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Abstract 
 

A dearth of knowledge exists regarding occupational glyphosate exposures among 

amenity horticulturalists. Glyphosate is the highest volume herbicide used globally, 

and has recently been classified by the International Agency for Research on Cancer 

as a 2A 'probably carcinogenic to humans’. The objective of this study was to 

characterise glyphosate exposures and identify exposure determinants among amenity 

horticulturists.  

 

Human biomonitoring assessments were completed by collecting spot urine samples 

from workers.  In parallel, a dermal and inadvertent ingestion study was completed by 

collecting wipe samples of the worker’s hands and perioral region and by analysing 

samples of worker gloves. Samples were analysed using liquid chromatography 

tandem mass spectrometry (LC-MS/MS). Linear mixed effect regression models were 

constructed to evaluate determinants of dermal, inadvertent ingestion and total 

glyphosate exposure. 

 

A total of 205 urine samples and 351 wipe and glove samples were collected and 

analysed for glyphosate across 69 work tasks involving the glyphosate based pesticide 

products. Glyphosate concentrations ranged from below the limit of quantification to 

10.66 µg L−1; the human biological half-life was estimated to be 5 ½ to 10 hours. Peak 

exposure levels were identified in urine samples collected up to three hours after 

cessation of the pesticide task. A forward built mixed effect model including sampling 

time, participant age and application type explained 62% of the variability in worker 

hand glyphosate concentrations. In the inadvertent ingestion exposure model the 

determinants hand contamination, the frequency of hand to mouth and surrounding 

area contact and sampling time explained 50% of the variability in perioral 

concentration. Combined hand and perioral region concentrations explained 40% of 

the variability in the urinary glyphosate concentrations (µg L-1).  

 

Occupational glyphosate exposures among amenity horticulturalists are higher than 

expected from environmental exposure alone and comparable with agricultural 

studies. New information is reported on the human biological half-life of glyphosate.  
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Pesticides are chemicals used to repel or kill unwanted pests and are used in large 

volumes globally. It is estimated that 2.5 billion kilograms of pesticides are applied 

worldwide each year. Glyphosate, the highest volume used herbicide in the world and 

present in over 750 products, has recently been classified as a probable carcinogenic 

substance to humans which has raised concerns given its ubiquitous nature in the 

environment. The aforementioned international debate on the potential adverse health 

effects caused by glyphosate exposures has increased the demand for comprehensive 

exposure data among diverse users.  

Amenity horticulturists apply glyphosate based pesticide products to clear pathways, 

to eradicate invasive plant species, to preserve the integrity of buildings and 

monuments and to maintain the aesthetic properties of plant life in national parks and 

gardens. For this reason, exposure assessments among this worker group are required, 

to evaluate and reduce glyphosate exposures group within this sector. Pesticide 

exposure scenarios among amenity horticulturalists are likely to differ to those of 

agricultural users. In comparison, amenity horticulturists; use different application 

methods, have a higher frequency of use per annum and use lower quantities of 

pesticides. Amenity horticultural workers are a specialised occupational group that has 

been understudied in relation to their pesticide use. This occupational group are small 

quantity pesticide users and their risk assessments might underestimate the level of 

exposure, as estimates may be extrapolated from other high quantity occupational 

users with different exposure scenarios.  

Internationally, there are a limited number of studies that have evaluated human 

glyphosate exposures. Only a few of these studies have used human biomonitoring 

and most were completed for agricultural users and in environmental settings. Only 

two exposure assessment studies have been conducted among amenity horticulturists. 

One study among local authority workers, collected dermal and inhalation samples 

and reported the potential for both dermal and inhalation exposure. Another study 

among tree nursery workers in the USDA Forest Service found a potential for dermal 

exposure. Both studies emphasised a requirement for further investigation to 

characterise these exposure scenarios.  
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Previous research on exposure pathways for pesticides suggests that up to 99.9% of 

occupational exposure is via dermal absorption with the remainder assumed inhalation 

exposure. Little research is available on the inadvertent ingestion route, with no studies 

evaluating this exposure pathway among occupational pesticide users. 

Glyphosate exposure data is required for regulatory risk assessments, to assess the 

exposure pathways, to collect information on the application equipment and patterns 

of use that reflect ‘real exposure’ scenarios for non-agricultural pesticide use.  

The present thesis aimed to characterise glyphosate exposures using a human 

biomonitoring sampling strategy to determine the total body burden of glyphosate 

among amenity horticulturists. A further objective was to identify pathways and 

determinants of exposure to help make recommendations to reduce or eliminate 

chemical uptake for these users. In addition, to assess the suitability of this sampling 

strategy for glyphosate exposures and to propose methods for optimisation for future 

human biomonitoring studies.  
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2.1 The Development and Use of Pesticides 

Pesticides are defined as ‘chemical compounds that are 

used to kill or repel pests, including insects, rodents, 

fungi and unwanted plants’ (e.g. weeds) (WHO 2015), 

which can be further categorised as biocides or plant 

protection products. Biocides are a type of pest control 

used to protect humans, animals or materials against 

harmful organisms (e.g. rats and mice) (ECHA 2018). 

Plant protection products are designed to be toxic to 

some specific form of life (e.g. insects, weeds) to 

protect plant life (e.g. crops) (EFSA 2015a).  

 

Historically, some of the first pesticide control 

techniques adopted for farming were using fires and ash 

to dispel insects or using salt to control weeds (Figure 

2.1). Global demand for increased food production led 

to the industrialisation of the agricultural sector, with 

the introduction of new technologies and methods for 

harvesting. The use of insecticides almost quadrupled 

in the US in the decade from 1919 to 1929 (Davis 

2014). Due to the overuse of pesticides, crops 

developed an increased susceptibility to infestations, as 

well as adversely affecting non-target organisms. 

 

In 1962, Rachel Carson’s book ‘Silent Springs’ 

highlighted the adverse effects associated with 

pesticide use including potential adverse health hazards 

for humans and detrimental environmental concerns 

due to bioaccumulation, long term toxicity and pest 

resistance (Carson 1962).  Figure 2.1: Timeline of pesticides 
(Pestnet 2015) 
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Pest infestations can have an adverse 

effect on the crop growth and reduce 

crop yield. Pesticides are designed to 

target a specific type of pests, from 

microscopic organisms to rodents and 

are typically classed by their intended 

target organism (Table 2.1) or their 

chemical structure. 

 

A pesticide formulation can consist of 

several chemical ingredients, which 

are classed as either active or inert. 

The active ingredient destroys, repels 

and mitigates pests or regulates the 

plant’s growth. Under an European 

Directive, the active ingredient and 

the quantity used within a product has 

to be displayed on the product label 

(European Parliament 2009a).  

 

All of the remaining pesticide product 

ingredients are called inert 

ingredients, which ensure the effectiveness of the product (e.g. by preventing caking 

or foaming) and solvents that assist with the penetration of the chemical into the plant 

(US EPA 2007) but do not have a direct pesticidal effect. Inert ingredients may 

improve the overall effect of the pesticide on the target organisms but have a potential 

to also enhance the toxicity for non-target organisms. 

 

Any pesticide product that does not reach the intended target (pest) can put a non-

target organism at risk such as human, animals and fish. Worldwide, approximately 

2.5 billion kilograms of pesticides are used annually (Michael and Alavanja 2009), 

while in Ireland, the sale of pesticides increased by 30% between 2000 and 2005 (Food 

Table 2.1 Type of pesticides and their 
intended targets. 
Type of 
pesticides: 

Intended target of 
pesticide: 

Herbicides Plants e.g. Weeds and 
daisies 

Insecticides Insects & Arthropods e.g. 
cockroaches   

Fungicides Fungi e.g. mildew and 
mould 

Rodenticides Rodents e.g. rats and 
mice 

Fumigants Pests e.g. inside buildings 
and soil 

Biocides Microorganisms e.g. 
bacteria and viruses 

Molluscicides Molluscs e.g. Snails and 
slugs 

Miticides Mites e.g. spider mite and 
board mite 

Nematicides Nematodes e.g. 
microscopic roundworms 

Repellents Pests e.g. Mosquitoes and 
animals 
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and Agriculture Organization of the United Nations 2015). Pesticides are used in 

extremely large quantities in agriculture and residues can persist on food. Often 

watercourses are polluted with pesticides due to leaching from the soil or spillages 

directly into watercourses, which can then be an indirect pathway for human 

exposures. One drop of pesticide concentrate can contaminate a stream for 30 km 

above the permissible drinking water limit (EPA 2014).  

 

Though pesticides are linked with numerous adverse effects to humans and the 

environment, they also have benefits, especially in agriculture for increasing crop 

yield. They also have many other significant societal benefits such as preventing 

vectors of diseases (e.g. mosquitoes) from spreading diseases such as yellow fever, 

plague, typhoid fever, which is a major concern as vector-borne diseases account for 

17% of the estimated global burden of infectious diseases, causing more than 700,000 

deaths annually (WHO 2018). Pesticides are also used to prevent the infestation of 

insects and rodents in homes, which helps to improve sanitation (Fishel 2015, Damalas 

2009, Delaplane 1996). Pesticides are used in the highest quantities in agriculture, to 

prevent infestations, increase the crop yield and to control the spread of invasive 

species of plants which can suppress native vegetation.   

 

2.2 Adverse Human Health Effects Associated with Pesticide Exposure 

Possible adverse human health effects from pesticide exposure is of public concern. 

Pesticides tend to have a ubiquitous presence in the environment due to their extensive 

use. Associating exposure to a specific illness can be difficult as there are multiple 

confounding factors such as mixed exposures to other hazards (e.g. environmental air 

pollutants), lifestyle factors (e.g. diet) and genetic predisposition (Ye et al. 2013). A 

further difficulty can occur when attempting to distinguish between environmental and 

occupational exposures. 

 

Researchers have been studying the potential adverse health effects from pesticide 

exposures from the early eighties to the present day, primarily focused on 

organochlorine pesticides (e.g. DDT, Lindane) (Brouwer et al. 2017, Evangelou et al. 

2016, Alavanja et al. 2014), paraquat (Brouwer et al. 2017, Lebov et al. 2016, Lebov 
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et al. 2015, Henneberger et al. 2014), organophosphates (Polanco Rodríguez et al. 

2017, Harrison and Mackenzie Ross 2016, Mwanga et al. 2016, Slager et al. 2010, 

Farahat et al. 2003, Ray and Richards 2001) and glyphosate (Piccoli et al. 2016, Lebov 

et al. 2016, Lebov et al. 2015, Guyton et al. 2014, Jayasumana et al. 2014, Chatzi et 

al. 2007).  

 

Research studies on human adverse health effects from pesticide exposure have found 

an association between pesticide exposure to cancer or development of carcinogenesis 

(Kachuri et al. 2017, Van Maele-Fabry et al. 2017, Falzone et al. 2016, Silva João et 

al. 2016, Lemarchand et al. 2016, Goodson et al. 2015, Guyton et al. 2014, Alavanja 

et al. 2003), adverse respiratory symptoms and diseases (Ye et al. 2017, Hoppin et al. 

2017, Mamane et al. 2016, Mamane et al. 2015, Henneberger et al. 2014, Ye et al. 

2013), adverse reproductive health effects (including issues with conception, 

(Chevrier et al. 2013, Sanin et al. 2009, Bretveld et al. 2008, Lauria et al. 2006); 

shortened gestation periods (Parvez et al. 2018, Winchester et al. 2016) male fertility 

(Cremonese et al. 2017, Kaur et al. 2015) and teratogenic effects to the offspring 

(Jorgensen et al. 2014, Brucker-Davis et al. 2008, Weidner et al. 1998)), adverse 

endocrinological effects (Piccoli et al. 2016, Evangelou et al. 2016, Lebov et al. 2016, 

Lebov et al. 2015, Ntzani et al. 2013), links with adverse psychological health with 

symptoms of anxiety (Harrison and Mackenzie Ross 2016, Beseler et al. 2008) and 

neurological diseases including Parkinson disease (Pouchieu et al. 2018, Brouwer et 

al. 2017, Gunnarsson and Bodin 2017, Allen and Levy 2013, Freire and Koifman 

2012, Van Maele-Fabry et al. 2012, Richardson et al. 2009, Ascherio et al. 2006, 

Bonetta 2002), Alzheimer’s (Jones 2010, Hayden et al. 2010), amyotrophic lateral 

sclerosis (ALS) (Kamel et al. 2012, McGuire et al. 1997) and a general lower/impaired 

neurological function (Rohlman et al. 2014, Farahat et al. 2003, Ray and Richards 

2001).  

 

Comprehensive systematic review studies of pesticide exposures and potential adverse 

human health effects have also reported associations between pesticide exposure and 

the development of carcinogenicity (e.g. neuroblastoma, leukaemia), neurotoxicity 

(e.g. Alzheimer’s, Parkinson’s disease, amyotrophic lateral sclerosis), reproductive 
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toxicity (e.g. infertility, birth defects), adverse metabolic issues (e.g. diabetes, 

obesity), adverse respiratory effects (e.g. asthma, chronic bronchitis) and adverse 

developmental issues (e.g. Attention deficit hyperactivity disorder (ADHD), autism) 

(Mostafalou and Abdollahi 2017, Kim et al. 2017, Mostafalou and Abdollahi 2013).  

 

2.2.1 Health effects associated with chronic low dose pesticide exposures 

The European Food Safety Authority (EFSA) define low dose effects as ‘any 

biological change occurring in the range of typical human exposures or at doses below 

those typically used in the standard testing protocols’ (EFSA 2012). Studies have 

shown an association between chronic low dose pesticide exposures and the 

development of Parkinson disease (Ascherio et al. 2006), impaired neurological 

reactions (Ray and Richards 2001), lower neurobehavioral function (Sunwook et al. 

2016, Farahat et al. 2003), neurotoxic effects (Rohlman et al. 2014), cancer (Goodson 

et al. 2015), renal disease (Lebov et al. 2015) and anxiety (Harrison and Mackenzie 

Ross 2016).  

 

Chronic low dose exposures are an area of great importance andwould be more 

prevalent than high dose exposures in an environmental setting. Horticultural pesticide 

users would also have regularly occurring low dose exposures, that may occur more 

frequently than acute high dose exposures. Another issue highlighted in recent 

research calls was the requirement to investigate potential toxic synergistic effects due 

to low dose exposures to multiple chemical compounds, to evaluate the potential 

adverse health outcomes from the ‘cocktail effect’ (Nandipati and Litvan 2016, 

Goodson et al. 2015). Some guidance is available on evaluating combined exposures 

to multiple chemicals but there is no harmonised, consistent approach for performing 

risk assessments or management for these cumulative exposures (Bopp et al. 2018). 

Evaluating adverse health effects from low dose exposures or to chemicals which 

show a non-linear dose-response relationship can be a significant issue for regulators 

in the authorisation of pesticides. Information from high dose exposure assessment 

studies should not be extrapolated to assess low dose scenarios, as they may result in 

underestimating the risks (Goodson et al. 2015). The current study focuses on 
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pesticide products containing two specific active ingredients, glyphosate and 

fluroxypyr. 

 

2.2.2 Human health effects from glyphosate exposure  

Glyphosate (N-(Phosphonomethyl) glycine) acid is a colourless odourless, crystalline 

solid, which is formulated into salt and is very water soluble (11.6 g L-1 at 25°C). 

Glyphosate inhibits the pathway for plants to synthesise aromatic amino acids such as 

phenylalanine, tyrosine and tryptophan and is very effective in killing/suppressing all 

plant types includes grasses, perennials, vines, shrubs and trees (IARC 2016). At 

present, glyphosate based pesticide products are the highest volume herbicides used 

globally, with over 750 products available (Guyton et al. 2014).  

 

First synthesised as a potential 

pharmaceutical compound in the 1950’s, 

Monsanto re-synthesised it as a herbicide in 

the 1970’s. The original patent expired in 

2000 and multiple manufacturers started 

formulating glyphosate based herbicides and 

its use increased 100 fold since the 1970’s 

(Myers et al. 2016a). A principal driver of 

this increase was with the introduction of 

glyphosate resistant crops, propelling 

glyphosate products to be the most used 

herbicide worldwide (Duke 2018a).  

Glyphosate was originally classified as 

possibly carcinogenic to humans (Group C) 

by the United States Environmental 

Protection Agency (US EPA) in 1991 but later changed this classification to a Group 

E – non-carcinogenic to humans.  

 

In 2015, the International Agency for Research on Cancer (IARC), classified 

glyphosate as a Group 2A – probably carcinogenic to humans (IARC 2016). Since this 

Figure 2.2 Glyphosate’s structural 

Molecular formula: C3H8NO5P 

Relative molecular mass 169.07 

(PubChem 2015a) 
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classification, debate has ensued with international agencies differing on their 

classification of glyphosate (as a substance non-carcinogenic to humans), including 

the Joint Food and Agriculture Organization (FAO) meeting on Pesticide Residues 

(JMPR) (subdivision of the WHO) (JMPR 2016), the US EPA (US EPA 2016), the 

European Chemicals Agency (ECHA 2017) and the European Food Safety Authority 

(the regulatory body for pesticides in Europe) (EFSA 2017).  EFSA set reference limits 

for glyphosate including an acceptable daily intake (ADI) and an acute reference dose 

(ARfD) at 0.5 mg/kg body weight per day and an acceptable operator exposure level 

(AOEL) at 0.1 mg/kg body weight per day (EFSA 2015b). 

