 grain-growing farm businesses and 
around half of them are members of the South East Premium Wheat Growers Association (SEPWA). 
SEPWA is a farmer initiated group that was started in 1993 to represent wheat growers in the EPZ and 
assist growers in the region to produce premium quality grain. The group has since expanded into 
barley as well. Today SEPWA's role is to improve profitability and sustainability of EPZ growers. 

Chemicals are an important part of management systems for the majority of farmers cropping within 
the EPZ. In the past two decades, farmers have relied more and more on chemicals as they’ve 
introduced minimum tillage methods of rotational cropping.  

Some farmers in the EPZ raised their concerns through SEPWA that chemicals they are using on their 
properties may be affecting their children’s and wives’ health. What resulted was an investigation by 
SEPWA to get a better understanding of how chemicals are used and the effect they can have on 
farming families. 

It also aimed to remind SEPWA members that the economic health of their business is related to the 
health of them, their employees, all associated families and even the broader community. The message 
to come from the project during 2012 was that, while you can’t control risks such as weather and 
commodity markets, there are some things you don’t need to take risks on - people are the most 
important asset a farm has and therefore their health and wellbeing is integral to a grain farming 
operation’s financial success and longevity.  

The project addressed the following scenario: 

• some people don’t handle chemicals as safely as they could 

• children may have chemicals in their bodies, and 

• the level of knowledge of the problem is not high.  

The project aimed to raise the awareness of farmers and other stakeholders in rural health of the 
potential for families of farm workers to be affected by farm chemicals, through doing health tests and 
testing urine samples. By focussing the project at a family level, the aim was for farmers to be more 
willing to adopt safer chemical handling practices because their actions impacted on their families. 
Through testing families at a local level, there would be a greater impact on the community.   

By raising the levels of awareness in the community, farmers would be more aware of exposing 
children to chemicals; more farmers and employees would wear personal protective equipment; more 
clothing would be washed and stored separately; chemical companies would alter their packaging to 
make it safer; there would be an increased awareness by the Health Department of the risks to farmers 
of chemical exposure; and long-term, healthier farmers therefore healthier businesses.   

In order to achieve effective outcomes and not double up on work already done elsewhere, SEPWA 
partnered with a number of leading organisations including Combined Universities Centre for Rural 
Health (CUCRH), the National Centre for Rural Health (and in particular their Sustainable Farm 
Families program), Murdoch University, Farmsafe WA and AusChem (previously known as 
ChemCert WA). 
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The project was originally meant to start in 2010. However, it took longer than expected to get ethics 
approval, and so it was carried over to 2011. A hold-up with testing of urine samples resulted in the 
project being extended again until 2013.  

Following the literature review by CUCRH in 2011, which showed that ‘accidents’ had occurred with 
some of the participants, the project focussed on extending the messages associated with safer 
chemical handling; limiting risk through exposure to chemicals; and improving the overall health and 
safety of farming families within the EPZ. 

Occupational Health and Safety 
According to a report for the Australian Academy of Technological Sciences and Engineering 
(Radcliffe, 2002), our most commonly used herbicides are glyphosate, atrazine and simazine; the 
principle insecticides are organophosphates and carbamates; and the main fungicides are mancozeb 
and captan. 

There is mounting concern over the ‘take-home’ pathway of exposure to pesticides. This is essentially 
where agricultural chemicals are transported from the farm to the home by farm workers. This take-
home pathway has received considerable attention in recent times due to the fact it could potentially 
lead to contamination of the home environment and endanger the health of farming families, especially 
children.   

The Australian Pesticides and Veterinary Medicines Authority (APVMA) monitors research 
worldwide and to date there has been no research that shows any causative links between particular 
cancers and products used in Australia. The APVMA imposes 100-fold maximum residue limits 
(MRLs) to ensure a safe margin above observed effects on human health; therefore it can be assumed 
with some confidence that registered pesticides are safe when applied in accordance with directions for 
use. 

The APVMA conducts a review if there is new evidence of potential risks to human health, plant 
health or the environment. It is well known within the farming community that pesticides are 
poisonous, but a stringent registration process in Australia confirms their safety when users follow 
manufacturers’ instructions.  

Research has found that adverse consequences can arise if pesticides are not used in accordance with 
safety instructions, handled and used correctly, and stored and disposed of safely. The routes of 
chemical exposure are dermal, inhalation, oral and optical, with symptoms ranging from mild skin 
irritation including redness, rashes and blisters, to coughing or sneezing, eye and throat itchiness, 
respiratory problems, headaches, nausea and vomiting. (National Centre for Farmer Health, Safe 
Handling of Chemicals) 

The effects of chronic exposure to chemicals, such as pesticides, are not always immediately obvious 
and sometimes do not appear for many years. Sometimes the effects of exposure are subtle, such as 
personality changes or memory loss. (Worksafe, WA) 

There have been questions put to SEPWA during the project about the link between repeated exposure 
to these agents and the development of prostate cancer. The current impact of prostate cancer in 
Australia is steadily increasing with data revealing higher mortality levels in men suffering from the 
disease than breast cancer mortality in females (Canstat 2007). Research in Australia reveals that 
annually approximately 3300 men die from prostate cancer, with one in nine males experiencing 
prostate cancer over their lifespan. In addition to this, Australian research reveals that for every 100 
men who die of prostate cancer in metropolitan Australia, 121 men will die in rural Australia. 
(Prostate Cancer Foundation Australia, 2009)  

Despite the risks associated with pesticide exposure, many farmers do not employ safe work practices 
when handling agricultural chemicals. For example, in a study of Victorian farming households, 55 per 
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cent of farmers had not undertaken a course about the safe use of chemicals  and 64 per cent reported 
‘sometimes’, ‘rarely’ or ‘never’ wearing protective equipment when mixing or applying pesticides 
(Hanna, 2005).  

Given the potential for chemical contamination of the family home, it was evident that farmers may 
require more education about better hygiene and work practices to reduce the risk of exposing family 
members to pesticides.  

Wearing gloves has been shown to significantly reduce the levels of pesticides on the hands and in the 
urine of farmers, and pesticide residue is more likely to be on the surface of clothes than on the skin. 
Hence, removing clothing before entering the house may limit chemical contamination of the home 
environment (Bradman et al., 2009). Furthermore, pesticides should not be prepared or stored in the 
home, and applicators should be particularly aware of the risks to others during application periods 
(Rodriguez et al., 2006). 

AusChem (formerly Chemcert WA) reports that from 1 January 2008 to 31 December 2012, the 
training provider trained 400 people in the Esperance Port Zone on safe use of chemicals.  Less than 
a third of those took the two-day accreditation course and some two-thirds took the refresher course. 

At an estimate across Western Australia, up to 70 per cent of all farmers have done the 
accreditation training but only a core number re-accredit.  In the Esperance area in a good season 
AusChem may get 30-45 re-accrediting each year.  

These AusChem courses comply with the industry standard for training in chemical use, storage and 
handling; provide the required training for many Industry Quality Assurance Programs; and are 
necessary to apply for the Agricultural Chemical Users Permit (an ACUP is required for users of 
Schedule 7 and other Restricted Chemical Products).  

Accreditation is designed to enable chemical users to meet all regulatory requirements for access to 
chemicals and comply with chemical use legislation.  

Risk behaviour 
Research shows there is a general belief based on the culture of farmers, that poor health and safety 
within agriculture is ‘the nature of the job’. (Lidner, 2004) 

This combines with a farmer’s attitudes and beliefs, experience and knowledge of health and safety to 
shape their health behaviours, ongoing management of health problems and management of risks on 
the farm.  

This project aligned itself with the national Sustainable Farm Families™ (SFF) program, which did 
some work in the EPZ and trained a local registered nurse, Margaret Carmody.  

The vision for the SFF program is to improve the health, wellbeing and safety of farm families through 
a sustainable and evidence-based health promotion program with solid research and cross-sector 
collaboration. 

It encourages farmers to view farm family health as part of the ‘triple bottom line’ of farm reporting. 
Simply put, this refers to ‘people, planet and profit’ – all three are dependent on each other for success 
and sustainability. 

The health and safety of farmers is a major issue facing agricultural business because farmers are: 
getting older; working harder and longer; relying more on family members for extra labour; and 
experiencing high injury rates, illness and early death. (National Centre for Farmer Health)  
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The SFF program has been showcased as an innovative approach to long-standing rural health issues. 

As part of this project, in 2012, SEPWA employed Margaret Carmody to run a series of health checks 
to raise the awareness of the importance of health, and be involved in seminars and workshops in the 
region to promote the overall messages of the SFF program and in particular the importance of safe 
chemical handling. 
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Objectives    
The objectives of the project were to: 

• form a group of farmers who are willing to provide urine samples and be involved with health 
checks and a phone survey 

• explore the possibility of any cross-contamination of farm chemical residue occurring from the 
farm worker to any member of their family, following the use of a chemical at work 

• assess the health of farmers (husband and wife) in the group, to investigate if there is any possible 
correlation between ill-health and chemical residue and if this could be a result of a “culture” of 
risky behaviour within the farming sector 

• increase the awareness of all stakeholders within the Esperance Port Zone (EPZ) of the dangers 
associated with using farm chemicals and risky behaviour in general, by organising workshops and 
seminars throughout the EPZ 

• increase the awareness of the dangers associated with bringing farm chemicals into the household 
through cross-contamination of clothing, by providing information resources 

• increase the awareness of health professions in the EPZ of the dangers of farming and general 
health of farmers through a high profile media campaign. 
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Methodology     
Literature review 
A literature review was conducted by CUCRH and statistical analysis of illnesses such as cancers and 
cases of child asthma were compared to the general population.  

The aim of the review was to determine prior knowledge of any chemical contamination in farming 
communities and any documented long-term effects of broad-acre chemicals in farming communities, 
compared to the wider population. 

It was undertaken by Hannah Barrington, a Health Sciences student who elected to do her final year 
rural placement at CUCRH to assist with projects, as necessary. This work fulfilled the requirements 
for her Health Industry Practicum unit. 

Recruitment of participants 
A delay in the commencement of this project allowed the Executive of SEPWA to promote this project 
to their peers in the EPZ. This was done by word of mouth, through media and advertising in the 
SEPWA bulletin.  