 

The IARC classification of glyphosate was largely based on the chemicals potential to 

induce oxidative stress. Some scientists argued the suitability of this classification as 

it was mostly based on oxidative stress, which is not unique to cancer development 

but a mode of action for numerous chronic diseases (Bus 2017, Smith et al. 2016), but 

due to findings from animal studies, that it may warrant a classification as a possibly 

carcinogenic substance (Clausing et al. 2018). Contrarily, a review study analysed the 

results of epidemiology studies involving glyphosate and found no consistent pattern 

of association between glyphosate exposure and cancer (Mink et al. 2012).  

 

There are a limited amount of health studies focused on glyphosate exposure 

specifically that are available but a few have focused on the impact of glyphosate 

exposure on the endocrine system. A Brazilian epidemiology study using 

biomonitoring found an association between pesticide use and adverse effects on 

thyroid function, causing hypothyroidism effects (Piccoli et al. 2016), which has also 

been found in in vivo animal studies (Navarro-Martín et al. 2014, Howe et al. 2004). 

Another study found evidence that glyphosate could potentially cause an adverse 

effect on the metabolic system and recommended further investigation (De Long and 

Holloway 2017). 

 

A study among rice paddy farmers in Sri Lanka linked renal failure with the combined 

exposure to glyphosate and heavy metals, hypothesising that glyphosate inadvertently 

causes renal disease by adversely affecting renal tissues, making workers susceptible 
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to renal disease from heavy metals (Jayasumana et al. 2014). However, a more recent 

epidemiology study found an association between pesticide use and end-stage renal 

disease but no association was found specifically for glyphosate (Lebov et al. 2016). 

 

A small number of studies have evaluated the effect of glyphosate on the respiratory 

system. A study analysing data from the Agricultural Health Study (AHS) found an 

association between glyphosate exposure and allergic and non-allergic wheezing 

among male farmers (Hoppin et al. 2017), with another study analysing AHS data 

found glyphosate was a significant predictor of rhinitis episodes (Slager et al. 2010), 

which was also found among grape farmers in Crete using glyphosate (Chatzi et al. 

2007).  

 

Associations between glyphosate exposures and adverse reproductive effects were 

reported in a Canadian exploratory study, from the Ontario Farm Family Health Study, 

which found elevated risks of spontaneous abortions when preconception glyphosate 

exposure occurred and also had an increased risk of late abortions regardless of the 

timing of exposure (Arbuckle et al. 2001). Shortened gestations periods have also been 

correlated with glyphosate exposure in a prospective birth cohort study among 

pregnant women in Indiana (Parvez et al. 2018). Another study found an association 

between parental glyphosate exposures and children with Attention Deficit 

Hyperactivity Disorder (ADD/ADHD) (Garry et al. 2002).  

 

Studies also found associations between chronic low dose exposure of glyphosate and 

adverse effects on the kidneys (Myers et al. 2016a) and liver (Mesnage et al. 2017). A 

recent pilot study found that glyphosate and Roundup® products tested at doses 

considered ‘safe’ according to US EPA’s current ADI, could potentially cause adverse 

human health effects (Landrigan and Belpoggi 2018). Due to the magnitude of 

glyphosate used, especially since the development of glyphosate resistant genetically 

modified crops, it is now ubiquitous in the environment and there is an increasing 

concern regarding its potential adverse health effects to humans, particularly for 

chronic low dose exposures. To date, there are conflicting studies and views on 

whether glyphosate exposure causes adverse health effects to humans. 
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2.2.3 Human health effects from fluroxypyr exposure  

Fluroxypyr (4-amino-3,5-dichloro-6-fluoro-2-pyridyloxyacetic acid) is a post-

emerging, board-leaf herbicide that belongs to the pyridine family and is highly toxic 

to terrestrial plants especially annual and perennial broadleaf weeds. It acts by 

inducing an auxin (plant growth hormone) type response within the plant.  

 

Once Fluroxypyr is absorbed into the plant, it accumulates and disrupts the plant’s 

growth process by binding to the auxin receptor sites and it also interferes with 

nitrogen metabolism and enzyme production. The disruption of the plant’s growth 

mechanisms results in the plant’s inability to grow and subsequently dies.  

 

Fluroxypyr is classified as a ‘not likely’ 

human carcinogenic by the United States 

Environmental Protection Agency (US 

EPA) and from toxicology studies it does 

not present any developmental or 

reproductive toxicity. It does dissipate by 

hydrolysis and microbial degradation 

which reduces its persistence in the 

environment and contamination of water 

courses due to its limited leaching (US  

EPA 1998). EFSA conducted a peer 

review of fluroxypyr and stated that short 

and long-term animal studies identified 

that critical effects were observed for the 

kidneys (EFSA 2011). A recent study 

made an association with fluroxypyr and 

Parkinson’s disease (Brouwer et al. 2017). 

However, there are a very limit amount of studies available to evaluate the health 

effects from fluroxypyr exposures.  

 
 

Figure 2.3: Fluroxypyr’s structure 

Molecular formula: C7H5Cl2FN2O3 

Relative molecular mass 255.03 

(PubChem 2015b) 
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2.3 The Approval, Authorisation and Sustainable Use of Pesticides  

The authorisation procedure for pesticides requires extensive toxicology research for 

new or adapted pesticide products to determine their potential hazardous properties. 

The evaluation process for an active ingredient is carried out at a European level and 

has two stages, the evaluation of hazardous properties of the chemical and the 

exposure risk as per Regulation (EC) No 1107/2009, implemented in Ireland by 

European Parliament (2012). Although the approval is for the active ingredient, the 

assessment requires one type of use and formulation that is deemed acceptable. 

 

Pre-market tests are submitted by the applicant, which evaluates the potentially 

hazardous properties of pesticides using animal studies includes acute, sub-chronic 

and chronic toxicity studies. These studies determine the No-observed-adverse-effect 

level (NOAEL) (European Commission 2018b). Once a NOAEL is determined, a 

safety factor is applied to account for inter- and intra-species variation, so that human 

endpoints can be established, including Acceptable Daily Intake (ADI) allowance, 

Acceptable Operator Exposure Level (AOEL) and the Acute Reference Dose (ARfD) 

levels. An active substance will be rejected for approval if it shows to have any of the 

properties outlined in the pre-determined hazard-based criteria (European 

Commission 2018c), outlined in European legislation (e.g. carcinogenic, mutagenic, 

endocrine disruptive)  (European Parliament 2009b).  

 

2.3.1 European’s parallel review process for the assessment of pesticides  

Toxicological data on the active ingredients are reviewed by two European agencies 

in a connecting parallel system, the European Food Safety Authority (EFSA) and the 

European Chemical Agency’s (ECHA’s) Classification, Labelling and Packaging 

(CLP) (European Parliament 2008).  

 

The EFSA review process first appoints a member state risk assessor (rapporteur 

member state (RMS) to review the dossier of toxicological data and develops a concise 

risk assessment document called a Draft Assessment Report (DAR). The DAR goes 

for public consultation and is review by EFSA, EU member states, the EU 

Commission and the general public. Following public consultation, the comments are 
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evaluated by an expert consultation group of risk managers (consisting of members in 

the EU Commission and member states) who make a final decision on approval. For 

plant protection products (formulated product), the review process is the same but the 

individual member state individually decides on the national authorisation of plant 

protection products.  

 

Simultaneously, ECHA chooses a member state competent authority (MSCA) to 

propose harmonised classification and labelling (CLH) for all new chemicals. A CLH 

report is review by the parties concerned who give a response to comments document 

(RCOM). Finally, the Risk Assessment Committee (RAC) decide on whether to 

approve and add to Annex VI of the CLP legislation (Department of Agriculture Food 

and the Marine 2013) (Figure 2.4).  

 
Figure 2.4: European Chemicals Agency ‘Alignment – Parallel processes’.  
(ECHA 2014)  
 

2.3.2 Legislation on the sustainable use of pesticides in Europe 
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In 2009, the European Union Directive 2009/128/EC established a framework for 

community action to achieve the sustainable use of pesticides across Europe 

(European Parliament 2009a). The objective of the Directive was to harmonise the 

legal framework in Europe on pesticide use and to ensure sustainability. Each EU 

member state is required to implement the regulation via the preparation of a National 

Action Plan with includes provisions for setting quantifiable objectives, targets and 

timetables to reduce the risks and potential adverse impacts of pesticide use.  

 

In Ireland, the EU Directive is implemented under the European Communities 

(Sustainable Use of Pesticides) Regulations 2012 (European Parliament 2012). The 

Minister for Agriculture, Food and the Marine is the national body responsible for the 

development and implementation of the National Action Plan for sustainable use of 

pesticides. This plan covers four broad areas; training, education and information 

exchange; controls on application equipment; controls on storage, supply and use and 

integrated pest management. The use of pesticides is prohibited near watercourses and 

buffer zones are used to prevent water contamination where humans depend on the 

use of that water. Pesticide users have an obligation to ensure that the method of 

storage, handling, packaging and disposal of pesticides will not put humans or the 

environment in danger.  

 

2.3.3 Improving authorisation of pesticides in Europe  

On the 16th of December 2017, the European Commission extended the authorisation 

of glyphosate for an abbreviated period of five years instead of the usual 15-year 

renewal due to the controversy over the potential adverse effects caused by glyphosate. 

One of the reasons for the shorter authorisation period was that rapid developments in 

science are occurring and new studies will provide additional information that will 

contribute to a more in-depth assessment for the next re-evaluation for authorisation. 

The number of glyphosate related publications has almost doubled in the past decade 

(Duke 2018b), a continuation at this rate would provide additional research for a 

comprehensive regulatory risk assessment of glyphosate. The European Commission 

has prioritised the re-assessment of glyphosate over other active substances when re-

approval occurs in five years (European Commission 2018a). Banning glyphosate, the 
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most used herbicide in the world, without a suitable substitute, would be a burdensome 

decision as it would cause international economic impacts to the agricultural industry 

including increased costs, workload and potentially increased use of a variety of 

pesticides, as well as increasing the costs of imported goods globally (Brookes et al. 

2017).  

Issues with the current authorisation process for pesticides in Europe include agencies 

performing hazard-based versus risk-based assessments, evaluations only reviewing 

studies that analyse the active ingredient alone and others including studies for the 

formulated herbicide product, as well as evaluations being performed solely on peer-

reviewed literature, while others include non-public industrial documentation 

(Székács and Darvas 2018). In addition, pre-market evaluation is partly completed by 

manufacturers and the initial hazard evaluations are from toxicological animal studies, 

which may not be sensitive to the total array of adverse effects that can occur in 

humans. The issues with the authorisation process is highlighted in the case of the 

glyphosate authorisation and the divergent views that occurred on its recent 

carcinogenicity classification, which was attributed to hazard evaluations being 

conducted on different data sets and the methods for evaluation (Landrigan and 

Belpoggi 2018, Tarazona et al. 2017), which is an indication of a lack of 

standardisation in the risk assessment process. Also, toxicological assessments 

required for co-formulants of pesticide products are much more limited, even though 

they can pose their own risk, as well as potentially causing additive or synergistic toxic 

effects when in a mixture. One study found that adjuvants present in Roundup® 

formulations might potentiate the toxic effect of glyphosate (Mesnage et al. 2013), 

with a pilot study finding even dose levels, of both glyphosate and the formulated 

product Roundup®, that are deemed safe to cause adverse health effects (Landrigan 

and Belpoggi 2018). There is a need to assess the toxicity of the mixture as a whole 

and not limited this testing to acute systemic toxicity. Evaluations are completed at a 

member state level, which could cause inconsistencies with pesticide assessments 

across different member states. Of great importance is the requirement for vigilant 

post-market assessment for the fate of pesticides once on the market. Pre-market 

testing does not encompass the possibility of latency periods for adverse health effects, 
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the potential for aggregated exposures from different sources and to assess exposures 

to multiple pesticides (SAPEA Science Advice for Policy by European Academies 

2018).  

 

Improving the authorisation process of pesticides in Europe could include conducting 

post-market surveillance to ensure that unanticipated adverse human health effects are 

identified at an early stage and completing systematic reviews of published literature 

at regular intervals to identify studies relevant to regulatory risk assessments. 

Additionally, a post-market collection of monitoring data to use for the refinement of 

regulatory risk assessments. Finally, to reduce the potential for uncertainty, exposure 

studies of specialised users should be also included in the regulatory risk assessment 

process.  

 

A highlighted requirement is a need to systematically collect and share monitoring 

data alongside empirical data on ‘real life’ practices of operators (European 

Commission 2018c), which could be used to identify patterns in workers behaviours 

and exposures regarding pesticide use, inform the pesticide management practice to 

reduce exposures, as well as to determine the efficacy of mitigation measures already 

introduced. As major differences can occur across the EU, this should be assessed at 

Member State level (SAPEA Science Advice for Policy by European Academies 

2018).  

 

2.4 Review of Pesticide Exposure Studies 

There are numerous societal benefits from pesticide use but also a potential for adverse 

effects as a result of exposure among humans, animals and the environment. Human 

pesticide exposure can occur from multiple routes such as; ingestion of pesticide 

residues on food products or drinking contaminated water supplies; or exposures 

during pesticide applications in either occupational or residential settings or exposure 

due to pesticide drift as a bystander or para-occupational exposures (exposure among 

residents living with an occupational pesticide user). The highest exposure risk group 

are occupational users and include manufacturers, distributors and pesticide users in 

agriculture and horticulture. As pesticides are linked to a number of adverse health 
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effects, studies to quantify exposure levels and evaluate pathways and determinants of 

exposure are required so that suitable controls can be applied and exposure assessment 

data is also required to aid in the regulatory risk assessment processes. There are a 

number of sampling strategies that can be employed to measure pesticide exposure 

including the use of biomonitoring, dermal, inhalation and inadvertent ingestion 

methods.  

 

2.4.1 Human biomonitoring 

Types of human biomonitoring include conducting biological effect monitoring or 

exposure assessments using biomonitoring methods. Biological effect monitoring is 

the measurement of a physiological effect on the body, such as blood cholinesterase 

activity in blood samples. Biomonitoring of exposure levels is a systematic assessment 

to quantify exposure through the analysis of a chemical or its metabolites in biological 

samples of exposed persons including blood, urine, hair or milk (Sexton et al. 2004) 

and to make conversions to an equivalent absorbed dose on the basis of knowledge of 

the human metabolism and pharmacokinetics (Woollen 1993). Biomonitoring is an 

essential tool for the completion of a comprehensive exposure assessment study and 

is often considered the gold standard of exposure assessment to chemicals (Sexton et 

al. 2004) and a powerful tool for pesticide assessments (Aprea 2012, Fustinoni et al. 

2008).  

 

The major advantage of biomonitoring over other exposure assessment methods (e.g. 

dermal samples) is that it determines the internal dose, thus, evaluates all routes of 

exposure. Human biomonitoring data can be used for risk assessment purposes and to 

provide information for policy-makers, to prioritise chemicals and evaluate the 

effectiveness of policy already established (Ganzleben et al. 2017).  

 

There are numerous complexities involved in developing biomonitoring protocols and 

analytical methods for biomarkers such as the ubiquitous nature of some chemicals in 

the environment or for substances that naturally occur in the body. Further 

complications also arise when chemicals that have a short half-life are excreted from 

the body in small amounts (potentially resulting in an under-estimation of exposure) 
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or specificity of a metabolite (as it could come from several substances) (Kolossa-

Gehring et al. 2017). A disadvantage of using biomonitoring is that the results assess 

the total body burden from all routes of exposure and further techniques have to be 

used to discriminate between the individual exposure routes.  

 

Information on the biological human half-life is useful when developing study 

protocols (Barr et al. 1999), as biomonitoring may not be an appropriate exposure tool 

for chemicals with a very short biological half-life (<1 hour). Also, chemicals with 

short, moderate, long or very long biological half-life (1-2 hrs, 3-10 hrs, 10-50 hrs or 

greater than 50 hrs, respectively) have an optimal sample collection time ranging from 

24 hour sampling, sampling at the end of working shift or end of working week or a 

random collection of  a sample (RPA et al. 2017). Further biomonitoring 

considerations include the determination of the sample matrix used (e.g. blood, urine), 

metabolic variation, sample collection protocols, chemical toxicokinetics and the 

expression of results which require contemplation before developing a sampling 

strategy (Barr et al. 2006).  

 

The sample matrix used in a biomonitoring study is a crucial factor and depends on 

whether the chemical is persistent, bio-accumulative, whether there is an availability 

of a suitable biomarker, is it naturally occurring and whether the study is measuring 

exposure or an effect on the body. Urine is often used as a sample matrix for 

biomonitoring of pesticides, as it is a less invasive method than others (e.g. blood) and 

studies are therefore easier to conduct. One disadvantage of evaluating exposure using 

urine samples is the large volume variability that can occur with each void, thus, 

causing fluctuations in the chemical concentration in the sample. The method for 

adjusting chemical concentrations, to account for the volume fluctuation and the 

expression of results is still an area of ongoing research (Barr et al. 2005). The volume 

of urine can fluctuate significantly between voids and people and concentrations can 

have large variations due to diuresis, the quantity of liquid intake, kidney function and 

the rate of perspiration.  
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For occupational exposure studies, especially of non-persistent pesticides (with a short 

biological half-life), the timing of sample collection is crucial for obtaining a 

measurement that reflects the most appropriate exposure concentrations. Partial void 

spot samples may over or under-estimate exposure levels and full 24-hour samples are 

favourable when feasible but if spot sampling is adopted, the first morning void is the 

preferable spot sample (Bradman et al. 2013, Barr et al. 2005, Kissel et al. 2005). Spot 

sampling may be reliable for environmental exposure studies but only where no recent 

occupational or personal use exposure has occurred (Hinwood et al. 2002). The 

collection of full void urine samples over 24-hours can be logistically difficult and it 

puts a high burden on participants, which can result in non-compliance and researcher 

fatigue (Scher et al. 2006).  

 

Toxicokinetics is a discipline that studies the absorption, distribution, 

metabolism/biotransformation and excretion (ADME) of a chemical from an organism 

(Gupta 2016). Toxicokinetic information such as the half-life of a chemical is required 

in the development of a biomonitoring strategy to identify a suitable sample collection 

strategy and for creating or refining exposure modelling tools.  

 

Chemical concentrations found in urine samples can be expressed as mass per unit 

volume (unadjusted concentrations) or with volume adjustments such as specific 

gravity, creatinine adjustment and the urinary excretion rate. Specific gravity 

adjustments for chemical concentrates are calculated by dividing urinary chemical 

concentration by specific gravity minus one and multiplying by 100 (Newman et al. 

2000). Specific gravity is considered a robust method for urine volume adjustment but 

can be affected by numerous factors, such as the presence of protein or glucose which 

causes a disproportionate increase in specific gravity measurements, it is not easily 

automated, variance can occur among people with certain conditions (e.g. diabetes) 

(Chadha et al. 2001) and it is preferable to measure from fresh samples as the freeze-

thaw process can modify the sample and affect specific gravity (Pearson et al. 2008).  

 

The creatine metabolite, creatinine, a normal endogenous end-product in the human 

body has a relatively constant excretion rate, inversely proportional to urine flow rate 
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and it is often measured in urine samples to normalise results for concentrations due 

to fluctuating urine volumes (Aprea et al. 2002). Creatinine adjustment can reduce any 

diuresis-related fluctuation, but can vary due to gender, age group, body mass index, 

race/ethnicity and physical activity (Cocker et al. 2011, Barr et al. 2005, Boeniger et 

al. 1993). The first morning void can also have potentially higher levels of creatinine 

than other samples taken throughout the day (Barr et al. 2005). Creatinine adjustment 

may not be suitable for children who typically have highly variable creatinine 

concentrations (Pearson et al. 2008, Kissel et al. 2005, O'Rourke et al. 2000). 

Additionally, creatinine results that are too dilute or concentrated (2 mmol L-1 < or > 

30 mmol L-1) are recommended to be excluded from study results (Cocker et al. 2011, 

EWDTS 2002), as they can cause inappropriate interpretation of results.  

 

Other methods of expressing pollutant concentrations in urine have been proposed, 

such as the urinary excretion rate calculation which involves calculating the chemical 

concentration in urine samples and correcting for the time period between each void 

(Rigas et al. 2001). This method requires the collection of the full volume urine voids 

over the sampling period, which can be impractical sampling for exposure assessment 

studies.  

 

Another difficulty with urine samples is the interpretation of the results, as many 

substances do not have a guidance value for comparison, or a quantifiable safe level 

range (Cocker et al. 2002). In Europe, human biomonitoring is becoming increasingly 

important as an exposure assessment tool and many countries have developed 

exemplary national or regional biomonitoring programmes such as Germany 

(Environmental Specimen Bank for Human Tissues) and Flanders. The German 

human biomonitoring (HBM) Commission derives HBM values in terms of the health 

impact of the exposure levels identified. The two levels are defined, HBM I and HBM 

II. The HBM I value represents the substance concentration in the human biological 

material below which, based on the current state of knowledge, no risk of adverse 

health effects should occur. The HBM II value describes the substance concentration 

in human biological material, above which, adverse health effects are possible and 

consequently, there is a need for the reduction of exposure based on biomedical advice.  
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There is a dearth of biomonitoring exposure assessment studies and the available 

studies are rarely comparable due to the adoption of different sampling strategies, 

chemical analysis methods and interpretation biomonitoring results. In 2009, a 

Consortium to Perform Human Biomonitoring on a European Scale (COPHES) was 

established to develop a framework for a coherent harmonisation of human 

biomonitoring in Europe. COPHES aimed to develop and harmonise strategies for 

biomonitoring sampling protocols, data analysis, interpretation, communication and 

dissemination of results, as well as to have a common ethical approval standard. Study 

protocols were tested in a twin project DEMOnstration study, to Coordinate and 

Perform Human biomonitoring on a European Scale (DEMOCOPHES), which 

implemented protocols and gave feedback information to COPHES, which provided 

the first comparable European level data sets and assisted in identifying exposure 

patterns and trends (Joas et al. 2012). In 2016, the Human Biomonitoring for Europe 

initiative (HBM4EU) was established, involving 26 countries, a joint effort of the 

European Environment Agency and the European Commission, co-funded by Horizon 

2020, with a goal of harmonising, coordinating and advancing biomonitoring in 

Europe by connecting research with policy to address societal concerns, which will 

run from 2017 to 2021 (HBM4EU 2017).  

 

Human biomonitoring studies have identified pesticide exposures among occupational 

users and in environmental settings. The pesticide exposure studies completed to date 

using biomonitoring methods have mainly focused on agricultural users but these 

studies have also found determinants of exposure that may relate to occupational 

pesticide users in different sectors.   

 

A biomonitoring study of occupational fungicide exposures across centres in Europe 

found that the pesticide application method, especially with manual equipment, was a 

major determinant for internal dose (Fustinoni et al. 2008), with additional studies 

showing that the quantity of pesticide used is not always an indication of the level of 

worker exposure (Rubino et al. 2012, Curwin et al. 2007). A study on Italian farmer’s 

exposure to herbicides in small-size rice and corn farms found that urine pesticide 

concentrations were proportional to hand contamination of the workers (Rubino et al. 
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2012), which could suggest that dermal is an important route of exposure. Another 

study among workers who were spraying dimethoate on olive trees found increased 

exposure levels were associated with the absence of respiratory or hand protection 

equipment (Aprea et al. 2005), highlighting the importance of wearing personal 

protective equipment when using pesticides.  

 

Human biomonitoring studies evaluating glyphosate exposures are limited, except for 

a few studies that are available on occupational exposures in the agriculture sector 

(Mesnage et al. 2012, Curwin et al. 2007, Acquavella et al. 2004), as well as 

environmental exposures in Germany (Conrad et al. 2017, Markard 2014, Krüger et 

al. 2014, Hoppe 2013), in the USA in a prospective Indiana birth cohort study (Parvez 

et al. 2018) and the Rancho Bernardo Study (RBS) of Healthy Aging prospective study 

(Mills et al. 2017), in Denmark as part of DEMOCOPHES study (Knudsen et al. 2017) 

and in Sri Lanka (Jayasumana et al. 2015). Glyphosate can be analysed in urine 

samples and is easily interpreted, as it is largely not metabolized by the human body 

and excreted virtually unchanged (Niemann et al. 2015, EFSA 2014, Brewster DW et 

al. 1991).  

 

Studies explicitly evaluating glyphosate exposure among people in an agricultural 

setting have found potential exposures among occupational users (Mesnage et al. 

2012, Curwin et al. 2007, Acquavella et al. 2004), as well as a potential for para-

occupational exposures (Kongtip et al. 2017, Curwin et al. 2007, Curwin 2006). 

Determinants of occupational exposures found in these studies include the application 

method and whether participants used personal protective equipment, which were also 

determinants found in aforementioned pesticide exposure studies with different 

pesticide products.  

 

A biomonitoring study among tree nursery workers exposed to glyphosate based 

pesticide products, collected daily urine samples for 12 consecutive weeks and all the 

samples were below the limit of detection (LOD 10 µg L-1) (Lavy et al. 1992), which 

may be the result of the higher analytical detection level in this study.  
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An exposure assessment study among farm and non-farm families of multiple 

pesticides identified higher urinary concentrations of glyphosate among the non-farm 

families but attributed the results to the residential use of glyphosate based pesticide 

products. In this study, the majority of the urine samples analysed for glyphosate were 

collected when recent pesticide application had not taken place prior to sample 

collection, reporting a mean and maximum value of approximately 2 and 18 µg L-1 of 

glyphosate, respectively (Curwin et al. 2007). Similarly, results in another farm family 

study, reported the farmer’s peak urinary glyphosate concentration of 9.5 µg L-1, seven 

hours after starting the work task involving glyphosate based pesticide products 

(Mesnage et al. 2012).  

 

A biomonitoring study among farmers and their families in South Carolina and 

Minnesota, who applied glyphosate based pesticide products from boom sprayers 

attached to open or closed cab tractors found that 60% of farmers had detectable levels 

of glyphosate in their urine. The study observed higher geometric mean in the 

glyphosate urinary concentrations among farmers that did not use rubber gloves in 

comparison to other farmers. This study reported the highest glyphosate exposure 

concentration ever published at 233 µg L-1 (Acquavella et al. 2004), which is 

approximately 8.3 % of the AOEL set by EFSA (Conrad et al. 2017, Niemann et al. 

2015).   

 

Studies have also highlighted the potential for para-occupational exposures to 

glyphosate, with a farm family study finding a slight positive association between the 

spouse of the pesticide users urinary concentrations and home dust concentrations of 

glyphosate. In addition, the farmer’s urinary glyphosate concentrations correlated with 

their spouse and children’s urinary concentrations (Curwin et al. 2007, Curwin 2006). 

A study in Thailand found increased maternal serum levels of glyphosate among 

women who lived near agricultural fields sprayed with pesticides (Kongtip et al. 

2017).  

 

All of the environmental exposure studies to date have found low level exposures to 

glyphosate among the general public. An environmental exposure study among the 
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German population in the annual sampling by the German Environmental Specimen 

Bank (ESB), analysed 399 samples taken from 2001 to 2015 and found the highest 

median exposure level of 0.2 µg L-1 (Conrad et al. 2017). These results are similar to 

results found in other environmental studies for glyphosate (Mills et al. 2017, Göen et 

al. 2017, Krüger et al. 2014, Hoppe 2013). Slightly higher values were found in 

Denmark as part of DEMOCOPHES study, with mean values ranging from 0.49 – 

3.31 µg L-1 in 27 samples collected from mothers and their children (Knudsen et al. 

2017).  

 

Although there are a limited number of biomonitoring exposure assessment studies on 

glyphosate, the studies do show that there is a potential for exposures to occupational 

users, para-occupational exposures, as well as to the general public from 

environmental exposures. However as different sampling methods and chemical 

analysis techniques have been adopted in many of the studies, the comparison between 

studies should be done with caution.  

 

2.4.2 Pesticide dermal exposure assessment studies  

Dermal exposure has been defined as an occupational hazard since as early as 1880, 

with dermal exposure assessment tools widely used to evaluate the interaction between 

contaminants and human skin (Fenske 2000) but no universal methodology has been 

adopted to date. Dermal exposure assessment studies have variations which include 

the focus of the study and their method for reporting results (Garzia et al. 2018) 

Dermal absorption has been reported as the main route of exposure to pesticides 

among occupational users (Aprea 2012, Van Hemmen and Brouwer 1995, Durham 

and Wolfe 1962) and this is thought to account for up to 99% of the total body 

exposure, with inhalation exposure to be insignificant in comparison (Vitali et al. 

2009, Flack et al. 2008, Aprea et al. 2005, Tuomainen et al. 2002).  

 

Dermal exposure assessment methodologies can be classified into three groups; 

interception (surrogate skin) techniques such as patch testing or whole body dosimeter 

methods and cotton gloves;  removal techniques such as hand washes or hand wipes 

and in situ techniques using video imaging. Interception techniques replace the skin 
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with a surrogate layer and measures the mass of chemical exposure over the duration 

of the task but the material used can often have a higher adsorption rate than skin and 

this method prevents absorption of the substance by the skin. Removal and in situ 

techniques measure the fraction of a chemical remaining after the exposure duration 

but chemicals could be absorbed or evaporated in the duration of the task. In situ 

techniques can also give a visual representation of an exposure pattern.  

 

Patch testing involves strategically placing patches around the body and analysing the 

patches for the contaminate of interest. Patch testing calculations assume a uniform 

distribution of the chemical, with is a major disadvantage as the patches only cover 

approximately 3-8% of the body surface area. Whole body dosimeter sampling 

overcomes this disadvantage as it determines contamination over large areas but it 

requires a large volume of chemical reagents to conduct laboratory analysis, which is 

both time consuming and costly. Both sampling methods require a change in patch or 

suit if it becomes saturated in the chemical. Furthermore, neither sampling method 

mimics the skin’s uptake; they only determine the contaminate levels available for 

absorption rather than the internal dose (Soutar et al. 2000).  

 

Cotton gloves, hand washes and hands wipes are only suitable for assessing exposure 

concentrations on the hands and have been used to determine potential dermal 

exposure among workers exposed to pesticide residues (Gorman Ng et al. 2011). Hand 

washes and wipes only measure the amount of contaminant at the time of removal 

compared to interception methods (i.e. dosimetry, cotton gloves) that evaluate the 

whole task exposure. Comparison studies evaluating dermal assessment 

methodologies found that both wipe sampling and interception methods are suitable 

for assessing dermal exposure to contaminates but that interception methods had a 

significantly higher removal rate, which could cause an over-estimation of the amount 

of contaminant transferred to the skin (Gorman Ng et al. 2014, Galea et al. 2014).  

 

In situ video imaging techniques can be used for assessing dermal exposure to a 

chemical by adding tracers that absorb light in the visible or ultraviolet (UV) light 

range. Specialised video imaging equipment is used to visualise contamination, as well 
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as to analyse the extent and distribution of dermal contamination. Pesticide exposure 

using fluorescent dye techniques can be used as a demonstrative training tool 

(Ecobichon 1999), or to assess exposure levels by using visual observations with a 

scoring schemes (Aragon et al. 2006, Fenske 1988) or to quantify exposure using 

video imaging techniques but these methods are extremely expensive (Cherrie et al. 

2000). Since the 1980’s, studies have conducted pesticide exposure assessments using 

in situ video imaging techniques (Fishel 2012, Aragon et al. 2006, Hession et al. 2006, 

Cohen Hubal et al. 2005, Ivancic et al. 2004, Cherrie et al. 2000, Cherrie and 

Robertson 1995, Archibald et al. 1994, Fenske 1988).  

 

Pesticide exposure studies involving the use of dermal assessment tools have 

evaluated the potential for dermal absorption among pesticide users and determinants 

of exposure. In addition, studies have completed dermal assessments in parallel with 

human biomonitoring to evaluate the contribution of dermal exposure to total body 

burden and identify the body areas of highest exposure and the levels of exposure per 

work task.     

 

An exposure assessment study among farmers in Northern Italy which involved a 

human biomonitoring study alongside a dermal assessment study, which was 

completed by collecting body pads and hand washes. The study found contamination 

underneath worker clothing and gloves, as well as a strong correlation between hand 

contamination and total intake of the pesticide. This study concluded that gloves 

afforded less protection to the hands than anticipated within this study (Rubino et al. 

2012).  

 

Mixing and loading pesticide concentrate has been reported as the task with the highest 

risk of exposure, sometimes accounting for up to two thirds of the total daily exposure 

(Lebailly et al. 2009, Vidal et al. 2002). An exposure assessment study among wheat 

and barley farmers in France applying herbicides, using whole body dosimetry tools, 

found the highest contamination levels on the hands, followed by the forearms, lower 

legs and chest (Lebailly et al. 2009). Similar patterns of exposure have been found 

among workers using pesticides within greenhouses (Flores et al. 2011, Nuyttens et 
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al. 2009) and other studies have found high contamination levels on the hands after 

pesticide use (Flores et al. 2011, Tuomainen et al. 2002, Vidal et al. 2002). A review 

study found that the majority of dermal assessment studies reported that operators had 

the highest level of contamination on their hands (Garzia et al. 2018). A study on 

workers that spray pesticides on olive trees in Italy found that skin absorption plays a 

critical role in workers exposures and that hand contamination may be due to the 

repeated and improper procedure of donning and doffing gloves among the workers 

(Aprea et al. 2005).  

 

A glyphosate exposure assessment study among USDA Forest Service tree nursery 

workers collected water rinses twice weekly and gauze patches once a week during 

the Summer months. The study identified a potential for dermal exposure among this 

occupational group and the analysis from the patches found the body areas with the 

highest exposure levels were the ankles and thighs (Lavy et al. 1992). Though other 

studies have shown the upper body to have higher contamination levels, this could be 

caused by the different exposure scenario. 

 

A study among local authority amenity horticulturists in the United Kingdom collected 

patch and inhalation samples of operators that used controlled droplet applicators 

(CDAs) and all-terrain vehicles (ATVs) to spray glyphosate based pesticides. The 

results found that both application methods showed evidence for potential dermal 

exposure to pesticides and that the all-terrain vehicles also had a potential for 

inhalation exposure (Johnson et al. 2005). Studies have emphasised a requirement for 

further research to evaluate glyphosate exposures among amenity horticulturists 

(Johnson et al. 2005, Lavy et al. 1992).  