Presentations were also conducted at industry information days conducted by SEPWA in Esperance in 
2010 and early 2011. Information sheets and consent forms were distributed by SEPWA staff, with 
participants requested to fax or post their completed consent forms to CUCRH. 

For the purposes of this project, youths over 16 years of age were considered an adult and children 12 
to 16 years of age were considered a mature minor and all signed their own consent form, if they 
wished to participate. 

All other children had their consent form signed by their parent or guardian. Children who were not 
toilet trained were ineligible to participate. 

Seventeen families with a total of 33 participants agreed to be part of the project.  

All farmers had their spouse living with them and there were 12 children in total on the farms. One 
child was attending pre-school, four in primary school and one secondary school. The other children 
were young adults. Two farms had adult members of the same family living on the farm. 

Semi structured interviews 
Semi-structured interviews were conducted by Jacki Ward by telephone to ascertain which chemicals 
participants usually use on their farm, their use of personal protective equipment and how, and by 
whom, their clothing is laundered. 

Six of the participating 17 farmers took part. Two farmers were not interviewed as they were the adult 
children of the main farmer, were living at the farm family home and therefore used the same 
chemicals and laundry facilities as the main farmer. 

Six farming families chose not to participate in the project after signing their consent forms and three 
farmers could not be contacted, two of whom were a father and adult son, farming the same property. 
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Urine testing 
In 2011 and 2012, farmers and their participating family members were asked to collect two specimens 
of urine to be tested for the presence of pyrethrum. One specimen was to be collected pre-spraying of 
any pyrethrum and the second, two weeks post-spraying.  

Each family was given an identifying number by the CUCRH investigator, plus an information sheet 
on how to collect the urine samples and how to identify each member of the family. 

Each participant was asked to identify their specimens in the following way: 

The number given to them to identify their family, plus: 

‘F’ if they were the farmer or farm worker, 

‘S’ if they were the partner/spouse, 

‘C1’ if they were the eldest child, 

‘C2’ for the next child in age, etc, until all participating children were identified. 

All participants were asked to put their urine sample in a plastic bag, label it “before spraying” or 
“after spraying”, depending on when the sample was collected, and to place the bag in the freezer. 
These samples were collected by a representative of SEPWA at a mutually convenient time. 

A total of 132 frozen samples were sent from Esperance to Murdoch University for testing in 
November 2012. Of these samples, 44 were collected in 2011 and 88 in 2012. 

Table 1 The number of males, females and children who provided urine samples 

Year Males Females Children 
2011 10 8 4 
2012 13 13 18 
 

Associate Professor Robert Trengrove of Murdoch University agreed to take on the job of analysing 
the samples.  

Samples were stored frozen in the original collection vessels upon arrival. All samples were defrosted 
and 1mL of sample prepared for analysis. Urine samples underwent a 500× dilution in to 0.2% formic 
acid in water before testing. 

Health checks 
Health checks were carried out by a registered nurse and trained Sustainable Farming Families 
practitioner Margaret Carmody during October and November 2012 and data was collated on the 
participants’ health. 

High profile media and events campaigns 
In August 2012, SEPWA released a ‘House Guide’ to provide households with information on how to 
launder contaminated clothes and basic first aid procedures for farm chemical poisoning. It was 
designed as a poster to be given to employees and any families on the farm, who are likely to have a 
member working with chemicals (See Appendix 1). 
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In September 2012, a follow-up ‘Paddock Guide’ was launched, covering the safe handling of 
chemicals prior to spraying, preparing for spraying and post spraying clean up (See Appendix 2). 

A total of 300 House Guides and 300 Paddock Guides were handed out at field days and other events 
during 2012 to SEPWA and non-SEPWA members. Other grower groups in Western Australia have 
asked to get copies of these. 

A number of media releases were distributed from 2010 to 2013 (see Appendix 3).  The project 
attracted significant media coverage throughout Western Australia and nationally – especially after the 
release of the House Guide and Paddock Guide. This included radio interviews (mostly with ABC), as 
well as information in state-wide newspapers and one article in a national farming magazine. 

Information was also published on a regular basis on the SEPWA website and in e-newsletters.  

Susan Brumby attended the 2012 SEPWA Ladies Day and spoke about the Chemicals on Farms 
project and she also promoted the SFF program. This day was attended by around 90 women from 
throughout the EPZ and Susan was interviewed on ABC radio. 

Healthy Farming Families evenings were held throughout the EPZ to raise the awareness of the issues 
associated with chemical handling on farms and to increase farmers’ awareness of the importance of 
health and safety. All members of the community were invited to attend these seminars (See Appendix 
4). 

The program was also promoted through schools, with around 160 students hearing the messages of 
safety and self-belief to raise awareness within the next generation. 

The Women in Farming Enterprise (WIFE) forum at Varley in 2012 also held discussions on the 
project. 

Chemcert (Auschem) courses were held in September 2012 and promoted through SEPWA to try and 
get more people trained in chemical handling. 

Free Farmsafe WA memberships were made available to all SEPWA members to raise the awareness 
of OHS. A safety induction campaign was run in early 2014. SEPWA hopes to have a person in the 
region trained to deliver induction programs pre-seeding and pre-harvest. A large component of these 
workshops will be about safe chemical handling. 

A new section of the SEPWA website was installed to provide easy links to information relating OHS 
and in particular safe chemical handling – www.sepwa.org.au. (This is for SEPWA members only at 
this stage.) 
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Results     

Literature Review 
Agricultural communities around the world encounter serious hazards in the form of exposure to 
chemicals, many of which are toxic to humans. The main chemicals used in a farm setting are 
pesticides, including insecticides, herbicides and fungicides.  

There is mounting concern over the ‘take-home’ pathway of exposure to pesticides. This is essentially 
where agricultural chemicals are transported from the farm to the home by farm workers. This take-
home pathway has received considerable attention in recent times due to the fact it could potentially 
lead to contamination of the home environment and endanger the health of farming families, especially 
children.   

There is very limited Australian literature that discusses the transference of chemical residue to the 
farm family home. Most literature reviewed by CUCRH for this project is from the United States of 
America (US) and a lot of the research refers to US data, particularly the Agricultural Health Study. 

Substantial investigation into the pesticide exposure of children living in households where there is a 
farm worker present is fairly alarming, indicating that children living with at least one farm worker 
have significantly higher levels of pesticide metabolites in their urine than children living in non-
farming households (Curwin et al., 2007, Fenske et al., 2005, Lambert et al., 2005, Lu et al., 2000, 
Arcury et al., 2006).  

Chemical concentrations in the urine of children are most elevated when pesticides have recently been 
applied to farmland (Curwin et al., 2007, Fenske et al., 2005, Lambert et al., 2005, Koch et al., 2002), 
and during periods of spraying, children in agricultural communities can be exposed to levels of 
pesticides that exceed World Health Organization regulations (Fenske et al., 2000). Children of 
pesticide applicators appear to be the group most at risk as they have been shown to have the highest 
pesticide concentrations in their urine (Fenske et al., 2005, Fenske et al., 2002, Loewenherz et al., 
1997). 

It is not surprising that pesticides are more likely to be found in farming homes than non-farming 
homes (Curwin et al., 2005, Lu et al., 2004, Lu et al., 2000, Simcox et al., 1995). The way in which 
pesticides are introduced into the household is an important consideration when evaluating the role of 
the take-home pathway of exposure.  

One way of measuring the amount of chemical contamination within households has been through an 
analysis of the pesticide concentrations in house dust. Dust has been identified as an important 
pesticide exposure pathway in agricultural communities (Lu et al., 2004), and this has been reaffirmed 
by several studies which have reported associations between higher pesticide levels in house dust and 
elevated pesticide levels in the urine of children (Coronado et al., 2006, Curl et al., 2002, Lu et al., 
2000).  

Some studies have shown that proximity of the household to farmland increases the amount of 
pesticides present in the home (Ward et al., 2006, Fenske et al., 2002, Quandt et al., 2004, Lambert et 
al., 2005, Lu et al., 2000, Loewenherz et al., 1997, Simcox et al., 1995). However, other research 
concludes that pesticides being applied near the household is not associated with pesticide levels in 
house dust (Curwin et al., 2005, Curl et al., 2002) or pesticide concentrations in the urine of children 
(Koch et al., 2002). This latter evidence suggests that proximity to treated farmland is not the only 
active exposure pathway, and provides support for an alternative, namely the ‘take-home’ pathway.  

Additional evidence of the take-home pathway of exposure is that urinary pesticide levels of adults 
generally correlate strongly with the pesticide levels of other family members, including their children 
(Coronado et al., 2006, Curl et al., 2002, Curwin et al., 2007, Thompson et al., 2003). Of even greater 
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concern is that pesticide urinary metabolites can sometimes be more common, and at higher 
concentrations, in children than in adults (Mills and Zahm, 2001).  

Shoes and clothes are often implicated in the transportation of agricultural chemicals back to the home 
(Fenske et al., 2002, Curwin et al., 2005, McCauley et al., 2003). For example, in a study about the 
hygiene practices of farmers, a higher level of chemical contamination in the home was associated 
with farm workers who waited more than two hours to remove their work clothes (McCauley et al., 
2003). Even in smaller-scale pesticide applications in more urban environments, removal of the 
applicator’s shoes at the door has been identified as a significant factor affecting the level of pesticide 
contamination within the home (Nishioka et al., 1999, Nishioka et al., 2001).  

The hygiene practices of farm workers have been recognised as an important risk factor for elevated 
pesticide metabolites in the urine of their children (Lambert et al., 2005). In the event that pesticides 
are inadvertently carried back to the home and are present on the household floor, there is an increased 
likelihood of chemicals being present on children’s hands and toys (Quandt et al., 2004). Pesticide 
residue on the toys and hands of children is a crucial exposure pathway in agricultural communities 
(Lu et al., 2004), with the amount of pesticides present on a child’s hand associated with the level of 
pesticides detected in their urine (Shalat et al., 2003). This is cause for concern as children are 
potentially ingesting dangerous agricultural chemicals that are being brought into the home by another 
family member.   

Vehicles may also act as a place of exposure, with pesticides often present in the dust found within a 
farm worker’s vehicle (Coronado et al., 2006, Curl et al., 2002, Thompson et al., 2003). Therefore, 
when other people travel in the vehicle, they are unknowingly being exposed to agricultural chemicals. 
Higher pesticide concentrations in vehicle dust correlates to higher levels of pesticides in the urine of 
farm workers (Coronado et al., 2006, Curl et al., 2002), and thus, vehicle dust could be another source 
of pesticide exposure for farming families.  