 

2.4.3 Pesticide inhalation exposure assessment studies 

Even though inhalation exposure has been reported to account for approximately 1% 

of total exposure when applying pesticides (Honeycutt 1986), inhalation studies, or 

studies that include inhalation sampling, are completed to evaluate this exposure route 

and its contribution to total body burden (Baharuddin et al. 2011, Baldi et al. 2006, 

Aprea et al. 2005, Machera et al. 2002, Wolf et al. 1999). A laboratory study 
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investigating inhalation exposure from the generation of aerosols during the mixing 

and loading of pesticides found that inhalation exposure was more likely during the 

application stage of the task (Wolf et al. 1999), with similar results found in field 

studies (Flores et al. 2011, Ramos et al. 2010). An exposure assessment study 

involving Malaysian paddy farmers found that inhalation concentrations did not 

exceed the NIOSH (National Institute for Occupational Safety and Health) permissible 

exposure limit (PEL) but found higher exposure concentration values when using 

motorised applicators (Baharuddin et al. 2011). Baldi et al. (2006) conducted a study 

of 38 pesticide users in a vineyard in France and found that inhalation exposure was a 

limiting factor to total exposure. Inhalation of spray droplets has also been found to be 

a minor contributing route for glyphosate exposures (Jauhiainen et al. 1991), with 

similar results found for inhalation exposures among UK amenity horticulturists when 

applying glyphosate based pesticide products using all-terrain vehicles (Johnson et al. 

2005).  

 

2.4.4 Inadvertent ingestion  

Inadvertent ingestion is an understudied route of exposure which can occur when 

clearing inhaled aerosol particles or by ingesting contaminants on food/drink, when 

transferring contaminants from a hand or object into the mouth or to the perioral region 

and then into the mouth (Christopher Y et al. 2006). Inadvertent ingestion exposure 

can be defined as ‘ingestion that arises from contact between the mouth or the perioral 

region and contaminated hands or objects, which results in ingestion’ of which people 

tend to be oblivious to and as there is the continual flux of saliva in the oral cavity, as 

well as the non-specificity of biomonitoring, direct measurements of inadvertent 

ingestion are challenging (Gorman Ng et al. 2012).  

 

Approximately 16% of the UK working population is estimated to be exposed to 

hazardous materials via this exposure route (Cherrie et al. 2006) and inadvertent 

ingestion has been identified as a potential route of exposure for pesticides (Cherrie et 

al. 2006, Cattani et al. 2001, Garrod et al. 1999). One study has investigated the 

inadvertent ingestion of pesticides among agricultural users with the objective of 

validating an inadvertent ingestion exposure model. The study collected inadvertent 
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ingestion samples that included wipe samples of the hands and perioral region, saliva 

samples, as well as surface wipe samples of the pesticide sprayer vehicles from five 

pesticide users. The study found a hand, perioral and saliva glyphosate concentrations 

with a mean and range of 647 (83-2,081) μg, 39.5 (2.6 – 91) μg and 140 (56 - 440) ng, 

respectively. The surface wipe samples from the pesticide application vehicle found 

levels with a mean and range of 480 (4 – 2,900) μg (Christopher 2008). This study 

demonstrates a potential for inadvertent ingestion exposure of glyphosate that warrants 

further investigation.  

However, only limited information is available on inadvertent ingestion of pesticides.  

An exposure assessment study among children identified the inadvertent ingestion 

route as a potential exposure pathway in residential settings (Freeman et al. 2005) but 

no exposure assessment studies are available evaluating this route for occupational 

exposures to pesticides. Previous work on the inadvertent ingestion as an exposure 

route for metals in occupational setting have identified determinants of inadvertent 

ingestion as exposure time, activities performed between worker tasks, the use of PPE, 

frequency of hand to mouth contact and personal habits such as smoking or nail biting 

(Gorman Ng et al. 2017, Gorman Ng et al. 2016).   

 

2.4.5 Pesticide exposure models  

Pesticide exposure models can be used to assess pesticide exposures and for regulatory 

risk assessment purposes. There are numerous pesticide exposure tools including the 

European Food Safety Authority (EFSA) tool, BROWSE (Bystander, Residents, 

Operators and WorkerS Exposure) model, UK Predictive Operator Exposure Model 

(UK POEM), European Predictive Operator Exposure Model (EUROPOEM), German 

BBA model, DeRmal Exposure Assessment Method (DREAM) and many other tools.  

 

Pesticide assessment studies collect sample data that can be used to create and validate 

these pesticide modelling tools. When whole body dosimeter sampling was used to 

validate models, such UK POEM and the German BBA model, it was found that 

potential exposure was underestimated in the previous models, highlighting the 

differences between predicted and measured data (Machera et al. 2002). Further 

studies generating data for EUROPOEM found measured data significantly larger than 
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modelled data, even when the cleaning of equipment was not included (Tuomainen et 

al. 2002), a task that other studies have found to significantly contribute to overall 

exposure (Baldi et al. 2006). Modelling tools such as the DREAM tool can give an 

initial, semi-quantitative exposure assessment of a chemical task, which can be used 

to assist in prioritizing pesticide tasks and determine appropriate sampling methods 

(Van-Wendel-De-Joode et al. 2003). Computational tools have also been developed 

to assess the potential exposure pathways that could contribute to para-occupational 

exposures (Liu et al. 2015).  

 

There are obvious advantages to using modelling tools in comparison to taking 

measurements (modelled data versus measured data). Once a model is developed, it is 

a quick and economic way to estimate exposure and can even be used for hypothetical 

scenarios. However, shortcomings with modelled data are that it can over- or under-

estimate true exposure levels and are often developed to be versatile and less specific, 

which can affect the accuracy of the results. Models may also not estimate correctly 

for low volume pesticide users and more measured data is required to develop and 

refine pesticide models for specific exposure scenarios. It is of high importance to 

have accurate pesticide exposure models, especially as they are used by European 

agencies for risk evaluation. Measured data can also be used alongside computational 

tools to elucidate the human exposome (the totality of exposures from conception 

onwards), which is an objective set by the European Union's 7th Framework 

Programme (EU's FP7) project HEALS – Health and Environment-wide Associations 

based on Large Population Surveys (HEALS 2018). HEALS aims to use an integrated 

methodology including measured data and computational tools to assess 

environmental exposures in the EU and conduct health assessments (Steckling et al. 

2018).  

 

2.4.6 Pesticide use in the horticulture sector 

The current study initially focused on fluroxypyr and glyphosate and later on 

glyphosate only exposures. This was a result of glyphosate based products being the 

most frequently used pesticide by the workers studied. Furthermore, this chemical has 

recently come under international controversy over its potential adverse health effects. 
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The study was hosted by the Commissioner of Public Works in Ireland, referred to 

hereafter as the Office of Public Works (OPW). The OPW was established in 1831 

and its remit is to manage and maintain the state’s property, national and historic 

properties, as well as national parks in Ireland.  

 

Horticulture is the cultivation of plants for human use. Horticulture can be categorised 

as commercial horticulture (production of food and flowers for commercial gain) or 

amenity horticulture (for recreational purposes) (The Chartered Institute of 

Horticulture 2016a). The Irish horticultural sector is worth approximately €400 

million and employs approximately 6,000 people (The Chartered Institute of 

Horticulture 2016b). In Ireland, in 2015, over 3,000 tonnes of active ingredients was 

sprayed, with two thirds being herbicide products (Department of Agriculture Food 

and the Marine 2016).  

 

Pesticides are used in a wide variety of applications in the amenity horticultural sector. 

Specialised pesticide applications including industrial use such as spraying along 

roadsides to reduce weed growth and to improve visibility, use by public authorities 

to clear pathways and public spaces of weed growth or for the maintenance of golf 

courses and landscaping. Pesticide use is essential to eliminate/reduce the growth and 

spread of invasive species of plants, which are one of the main threats of biodiversity 

loss around the globe as they can invade and reduce available land and biodiversity. 

Some invasive species can even be a public health hazard, such as Giant Hogweed, 

which has a phototoxic sap that can cause dermatitis, rashes, blistering and even 

blindness if the sap gets into people’s eyes (Invasive Species Ireland 2017). Other 

invasive plant species, such as Japanese Knotweed, have to be eradicated due to 

legislation (European Parliament 2011).   

 

There is a dearth of research characterising pesticide exposures among amenity 

horticulturists, even though amenity horticultural workers typically use a variety of 

pesticides to control multiple pests, as well as applying these pesticides using 

numerous application methods including boom sprayers, manual knapsack and battery 

operated sprayers (MacFarlane et al. 2013). Workers in this sector would also 
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normally complete the whole pesticide spraying task including the collection of the 

pesticide, mixing and loading, spraying and cleaning (Ramos et al. 2010). The 

completion of all these tasks by one worker could lead to unsafe exposure level to 

pesticides (Flores et al. 2011). Studies have identified large variations in exposures 

from different pesticide application tasks across occupations (Nuyttens et al. 2009, 

Tielemans et al. 2007). For example, applying pesticides with a handheld lance had 

the highest potential for dermal exposure, as well as potentially causing surface 

transfer of pesticide contaminants (MacFarlane et al. 2013, Nuyttens et al. 2009), 

which are methods widely used in the amenity horticultural sector.   

 

Most of the research studies on pesticide use are focused on agricultural exposures. 

Farmers tend to typically use between two and four pesticide products, with up to half 

of these farmers spending less than 20 days a year on pesticide application tasks 

(Acquavella et al. 2003), which is a very different spraying scenario in comparison to 

amenity horticultural pesticide users. Farmers applying pesticides once a year would 

have significantly lower exposure than a worker applying pesticides on consecutive 

days or weeks throughout the season (Damalas and Eleftherohorinos 2011), which 

would be typical of amenity horticulturists. This highlights the requirement to conduct 

pesticide exposure assessments among amenity horticulturists due to the stark 

differences between pesticide use across these industries, as well as studies identifying 

exposures among this group and highlighting a requirement for further research 

(Johnson et al. 2005, Lavy et al. 1992). It also highlights a need to identify potential 

pathways of glyphosate exposure, so control measures can be implemented that will 

ameliorate any potential harm caused by work tasks.  

 

2.4.7 The knowledge gaps that exist in the literature  

Evidentially, there is limited information on glyphosate exposures but the studies that 

are available have identified a potential for exposure among occupational users 

(Mesnage et al. 2012, Curwin et al. 2007, Curwin 2006, Johnson et al. 2005, 

Acquavella et al. 2004, Lavy et al. 1992) and for environmental exposures (Mills et 

al. 2017, Conrad et al. 2017, Krüger et al. 2014, Hoppe 2013). Very limited 

information is available for glyphosate exposures among amenity horticulturists, with 
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only two published studies available with exposure assessment data (Johnson et al. 

2005, Lavy et al. 1992), both studies have identified a potential for both dermal and 

inhalation exposures and have highlighted a need for further studies.  

 

Furthermore, there is no harmonised assessment method available to evaluate 

glyphosate exposures. While a few studies have studied potential dermal exposures 

among glyphosate users (Curwin et al. 2007, Curwin 2006, Johnson et al. 2005, Lavy 

et al. 1992), none of the studies have been capable of assessing the contribution of the 

dermal exposure route to total body burden due to inappropriate sampling methods 

and media. Only one study has used human biomonitoring methods to assess 

glyphosate exposures among amenity horticultural users and found no detectable 

glyphosate concentrations in the urine samples (Lavy et al. 1992). Inadvertent 

ingestion has been identified as a potential pesticide exposure pathway (Cherrie et al. 

2006, Cattani et al. 2001, Garrod et al. 1999) but very little data is available to assess 

this exposure route (Christopher 2008).  

 

Exposure assessment models are a useful way of estimate exposure scenarios but they 

are often not robust enough to evaluate exposure tasks especially for tasks common to 

low volume high frequency users that would be equivalent to amenity horticultural 

users of pesticides.  

 

Reviewing glyphosate exposure among occupational users is important as it is the 

highest volume used herbicide in the world, in over 750 pesticide products (Guyton et 

al. 2014) and the upward trend of usage has a high probability of continuing, which 

will contribute to workers being exposed occupationally and the general population 

through dietary exposure (Benbrook 2016). Since glyphosate was classified as ‘Group 

2A – probably carcinogenic to humans’ (IARC 2016) and due to the ubiquitous nature 

of glyphosate in the environment, there is an increased need for glyphosate exposure 

data. Furthermore, glyphosate has recently been classed as  a priority substance for 

Human Biomonitoring for Europe (HBM4EU 2018). There are positive attributes to 

using glyphosate based pesticide products in amenity horticulture, as it can; reduce the 

need for noisy mechanical control, if used correctly enhance safety and reduce poor 
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ergonomic posture from manual work, can extend the life of paved surfaces, maintain 

more aesthetically pleasing areas and reduce costs (Centner et al. 2019). Glyphosate 

exposure data is required to characterise exposure levels for specific exposure 

scenarios, to identify exposure pathways and implement controls. Furthermore this 

information can be used to assist in health effect evaluation studies, for the refinement 

of exposure assessment models and to provide information for pesticide policy-makers 

by collecting information on the patterns of use that reflect ‘real exposure’ scenarios 

for non-agricultural pesticide use. 

 

2.5 Aims and Objectives of the Study  

The overall aim of this research is to address the scientific knowledge gap that exists 

in relation to characterising glyphosate exposures among amenity horticulturists. The 

research project objectives are to conduct exposure assessments of common 

horticultural amenity tasks using glyphosate based pesticide products, to quantify the 

exposure levels, to identify the main routes and determinants of exposure and to 

highlight the potential risk to workers, so that recommendations can be made to 

improve work practices.  

 

The specific objectives of this research project are:  

¾ To evaluate and characterise glyphosate exposures among pesticide users 

within the amenity horticultural sector using human biomonitoring. 

¾ To identify and investigate glyphosate exposure routes and determinants of 

exposure among this occupational group.  

¾ To evaluate the relative contribution of exposure routes to the internal body 

burden dose of glyphosate.   

¾ To identify opportunities to reduce glyphosate exposures among amenity 

horticulturists.  

¾ To review the suitability of the methodology adopted and to identify 

opportunities to optimise sampling strategies for glyphosate exposures.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
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The work presented in this thesis consists of five peer-reviewed publications. Four of 

the publications are research articles and one short communication.  Alison Connolly 

is the first author on all the publications presented in this thesis.  

Paper 1: Exposure assessment using human biomonitoring for glyphosate and 

fluroxypyr users in amenity horticulture.    

Connolly, A., Jones, K., Galea, K. S., Basinas, I., Kenny, L., McGowan, P. 

and Coggins, M. (2017), International Journal of Hygiene and Environmental 

Health, 220(6), 1064-1073. 

Internationally, a vast quantity of pesticide exposure studies exists among agricultural 

users and in environmental settings but there is a dearth of research among specialist 

occupations such as amenity horticulturists. This research presents the first human 

biomonitoring study for tasks involving the use of pesticides products containing 

fluroxypyr or glyphosate chemical ingredients, amongst amenity horticulturists. 

Glyphosate, the highest volume used herbicide in the world, present in over 750 

pesticide products and classified as a 2A – ‘probably carcinogenic to humans’ by the 

International Agency for Research on Cancer (2015) has recently been set as a priority 

substance under the EU Horizon 2020 Human Biomonitoring for Europe (HBM4EU) 

initiative.     

The study’s objective was to conduct a human biomonitoring assessment to evaluate 

the potential for pesticide exposure among amenity horticulturalists. As there were 

limited human biomonitoring studies for these pesticides, a chemical analysis method 

was developed for this study.  

Pesticide application tasks were grouped into four similar exposure groups. This study 

consists of collecting and analysing urine samples for glyphosate and fluroxypyr, 

before and after the work task.  

Statistical analysis indicated a potential for pesticide exposure (ranging from non-

detectable concentrations to 10.66 µg L-1 and non-detectable concentrations to 2.74 µg 

L-1 for glyphosate and fluroxypyr, respectively) and reported an increase of pesticide 



Chapter 3 Summary of Research Papers    
3

 

39 
 

concentrations from pre to post work task samples, indicating exposure due to the 

pesticide application task.  

The study also reported the determinants of exposure as the time taken to complete a 

pesticide task, the pesticide application method and whether workers took breaks 

during the task. The study results demonstrated exposure among this occupational 

group that warranted further investigation. However, environmental human 

biomonitoring data was not available for the Irish population to identify whether 

occupational exposures were significantly elevated compared to environmental 

exposures. Environmental biomonitoring data would be required to compare 

occupational and environmental exposures. This study reports the first human 

biomonitoring study for fluroxypyr and the 7th peer-reviewed publication for 

glyphosate (but the first among this occupational group).  

The first author was responsible for the development of the sampling protocols, 

the collection of biomonitoring samples and contextual information, data analysis 

and the writing of the manuscript, in consultation with collaborators.  
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Paper 2: Short communication: Glyphosate in Irish adults – A pilot study in 2017 

Connolly, A., Leahy, M., Jones, K., Kenny, L. and Coggins, M. A. (2018) 

'Glyphosate in Irish adults – A pilot study in 2017', Environmental Research, 

165, 235-236. 

Glyphosate, heavily used in agriculture and horticulture, is ubiquitous in the 

environment. Glyphosate levels were identified in a biomonitoring study among 

occupational users in Ireland (paper 1), which included detectable glyphosate 

concentrations in urine samples taken before a pesticide application task, which could 

suggest environmental exposures to glyphosate.  