The literature suggested that many farmers do not employ safe work practices when handling 
chemicals. In a Victorian study, 55 per cent of farmers had not undertaken a course on the safe use and 
handling of chemicals. In the same study, 64 per cent of farm workers stated they ‘sometimes’, 
‘rarely’, or ‘never’ wore protective equipment when dealing with chemicals (Hanna 2005). The 
wearing of gloves showed a significant reduction in the level of pesticides on the hands.  

In the literature, the most commonly reported health complaint following the use of pyrethroids was a 
minor skin reaction. 

Healthy Farming Families – health checks  
A survey was sent to all 17 participants prior to the health checks. Ten were filled in and returned and 
all farmers who responded said they used at least goggles, a mask and gloves when handling 
chemicals.  

All but one described having a minor health complaint following the use of a chemical on their farm 
and all stated that their families had not exhibited any health complaints/ illnesses following the use of 
a chemical on the farm. Five of the six farmers interviewed had had a spill of chemical onto their skin 
or clothing. 

None of the farm families had a second washing machine to specifically wash clothing worn by the 
farm worker. 

After fasting overnight, the couples were visited by the nurse, Margaret Carmody, early in the morning 
(usually at their home) and checked for blood sugar, blood pressure, weight, body mass index, eye 
sight. They also did a simple questionnaire to measure their mental health. 
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The most prevalent health concern was that 60 per cent of those tested were on the high end of average 
for blood sugar levels. Around 65 per cent were overweight and half had high cholesterol levels. 

Around one-third of the participants were in the “of concern” category for excessive alcohol 
consumption.  

Table 2 Health check results 

 BMI Body 
Fat 

Blood 
Glucose 

Cholest
erol 

Blood 
Pressure 

Pulse Eye 
Sight 

Alcohol  Sunscre
en use 

Good 35% 60% 60% 50% 90% 96% 89% 60% 90% 
Of concern 65% 40% 40% 50% 10% 4% 11% 40% 10% 
 

Urine testing 
A total of 132 frozen samples were sent from Esperance to Murdoch University for testing in 
November 2012. Of these samples, 44 were collected in 2011 and 88 in 2012 (See Appendix 5).  

Metabolism of synthetic pyrethroid insecticides is a rapid process and therefore urinary metabolite 
concentrations will only be reflective of recent exposure. These presented results show a high 
incidence of detectable pyrethroid metabolites (3-‐PBA and DCCA). 

Preliminary statistical analysis was carried out to determine significance between the post- and pre-
spray event samples.  

Using the Tukey-Kramer t-test (determines significant changes between two or more groups of means) 
it was found that no statistical significance exists between the pre- and post-spray samples. 
Statistically different (p<0.05) amounts of 3-PBA-Glc were however found between the children and 
farmer, as well as between children and spouse. 
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Implications     
Unhealthy farmers 
Due to modern farm machinery and all farmland in the EPZ being cleared and developed, farmers in 
the past generation have become more sedentary than their predecessors. The health checks carried out 
by SEPWA as part of this project found that 65 per cent of the farmers (men and women) tested were 
overweight. This was slightly above the national average of 63 per cent as estimated by the Australian 
Bureau of Statistics in 2012. 

Medical literature states that people who are overweight are more likely to develop health problems, 
such as heart disease, stroke, diabetes, certain types of cancer, gout (joint pain caused by excess uric 
acid), and gallbladder disease. Being overweight can also cause problems such as sleep apnoea 
(interrupted breathing during sleep) and osteoarthritis (wearing away of the joints). The more 
overweight a person is, the more likely they are to have health problems. Weight loss can help improve 
the harmful effects of being overweight.  

This growing issue of overweight farmers will have a direct impact on the health services in regional 
areas throughout Australia. Regional and remote areas already have higher incidences of mortality due 
to increased distances to health centres and less access to health care facilities (National Centre for 
Farmer Health). The rural population also has above average rates of death through heart disease, 
cancer, and suicide. 

As a profession, farmers comprise the oldest workforce in Australia. The NCFH estimates that 59 per 
cent of Australian farmers work more than 49 hours per week compared to 19 per cent of the general 
population.	  However, more importantly, the proportion of farmers older than 65 years of age had 
increased from 15 per cent in 2001 to 18 per cent in 2006, and the proportion of farmers under 35 
years of age decreased from 12 per cent in 2001 to 10 per cent in 2006. 

Handling of chemicals on farms 
The literature review by CUCRH found that we are still not fully aware of what the long-term effects 
are of ongoing chemical absorption to humans and one of the recommendations from this project is 
that further research in this field should be undertaken.  

Almost all of the farmers interviewed by CUCRH reported some kind of chemical spill had occurred 
on their property. Chemicals can enter the body through contact with skin, nose, mouth and eyes. The 
skin and eyes are at risk from splashes and spray drift. Not washing chemicals off the skin before 
eating, drinking and smoking may allow the chemical to enter via the mouth. The lungs can be affected 
when breathing in the spray mist, dusts and vapours. 

Acute poisoning effects are generally observed within a few hours. Chronic poisoning often follows 
repeated, low-level exposure. Signs of illness may be delayed for some time after the first exposure. 

As a consequence of those interviews, which revealed that although farm machinery had improved, 
‘spills’ still occurred and the level of use of protective clothing could improve, the aim of SEPWA in 
2012 was to encourage farmers and their employees to be more aware of exposing children to 
chemicals; to wear more personal protective equipment; wash and store contaminated clothing 
separately; and to increase the awareness of the Health Department of the risks to farmers of chemical 
exposure. 
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Recommendations 
Health 
From finding that farmers in the EPZ have the same concerning health issues as farmers elsewhere in 
Australia (National Centre for Farmer Health), it would be fair to say that on-going holistic health and 
safety education and awareness programs are needed not only in the EPZ, but throughout Australian 
farming communities.  

SEPWA would support an on-going Sustainable Farming Families program in the region.  

Occupational health and safety 
Easy and on-going accessibility to Farmsafe WA and AusChem courses (which can be more expensive 
to farmers in the EPZ due to travel costs of trainers) need to be encouraged further. 

An occupational health and safety induction service needs to be created for workers, pre-seeding and 
pre-harvest. SEPWA is in the process of trying to establish this service with the support of Farmsafe 
WA. If this is unsuccessful, then SEPWA will continue to make resources available to members 
through the website and via its bi-monthly newsletter. 

An on-going research program to monitor the health of a whole generation of farmers needs to be 
established to investigate further the effects that sustained long-term use of chemicals can have on 
farmers, their families and the wider community.  
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Appendix 1. House Guide 
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MEDIA RELEASE – Thursday 2nd August, 2012 

House Guide to reduce family’s exposure to farm chemicals 

Farmers are putting their own families at risk, through exposure to farm chemicals inside the 
family home. 

Clothing contaminated from chemical spills or drift don’t look dangerous, but chemical 
residues on the clothing are, and need to be treated with caution. 

The South East Premium Wheat Growers’ Association (SEPWA) today released a house 
guide to “reduce your family’s exposure to farm chemicals” at their annual Ladies Day in 
Esperance. 

SEPWA Executive Officer, Niki Curtis said the guide is an outcome of the SEPWA Chemicals 
project and follows a report, from last year, which found that many farmers in the Esperance 
Port Zone had suffered from chemical spills at one time or another. 

The SEPWA Chemicals project is investigating the cross contamination of chemicals from 
clothing worn by a member of the family, usually the Dad who does the spraying, and then 
brings the chemical in to the family home on his clothing. 

Twenty farming families within the Esperance Port Zone are involved in the project and have 
been tested for pyrethroid levels prior to spraying and after it has been done by a member of 
the family, the final results are expected by November. 

Niki said research has found that one of the easiest transferrable means of contamination is 
via dust particles, which carry the chemical and can then be ingested by the user and other 
members of the family. 

 “It is during spraying operations that clothing and boots pick up that chemical residue which 
can then be spread to the farm ute and inside the family home. 

“This puts other family members including young children at risk through indirect contact with 
chemicals via contaminated clothing, sitting in the ute or association with the person 
spraying. 

“It is so easy for farmers to become complacent around chemicals, therefore it is important to 
remember how dangerous they can be,” said Niki. 

The “House Guide” has been developed to provide households with information on how to 
launder contaminated clothes and basic first aid procedures for farm chemical poisoning. 

Niki said throwing contaminated clothing into the washing machine with other clothing can 
transfer residue to other garments, and ordinary laundry procedures won’t rid the clothes of 
highly toxic and concentrated chemical residues. 

“Contaminated clothing should be kept separate from other laundry, handled with chemical 
resistant gloves and washed after each day’s use, to maximise the removal of chemicals.  

“Garments should be pre-rinsed or pre-soaked and they should be washed, uncrowded, in 
hot water at the highest water level and for the longest wash cycle. 

“Heavy duty liquid detergents should be used for liquid chemicals or a powdered detergent 
for granular or powdery chemicals and the amount should be increased by 1 ½ to 2 times the 
amount. 
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“Clothes should be dried on the line outside, where sunlight helps break down the chemical 
residue, to avoid contaminating the dryer and the washing machine should be rinsed with an 
empty load. 

The “House Guide” has been designed as a poster to be given to employees and any 
families on the farm, who are likely to have a member working with chemicals. 

“We hope the guide will be put to good use and put up in homes, farm offices, laundries or 
near first aid kits to help provide a safer environment for farmers, employees and families,” 
said Niki 

A “tractor guide” to the safe handling of chemicals will also be released shortly. 

The SEPWA Chemicals project is funded by the Rural Industries Research and Development 
Corporation (RIRDC) and Combined Centre for Rural Health (CUCRH).  

 

To obtain a copy of the “House Guide” or for further information, contact SEPWA Executive 
Officer, Niki Curtis on 9083 1125. 

 

ATTACHED – Copy of the “House Guide” 

 

MEDIA CONTACTS:      

Niki Curtis     

SEPWA Executive Officer   

Ph 9083 1125            
  

Mobile 0447 908 311        
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Appendix 2. Paddock Guide 
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MEDIA RELEASE – Tuesday 18th September, 2012 

Paddock guide for spraying safely released 

Farm chemicals can be dangerous and spray operators need to be wary of the risks and the 
correct way to safely handle chemicals. 

In a bid to protect farmers and promote the safe handling of farm chemicals, the South East 
Premium Wheat Growers’ Association (SEPWA) has released a “Paddock Guide” at the local 
spring field days. 

SEPWA Executive Officer, Niki Curtis said farmers need to protect their own health and their 
families’ through the correct handling of chemicals during spraying operations. 

“When handling concentrated chemicals, farmers are at the greatest risk of being poisoned. 

Proper care throughout spraying operations will protect the user and prevent chemicals 
residues from spreading to areas where people live and work”, Niki said. 

The “Paddock Guide” follows on from the release of a “House Guide” last month that focused 
on reducing the families’ exposure to farm chemicals and covered the laundering process 
and basic first aid procedures for farm chemical poisoning. 

The guides are an extension of the SEPWA Chemicals project which is currently underway 
and includes 20 families within the Esperance Port Zone who have been tested for 
pyrethroids levels pre and post spraying. 

The project is testing the cross contamination of chemicals from clothing worn by a member 
of the family (usually the Dad), who then brings the chemical into the family home on his 
clothing.  

The final results are expected by November. 

The “Paddock Guide” covers the safe handling of chemicals prior to spraying, preparing for 
spraying and post spraying clean up. 

First and foremost it is essential that all spraying operators have AusChem Training WA 
accreditation (formerly ChemCert WA). 

The guide includes a Delta T chart to determine acceptable spraying conditions and it also 
features the correct mixing order of chemicals. 

It outlines the essentials for personal protective equipment for mixing and spraying which 
include long sleeve shirt and trousers, rubber boots, apron, gloves, eye protection and mask.  

First aid for farm chemical poisoning and essential phone numbers along with websites that 
contain further information or subscription services for spraying decisions are also covered. 

Niki said it is important farmers use chemicals safely and encourage their employees to do 
so too, from both a health perspective and also because they are legally obligated to. 

“The guide will enforce what most farmers already know, but at times they can forget or 
become complacent. 

It will also come in very handy for employees to ensure they are aware of the guidelines to 
the safe handling of chemicals”, Niki said. 
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The SEPWA Chemicals project is funded by the Rural Industries Research and Development 
Corporation (RIRDC) and Combined Centre for Rural Health (CUCRH).  

To obtain a copy of the “House or Paddock Guide” or for further information, contact SEPWA 
Executive Officer, Niki Curtis on 9083 1125. 

 

Attached file – Paddock Guide pdf 

 

MEDIA CONTACTS:      

Niki Curtis     

SEPWA Executive Officer   

Ph 9083 1125            
  

Mobile 0447 908 311        
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Appendix 3. SEPWA Publicity / Media 
Coverage 
2010 

Date Publicity 

APRIL  AGMEMO 

• SEPWA’s contamination by chemicals project 
• Condingup farmers dominate SEPWA leadership 

7/5/10 Esperance Express – Chemical contamination study 

JUNE SEPWA NEWSLETTER 

17/6/10 MEDIA RELEASE – Farm chemicals impact on farming families 

23/6/10 ABC Rural Report – SEPWA to investigate chemical residue i/v with Lyndon Mickel 

23/6/10 Esperance Express – Chemical impact on farm families 

2/12/10 MEDIA RELEASE – Farming families at risk of chemical contamination 

8/12/10 Esperance Express – Risk of chemical contamination 

9/12/10 Farm Weekly – Trial to assess chemical risks 

DECEMBER Agmemo – Study on farm chemicals 

DECEMEBER SEPWA NEWSLETTER 

10/12/10 Esperance Express – Local chemical study a first 

14/12/10 ABC Rural Report – Farm family chemical risk (i/v with Gemma Walker) 

15/12/10 Esperance Express – Harvest review and season preview 

 

2011 

Date Publicity 

18/3/11 Esperance Express – SEPWA farming forum 

24/3/11 Countryman 

• Bank chief bullish on rain 
• Mining may lift ports fortunes 
• Study to monitor chemical effects 

24/3/11 ABC Rural Report – Chemical health study kicks off in Esperance 

APRIL  SEPWA NEWSLETTER 

JUNE SEPWA NEWSLETTER 
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Date Publicity 

10/6/11 MEDIA RELEASE – SEPWA Ladies’ Day bigger and better 

11/7/11 MEDIA RELEASE – Last registrations for SEPWA Ladies Day (included info on 
Chemicals project) 

14/7/11 Radio West Rural Focus – i/v with Gemma Walker re: SEPWA Ladies Day  

AUGUST SEPWA NEWSLETTER 

18/8/11 Farm Weekly – Inspiring times at SEPWA Ladies Day 

OCTOBER SEPWA NEWSLETTER 

DECEMBER SEPWA NEWSLETTER 

 

2012 

Date Publicity 

FEBRUARY SEPWA NEWSLETTER 

APRIL  SEPWA NEWSLETTER 

JUNE SEPWA NEWSLETTER 

21/6/12 Farm Weekly page 

• This year’s trials nearly complete 
• Chemicals and families study 
• Ladies Day set for August 

25/6/12 MEDIA RELEASE – SEPWA Ladies Day is set for August (chemicals project) 

25/6/12 ABC News Goldfields/ Esperance – Dangerous chemicals (i/v with Niki Curtis re: 
chemicals project) 

28/6/12 Countryman – Celebration of agriculture (Ladies Day) 

29/6/12 Esperance Express – SEPWA Ladies Day 

2/8/12 MEDIA RELEASE – House Guide to reduce family’s exposure to farm chemicals 

6/8/12 ABC Goldfields/ Esperance and Midwest Rural Report – A guide to washing chemical – 
affected clothes 

7/8/12 MEDIA RELEASE – Healthy farming families’ seminars 

9/8/12 Farm Weekly 

• Project to assess chemical impact 
• Inspirational speakers set the scene 
• Prosper gets the green light 
• Women’s role in agriculture celebrated 
• Rural health needs a check up 

16/8/12 Countryman – Insprirational Sam to speak on having a go 
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Date Publicity 

AUGUST SEPWA NEWSLETTER 

30/8/12 Countryman – SEPWA Ladies Day – social pictures 

4/9/12 Goomalling Shire – Reduce your families exposure to farm chemicals “House Guide” 

6/9/12 ABC News Kalgoorlie –Interview with Niki Curtis (re Chemicals project and guides) 

18/9/12 MEDIA RELEASE – Paddock guide for spraying safely released 

21/9/12 Esperance Express  

• Average harvest expected 
• Paddock guide for spraying safety 

24/9/12 Kalgoorlie Miner – Paddock Guide puts focus on chemical safety 

OCTOBER SEPWA NEWSLETTER  

October Grower Group Alliance newsletter 

• Smart farming survey 
• PA project 
• Paddock guide to spraying safety 
• Grower Group spotlight – SEPWA 

31/10/12 ABC Goldfields/ Esperance – Farmers and families tested for exposure to chemicals  
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Appendix 4. Healthy Farming Families 
Report – October 2012 SEPWA newsletter 
Healthy Farming Families Evenings nourished participants in the depths of winter  

SEPWA recently organised a series of “Healthy Farming Families workshops” throughout the 
region.  Participants were inspired by the story of Sam Bailey who has beaten the odds of 
being a quadriplegic and turned tragedy into triumph, to fulfill his dream of being a farmer. 

Sam Bailey and his wife, Jenny flew from NSW into Esperance on one of our stormiest 
winter’s days, but despite the bitter August cold, Sam captivated audiences at Grass Patch, 
Ravensthorpe and Esperance, with tales of his incredible life journey. 

Some would have thought that the best years of his life would have been before he became 
a paraplegic at 19. But Sam, along with his wife Jenny, explained how a car accident, which 
left him completely numb from his chest down, sent him on an incredible adventure which 
has proven that nothing is impossible. 

Although her husband Leon was on the SEPWA China tour, Natalie Bowman and her team 
of helpers at Grass Patch catered for a crowd of around 80 people who attended the Healthy 
Farming Families evening in the hall. Prior to Sam’s talk, Eric Nankivell (Farmanco) gave 
some background on SEPWA; Registered nurse, Margie Carmody talked about the SEPWA 
Chemicals project and provided some Healthy Farming Families background; and local 
Cascades farmer and employee relations consultant, Tara Vermeersch shared some tips on 
the rights and responsibilities of farm employers. Funds raised from the night went towards 
restoring Grass Patch’s Old Post Office. 

The next day Sam attended Cascade Primary school, where his message to the children was 
about road safety and also self belief. Although there was only a small crowd at 
Ravensthorpe that evening, it was a relaxed and informative end for many there who had 
spent the day on a field walk with the RAIN group and the local P&C cooked an amazing 
dinner. 

On the Friday, Sam and Jenny spoke to students at Grass Patch Primary and 150 
enraptured Year 9 student’s at Esperance Senior High School. 

Their final evening was at Esperance Bay Yacht Club, where Dr Mike Mears kicked the 
evening off with a very informative presentation on chemicals and also the future of health 
services in Esperance. His key message was that it is disturbing how much we don’t know 
about the effects chemicals have on our bodies. 

The Healthy Farming Families evenings were organised by SEPWA to promote the 
Chemicals project and were subsidised by Rural Industries Research and Development 
Corporation (RIRDC) and Combined Universities Centre for Rural Health (CUCRH). 
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Picture Sam and Jenny Bailey at the Esperance Healthy Farming Families 
evening in August 2012 
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Appendix 5. Detection of synthetic 
pyrethroid metabolites in urine as a 
monitor of exposure 
 

	  
	  

Detection	  of	  synthetic	  pyrethroid	  
metabolites	  in	  urine	  as	  a	  monitor	  of	  

exposure	  
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Executive	  Summary	  
	  
The	  Separation	  Science	  and	  Metabolomics	  Laboratory,	  was	  approached	  by	  the	  South	  East	  Premium	  

Wheat	  Grower’s	  Association	  (SEPWA)	  in	  late	  2012	  to	  develop	  a	  method	  for	  the	  detection	  of	  synthetic	  

pyrethroids	   in	   urine;	   as	   a	   monitor	   of	   pesticide	   exposure.	   Pyrethroids	   are	   synthetic	   analogues	   of	  

naturally	  occurring	  pyrethrins	  which	  demonstrate	  high	  toxicity	  to	  insects.	  The	  project	  formed	  part	  of	  

SEPWA’s	   study	   in	   the	  Esperance	  Port	   Zone	  which	  aimed	   to	   increase	  awareness	   regarding	   the	   safe-‐

handling	  of	  chemicals	  and	  potential	  risks	  of	  chemical	  contamination.	  	  