The objective of this study was to conduct an exploratory human biomonitoring study 

to evaluate the potential total body burden of glyphosate among the Irish population 

due to environmental exposures.  

First morning void spot urine samples were collected and analysed for glyphosate from 

non-occupational users of pesticides in the general population in Ireland, alongside 

collecting contextual information to support these samples.  

Glyphosate concentrations were detected in 20% of the sample population, with an 

exposure range of 0.80–1.35 µg L-1. Reported results suggest low-level environmental 

glyphosate exposures among the Irish population.  

To the author’s knowledge, this study was the first human biomonitoring exposure 

assessment evaluating environmental glyphosate exposures of the general public, in 

Ireland. The study results emphasise a requirement for further studies to characterise 

exposures and identify determinants of glyphosate exposure among the general public 

in Ireland.  

The first author was responsible for the project idea and assisted in developing 

the research protocols and with student supervision. The first author also helped 

compile the final manuscript, in consultation with collaborators.  
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Paper 3: Characterising glyphosate exposures among amenity horticulturists 

using multiple spot urine samples.  

Connolly, A., Basinas, I., Jones, K., Galea, K. S., Kenny, L., McGowan, P. 

and Coggins, M. (2018), International Journal of Hygiene and Environmental 

Health, 221(7), 1012-1022. 

Previously published research demonstrated a potential for fluroxypyr and glyphosate 

exposures among amenity horticulturists, which warranted further investigation. Due 

to the high quantity use and the international controversy over the adverse health 

effects caused by glyphosate exposures, this study focused on glyphosate exposures 

alone. The previous study only collected one spot sample after the pesticide 

application task and further sample collection would be required to characterise 

glyphosate exposures among this occupational group (paper 1).  

 

This study aimed to characterise occupational exposures to glyphosate among amenity 

horticulturists through the collection and analysis of multiple spot urine samples 

following the application of glyphosate based pesticide products. Another study 

objective was to evaluate the impact of work practices on personal exposure, as well 

as to examine the glyphosate concentrations in each spot urine sample, to identify the 

peaks concentrations and characterise exposures for specific work tasks, as well as to 

assess the efficacy of the sampling methods adopted.   

 

The study collected a minimum of three spot urine samples; before the work task 

began; after the work task completion and the following first morning void. All 

samples were collected and analysed separately for glyphosate.   

 

This study reports glyphosate exposure data among amenity horticulturists, which has 

comparable exposure levels to workers in the agricultural sectors and higher levels 

than what has been reported for environmental exposures. The study also reviewed the 

sampling strategy adopted and made recommendations to optimise the sampling 

strategies for occupational exposure assessments of glyphosate using human 

biomonitoring.  
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The first author was responsible for the project idea, the development of 

sampling protocols, the collection of biomonitoring samples and contextual 

information, data analysis and the writing of the manuscript, in consultation with 

collaborators.  
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Paper 4: Evaluating glyphosate exposure routes and their contribution to total 

body burden: A study among amenity horticulturalists.  

Connolly, A., Coggins, M., Galea, K. S., Jones, K., Kenny, L., McGowan, P. 

and Basinas, I. (2018), Annals of Work Exposure and Health, accepted for 

publication.  

Previous research found a potential for glyphosate exposures among amenity 

horticulturists (paper 1 & 3) but further investigation was required to evaluate the 

determinants of exposure. In parallel to a previously published biomonitoring study 

(paper 3), a dermal, inadvertent ingestion and contaminated work surface exposure 

assessment study was completed.  

This study objective was to evaluate the potential determinants of dermal and 

inadvertent ingestion exposure among this occupational group, as well as evaluating 

potential sources of contamination. The study also evaluated the contribution of the 

dermal and inadvertent ingestion exposure pathways to total glyphosate body burden 

by analysing this data with the biomonitoring results. 

The study involved the collection of hand wipes, perioral region wipes, worker glove 

samples and wipes of potentially contaminated work surfaces for glyphosate analysis. 

Alongside sample collection, contextual information was collected, including an 

inadvertent ingestion observational study. Results showed that dermal exposure was a 

potentially prominent exposure route but that inadvertent ingestion may contribute to 

the total body burden. The glyphosate concentrations on potentially contaminated 

work surfaces (which included pesticide product containers, the steering wheel of 

work vehicles and worker mobile phones) identified a potential for the spread of 

pesticide contamination to non-pesticide users in the workforce and para-occupational 

exposures. The results show that personal protective equipment management and 

practice is an important determinant of exposure.   

To the author’s knowledge, this is the first study to have investigated, both, dermal 

and inadvertent exposure to pesticides and their contribution to total body burden. This 

study also provides the first published exposure assessment study for inadvertent 

ingestion of glyphosate.  
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The first author was responsible for the project idea, development of the 

sampling protocols, the collection of samples and contextual information, as well 

as conducting the inadvertent ingestion observational study, data analysis and 

the writing of the manuscript, in consultation with collaborators.  
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Paper 5: Exploring the half-life of glyphosate in human urine samples.  

Connolly, A., Jones, K., Basinas, I., Galea, K. S., Kenny, L., McGowan, P. 

and Coggins, M. (2018), International Journal of Hygiene and Environmental 

Health, accepted for publication. 

A previous biomonitoring study conducted among amenity horticulturists involved the 

collection of multiple full void spot urine samples (paper 3), which was designed to 

allow further data analysis to be conducted to approximate the elimination time for 

glyphosate. The objective of this study was to estimate the human biological half-life 

of glyphosate.  

Summary statistics and linear regression analysis was conducted to estimate the half-

life of glyphosate. As substantial fluctuations can occur with the volume of individual 

urine samples, the expression of results for urine samples is a continuing area of 

research. Due to the sampling strategy and chemical analysis method adopted in this 

study, data was analysed using three urinary measurement metrics; the unadjusted 

glyphosate concentrations (mass per volume), creatinine corrected concentrations and 

by calculating the urinary excretion rate (UER) (µg L-1, µmol/mol creatinine and UER 

µg L-1), to ascertain whether there was a substantial difference between measuring 

metrics.  

This study estimates the half-life of glyphosate, from human urine samples, as 

approximately 5 ½, 10 and 7 ¼ hours for unadjusted samples, creatinine corrected 

concentrations and by the UER (µg L-1, µmol/mol creatinine, UER µg L-1), 

respectively. The study results report human biological half-life of glyphosate to be 

substantially lower than reported in the IARC monographs. To the author’s 

knowledge, this is the first comprehensive peer-reviewed study publishing data on the 

human biological half-life of glyphosate, internationally.   

The first author was responsible for the project idea, the data analysis and the 

writing of the manuscript, in consultation with collaborators.  
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4.1 Exposure assessment using human biomonitoring for 

glyphosate and fluroxypyr users in amenity horticulture. 
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4.2 Glyphosate in Irish adults – A pilot study in 2017 
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1

                                                 
1   The second sentence of the third paragraph of the results section has an error. The detectable 
levels of glyphosate should be (0.80 – 1.35 µg L-1). 
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4.3 Characterising glyphosate exposures among amenity 

horticulturists using multiple spot urine samples. 
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Evaluating glyphosate exposure routes and their contribution to 

total body burden: A study among amenity horticulturalists. 
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ABSTRACT  

Objective: To evaluate the determinants 
of dermal and inadvertent ingestion 
exposure and assess their contribution to 
total body burden among amenity 
horticultural users. 

Methods: A dermal and inadvertent 
ingestion exposure assessment was 
completed alongside a biomonitoring 
study. Linear mixed effect regression 
models were elaborated to evaluate  

 

 

determinants of exposure and their 
contribution to total body burden.  

Results: A total of 343 wipe and glove 
samples were collected from 20 workers 
across 29 work tasks. Geometric mean 
(GM) glyphosate concentrations of 0.01, 
0.04 and 0.05 µg cm-2 were obtained on 
wipes from the workers’ perioral region 
and left and right hands, respectively. For 
disposable and reusable gloves, 
respectively, GM glyphosate 
concentrations of 0.43 and 7.99 µg cm-2 
were detected. The combined hand and 
perioral region glyphosate concentrations 
explained 40% of the variance in the 
urinary (µg L-1) biomonitoring data. 

Conclusion: To the author’s knowledge, 
this is the first study to have investigated 
both dermal and inadvertent exposure to 
pesticides and their contribution to total 
body burden. Data shows the dermal 
exposure is the prominent route of 
exposure in comparison to inadvertent 
ingestion but inadvertent ingestion may 
contribute to overall body burden. The 
study also identified potential exposure to 
non-pesticide users in the workplace and 
para-occupational exposure.  
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Introduction  
 

Glyphosate is a broad spectrum post 
emerging herbicide and is the highest 
volume herbicide used worldwide, present 
in over 750 products (Guyton et al. 2014). 
It was classified as a Group 2A – ‘probably 
carcinogenic to humans’ by the 
International Agency for Research on 
Cancer (IARC) (IARC 2015). Several 
regulatory bodies and national authorities 
have challenged the IARC classification 
(ECHA 2017, EFSA 2017, US EPA 2016, 
JMPR 2016). In 2017, the European 
Commission approved the renewal of the 
glyphosate licence for five years 
(European Commission 2018a). 

Only a few occupational biomonitoring 
exposure studies involving glyphosate 
have assessed exposure in the agricultural 
(Mesnage et al. 2012, Curwin et al. 2007, 
Curwin 2006, Acquavella et al. 2004) and 
horticultural sectors (Connolly et al. 
2017a, Johnson et al. 2005, Lavy et al. 
1992). European environmental 
biomonitoring studies have identified low 
levels of glyphosate exposure in the 
general public (Connolly et al. 2018d, 
Conrad A. et al. 2017, Krüger et al. 2014). 
Studies have identified dermal absorption 
to be the primary route of pesticide 
exposure, accounting for up to 99.9% of 
total exposure (Vitali et al. 2009, Flack et 
al. 2008, Aprea et al. 2005, Tuomainen et 
al. 2002, Lavy et al. 1992), with inhalation 
exposure only accounting for 
approximately 1% of total exposure 
(Honeycutt 1986). Glyphosate is mostly 
not metabolized in the human body and has 
an estimated elimination half-life of 33 
hours for glyphosate, extrapolations from 
animal toxicological studies (IARC 2016). 
Human studies have estimated the rapid 
phase half-life as approximately 3 – 20 
hours (Connolly et al. 2018b, Faniband et 
al. 2017). An in vitro study using human 

skin and in vivo studies involving rhesus 
monkeys estimate the percutaneous 
absorption of glyphosate as less than 2% of 
the administered dose (Wester et al. 1991) 
but it is still considered the main route of 
exposure. Inhalation exposure is 
considered a minor glyphosate exposure 
route by comparison (IARC 2016, Johnson 
et al. 2005, Jauhiainen et al. 1991). 

A study of UK local authority horticultural 
workers using glyphosate based products 
found a potential for both inhalation and 
dermal exposure. Workers applied 
pesticides using controlled droplet 
applicators and all-terrain vehicles with 
front mounted spray bars. Glyphosate 
concentrations were detected on cotton 
gloves worn inside the worker protective 
gloves and on worker socks and body 
patches (inside and outside of clothing). 
The study suggests that human behaviour 
(operator attitude and work practices) 
along with personal protective equipment 
(PPE) practices, including the re-use of 
PPE, and contact with contaminated work 
surfaces may be important determinants 
for pesticide exposure (Johnson et al. 
2005).  

Similarly, Lavy et al. (1992) highlights the 
importance of the dermal exposure 
pathway in their glyphosate exposure 
assessment study among tree nursery 
workers. Dermal patch samples, water 
hand rinses along with urine samples were 
collected and analysed for glyphosate. 
Hand washes and cotton gauze patches, 
both over and under the clothing of 
workers, had detectable glyphosate 
concentrations. However, the urine 
samples were all non-detectable for 
glyphosate, which could be a result of the 
analytical detection limit (10 µg L-1).  

Other occupational exposure studies 
among agricultural users have identified 
PPE use as an important determinant of 
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pesticide exposure (Acquavella et al. 
2004) and also highlighted the potential for 
take-home pesticide pathways (Curwin et 
al. 2007). Curwin (2006) in their study of 
multiple pesticides (including glyphosate) 
exposures among farm and non-farm 
families in Iowa collected dust and wipe 
samples from potentially contaminated 
surfaces within participant homes and 
vehicles. Although the majority of study 
farmers had not applied glyphosate-based 
products prior to sampling, glyphosate was 
detected in dust samples taken from in 
their homes. All the wipe samples were 
non-detectable for glyphosate 
concentrations, which the authors attribute 
to the use of inappropriate sample media. 
A slight positive association was observed 
between spouse urinary concentrations and 
home dust concentrations, as well as the 
farmer’s urinary glyphosate concentrations 
correlating with their spouse and 
children’s urinary concentrations. 
Although limited by sample size, the study 
highlights the potential for para-
occupational exposures via clothing and 
footwear of pesticide users (Curwin et al. 
2007, Curwin 2006). Glyphosate exposure 
studies have collected dermal and urinary 
samples (Curwin et al. 2007, Lavy et al. 
1992) but due to the analytical methods 
adopted, the contribution of the dermal 
pathway to glyphosate total body burden 
has not been investigated.  

Inadvertent ingestion has also been 
identified as a potential pesticide exposure 
route (Cherrie et al. 2006, Cattani et al. 
2001, Garrod et al. 1999) but only limited 
data are available on this pathway 
(Christopher 2008, Freeman et al. 2005). 
Inadvertent ingestion can occur by the 
clearance of inhaled aerosol particles, 
ingestion of contaminated food/drink, 
transfer of contaminants from hand/object 
into the mouth or to the perioral region and 
then into the mouth (Christopher Y et al. 

2006). Approximately 16% of the UK 
working population is estimated to be 
exposed to hazardous materials via this 
exposure route (Cherrie et al. 2006). 
Inadvertent ingestion has been identified 
as a potential exposure route for pesticides 
among children due to residential pesticide 
use and exposure to metals in an 
occupational setting (Gorman Ng et al. 
2017, Gorman Ng et al. 2016, Freeman et 
al. 2005). Only one study has investigated 
inadvertent ingestion of pesticides, 
including glyphosate based products, 
among agricultural users. Inadvertent 
ingestion exposure was estimated by 
collecting and analysing samples including 
worker hands and perioral wipes and saliva 
samples. Surface wipe samples of spraying 
vehicles were also collected and analysed 
(Christopher 2008).  

Previous work on inadvertent ingestion of 
metals in occupational settings have 
identified exposure time, activities 
performed between worker tasks, use of 
PPE, frequency of hand to mouth contact 
and personal habits, e.g. smoking or nail 
biting, as determinants of inadvertent 
ingestion exposure (Gorman Ng et al. 
2017, Gorman Ng et al. 2016). There are 
no approved methods for assessing 
exposure by inadvertent ingestion, 
although the adoption of good hygiene 
practices is recommended as a suitable 
control (ECB 2003). Nevertheless, good 
hygiene practices may not be a sufficient 
control measure, given its association with 
human behaviours (Cherrie et al. 2006). 

To the authors’ knowledge, no previous 
exposure studies have investigated, both, 
dermal and inadvertent ingestion exposure 
to pesticides or their contribution to total 
body burden. The authors of this current 
study conducted a glyphosate urinary 
biomonitoring study among amenity 
horticulturists using glyphosate based 
pesticide products (Connolly et al. 2018a). 
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Parallel to the biomonitoring study, dermal 
and inadvertent ingestion exposure 
assessments were performed by collecting 
and analysing worker glove samples, 
worker hand and face wipes, as well as 
wipes from potentially contaminated work 
surfaces.  

The objective of the present analyses was 
to evaluate the potential determinants of 
dermal and inadvertent ingestion for 
glyphosate exposure among this 
occupational group. The study evaluated 
the cumulative contribution of the dermal 
and inadvertent ingestion exposure 
pathways to total body burden of 
glyphosate.  

2. Materials and methods 
Site description and study 
population  

Exposure assessments were conducted at 
sites managed by the Irish Commissioner 
for Public Works (OPW) from September 
2016 to September 2017. The worker 
recruitment strategy has been previously 
described (Connolly et al. 2018c). Briefly, 
workers were grouped into three similar 
exposure groups (SEGs): manual 
knapsack, pressurised lance and controlled 
droplet applicator, based on the applicator 
used to apply glyphosate based pesticide 
products. The manual knapsack SEG 
applicator (typical capacity of 10-15 L), is 
carried as a knapsack with the pesticide 
product being applied with a handheld 
lance. The pressurised lance SEG applied 
the pesticide product using a handheld 
lance connected to a motorised knapsack. 
The controlled droplet applicator SEG, 
similar to the manual knapsack, but with a 
capacity 5 L, is purchased with a pre-
mixed solution (eliminating the mixing 
and loading task) and has an adaptable 
applicator that can increase the droplet 
size, thus reducing the spray drift.  

Study participants were recruited via oral 
presentation and circulated project 
information leaflets. Participation was 
voluntary and all participants gave 
informed consent. Ethical approval for this 
project was received from the National 
University of Ireland, Galway Research 
Ethics Committee (Ref: 16-July-19).  