	  

The	   aim	   of	   the	   study	   was	   to	   1)	   develop	   a	   method	   capable	   of	   isolating	   synthetic	   pyrethroid	  

metabolites	  from	  urine,	  2)	  develop	  a	  mass	  spectrometry-‐based	  analytical	  pipeline	  for	  the	  detection	  

and	  characterization	  of	  these	  metabolites	  and	  3)	  use	  the	  method	  to	  screen	  for	  detected	  metabolites	  

across	  a	  larger	  sample	  set	  of	  urine.	  	  

	  

The	   analytical	   method	   developed	   to	   date	   uses	   Liquid	   Chromatography	   Quadrupole	   Time-‐of-‐flight	  

Mass	   Spectrometry	   (LC-‐qTOF)	   for	   high	   mass	   accuracy	   and	   high	   sensitivity	   detection	   of	   organic	  

molecules.	   Within	   humans,	   most	   synthetic	   pyrethroids	   undergo	   Phase	   I	   metabolism	   yielding	   five	  

metabolites.	  Subsequent	  Phase	  II	  metabolism	  conjugates	  these	  metabolites	  to	  a	  glucuronide	  and/	  or	  

sulphate	   to	   facilitate	   excretion	   in	   the	   urine.	   The	   screening	   technique	   developed	   is	   capable	   of	  

identifying	  these	  metabolites	  as	  present	  in	  human	  urine.	  

	  

Data	  were	   collected	   from	   the	   analysis	   of	   all	   samples	   received	   intact.	   Pyrethroid	  metabolites	  were	  

identified	  in	  a	  number	  of	  the	  urine	  specimens,	  by	  comparison	  to	  synthesized	  pyrethroid	  metabolite	  

standards.	  No	  statistical	  differences	  (p	  >	  0.05)	  in	  the	  mean	  concentration	  of	  the	  detected	  pyrethroid	  

metabolites	  were	  found	  between	  pesticide	  spraying	  events,	  despite	  their	  presence	  in	  the	  urine.	  	  

	  

Introduction	  

Pyrethroids	   are	   synthetic	   analogues	  of	   naturally	   occurring	  pyrethrins.	   These	   compounds	   are	  highly	  

toxic	   against	   insects	   but	   are	   perceived	   to	   be	   of	   “low	   toxicity”	   against	   mammals.	   The	   synthetic	  

pyrethrins	   have	   greater	   biological	   activity	   (Angerer	   and	   Ritter)	   and	   greater	   environmental	   stability	  

[ATSDR	  2003].	  

	  

In	  excess	  of	  1,000	  synthetic	  pyrethroids	  have	  been	  developed	  [ATSDR	  2003];	  however,	  using	  online	  

resources,	   and	   as	   observed	   in	   retail	   outlets	   in	   Western	   Australia	   during	   May	   2014,	   only	   12	  
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pyrethroids	   comprise	   the	   active	   ingredient	   of	   commercially	   and	   domestically	   available	   insecticides	  

(Table	  1.).	  	  	  	  	  

	  

Table	  1.	  	  The	   pyrethroids	   listed	   as	   the	   active	   ingredient	   across	   39	   commercially	   and	   domestically	  

available	  pesticide	  formulations	  in	  Western	  Australia	  (May,	  2014).	  

Allethrin	  
Bifenthrin	  
Cyfluthrin	  

Cyhalothrin	  
Cypermethrin	  
Deltamethrin	  
Esfenvalerate	  
Imiprothrin	  
Permethrin	  
Phenothrin	  
Resmethrin	  

Tetramethrin	  
	  

In	  humans,	  synthetic	  pyrethroids	  are	  rapidly	  metabolized	  to	  form	  five	  common	  metabolites	  referred	  

to	  as	  the	  Phase	  I	  metabolites;	  namely,	  3-‐phenoxybenzoic	  acid	  (3-‐PBA);	  Cis/trans-‐3(2,2-‐dichlorovinyl)-‐

2,2-‐dimethylcyclopropane-‐1-‐carboxylic	   acid	   (DCCA);	   Cis-‐3(2,2-‐dibromovinyl)-‐2,2-‐

dimethylcyclopropane-‐1-‐carboxylic	   acid	   (DBCA);	   4-‐fluoro-‐3-‐phenoxybenzoic	   acid	   (4-‐FPBA)	   and	  

chrysanthemumdicarboxylic	   acid	   (CDCA).	   These	   phase	   I	   metabolites	   are	   not	   specific	   to	   the	   parent	  

pyrethroid	  compound.	  The	  parent	  pyrethroid	  of	  known	  Phase	  I	  metabolites	  are	  listed	  in	  Table	  2.	  	  

	  

Table	  2	  Parent	  pyrethroid	  compounds	  associated	  with	  each	  Phase	  I	  metabolite	  (Couture	  et	  al.,	  2013)	  
Abbreviated	  &	  Full	  Metabolite	  Names	   Parent	  Pyrethroid	  Compound	  
CDCA,	  trans-‐chrysanthemumdicarboxylic	  
acid	  

Bioresmethrin	  
Resmethrin	  
Bioallethrin	  
Allethrin	  
Phenothrin	  
Prallethrin	  
Tetramethrin	  

cis-‐/trans-‐DCCA,	  cis-‐	  and	  trans-‐3-‐(2,2-‐
dichlorovinyl)-‐2,2-‐dimethylcyclopropane	  
carboxylic	  acid	  

Cyfluthrin	  
Cypermethrin	  
Permethrin	  

cis-‐DBCA,	  cis-‐3-‐(2,2-‐dibromovinyl)-‐2,2-‐
dimethylcyclopropane	  carboxylicacid	  

Deltramethrin	  

3-‐PBA,	  3-‐phenoxybenzoic	  acid	   Permethrin	  
Cypermethrin	  
Deltamethrin	  
Esfenvalerate	  
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Cyhalothrin	  
Fenopropathrin	  
Flucythrinate	  
Fluvalinate	  
Phenothrin	  

F-‐PBA,	  4-‐fluoro-‐3-‐phenoxybenzoic	  acid.	   	  
	  
	  

Phase	   I	   metabolites	   undergo	   Phase	   II	   Metabolism	   to	   facilitate	   excretion	   in	   urine.	   	   The	   analysis	   of	  

Phase	  II	  metabolites	  in	  urine	  is	  the	  typical	  means	  of	  monitoring	  exposure	  to	  synthetic	  pyrethroids.	  	  

	  

Current	   approaches	   for	   the	   monitoring	   of	   synthetic	   pyrethroid	   exposure	   only	   measure	   recent	  

exposure.	  Excretion	  in	  the	  urine	  occurs	  with	  a	  half-‐life	  of	  approximately	  six	  hours,	  but	  may	  be	  up	  to	  

12	  hours	  depending	  on	  the	  specific	  metabolite	  (Leng	  et	  al.,	  1997,	  Leng	  et	  al.,	  2005)	  (Table	  3.).	  

	  

Table	  3:	  Excretion	  rates	  post	  exposure	  for	  synthetic	  pyrethroids	  based	  on	  a	  6-‐hour	  half-‐life	  

Hours	  post	  exposure	   Measurable	  Metabolite	  Concentration	  Change	  
0	   100%	  
6	   50%	  
12	   12.5%	  
18	   6.25%	  
24	   3.125%	  
30	   1.625%	  
36	   0.813%	  
48	   0.406%	  

	  	  

Phase	   II	   metabolism	   proceeds	   through	   several	   biochemical	   pathways	   depending	   on	   the	   particular	  

metabolite.	   	   One	   of	   the	   most	   common	   steps	   of	   Phase	   II	   metabolism	   is	   the	   conjugation	   with	  

glucuronic	   acid	   which	   increases	   the	   mass	   of	   the	   compound	   by	   176	   atomic	   mass	   units	   (amu).	   The	  

compound	  3-‐PBA	  is	  the	  most	  widely	  studied	  pyrethroid	  metabolite	  to	  date.	  

	  

A	   small	   percentage	   of	   the	   Phase	   I	   metabolites	   may	   not	   undergo	   Phase	   II	   metabolism.	   These	  

metabolites	  can	  be	  measured	  as	  free	  metabolites	  (Tao	  et	  al,	  2013)	  

	  

There	   are	   currently	   two	   approaches	   for	   the	   analysis	   of	   the	   Phase	   II	   Conjugates.	   Chemical	   or	  

enzymatic	   cleavage	   of	   the	   conjugated	   molecule	   renders	   the	   recovered	   metabolite	   amenable	   to	  

analysis	   by	   Gas-‐chromatography	   mass	   spectrometry	   (GC/MS)	   or	   liquid-‐chromatography	   mass	  

spectrometry	  (LC/MS).	  Alternatively,	  the	  Phase	  II	  conjugated	  metabolite	  can	  be	  measured	  directly	  by	  

LC/MS.	  
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Materials	  and	  Methods	  

All	  reagents	  were	  purchased	  at	  the	  highest	  possible	  purity.	  All	  solvents	  (except	  DMSO)	  were	  of	  LC-‐MS	  

grade	  and	  all	  chemical	  reagents	  (including	  standards)	  were	  greater	  than	  99%	  purity.	  

Preparation	  for	  LC-‐MS	  analysis	  

Samples	  were	  stored	  frozen	  in	  the	  original	  collection	  vessels	  upon	  arrival.	  All	  samples	  were	  defrosted	  

and	  1	  mL	  of	  sample	  prepared	  for	  analysis.	  	  	  

In	  preparation	  for	  analysis,	  the	  protein	  content	  of	  all	  samples	  was	  reduced,	  and	  the	  sample	  divided	  in	  

two,	  for	  separate	  metabolite	  and	  creatinine	  quantification.	  

Creatinine	  analysis	  

Urine	  samples	  underwent	  a	  500×	  dilution	  with	  0.2%	  formic	  acid.	  No	  further	  preparation	  was	  carried	  

out.	  Samples	  were	  analysed	  using	  LC-‐MS	  and	  compared	  against	  a	  calibration	  to	  determine	  creatinine	  

levels.	  

Phase	  II	  metabolite	  synthesis	  

Phase	  II	  metabolites	  were	  synthesised	  from	  commercially	  available	  Phase	  I	  metabolite	  precursors.	  

Calibration	  

Calibrations	  were	  prepared	  from	  10	  calibration	  standards;	  ranging	  from	  0.1-‐100	  ng/ml.	  A	  mix	  of	  

13C6-‐PBA	  and	  its	  glucuronide	  were	  spiked	  in	  to	  each	  calibration	  level	  to	  be	  equivalent	  to	  the	  final	  

concentration	  in	  the	  samples.	  

Sample	  clean-‐up	  

Samples	  were	  cleaned	  using	  a	  solid-‐phase-‐extraction	  (SPE)	  approach.	  

Instrumental	  analysis	  

All	  samples	  for	  creatinine	  and	  metabolite	  analysis	  were	  evaluated	  using	  a	  5600	  QToF-‐MS	  instrument	  

(AB	  Sciex,	  MA,	  USA)	  with	  an	  ESI	  interface,	  equipped	  with	  a	  Nexera	  UHPLC	  system	  (Shimadzu	  

Corporation,	  Kyoto,	  Japan).	  Chromatographic	  separation	  was	  achieved	  using	  a	  C18	  column	  and	  the	  

mobile	  phase	  solvents	  0.2%	  formic	  acid	  and	  acetonitrile	  (0.2%	  formic	  acid).	  Mass	  spectra	  were	  
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acquired	  using	  positive	  or	  negative	  ionization	  as	  required.	  Tandem	  MS	  spectra	  were	  acquired	  for	  the	  

parent	  masses	  of	  all	  phase	  I	  and	  II	  metabolites	  (see	  Table	  4.	  for	  details).	  

Table	  4.	  LC-‐QToF-‐MS	  parameters	  

Analyte	   Ion	  mode	   Precursor	  ion	  
(m/z)	  

Product	  ion	  
(m/z)	  

3-‐PBA	   Neg	   213.0925	   93.0514	  
3-‐PBA-‐Glc	   Neg	   389.1582	   169.0947	  
4-‐F-‐3-‐PBA	   Neg	   231.0867	   93.0526	  

4-‐F-‐3-‐PBA-‐Glc	   Neg	   407.1524	   187.0911	  

DCCA	   Neg	   207.1745	   207.0342	  

DCCA-‐Glc	   Neg	   383.0097	   207.0368	  
DBCA	   Neg	   296.9504	   78.9389	  

DBCA-‐Glc	   Neg	   473.0146	   78.9339	  

13C6	  3-‐PBA	   Neg	   219.0698	   	  -‐*	  
13C6	  3-‐PBA-‐
Glc	   Neg	   395.1012	   	  -‐*	  
Creatinine	   Pos	   114.0353	   	  -‐*	  

* Accurate-‐mass	  precursor	  used	  
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Results	  and	  Discussion	  

Method	  validation	  

SPE	  recovery	  

To	  determine	  method	  recovery	  of	  the	  extraction	  protocol,	  blank	  urine	  was	  spiked	  with	  an	  

intermediate	  concentration	  of	  all	  phase	  I	  and	  phase	  II	  metabolites,	  before	  and	  after	  SPE	  cleanup.	  

Recovery	  was	  then	  based	  on	  the	  comparison	  of	  the	  pre	  spiked	  urine	  to	  the	  post	  spiked	  urine	  and	  a	  

percent	  recovery	  determined.	  

Detection	  limit	  

Detection	  limit	  is	  determined	  by	  the	  lowest	  concentration	  which	  is	  below	  an	  acceptable	  level	  of	  

variation.	  Detection	  limits	  were	  determined	  for	  both	  phase	  I	  and	  II	  metabolites	  (Tables	  5	  and	  6.).	  

Several	  samples	  showed	  the	  presence	  of	  metabolites	  below	  the	  quantifiable	  level.	  Such	  samples	  

were	  designated	  “D”	  which	  represents	  that	  the	  metabolite	  was	  detected	  at	  below	  the	  level	  of	  

quantitation.	  

Table	  5.	  Detection	  limit	  for	  phase	  I	  metabolites	  (ng/mL)	  

	  

	  

	  

Table	  6.	  Detection	  limit	  for	  phase	  II	  metabolites	  (ng/mL)	  

	  

	  

	  

	  

	  

	  

	   sample	  detection	  limit	  ng/mL	  

DCCA-‐Glc	   1.3	  
PBA-‐Glc	   1.2	  
FPBA-‐Glc	   0.6	  
DBCA-‐Glc	   1.1	  

	  
sample	  detection	  limit	   "Detectable"	  range	  

DCCA-‐Glc	   1.3	   0.8-‐1.3	  
PBA-‐Glc	   1.2	   0.9-‐1.2	  
FPBA-‐Glc	   0.6	   0.4-‐0.6	  
DBCA-‐Glc	   1.1	   0.9-‐0.1	  
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Creatinine	  correction	  

Creatinine	  in	  urine	  was	  quantitatively	  measured	  to	  normalise	  metabolite	  levels.	  Variable	  hydration	  

between	  patients	  necessitates	  a	  means	  to	  remove	  the	  urinary	  metabolite	  concentration	  bias.	  

Creatinine	  correction	  has	  been	  used	  extensively	  in	  biomonitoring	  studies	  in	  humans.	  This	  approach	  

involves	  calculating	  a	  ratio	  between	  metabolite	  and	  creatinine	  level	  resulting	  in	  a	  concentration	  that	  

is	  reported	  as	  microgram	  of	  metabolite	  per	  gram	  of	  creatinine	  (µg/g	  creatinine).	  The	  linearity	  of	  

calibration	  is	  shown	  (Figure	  1.).	  

	  

Figure	  1.	   Calibration	  used	  to	  quantitatively	  determine	  creatinine	  levels	  

	  

Urinary	  metabolite	  concentration	  

In	  the	  following	  tables	  (Tables	  7-‐9),	  the	  incidence	  and	  spread	  of	  concentrations	  detected	  for	  phase	  II	  

metabolites	  are	  described.	  There	  were	  no	  incidences	  of	  detectable	  phase	  I	  metabolites	  in	  any	  of	  the	  

analysed	  samples.	  No	  further	  tables	  will	  refer	  to	  the	  presence	  or	  absence	  of	  these	  metabolites	  and	  all	  

further	  information	  regards	  phase	  II	  metabolites	  only.	  
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Table	  7.	  Incidences	  of	  urinary	  pyrethroid	  metabolites	  including	  range	  (µg/g	  creatinine)	  and	  geometric	  

mean	  (GM)	  in	  all	  samples	  (n=94)	  

	  

	  

	  

	  

Table	  8.	  Distribution	  of	  urinary	  metabolite	  concentrations	  (µg/g	  creatinine)	  in	  all	  samples	  (n=94).	  

Values	  are	  reported	  for	  the	  25th,	  50th	  and	  95th	  percentiles,	  respectively.	  

	  

	  

	  

	  

Table	  9.	  Distribution	  of	  urinary	  metabolite	  concentrations	  (µg/g	  creatinine)	  and	  geometric	  mean	  

(GM)	  according	  to	  sample	  grouping.	  Values	  are	  reported	  for	  the	  25th,	  50th	  and	  95th	  percentiles,	  

respectively.	  

	  

	  

	  

	  

	  

	  

	  

	  

Analyte	   GM	   Range	   %	  Detected	  

PBA-‐Glc	  	   1.87	   <LOD	  -‐	  10.01	   81.7	  
FPBA-‐Glc	   <LOD	   <LOD	  -‐	  0.8	   8.26	  

DCCA-‐Glc	   2.21	   <LOD	  -‐	  8.87	   85.3	  

DBCA-‐Glc	   2.05	   <LOD	  -‐	  5.07	   21.1	  

Analyte	   P25	   P50	   P95	  

PBA-‐Glc	  	   <LOD	   1.20	   4.28	  
FPBA-‐Glc	   <LOD	   <LOD	   <LOD	  
DCCA-‐Glc	   <LOD	   <LOD	   5.32	  
DBCA-‐Glc	   <LOD	   <LOD	   1.87	  

	  	   GM	   P25	   P50	   P95	  

PBA-‐Glc	   	  	   	  	   	  	   	  	  
Child	   2.98	   0.28	   2.26	   5.98	  

Spouse	   1.77	   0.00	   0.00	   3.27	  
Farmer	   1.30	   0.00	   1.08	   2.33	  

FPBA-‐Glc	   	  	   	  	   	  	   	  	  
Child	   <LOD	   <LOD	   <LOD	   <LOD	  

Spouse	   <LOD	   <LOD	   <LOD	   <LOD	  
Farmer	   <LOD	   <LOD	   <LOD	   <LOD	  

DCCA-‐Glc	   	  	   	  	   	  	   	  	  
Child	   3.33	   <LOD	   <LOD	   6.18	  

Spouse	   2.52	   <LOD	   <LOD	   5.31	  
Farmer	   1.77	   <LOD	   <LOD	   2.53	  

DBCA-‐Glc	   	  	   	  	   	  	   	  	  
Child	   2.42	   <LOD	   <LOD	   3.00	  

Spouse	   2.14	   <LOD	   <LOD	   <LOD	  
Farmer	   0.77	   <LOD	   <LOD	   0.00	  



 

34 

Statistical	  analysis	  

Preliminary	  statistical	  analysis	  was	  carried	  out	  to	  determine	  significance	  between	  the	  post	  and	  pre	  

spray	  event	  samples.	  Using	  the	  Tukey-‐Kramer	  HSD	  (determines	  significant	  changes	  between	  two	  or	  

more	  groups	  of	  means)	  it	  was	  found	  that	  no	  statistical	  significance	  exists	  between	  the	  pre	  and	  post	  

spray	  samples	  (Table	  10.).	  

Statistically	  different	  (p	  <	  0.05)	  amounts	  of	  3-‐PBA-‐Glc	  were	  however	  found	  between	  the	  children	  and	  

farmer,	  as	  well	  as	  between	  children	  and	  spouse	  (Table	  11.).	  