Sampling methods 

Biomonitoring samples  

A biomonitoring study involving the 
collection of individual full urinary void 
spot samples was completed and 
previously been reported (Connolly et al. 
2018c). A minimum of three urine 
samples was collected from each 
participant: a sample before the task 
began, within one hour of task completion 
and the following first morning void. For 
59% (n=17) of tasks, participants gave 
samples for each void over the exposure 
assessment period (pre task to the 
following first morning void). Urine 
samples were analysed separately for 
glyphosate, so the sample with the highest 
glyphosate concentration could be 
identified for each task. The urine sample 
with the highest glyphosate concentration 
measured during the sampling period was 
selected and referred to as the peak 
urinary sample for that participant 
(Supplementary Information).  

Dermal and inadvertent 
ingestion sampling strategy  

Wipe samples of the hands, perioral region 
and of potentially contaminated work 
surfaces (pesticide product container, 
worker mobile phones and steering wheels 
of work vehicles) were collected. Wipe 
sampling was conducted using Ghost 
WipesTM, pre-packaged polyvinyl alcohol 
wipes wetted with water by the 
manufacturer. Dermal and perioral wipe 
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samples were collected from the workers 
before and after the sampling task. Pre-
work task wipe samples were required to 
evaluate whether detectable data collected 
post task was as a result of the observed 
pesticide application task. Workers’ glove 
and surface wipe samples were collected 
after the pesticide application tasks. The 
researcher wore disposable nitrile gloves 
for collecting samples and changed these 
gloves with each sample obtained. An 
appropriate number of Ghost WipesTM and 
glove field blanks were also collected. 

Following sampling, wipes were placed in 
100 ml plastic pots and appropriately 
labelled. Samples were extracted and 
aliquots were frozen to -18°C within 24 
hours of collection, shipped and chemical 
analysis completed at the Health and 
Safety Executive’s Laboratory, Buxton, 
UK.  

Dermal sampling 

Hand wipes were collected, using two 
wipes per hand, following protocols used 
in a previous study (Galea et al. 2018). The 
front of the hand was wiped with five 
strokes from the base of the hand to the top 
of the palm and then five strokes across the 
palm, starting from the base of the palm of 
the small finger. The wipe was folded in 
half and the same sequence repeated on the 
back of the hand. The wipes were then 
folded once more and each finger was 
wiped, starting at the small finger to the 
thumb, going between the fingers and 
including the finger web areas. Followed 
by the tips of each finger wiped in a 
circular motion. The same procedure was 
completed again with a second wipe and 
repeated for both hands. Dermal wipe 
samples were collected from the hands 
when workers removed their gloves, either 
during the task (i.e. lunch break) or after 
the pesticide application task. 

Glove contamination 
samples 

PPE use varied from disposable to reusable 
gloves. After the work task, disposable 
glove samples were collected for 
glyphosate analysis, while only some 
participants provided their reusable gloves 
for analysis.  Workers’ glove was collected 
after the pesticide application tasks or if 
gloves were changed during the pesticide 
tasks. At the end of the pesticide 
application task, after the gloves were 
removed, dermal wipe samples were 
collected from each hand after the gloves 
were removed. 

Inadvertent ingestion 
sampling 

Perioral wipes were collected starting from 
the upper lip area and wiped in a clockwise 
motion around the upper lip and philtrum 
area and down around to the mentolabial 
fold to the edge of the mouth of the lower 
lip area. The wipe was folded in half and 
similarly wiped in an anti-clockwise 
direction, starting at the lower lip area and 
finishing at the upper lip area. One wipe 
was used for the perioral region. 

An inadvertent ingestion observational 
study was also conducted. The frequency 
of worker contacts per task, (which in the 
current study included all surfaces 
contacted by the worker),  frequency of 
worker hand to mouth contacts, contacts 
with the body and surrounding area (i.e. 
potentially contaminated surfaces) were 
recorded using protocols and a template 
from previous studies (Gorman Ng et al. 
2016, Christopher et al. 2007). The 
frequency of contacts were recorded 
during only the pesticide task. Worker 
contacts pre and post work task or during 
work breaks were not recorded.  
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Potentially 
contaminated work 
surface sampling  

Potentially contaminated work surfaces 
were wiped using one Ghost WipeTM, 
according to an object-specific sampling 
protocol developed within the study. 
Specifically, mobile phones were first 
wiped on the front of the phone, from the 
top to the bottom of the screen in one 
stroke. The wipe was folded in half and 
wiped on the back from top to bottom in 
one stroke. Finally, the wipe was folded 
once more and the edge of the phone was 
wiped, starting at the top right-hand corner 
and completing the full edge in a clockwise 
motion.  

Similarly, work vehicle steering wheel 
wipe samples were wiped from the top of 
the steering wheel in a clockwise direction, 
then folded it in half and repeated in an 
anti-clockwise direction. The wipe was 
folded once more, the centre of the wheel 
was wiped in a clockwise direction, and the 
spokes were wiped from the edge to the 
base of the steering wheel. 

Pesticide product containers were wiped 
from top to bottom for the full width of the 
container. The bottom of the container was 
wiped from right to left in one stroke. The 
wipe was folded and the top of the 
container was wiped in a clockwise 
motion. The container handle and 
surrounding area was wiped from top to 
bottom afterwards. The wipe was folded 
once more and the area around the lid was 
wiped, and then the lid itself, in a 
clockwise motion.  

 

Chemical analysis 

Wipe samples and disposable glove 
samples were placed into a 100 ml plastic 
pot and extracted by adding 50 ml of 

deionised water to each and shaken 
vigorously for 30 seconds, then placed on 
the Denley Spriamax 5 roller mixer for an 
hour. A 20 ml aliquot was transferred to a 
labelled SterilinTM pot for storage and 
transport before analysis. Glyphosate was 
extracted from large reusable gloves at the 
laboratory. One glove was placed into a 
grip seal bag with 100 ml deionised water. 
Bags were placed on a gyratory rocker for 
1 hour with bags being turned over at 30 
minutes. The liquid contents were then 
transferred to SterilinTM pots for storage 
prior to analysis. The solubility of 
glyphosate in water (11.6 g L-1 at 25°C) 
made it an appropriate extraction solvent 
(IARC 2016)  

All samples were prepared and analysed 
for glyphosate following analytical 
methods previously described (Connolly et 
al. 2017a) with some minor alterations. In 
brief, glyphosate was extracted from the 
dermal wipe, surface wipe and glove 
extracted water samples (100 µl diluted 
with 900 µl deionised water) using strong 
anion exchange solid phase extraction 
eluting into 10% formic acid in methanol. 
The eluent was evaporated under a stream 
of nitrogen and reconstituted in 200 µl of 
0.1% formic acid. Quantitative analysis 
was performed by liquid chromatography 
tandem mass spectrometry. 
Chromatographic separation was achieved 
on a Zorbax XDB-C8, 150 x 4.6mm, 5 µm 
(Agilent, Stockport, UK) column with 
mobile phases of 0.1% formic acid and 
acetonitrile with a gradient elution. The 
method was linear over the range 1-1000 
µg L-1 and the LOQ was 1 µg L-1 and the 
LOD was 0.5 µg L-1. Where results 
exceeded the top of the linear range (1000 
µg L-1) the samples were repeated with 
dilutions. The method was reproducible 
with an intra assay CV of 2.9% (n = 12) 
and an inter assay CV of 4.2% (n = 42, over 
4 runs). 
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Data processing and analysis  

All 23 wipe field blanks had non-
detectable glyphosate concentrations. 
Seventeen glove field blanks were 
collected from the sites (as some workers 
used reusable gloves), six having non-
detectable glyphosate concentrations, 
whereas detectable levels were found in 
the remainder.  For each task with 
detectable glyphosate levels found on the 
blank glove, each glove sample within that 
task was field blank corrected. All the 
samples were corrected for the sample 
volume and the surface area wiped. 
Though samples were not corrected for 
recovery efficiencies, the mean recovery 
percentage for plastic containers, 
disposable chemical resistant nitrile gloves 
and mobile phones, spike at 20 µg, was 
122%, 104% and 125%, respectively. 
Ghost wipes have a mean recovery for 
three samples spiked at 200 µg of 106%. 
Similar results were found in Curwin et al. 
(2005) for recovery efficiencies of Sof-
Wick sponges of 90 – 100%. 

The average hand surface area 
measurements were assigned according to 
published US EPA guidance (US EPA 
2011). The glove adjustments were 
assigned in the same manner as the surface 
area for hands. This assumes a 1070 cm-2 
for both male hands, or 535 cm-2 surface 
per hand and 890 cm-2 for both female 
hands, or 445 cm-2 per hand. Average 
surface area measurements for the perioral 
region were assigned as 40 cm-2 (Gorman 
Ng 2013).  

Surface area calculations for the steering 
wheel were assigned as 1100 cm-2 surface 
area, according to a previously published 
study (Lu et al. 2000). An average mobile 
phone surface area of 202 cm-2 was 
calculated using the physical phone 
dimension measurements, based on the 
phone type sampled. Similarly, for the 

product containers, an average surface area 
value of 2300 cm-2 was calculated.  

Statistical analysis  

Prior to the conducting statistical analysis, 
all concentration levels below the LOQ 
were imputed, in SAS v 9.4 (SAS Institute, 
North Carolina, USA). A single random 
imputation method based on Maximum 
Likelihood Estimation was used (Lubin et 
al. 2004). The remainder of the statistical 
analysis was performed using Stata 
Statistical Software 14 (StataCorp. 2015).  

The data was log-normally distributed, 
thus all statistical analysis was performed 
with log-transformed exposure 
concentrations. Summary and descriptive 
analysis were performed on the work 
demographics and glyphosate 
concentrations levels for the combined 
dataset and by SEG. The results for the 
potentially contaminated surfaces are only 
shown for the combined dataset.  

Pearson’s correlation coefficients were 
estimated to evaluate relationships 
between glyphosate concentrations on the 
right and left hand, the dominant hand and 
both hands combined. Similar tests were 
performed on the glove data.  

A linear mixed effect regression model 
was elaborated based on exposure 
determinants for inadvertent ingestion 
previously identified and evaluated in 
regression analysis against measurements 
of metals (Gorman Ng et al. 2017). In this 
model, the hand contamination and the 
frequency of contacts per task were entered 
as fixed effects whereas the worker’s id 
was entered as a random effect to account 
for correlations between repeated 
measurements from the same worker. This 
model had some differences to Gorman Ng 
et al. 2017 model, including that 
respiratory protective equipment (RPE) 
was not considered as it was used by all 
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workers participating in the study and that 
we used frequency of contacts per task, not 
just hand to perioral/oral contacts per task. 
Further models using a forward model 
built approach were elaborated to examine 
the robustness of the derived model as well 
as to identify determinants for inadvertent 
ingestion and dermal exposure and their 
relative contribution to overall body 
burden. In these models, parameters were 
entered sequentially based on their level of 
significance and kept within the model if 
they had a statistical significance of (p < 
0.1). 

3. Results 

Demographic and working 
characteristics 

Details on demographics and work 
characteristics have been previously 
published (Connolly et al. 2018c). Briefly, 
twenty amenity horticulturists who applied 
glyphosate based pesticide products as part 
of their daily duties participated in the 
study (18 males and two females), grouped 
in three SEGs as previously described. The 
pesticide task duration ranged from 
approximately a half hour to six hours. The 
average time length of the manual 
knapsack, controlled droplet applicator 
and the pressurised applicator pesticide 
application tasks was approximately three 
hours, three and a half hours and six hours, 
respectively. 

Good worker compliance with PPE use 
was observed, with workers using PPE for 
most of the work tasks sampled; gloves, 
Tyvek suits and RPE were used for 29 
(100%), 26 (90%) and 28 (97%) of the 
observed tasks, respectively.  

 

 

Levels of glyphosate 
concentrations on wipes, gloves 
and contaminated surfaces.  

A total of 343 wipe and glove samples 
across 29 work tasks were collected and 
analysed for glyphosate. A minimum of 
seven sets of wipe samples was collected 
for each task sampled. A sample set 
consists of a blank wipe, perioral sample 
and each hand sample (two wipes per 
hand), before and after each work task.  

Glyphosate concentration data for perioral 
and hand wipes (µg cm-2), collected pre 
and post the work tasks are presented in 
Table 1 for overall samples and per SEG. 
Table 2 details the glyphosate 
concentration data for the disposable and 
reusable gloves samples. The gloves 
analysed in this study consisted of 
disposable gloves from 14 tasks, reusable 
gloves from 4 tasks and for three of the 
tasks workers wore both disposable and 
reusable loves, with the disposable gloves 
being worn under the reusable gloves. For 
eight of the tasks, the workers refused to 
give their gloves. 

On some occasions, additional dermal and 
gloves samples were collected for workers 
who took a break during the pesticide 
application task. For three of the work 
tasks, dermal wipe samples were collected 
from three participants before taking a 
break and the glyphosate concentrations 
for the perioral and both hands (combined) 
ranged from 0.01 – 0.15 and 0.002 – 0.41 
µg cm-2, respectively. Similarly, three 
participants gave disposable gloves during 
the break for five of the work tasks, which 
included two of these participants giving 
samples on two consecutive days and 
found glyphosate concentrations ranged 
from 1.27 – 20.89 µg cm-2. As 
concentrations were similar to the post-
work task samples and due to the limited 
sample numbers, this data was not  
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Table 1: Glyphosate wipe concentration data (µg cm-2) for pre and post-work task perioral and hand (left and right) 
measurements. Results are presented as for the overall sample and per similar exposure group concerned. 
 

*k is the number of participants; N is the number of samples in the group; Number of samples below the limit of 
quantification (<LOQ) (1 µg L-1) by Number (N) and by percentage (%); GM & GSD is the geometric mean and standard 
deviation and the range.  
 
Table 2: Glyphosate wipe concentration data (µg cm-2) for the post-work task glove samples. Results are presented for the 

overall sample and per similar exposure group concerned. 
*k is the number of participants; N is the number of samples in the group; Number of samples below the limit of 
quantification (<LOQ) (1 µg L-1) by Number (N) and by percentage (%); GM & GSD is the geometric mean and standard 
deviation and the range. 

Variable k N < LOQ N(%) GM GSD Min Max < LOQ N(%) GM GSD Min Max 

Combined SEGs Pre-work  task samples Post-work task samples 

Perioral 20 29 11 (38%) 2.1*10-03 12.93 8.2*10-06 0.15 6 (21%) 0.01 9.05 1.7*10-04 0.40 

Hand left 20 29 0 6.1*10-03 8.77 9.4*10-05 0.31 0 0.04 9.21 4.7*10-04 2.56 

Hand right 20 29 0 6.5*10-03 9.09 9.4*10-05 0.22 0 0.05 8.73 2.8*10-04 2.04 

Manual knapsack Pre-work  task samples Post-work task samples 

Perioral 10 12 6 (50 %) 1.1*10-03 21.30 8.2*10-06 0.15 4 (33%) 0.01 11.3 1.7*10-04 0.23 

Hand left 10 12 0 2.2*10-03 8.47 9.4*10-05 0.07 0 0.01 4.64 4.7*10-04 0.08 

Hand right 10 12 0 2.7*10-03 11.00 9.4*10-05 0.14 0 0.01 5.26 2.8*10-04 0.09 

Pressurised lance Pre-work  task samples Post-work task samples 

Perioral 6 10 2 (20 %) 3.9*10-03 8.56 5.8*10-05 0.05 0 0.04 4.68 2.5*10-03 0.40 

Hand left 6 10 0 2.2*10-02 10.01 3.7*10-04 0.31 0 0.19 9.17 2.6*10-03 2.6 

Hand right 6 10 0 1.8*10-02 10.62 4.7*10-04 0.22 0 0.21 7.41 3.7*10-03 2.0 

Controlled droplet Pre-work  task samples Post-work task samples 

Perioral 5 7 3 (43 %) 2.6*10-03 9.44 1.1*10-04 0.03 2 (29%) 0.01 8.34 6.0*10-04 0.10 

Hand left 5 7 0 5.9*10-03 2.39 2.4*10-03 0.03 0 0.04 5.89 3.5*10-03 0.50 

Hand right 5 7 0 6.8*10-03 2.09 3.0*10-03 0.02 0 0.06 5.73 7.9*10-03 0.85 

Variable k N GM GSD Min Max k N GM GSD Min Max 

Combined  SEGs Post-work task disposable gloves Post-work task reusable gloves 
Glove left 12 17 0.18 6.14 3.9*10-03 2.78 6 6 4.49 4.68 0.81 58.87 

Glove right 12 17 0.20 6.96 2.4*10-03 10.62 6 6 4.52 4.43 0.73 66.27 

Glove both 12 17 0.43 5.67 0.02 13.41 6 7 7.99 4.14 1.53 125.1 

Manual knapsack Post-work task disposable gloves Post-work task reusable gloves 
Glove left 7 8 0.06 5.39 3.9*10-03 0.63 1 1 - - 6.11 6.11 

Glove right 7 8 0.07 6.56 2.4*10-03 0.49 1 1 - - 6.43 6.43 

Glove both 7 8 0.15 4.46 0.02 1.12 1 1 - - 12.54 12.54 

Pressurised lance Post-work task disposable gloves Post-work task reusable gloves 
Glove left 3 4 0.39 2.42 0.19 1.23 2 2 - - 6.64 58.87 

Glove right 3 4 0.36 1.44 0.26 0.58 2 2 - - 6.11 66.27 

Glove both 3 4 0.80 1.94 0.46 1.76 2 2 - - 12.74 125.1 

Controlled droplet Post-work task disposable gloves Post-work task reusable gloves 
Glove left 3 5 0.55 5.83 0.04 2.78 2 3 1.51 1.75 0.81 2.39 

Glove right 3 5 0.75 7.29 0.05 10.62 2 3 1.49 1.86 0.73 2.17 

Glove both 3 5 1.35 6.76 0.09 13.41 3 4 3.19 1.64 1.53 4.56 
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Table 3: Glyphosate concentration data (µg cm-2) for wipe 
samples collected from work surfaces, post-work task 
completion and results are presented as Geometric Mean 
(GM), Geometric Standard Deviation (GSD) and range. 

*k is the number of participants in the group; n is the 
number of samples in the group; Samples that are below 
the limit of quantification (<LOQ) (1 µg L-1) by Number 
(N) and percentage (%); GM & GSD is the geometric mean 
and standard deviation and the range (Min – Max).  

included in further analysis. The additional 
samples collected could only have had a 
negligible effect on the post-work task 
samples due to similar detection levels. 
The assumption would be that workers 
would wash hands and dispose of 
contaminated work gloves before their 
break, removing the contaminant, thus no 
accumulation of glyphosate concentration 
occurs on the post-work task samples. 

Wipe samples data from pesticide product 
containers (n=27), work vehicle steering 
wheels (n=10) and participant’s personal 
mobile phones (n=18) are presented in 
Table 3.  

Differences in exposure levels 
across SEGs, sampling and 
working parameters 

Disposable worker gloves had the highest 
glyphosate concentrations, followed by 
worker hands (post-work task). 
Glyphosate concentrations were lowest on 
perioral wipes (Figure 1a). The highest 
glyphosate concentrations were detected 
on wipe samples collected from the 
pesticide product containers, followed by 
much lower levels on the work vehicle 
steering wheel. The lowest concentrations 

were detected on the worker mobile 
phones (Figure 1b). Three of the 
participants in this study had their mobile 
phone wiped on two separate occasions, 
and on both occasions, glyphosate 
concentrations were detected.  

 

 
 * n is the number of samples  

Figure 1: Boxplot showing the post-work task glyphosate 
concentrations for (a) disposable gloves, the workers hands 
(under the glove) and the perioral region and (b) for 
potentially contaminated work surfaces, pesticide product 
containers, the steering wheel of work vehicles and 
participants mobile phone (µg cm-2). The box is the 25th to 
the 75th percentile, the line within the box is the median 
and the whiskers the lower and the upper adjacent values. 
Single points indicate outliers. 

A strong positive relationship was found 
between urinary glyphosate concentrations 
(µg L-1) and glyphosate wipe 
concentrations (µg cm-2) on the worker 
perioral wipe samples (Figure 2a). 
Similarly, perioral region and worker 
hands glyphosate concentrations (µg cm-2) 
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correlated positively and strongly (Figure 
2b).  

 

 
Figure 2:  Scatter graph showing moderate relationships 
between glyphosate perioral glyphosate wipe 
contamination levels (µg cm-2) and (a) peak urinary 
glyphosate concentrations (µg L-1) and (b) both hands 
glyphosate surface loading contamination levels after a 
pesticide application task (µg cm-2).  

Elaborated linear mixed effect regression 
models are presented in Table 4. The 
model evaluating previously documented 
determinants of inadvertent ingestion 
exposure  Gorman Ng et al. (2017), 
explained 45% of the variability for the 
glyphosate concentrations found on the 
perioral region. In this model (Model 1), an 
increase in the frequency of contacts per 
task and post-task hand contamination was 
significantly associated with an increased 
in perioral glyphosate concentrations. 

The forward building of the same model on 
the basis of improvement of the fit 
parameters resulted with the same 
parameters being included alongside 

sampling time. The effects for hand 
contamination and frequency of contacts 
per task were comparable to those of the 
Model 1, whereas perioral concentrations 
also increased with increasing sampling 
time (β=0.01; p<0.08). This model 
explained approximately 50% of the total 
variability in perioral glyphosate 
concentrations.  

The forward built model examining 
determinants of participants hand 
contamination (Model 2) comprised of the 
task sampling time, the age of the 
participant and the similar exposure group 
and explained 62% of the total variability 
of glyphosate concentrations measured on 
the hands.  

To identify the relative contribution of the 
routes of exposure to the total uptake of 
glyphosate, a separate model was forward 
built using the log-transformed results of 
the biomonitoring exposure measurements 
as the dependent covariate. The final 
elaborated model comprised only the 
combined hand and perioral region 
glyphosate concentration (Table 5). 
Overall, the model explained 40% of the 
total variance in urinary concentrations. 
The hands and perioral data were not 
entered as separate covariates in the model, 
as they were highly correlated (r = 0.64; p 
< 0.001). 

4. Discussion  

This study provides occupational 
glyphosate exposure data for dermal and 
inadvertent ingestion routes for amenity 
horticulturists and evaluates these 
exposure routes’ contribution to total body 
burden. The biomonitoring data and 
related methodology have been previously 
published (Connolly et al. 2018c).  

There have been a few dermal exposure 
studies reported for glyphosate (Curwin 
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2006, Johnson et al. 2005, Lavy et al. 
1992). Methodologies used to collect and 
analyse samples were different to the 
current study, therefore comparisons 
between studies should be considered with 
caution. 

In the current study arithmetic mean 
(range) glyphosate concentrations of 2,708 
(3.0 - 21,845) μg/wipe and 2,797 (5.0 - 
27,354) μg/wipe, (right and left hand 
respectively) were found on worker hand 
wipe samples collected after the pesticide 
application task. Glyphosate concentration 
levels of 41 (< LOQ – 321) μg/wipe were 
detected on wipes collected from the 
perioral region. Values reported for hand 
wipes in this study are higher than those 
found for agricultural pesticide users 647 
(83-2,081) μg (Christopher 2008). 
However, the perioral glyphosate 
concentrations are within a range of that 
reported in Christopher (2008), with an 
arithmetic mean and range of 39.5 (2.6 – 
91) μg. Christopher (2008) also detected 
glyphosate in worker saliva samples with 
an arithmetic mean and range of 140 (56 - 
440) ng, which could suggest comparable 
inadvertent ingestion levels for the current 
study workers. The current study results 
are also an order of magnitude higher than 
glyphosate concentrations reported among 
forestry workers in nurseries, i.e. average 
(range) of 210 (0 – 1080) μg/hand wash 
(Lavy et al. 1992). However, different 
sample collection methods were adopted 
among the studies and so it is difficult to 
compare results.  

In the current study, glyphosate was 
detected in all pre and post-work task hand 
wipe samples, as well as on the post-work 
task glove samples. Only 11 (38%) of the 
pre-work task and 6 (21%) post-work task 
perioral wipes had non-detectable 
glyphosate concentrations. For a third of 
the work tasks sampled (n=10), workers 
had started the pesticide task prior to the 

collection of pre-work task samples. 
Detectable glyphosate concentrations were 
also found on 11(65%) of the blank gloves 
samples, collected from PPE field stores. 
Field observations suggest that cross 
contamination may occur when storing 
new gloves in close proximity of the 
pesticide chemical storage area or when 
handling unused gloves with contaminated 
hands.   

The majority of workers were not face-fit 
tested for RPE and workers regularly 
adjusted the half-face tight fitting RPE 
during work tasks, which may cause 
contamination through transfer from 
worker gloves or hands to the perioral 
region. Ensuring that all workers are face-
fit tested could reduce both the need for 
adjustment and risk of contamination.  

Strong positive associations were found 
between left and right hands, and between 
the dominant hand, the individual hands 
and the combination of both hands. 
Between SEGs, similar glyphosate 
concentrations were detected on perioral 
wipes, with the highest GM and maximum 
value found in the pressurised lance SEG. 
This was the only SEG with the highest 
glyphosate urinary concentrations and no 
post-work task perioral wipe samples 
below the limit of detection (Connolly et 
al. 2018c). 

Within SEGs, similar glyphosate wipe 
concentrations were found on both the 
right and left hands in the manual knapsack 
group and the pressurised lance applicator.  

Johnson et al. (2005) reported that UK 
local authority workers using controlled 
droplet applicators had low levels of 
inhalation exposure and higher levels of 
dermal exposure, which was found on the 
hands inside the worker gloves, socks and 
body patches. In the current study, 
glyphosate concentrations on reusable 
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gloves were two orders of magnitudes 
higher than those on disposable gloves. 
This data presents a strong argument to 
encourage the use of disposable gloves and 
their replacements after every work task.  

As expected, of all the potentially 
contaminated work surfaces sampled in 
this study (n = 49), highest glyphosate 
concentrations were detected on the 
pesticide product containers. Typically, 
these amenity horticultural workers use a 
five-litre pesticide product container 
multiple times before its disposal. 
Volumes of approximately 100 – 150 ml of 
pesticide concentration are required per 
knapsack application. This pertains that a 
pesticide product container can be handled 
up to 50 times by the worker before 
disposal, which emphases that workers 
should always don gloves when handling 
pesticide containers to prevent personal 
contamination. 

Glyphosate was also detectable on all 
wipes from work vehicle steering wheels 
(n=21), with a mean and range of 1928 
(478 – 5984) μg/wipe (unadjusted values). 
These included small tractors and vehicles 
(e.g. vans, cars) used to transport 
equipment to and around field sites. 
Participating workers drove the work 
vehicle, on some occasions to travel to 
multiple sites within a day, and performed 
the required pesticide application tasks. 
The presence of pesticide residues on the 
steering wheel wipes is of concern as it 
indicates that the wheels can be a source of 
exposure for other workers, who may not 
use pesticides but drive the vehicles, as 
observed in the field. Christopher (2008) 
collected surface wipe samples from inside 
(steering wheel, door bar and key ignition) 
and outside (door handle, hopper and valve 
handle) the cab of the pesticide application 
vehicles and reported an arithmetic mean 
and range of 480 (4 – 2,900) μg, which 
were in order of magnitude lower than 

values reported in this study for steering 
wheel wipes. A study of take-home 
exposures found no detectable glyphosate 
concentrations on the steering wheel 
samples taken from the farm or non-farm 
families but the authors attributed this 
difference to the sampling media used 
(Curwin 2006). In a take-home exposure 
pathway study of organophosphate 
pesticides, the vehicles used to travel to 
work were sampled (using cotton gauze 
pads). Low level exposures (range 0 – 0.03 
µg cm-2) were found, with a frequency of 
detection ranging from 7 -11%, suggesting 
the vehicles as a potential pathway for 
take-home pesticide exposures (Lu et al. 
2000).  

Only two (11%) of the mobile phone 
samples had non-detectable glyphosate 
concentrations. Most mobile phones were 
for personal use, highlighting an 
opportunity for para-occupational 
exposure among residents living with an 
occupational pesticide user (Food 
Standards Agency 2018).  

All the workers who participated in this 
study wore gloves when applying 
pesticides. Gloves were used throughout 
the task however it was observed that on a 
number of occasions workers would 
remove their gloves for various reasons 
(e.g. checking mobile phones, to drive 
work vehicles, when going on a break etc.). 
All had detectable glyphosate 
concentrations on their hands. Field 
observations suggest that poor glove 
doffing procedures or removing gloves 
during the work task (e.g. answering the 
phone, adjusting facemasks) may be 
responsible for hand contamination. 
Donning and doffing of gloves was a 
probable source for hand contamination, 
also found in a study of workers spraying 
pesticides on olive trees (Aprea et al. 
2005). Glyphosate hand wipe 
concentrations were positively correlated  
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Table 4: Mixed effect models with participants identification number included in the models as a random effect. Model 1 results 
are based on parameters used in a previous regression model, describing the effects of hand contamination and the frequency 
of contacts per task on glyphosate concentrations measured on the perioral region. Model 2 results describe the effects of 
sampling time, the age of the workers and work task characteristic on glyphosate surface loading concentrations measured on 
the hands. Measurements are given as on the log-transformed glyphosate concentrations per surface area (µg cm-2) and were 
taken from 20 workers over 29 pesticide application tasks.  

β=regression coefficient for log-transformed exposure data, se=standard error, p=p-value. 
* The naïve model is the results from the model without the inclusion of any fixed effects.  
 
 
 
 
Table 5. Mixed effect model describing the effects of glyphosate concentration of the combined hands and the perioral region 
on the log-transformed glyphosate concentrations (μg L-1) measured of 20 workers over 29 pesticide application tasks. Mixed 
models build with participants identification number as a random effect.  

Covariate  
β Se p 

Intercept  1.20 0.19 0.00 
Ln concentrations in hand and perioral region surfaces  0.26 0.06 0.00 
Between variance (naïve model) 0.15 (0.36) 

Within variance (naïve model) 0.22 (0.27) 
Total variance explained  40% 

β=regression coefficient for log-transformed exposure data, se=standard error, p=p-value. 
* The naïve model is the results from the model without the inclusion of any fixed effects

Covariate Model 1 Model 2 
β Se p β Se p 

Intercept -3.91 0.70 0.00 -10.05 1.67 0.00 
Glyphosate conc. of both hands, post-work task (µg 
cm-2) 

0.56 0.16 0.00    

Sampling time of the work task (mins)     0.01 0.003 0.01 
Total  frequency of contacts per task 0.02 0.01 0.02    
Age of the participant (years)    0.12 0.04 0.00 
Similar exposure groups        

Pressurised lance    1.41 0.67 0.04 
Controlled droplet applicator    0.69 0.67 0.30 
Manual knapsack     Ref - - 

Between variance (naïve model) 1.18 (2.32) 0.00 (3.94) 

Within variance (naïve model) 1.55 (2.62) 1.85 (0.97) 
Total variance explained  45% 62% 



Chapter 4 Research Papers 4.4                                              
4

 

88 
 

with perioral concentration levels, 
suggesting that workers inadvertently 
transfer contaminants from their hands to 
their face.  

Glyphosate perioral concentrations were 
also positively correlated with the peak 
glyphosate urinary concentration values. It 
could, therefore, be inferred that workers’ 
hands inadvertently contaminated the 
perioral region, resulting in glyphosate 
uptake due to inadvertent ingestion or via 
dermal absorption of glyphosate from 
around the perioral region, or both.  

An evaluation of known determinants of 
inadvertent ingestion exposure as 
documented on previous analysis applying 
linear regression analysis on 
measurements of metals (Gorman Ng et al. 
2017), were included in the current study. 
Differences in considered determinants at 
our start model (Model 1) with this earlier 
evaluation included the absence of control 
for respiratory PPE usage by participants 
and the use of frequency of contacts per 
task, not just hand to perioral/oral contacts 
per task, within our study. Glyphosate 
concentrations on the worker hands and the 
frequency of contacts per task were 
significant determinants of inadvertent 
ingestion, explaining up to 45% of the 
variability on perioral region 
contamination (Table 4). In Gorman Ng et 
al. (2017), only the frequency of hand to 
mouth contact per hour was included, 
which was not statistically significantly 
associated with contamination on the 
perioral region.  We observed similar 
effects (i.e. no association) when only the 
hand to mouth contacts were included in 
the model. This discrepancy with our 
results could suggest that recording the 
frequency of worker hand to mouth contact 
alone is not sufficient, as the worker must 
touch potentially contaminated surfaces 
and then transfer contaminates to the 
perioral region to cause increased exposure 
levels. It could also indicate that the level 
of contaminate on the worker’s hands is 

the main driver for perioral exposure rather 
than the frequency of contacts being a 
significant determinant of exposure. 

Inclusion of additional determinants on the 
forward selection process increased model 
performance in terms of variability 
explained for the model with perioral 
contamination as the dependent variable. 
Use of disposable gloves appeared to also 
improve the model but it was not 
statistically significant and correlated with 
sampling time (r = -0.58, p < 0.01), 
therefore it was not included in the final 
models. Further research with studies with 
larger sample sizes are required to verify 
the differences observed in measured 
concentrations between the use of reusable 
and disposable gloves. The glyphosate 
hand contamination could explain 
approximately 38% of the variability of the 
perioral contamination alone, showing that 
the perioral region contamination, 
available for inadvertent ingestion, is 
probably mostly transferred from the 
hands. 

Model 2 suggests the pesticide task time 
period (sampling time), the participant’s 
age and the SEG to be important 
determinants of hand contamination. 
However, Bonferroni ad-hoc tests 
suggested no statistical significant 
geometric mean level differences between 
SEGs, likely due to small sample size. 
Sampling time alone explained 37% of 
variance, while an increasing worker age 
was also associated with increase hand 
glyphosate contamination. The results 
indicate that workers may benefit from 
regular refresher training to promote a 
safety culture when using pesticides.   

Hand and perioral glyphosate 
concentrations are important determinants 
of total glyphosate body burden 
(glyphosate urinary concentrations), 
explaining 40% of the variance in the urine 
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data (Table 5). Unfortunately, as their 
concentrations correlated strongly, 
discriminating the individual contribution 
for each route to the total body burden was 
not possible. However, hand glyphosate 
concentrations alone explained 
approximately one third of the variance in 
the glyphosate urine concentrations, which 
would indicate that dermal exposure is the 
predominant route but that inadvertent 
ingestion may contribute to overall body 
burden since the presence of glyphosate 
contamination in the perioral region may 
result in ingestion and/or dermal 
absorption.   