Table	  10.	  Urinary	  metabolite	  distribution	  according	  to	  before	  or	  after	  spray	  event	  

Analyte	   n	   GM	   Range	   %	  Detected	   p	  

PBA-‐Glc	  	   	  	   	  	   	  	   	  	   	  	  
Child	  -‐	  Before	   15	   2.81	   <LOD	  -‐	  10.01	   86.7	  

>0.05	  
Child	  -‐	  After	   15	   3.13	   <LOD	  -‐	  6.42	   80.0	  

Spouse	  -‐	  Before	   17	   2.13	   <LOD	  -‐	  3.68	   86.7	  
>0.05	  

Spouse	  -‐	  After	   17	   1.83	   <LOD	  -‐	  4.68	   70.6	  

Farmer	  -‐	  Before	   15	   1.28	   <LOD	  -‐	  2.77	   80.0	   >0.05	  
Farmer	  -‐	  After	   15	   1.32	   <LOD	  -‐	  2.28	   93.3	  

FPBA-‐Glc	   	  	   	  	   	  	   	  	   	  
Child	  -‐	  Before	   15	   <LOD	   <LOD	   6.7	  

>0.05	  
Child	  -‐	  After	   15	   <LOD	   <LOD	   0.0	  
Spouse	  -‐	  Before	   17	   <LOD	   <LOD	   11.8	  

>0.05	  
Spouse	  -‐	  After	   17	   <LOD	   <LOD	   11.8	  
Farmer	  -‐	  Before	   15	   <LOD	   <LOD	   13.3	  

>0.05	  
Farmer	  -‐	  After	   15	   <LOD	   <LOD	   13.3	  

DCCA-‐Glc	   	  	   	  	   	  	   	  	   	  
Child	  -‐	  Before	   15	   3.62	   <LOD	  -‐	  8.87	   93.3	  

>0.05	  
Child	  -‐	  After	   15	   3.19	   <LOD	  -‐	  6.53	   86.7	  
Spouse	  -‐	  Before	   17	   2.80	   <LOD	  -‐	  8.86	   88.2	  

>0.05	  
Spouse	  -‐	  After	   17	   2.40	   <LOD	  -‐	  5.56	   70.6	  
Farmer	  -‐	  Before	   15	   1.64	   <LOD	  -‐	  3.00	   86.7	  

>0.05	  
Farmer	  -‐	  After	   15	   1.79	   <LOD	  -‐	  4.02	   86.7	  

DBCA-‐Glc	   	  	   	  	   	  	   	  	   	  
Child	  -‐	  Before	   15	   1.75	   <LOD	  -‐	  1.94	   20.0	  

>0.05	  
Child	  -‐	  After	   15	   2.84	   <LOD	  -‐	  5.07	   33.3	  

Spouse	  -‐	  Before	   17	   2.17	   <LOD	  -‐	  2.78	   17.6	  
>0.05	  

Spouse	  -‐	  After	   17	   2.07	   <LOD	  -‐	  2.07	   17.6	  

Farmer	  -‐	  Before	   15	   <LOD	   <LOD	   13.3	  
>0.05	  

Farmer	  -‐	  After	   15	   0.77	   <LOD	  -‐	  0.77	   20.0	  
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Table	  11.	  Urinary	  metabolite	  distribution	  between	  sample	  groups.	  

Analyte	   n	   GM	   Range	   %	  Detected	   p	  

PBA-‐Glc	  	   	  	   	  	   	  	   	  	   	  	  

Child	   30	   2.98	   <LOD	  -‐	  10.01	   83.3	   <0.05*	  

Spouse	   34	   1.77	   <LOD	  -‐	  4.68	   78.6	   >0.05	  
Farmer	   30	   1.30	   <LOD	  -‐	  2.77	   86.7	   >0.05	  

FPBA-‐Glc	   	  	   	  	   	  	   	  	   	  	  
Child	   30	   <LOD	   <LOD	   3.33	   >0.05	  

Spouse	   34	   <LOD	   <LOD	   11.8	   >0.05	  
Farmer	   30	   <LOD	   <LOD	   13.3	   >0.05	  

DCCA-‐Glc	   	  	   	  	   	  	   	  	   	  	  
Child	   30	   3.33	   <LOD	  -‐	  8.87	   46.7	   >0.05	  

Spouse	   34	   2.52	   <LOD	  -‐	  8.86	   79.4	   >0.05	  
Farmer	   30	   1.77	   <LOD	  -‐	  4.02	   86.7	   >0.05	  

DBCA-‐Glc	   	  	   	  	   	  	   	  	   	  	  
Child	   30	   2.42	   <LOD	  -‐	  5.07	   26.7	   >0.05	  

Spouse	   34	   2.14	   <LOD	  -‐	  2.78	   17.6	   >0.05	  
Farmer	   30	   0.77	   <LOD	  -‐	  2.07	   16.7	   >0.05	  

*	  Statistically	  different	  mean	  concentration	  between	  groupings	  

Discussion	  

Metabolism	  of	  synthetic	  pyrethroid	  insecticides	  is	  a	  rapid	  process	  and	  therefore	  urinary	  metabolite	  

concentrations	  will	  only	  be	  reflective	  of	  recent	  exposure.	  These	  presented	  results	  show	  a	  high	  

incidence	  of	  detectable	  pyrethroid	  metabolites	  (3-‐PBA	  and	  DCCA).	  	  

Results	  of	  a	  study	  by	  Babina	  et	  al	  (2012)	  are	  provided	  in	  Table	  12	  for	  comparative	  evaluation	  of	  

incidence	  and	  distribution	  of	  detectable	  pyrethroid	  metabolites	  from	  another	  Australian	  population.	  
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Table	  12.	  Summary	  statistics:	  PYR	  metabolites,	  mean	  concentration	  (µg/g	  creatinine)	  by	  sample	  

group	  (reproduced	  from	  K.	  Babina	  et	  al,	  2012).	  Values	  are	  reported	  for	  the	  25th,	  50th,	  75th	  and	  95th	  

percentiles,	  respectively.	  

Metabolite	   Group	   N	  

%	  samples	  with	  
detectable	  
levels	   Mean	  ±	  SD	   Range	   P25	   P50	   P75	  	   P95	  

DCCA	  (cis-‐	  +	  
trans-‐)	   Urban	   115	   35.7	   8.1	  ±	  22.0	  

<	  LOD-‐
137.7	   1.5	   2.9	   4.8	   43.2	  

	  
Periurban	   111	   36	   9.0	  ±	  21.3	  

<	  LOD-‐
134.6	   1.8	   4.6	   7.8	   30.6	  

	  
Rural	   114	   49.1	   5.6	  ±	  6.5	   <	  LOD-‐32.8	   2.4	   3.6	   5.4	   24	  

DBCA	   Urban	   115	   13.9	   3.0	  ±	  2.5	   <	  LOD-‐8.4	   1.1	   2	   5.1	   -‐	  

	  
Periurban	   111	   10.8	   4.7	  ±	  4.5	   <	  LOD-‐16.5	   2.3	   2.9	   5.4	   -‐	  

	  
Rural	   114	   14.9	   5.2	  ±	  4.9	   <	  LOD-‐17.2	   1.9	   3.7	   7.2	   -‐	  

MPA	   Urban	   115	   25.2	   1.9	  ±	  3.0	   <	  LOD-‐16.4	   0.7	   1.1	   1.8	   11.2	  

	  
Periurban	   111	   28.8	   3.7	  ±	  7.0	   <	  LOD-‐34.7	   1.1	   1.6	   2.6	   27.6	  

	  
Rural	   114	   25.4	   1.1	  ±	  0.7	   <	  LOD-‐3.4	   0.6	   1.1	   1.5	   2.9	  

3-‐PBA	   Urban	   115	   80.9	   1.2	  ±	  3.2	   <	  LOD-‐30.0	   0.2	   0.5	   1.1	   3	  

	  
Periurban	   111	   86.5	   1.4	  ±	  2.6	   <	  LOD-‐18.6	   0.3	   0.8	   1.3	   6.9	  

	  
Rural	   114	   84.2	   1.6	  ±	  1.7	   <	  LOD-‐12.9	   0.6	   1.1	   1.7	   4.8	  
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Supplementary	  data	  

Table	  S1.	  Individual	  results	  for	  all	  participants	  

Murdoch	  ID	  
Sample	  
Details	   Family	   Date	  

Sample	  
Time	   PBA-‐Glc	  	   FPBA-‐Glc	   DCCA-‐Glc	   DBCA-‐Glc	  

1	   C1	   9	   	  	   After	   2.20	   <LOD	   D	   <LOD	  

2	   C2	   9	   	  	   After	   1.89	   <LOD	   2.45	   <LOD	  

3	   	  S	   9	   	  	   After	   1.99	   <LOD	   2.17	   <LOD	  

4	   	  F	   9	   	  	   After	   D	   <LOD	   <LOD	   <LOD	  

5	   S	   9	   	  	   Before	   3.05	   <LOD	   1.98	   <LOD	  

6	   F	   9	   	  	   Before	   2.77	   <LOD	   <LOD	   <LOD	  

7	   C1	   9	   	  	   Before	   3.14	   <LOD	   5.76	   <LOD	  

8	   C2	   9	   	  	   Before	   1.67	   <LOD	   D	   <LOD	  

9	   C1	   DeGrussa	   2010	   Before	   3.20	   <LOD	   2.54	   <LOD	  

10	   S	   DeGrussa	   2010	   Before	   1.83	   D	   1.80	   D	  

11	   F1	   DeGrussa	   2010	   Before	   1.40	   <LOD	   D	   <LOD	  

12	   C2	   DeGrussa	   2010	   Before	   D	   <LOD	   D	   <LOD	  

13	   F/C1	   2	   	  	   Before	   1.20	   D	   1.05	   <LOD	  

14	   S	   1	   	  	   Before	   D	   <LOD	   D	   2.78	  

15	   F	   1	   	  	   Before	   1.53	   <LOD	   1.95	   <LOD	  

16	   F	   1	   8/08/2011	   After	   0.96	   <LOD	   1.15	   <LOD	  

17	   F/C1	   2	   8/08/2011	   After	   1.81	   D	   1.69	   <LOD	  

18	   S	   1	   8/08/2011	   After	   <LOD	   <LOD	   1.76	   <LOD	  

19	   F	   3	   	  	   	  	   2.04	   <LOD	   2.65	   <LOD	  

20	   S	   3	   	  	   After	   1.99	   <LOD	   1.58	   <LOD	  

21	   F	   3	   	  	   	  	   2.43	   <LOD	   2.41	   <LOD	  

22	   S	   3	   	  	   Before	   D	   <LOD	   2.59	   <LOD	  

23	   ?	   13	   18/05/2011	   Before	   <LOD	   <LOD	   D	   <LOD	  

24	   ?	   13	   13/06/2011	   After	   1.33	   <LOD	   D	   <LOD	  

25	   ?	   13	   13/06/2011	   After	   1.38	   <LOD	   1.14	   D	  

26	   ?	   13	   18/05/2011	   Before	   0.75	   <LOD	   0.61	   <LOD	  

27	   S	   Chambers	   2/06/2011	   Before	   <LOD	   <LOD	   D	   <LOD	  

28	   F	   12	   	  	   Before	   <LOD	   <LOD	   D	   <LOD	  

29	   S	   12	   	  	   Before	   D	   <LOD	   D	   <LOD	  

30	   S	   11	   	  	   After	   2.08	   <LOD	   2.09	   <LOD	  

31	   F	   11	   	  	   After	   1.54	   <LOD	   1.73	   0.77	  

32	   F	   Chambers	   25/06/2011	   Before	   1.28	   D	   1.29	   <LOD	  

33	   S	   Chambers	   	  	   After	   D	   <LOD	   <LOD	   <LOD	  

34	   F	   Chambers	   	  	   After	   <LOD	   <LOD	   <LOD	   <LOD	  

35	   S	   12	   	  	   After	   3.68	   <LOD	   5.30	   <LOD	  

36	   F	   12	   	  	   After	   1.48	   <LOD	   2.14	   D	  

37	   C1	   DeGrussa	   30/06/2011	   After	   3.97	   <LOD	   4.05	   <LOD	  

38	   C2	   DeGrussa	   30/06/2011	   After	   4.48	   <LOD	   3.11	   <LOD	  

39	   F	   DeGrussa	   30/06/2011	   After	   1.34	   <LOD	   1.36	   <LOD	  

40	   S	   DeGrussa	   30/06/2011	   After	   1.83	   <LOD	   D	   <LOD	  
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41	   F	   12-‐-‐14	   7/05/2012	   After	   1.48	   D	   2.00	   <LOD	  

42	   F	   12-‐-‐14	   17/06/2012	   Before	   <LOD	   <LOD	   1.50	   <LOD	  

43	   S	   12-‐-‐14	   12/05/2012	   Before	   <LOD	   <LOD	   <LOD	   <LOD	  

44	   S	   12-‐-‐14	   20/06/2012	   After	   <LOD	   <LOD	   D	   <LOD	  

45	   Robyn	  Cail	   12-‐-‐18	   8/07/2012	   ?	   D	   <LOD	   <LOD	   <LOD	  

46	   Nigel	  Metz	   12-‐-‐18	   8/07/2012	   ?	   <LOD	   <LOD	   <LOD	   <LOD	  

47	   F	   12-‐-‐19	   ?	   ?	   <LOD	   <LOD	   <LOD	   <LOD	  

48	   S	   12-‐-‐19	   ?	   ?	   <LOD	   <LOD	   <LOD	   <LOD	  

49	   S	   12-‐-‐05	   ?	   Before	   D	   <LOD	   D	   <LOD	  

50	   C2	   12-‐-‐05	   ?	   Before	   10.01	   <LOD	   8.87	   <LOD	  

51	   S	   12-‐-‐07	   21/05/2012	   Before	   4.68	   <LOD	   8.68	   <LOD	  

52	   C2	   12-‐-‐08	   11/08/2012	   Before	   <LOD	   <LOD	   D	   <LOD	  

53	   S	   12-‐-‐09	   11/09/2012	   Before	   <LOD	   <LOD	   D	   <LOD	  

54	   F	   12-‐-‐10	   12/09/2012	   Before	   1.44	   <LOD	   1.66	   <LOD	  

55	   C1	   12-‐-‐11	   11/09/2012	   Before	   1.75	   D	   1.56	   <LOD	  

56	   S	   12-‐-‐03	   28/08/2012	   Before	   D	   <LOD	   D	   <LOD	  

57	   F	   12-‐-‐03	   28/08/2012	   Before	   1.27	   <LOD	   D	   <LOD	  

58	   C2	   12-‐-‐03	   28/08/2012	   Before	   <LOD	   <LOD	   D	   <LOD	  

59	   C1	   12-‐-‐03	   28/08/2012	   Before	   D	   <LOD	   D	   <LOD	  

60	   C2	   12-‐-‐10	   20/07/2012	   Before	   2.62	   <LOD	   D	   <LOD	  

61	   C1	   12-‐-‐10	   20/07/2012	   Before	   3.09	   <LOD	   D	   <LOD	  

62	   S	   12-‐-‐10	   20/07/2012	   Before	   1.27	   <LOD	   <LOD	   <LOD	  

63	   F	   12-‐-‐10	   20/07/2012	   Before	   D	   <LOD	   3.00	   <LOD	  

64	   S	   12-‐-‐03	   11/05/2012	   After	   D	   <LOD	   5.56	   <LOD	  

65	   C2	   12-‐-‐03	   11/05/2012	   After	   D	   <LOD	   D	   <LOD	  

66	   C1	   12-‐-‐03	   11/05/2012	   After	   <LOD	   <LOD	   <LOD	   <LOD	  

67	   F	   12-‐-‐03	   11/05/2012	   After	   2.28	   <LOD	   4.02	   <LOD	  

68	   F	   12-‐-‐15	   9/05/2012	   Before	   0.79	   <LOD	   D	   <LOD	  

69	   S	   12-‐-‐15	   9/05/2012	   Before	   D	   <LOD	   D	   <LOD	  

70	   C1	   12-‐-‐08	   3/05/2012	   Before	   4.91	   <LOD	   D	   <LOD	  

71	   S	   12-‐-‐08	   3/05/2012	   Before	   1.36	   <LOD	   D	   <LOD	  

72	   F	   12-‐-‐08	   3/05/2012	   Before	   0.71	   <LOD	   D	   D	  

73	   S	   12-‐-‐10	   9/08/2012	   After	   1.29	   D	   1.04	   D	  

74	   C2	   12-‐-‐10	   9/08/2012	   After	   3.68	   <LOD	   2.84	   D	  

75	   F	   12-‐-‐10	   9/08/2012	   After	   <LOD	   <LOD	   D	   <LOD	  

76	   C1	   12-‐-‐10	   9/08/2012	   After	   1.80	   <LOD	   1.48	   <LOD	  

77	   S	   12-‐-‐08	   29/05/2012	   After	   D	   <LOD	   <LOD	   <LOD	  

78	   F	   12-‐-‐08	   29/05/2012	   After	   D	   <LOD	   <LOD	   <LOD	  

79	   C1	   12-‐-‐08	   29/05/2012	   After	   3.63	   <LOD	   D	   2.55	  

80	   C2	   12-‐-‐09	   ?	   ?	   5.43	   <LOD	   4.76	   3.37	  

81	   F	   12-‐-‐09	   ?	   ?	   0.73	   <LOD	   1.35	   <LOD	  

82	   C3	   12-‐-‐09	   ?	   ?	   6.42	   <LOD	   6.53	   5.07	  

83	   C1	   12-‐-‐09	   ?	   ?	   3.14	   <LOD	   5.34	   1.48	  

84	   S	   12-‐-‐09	   ?	   ?	   D	   D	   2.78	   <LOD	  

85	   F	   12-‐-‐15	   14/06/2012	   After	   0.73	   <LOD	   D	   <LOD	  

86	   S	   12-‐-‐15	   14/06/2012	   After	   D	   <LOD	   D	   <LOD	  
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87	   S	   12-‐-‐20	   ?	   ?	   0.85	   <LOD	   1.19	   D	  

88	   C2	   12-‐-‐20	   ?	   ?	   0.72	   <LOD	   0.88	   D	  

89	   MOTHER	   12-‐-‐20	   ?	   ?	   2.00	   <LOD	   1.35	   1.76	  

90	   C2	   12-‐-‐01	   21/05/2012	   After	   2.33	   <LOD	   1.57	   <LOD	  

91	   F	   12-‐-‐01	   21/05/2012	   After	   1.83	   <LOD	   D	   <LOD	  

92	   C1	   12-‐-‐01	   21/05/2012	   After	   <LOD	   <LOD	   <LOD	   <LOD	  

93	   S	   12-‐-‐01	   21/05/2012	   After	   D	   <LOD	   D	   <LOD	  

94	   SON	   12-‐-‐13	   15/06/2012	   Before	   2.39	   <LOD	   3.06	   D	  

95	   F	   12-‐-‐13	   19/06/2012	   Before	   D	   <LOD	   D	   D	  

96	   WIFE	   12-‐-‐13	   7/06/2012	   Before	   <LOD	   <LOD	   D	   <LOD	  

97	   F	   12-‐-‐16	   15/06/2012	   Before	   D	   <LOD	   <LOD	   <LOD	  

98	   S	   12-‐-‐16	   19/06/2012	   Before	   D	   <LOD	   D	   <LOD	  

99	   S	   12-‐-‐16	   14/08/2012	   After	   1.91	   <LOD	   1.91	   2.07	  

100	   F	   12-‐-‐16	   24/07/2012	   After	   1.19	   <LOD	   D	   <LOD	  

101	   F	   12-‐-‐01	   4/05/2012	   Before	   <LOD	   <LOD	   D	   <LOD	  

102	   S	   12-‐-‐01	   3/05/2012	   Before	   2.08	   D	   2.15	   1.69	  

103	   C1	   12-‐-‐01	   3/05/2012	   Before	   1.10	   <LOD	   <LOD	   1.59	  

104	   C2	   12-‐-‐01	   3/05/2012	   Before	   D	   <LOD	   D	   1.94	  

105	   SON	   12-‐-‐13	   23/07/2012	   After	   1.92	   <LOD	   D	   <LOD	  

106	   F	   12-‐-‐13	   7/08/2012	   After	   D	   <LOD	   1.73	   D	  

107	   SPOUSE	   12-‐-‐13	   22/07/2012	   After	   0.92	   <LOD	   3.05	   D	  

108	   	  	   	  	   	  	   	  	   1.45	   <LOD	   1.60	   <LOD	  

109	   	  	   	  	   	  	   	  	   1.35	   <LOD	   D	   <LOD	  
Pink	  shaded	  boxes:	  Information	  lost	  on	  containers.	  
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