A limitation of this study was that only 
hand wipe samples were taken for the 
dermal exposure and inhalation samples 
were not taken in this study. Though 
pesticide exposure studies have found the 
highest contamination levels on the hands 
(Garzia et al. 2018, Flores et al. 2011, 
Lebailly et al. 2009, Tuomainen et al. 
2002, Vidal et al. 2002) and that inhalation 
exposure is only a minor route of exposure 
(Johnson et al. 2005, Jauhiainen et al. 
1991, Honeycutt 1986). Concentrations for 
hand and glove measurements were 
calculated using standard values for the 
surface area as recommended by the US 
EPA guidance (US EPA 2011). The 
authors assumed that the contamination 
occurs primarily on the outer surface of the 
glove. However, in reality, actual surface 
contamination will depend on the exact 
hand size of every participant, whereas 
contamination on the glove itself may 
occur both inside and outside of the gloves. 
Nevertheless, the use of standardised 
measurement values when estimating 
exposure assists with comparisons within 
and between studies. In addition, some of 
the participants started the work task 
before monitoring began. Although this 
has no influence on the dermal exposure 
assessments measurements as samples 

were taken before and after the work task 
but it could potentially impact on the 
urinary concentrations which may not 
accurately reflect the full day’s exposure. 
One may also argue that the precision of 
peak urinary concentration estimates used 
within our analysis may be dependent on 
the number of samples available for 
participants. However, we found no 
statistically significant differences in peak 
urinary concentrations between 
participants that gave the minimum three 
samples required versus those that 
exceeded this number (Connolly et al. 
2018a).   

5. Conclusions 

This is the first exposure assessment study 
that evaluated the total uptake of 
glyphosate, in parallel with dermal and 
inadvertent exposure routes, by collecting 
urine, wipes and glove samples.   

The results show dermal to be a prominent 
route of exposure but support inadvertent 
ingestion potential contribution to the total 
body burden among this worker group. 
This study also identified a potential for 
the spread of contamination among non-
pesticide users in the workforce and para-
occupational exposures. Study results also 
showed that PPE practice is an important 
determinant of both inadvertent ingestion 
and dermal exposure. An implementation 
of PPE management and work practices 
policies for pesticide use could potentially 
reduce both occupational exposures and 
para-occupational exposures.  

This study’s exposure characterisation of 
pesticide users among this occupational 
group provides information that could be 
used for risk characterisation for 
regulatory risk assessments. It could also 
inform workplace risk mitigation measures 
that could reduce exposures, information 
that is useful for health and safety 
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management, occupational hygienists, risk 
management and policy makers. 
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ABSTRACT  
Background: The International Agency 
for Research on Cancer (IARC) has 
recently classified glyphosate as a Group 
2A ‘probably carcinogenic to humans’. 
Due to this carcinogenic classification 
and resulting international debate, there 
is an increased demand for studies 
evaluating human health effects from 
glyphosate exposures. There is currently 
limited information on human exposures 
to glyphosate and a paucity of data 
regarding glyphosate’s biological half-
life in humans. 

Objective: his study aims to estimate the 
human half-life of glyphosate from 
human urine samples collected from 
amenity horticulture workers using 
glyphosate based pesticide products.  

 

Methods: Full void urine spot samples 
were collected over a period of 
approximately 24 hours for eight work 
tasks involving seven workers. The 
elimination time and estimation of the 
half-life of glyphosate using three 
different measurement metrics: the 
unadjusted glyphosate concentrations, 
creatinine corrected concentrations and 
by using Urinary Excretion Rates (UER) 
(µg L-1, µmol/mol creatinine and UER 
µg L-1) was calculated by summary and 
linear interpolation using regression 
analysis 

Results: This study estimates the human 
biological half-life of glyphosate as 
approximately 5 ½, 10 and 7 ¼ hours for 
unadjusted samples, creatinine corrected 
concentrations and by using UER (µg L-
1, µmol/mol creatinine, UER µg L-1), 
respectively. The approximated 
glyphosate half-life calculations seem to 
have less variability when using the UER 
compared to the other measuring metrics.  

Conclusion: This study provides new 
information on the elimination rate of 
glyphosate and an approximate 
biological half-life range for humans. 
This information can help optimize the 
design of sampling strategies, as well as 
assisting in the interpretation of results 
for human biomonitoring studies 
involving this active ingredient. The data 
could also contribute to the development 
or refinement of Physiologically Based 
PharmacoKinetic (PBPK) models for 
glyphosate. 
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1. Introduction  
 

Glyphosate is a broad spectrum, post 
emerging, organophosphate herbicide and 
is currently the highest volume herbicide 
used globally (Benbrook 2016, Guyton et 
al. 2014). Recently, glyphosate has come 
under international debate since the 
International Agency for Research on 
Cancer (IARC) classified the chemical as a 
‘Group 2A – probably carcinogenic to 
humans’ (IARC 2016). However, a 
number of European and international 
agencies, as well as international experts, 
have classed glyphosate as non-
carcinogenic to humans (ECHA 2017, 
EFSA 2017, US EPA 2016, JMPR 2016). 
Many reasons are presented for the 
divergence of opinion between the 
outcome of the IARC evaluation and the 
EU assessment of glyphosate. These 
include the use of different data sets and 
different methodological approaches to 
how toxicity data was weighted and 
assessed. For example, new toxicological 
data on the carcinogenicity of glyphosate 
in animals were included in the EU 
assessment but not considered by IARC. 
While the IARC evaluation included 
scientific evidence on associations 
between exposure and development of 
non-Hodgkin lymphoma in humans, this 
was considered weak and insufficient for 
classification in the EU assessment process 
(Tarazona et al. 2017). In 2017, the 
European Commission authorised the use 
of glyphosate for a further five years 
(European Commission 2018a).  

Despite the extensive use of glyphosate 
based pesticide products and concerns over 
the potential adverse health effects 
associated with its use (Myers et al. 
2016b), there is limited human exposure 
data for glyphosate in occupational 
(Connolly et al. 2018a, Connolly et al. 
2017a, Mesnage et al. 2012, Curwin et al. 
2007, Johnson et al. 2005, Acquavella et 
al. 2004) and environmental settings 
(Parvez et al. 2018, Connolly et al. 2018d, 
Conrad et al. 2017, Mills et al. 2017).  

Biomonitoring, which involves the 
measurement of a chemical or relevant 
biomarkers in biological substances such 
as blood, urine, hair or milk, is considered 
the gold standard for exposure assessment 
(Sexton et al. 2004) and is common for 
pesticide exposure assessments (Aprea 
2012, Fustinoni et al. 2008). When 
developing a biomonitoring method, 
specific chemical and toxicological 
information is required to ensure accurate 
data generation and interpretation. When 
designing a suitable biomonitoring 
sampling strategy, it is necessary to 
consider the chemical toxicokinetics, 
metabolic variation between subjects 
(intraspecies variation) and the type of 
biomonitoring matrix to be used (e.g. 
blood, urine) (Barr et al. 2006). 

Human biological half-life information 
and excretion patterns are especially 
important when designing urine spot 
sampling strategies (Barr et al. 1999), 
which are regularly used in pesticide 
exposure studies. Information on a 
chemical’s excretion pattern guides when 
urine samples should be collected, 
allowing a more accurate interpretation of 
the exposure level.   

Biomonitoring studies using urine samples 
have an additional complexity, as urine 
volume is not constant for each void. 
Short-term volume and excretion rates can 
vary substantially between voids, which 
can cause variability in chemical 
concentrations in spot urine samples. A 
suitable urine sampling collection strategy 
is critical for occupational exposures, 
especially for non-persistent pesticides 
(pesticides with a short half-life), as any 
variation in the timing of sample collection 
after exposure can result in variations in 
exposure estimates.  

Sampling methodologies to normalise spot 
urine samples and account for the 
fluctuations in the volume of the void 
remains an area of continual research (Barr 
et al. 2005). To correct for the variations in 
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the volume between voids, results from 
biomonitoring studies can be expressed by 
adjusting for specific gravity (i.e. ratio 
between the density of urine and pure 
water at a constant temperature (Chadha et 
al., 2001)) or for creatinine, by calculating 
the urinary excretion rate or by just 
expressing results as mass over volume.  

Adjusting for specific gravity is considered 
a more robust method for accounting for 
urine concentration volume variation 
(Haddow et al. 1994). However, 
disproportionate increases in specific 
gravity measurements can occur for people 
with strict dietary restrictions (e.g. 
vegetarianism, salt and/or protein 
restriction), which requires a correction 
factor (Pearson et al. 2008, Chadha et al. 
2001). Specific gravity analysis is not 
easily automated, thus, not widely 
employed.  

Creatinine, a creatine metabolite, is a 
normal endogenous end product in the 
human body that is excreted at a relatively 
constant rate and is inversely proportional 
to urine flow rate (Boeniger et al. 1993). 
These attributes make it a useful parameter 
for normalising results to account for 
fluctuations in urine volumes (Aprea et al. 
2002). Creatinine corrections can reduce 
uncertainty due to urine volume variability 
but many factors can cause fluctuations in 
creatinine levels including age, gender, 
diet, physical activity or underlying 
diseases (e.g. diabetes) (Boeniger et al. 
1993). Moreover, morning void samples 
have potentially higher creatinine levels 
than urine samples taken at other times 
during the day (Barr et al. 2005). There is 
also the potential for large variability of 
creatinine excretion between short-term 
voids (< 4 hours) (Boeniger et al. 1993) 
and it is advised to exclude samples with 
creatinine levels less than 3 mmol L-1 or 
greater than 30 mmol L-1 as they can cause 
inappropriate interpretation of the results 
(Cocker et al. 2011, EWDTS 2002). 
Despite these limitations, it is a widely 
used and reported metric.  

Variation in urinary concentrations due to 
urine volume fluctuations can be reduced 
by using Urinary Excretion Rates (UER), 
which involves the calculation of the 
chemical concentration in each void, 
corrected for the time period between 
voids (Rigas et al. 2001). A disadvantage 
of using this method is that the collection 
of many samples is expensive and can be a 
logistically impractical study to conduct.  

Glyphosate is largely not metabolized in 
the human body and thus the parent 
compound can be measured in urine. 
Extrapolations from animal toxicological 
studies (oral ingestion of glyphosate in 
rats) suggested an elimination half-life of 
33 hours for glyphosate for humans (IARC 
2016). Another animal study suggests a 
first phase half-life at 6 hours (Williams et 
al. 2000). However, animal toxicological 
tests do not always translate to the human 
metabolism (Barr et al. 1999). A recent 
human study involving two participants 
that ingested an oral dose of glyphosate 
equivalent to 25% of the European Food 
Safety Authority’s (EFSA) Acceptable 
Daily Intake (ADI) allowance suggests a 
rapid phase half-life between 4 and 17 
hours (Faniband et al. 2017). There is 
currently inconsistent information on the 
human biological half-life and excretion 
rates for glyphosate. More reliable and 
accurate information would assist in the 
development of, for example, exposure 
assessment sampling protocols, 
interpretation of biomonitoring results and 
development and refinement of 
Physiologically Based PharmacoKinetic 
(PBPK) models.  

The current study involved the collection 
of multiple spot urine samples over a 24 
hour period as part of a biomonitoring 
occupational exposure assessment study 
for glyphosate. Samples were collected 
from seven workers performing eight tasks 
involving applying glyphosate based 
pesticide products. The data was analysed 
to investigate the elimination rate of 
glyphosate from the human body. Full void 
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urine samples were collected and analysed 
for creatinine, alongside glyphosate. 
Elimination rates were calculated using 
three differing measuring metrics, the 
unadjusted glyphosate concentrations, 
creatinine corrected concentrations and by 
using Urinary Excretion Rates (UER) (µg 
L-1, µmol/mol creatinine and UER µg L-1), 
to ascertain whether there was a substantial 
difference when volume correction factors 
were used for urine samples. The aim of 
the current study, which to the authors’ 
knowledge is the first published peer 
review article of its kind, was to 
approximate the potential half-life time 
range of glyphosate from human urine 
samples.  

Materials and methods 
Site description and study 
population  

An occupational urinary biomonitoring 
study for glyphosate was carried out from 
September 2016 to September 2017. 
Sample collection took place at the Irish 
Commissioner for Public Works (OPW) 
field sites, the Irish governing body with 
responsibility for the maintenance of the 
State's property portfolio including the 
national parks and historical monuments 
(OPW 2018). Further details and results 
from the occupational exposure study 
involving the collection of individual spot 
urine samples have been previously 
published  (Connolly et al. 2018a).  

In brief, tasks completed by the workers 
sampled were classified into three similar 
exposure groups (SEGs), based on the 
application method used by the workers to 
apply glyphosate based pesticide products. 
Workers used manual knapsacks, 
pressurised applicators and controlled 
droplet applicators, all of which involved 
the use of a handheld lance. The manual 
knapsack, typically a 10 or 15 litre 
container with a manual lever, was carried 
on the users back. The pressurised lance 
was connected to a motorised/pressurised 
knapsack, operated at 2-6 bar pressure. The 

controlled droplet applicator involves 
users carrying a small, lightweight 
container containing a pre-mixed pesticide 
solution. This applicator nozzle has an 
adjustment for the droplet size, which can 
increase the droplet size to reduce drift.  

Ethics approval for the biomonitoring 
study was obtained from the National 
University of Ireland, Galway’s Research 
Ethics Committee (Ref: 16-July-19) on the 
5th September 2016. Participation in the 
study was voluntary and informed consent 
was received from all participants. 
Contextual information for the study was 
collected via a self-administered 
questionnaire (e.g. personal details, use of 
pesticides outside of work and dietary 
habits) and researcher observations of the 
pesticide application task were recorded in 
an activity diary.  

Biological monitoring  
Urine collection 

The biomonitoring study adopted a 
convenience sampling approach, where 
participants completed tasks involving 
glyphosate based pesticide products that 
were part of their normal work duties. The 
researcher was on site during sampling to 
observe and collect contextual information 
to support all of the work tasks (Connolly 
et al. 2018a).  

Full void urinary spot samples were 
collected from the participants using 1 or 2 
litre pre-labelled containers for 29 work 
tasks, which were collected and analysed 
separately for glyphosate. A minimum of 
three urine samples was collected from 
each participant: one sample before the 
task began (pre-task sample), one sample 
taken within an hour of completing the 
work task (post-task sample) and the first 
morning void sample obtained the day 
after completing the work task (following 
first morning void).  

Participants had an option to provide 
individual spot urine samples for all 
urinary voids from the start of the pesticide 
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task to the following first morning void. A 
pre-labelled sample container was given to 
every participant for each void and they 
were asked to write the time and date on 
the container label. To reduce the potential 
of sample contamination, participants were 
provided with written instructions on the 
correct hand-washing procedure to 
complete before giving a sample.  

The researcher collected the pre- and post-
work task samples during the exposure 
assessment period (while on-site) and 
returned the following morning to collect 
the following first morning void and all 
additional samples provided. The sample 
volume of each urine sample provided was 
recorded and an agitated 20 ml aliquot of 
each was transferred into a SterilinTM pot, 
labelled with a unique identifier number, 
date and time. The researcher used 
disposable nitrile gloves when handling all 
samples and changed between handling 
samples. All samples were frozen to -18°C 
within 24 hours of collection, until 
laboratory analysis. All equipment used 
was tripled rinsed with water, with 
equipment and work surfaces being 
cleaned with a biological disinfectant 
before and after handling urine samples. 

Urine sample analysis 

Chemical analysis was completed by the 
Health and Safety Laboratory (HSL), 
Buxton, UK. All samples were prepared 
and analysed for glyphosate following 
analytical methods previously described in 
Connolly et al. (2017a), with minor 
alterations. In brief, glyphosate was 
extracted from urine samples (200 µl 
diluted with 800 µl deionised water) using 
strong anion exchange solid phase 
extraction (SPE) eluted with 10% formic 
acid in methanol. Quantitative analysis 
was performed by liquid chromatography 
tandem mass spectrometry (LC-MS/MS). 
Chromatographic separation was achieved 
on a Zorbax XDB-C8, 150 x 4.6mm, 5 µm 
(Agilent, Stockport, UK) column with 
mobile phases of 0.1% formic acid and 

acetonitrile with a gradient elution. The 
analytical method was linear over the 
range 0–20 μg L−1 and intra and inter assay 
coefficient of variations (CVs) of 3.54% (n 
= 10) and 9.96% (n = 40, over 4 runs) were 
achieved. The analytical limit of 
quantification (LOQ) was 0.5 μg L−1. 
Creatinine analysis was also completed on 
all urine samples using an automated 
alkaline picrate method using a Pentra 400 
clinical analyzer (Cocker et al. 2011). 

Data analysis  

Of the 29 exposure assessment tasks 
evaluated in this study (Connolly et al. 
2018a), 17 (59%) had greater than three 
individual spot urine samples collected 
over the exposure assessment period (from 
pre-work task to the following first 
morning void). To explore the elimination 
rate and to estimate the potential human 
biological half-life of glyphosate, only 
work tasks with at least two spot urine 
samples collected after the peak exposure 
were included for excretion profile 
analysis. The peak urinary exposure value 
was defined as the highest urinary 
glyphosate concentration detected in spot 
sample after the pesticide application, over 
the exposure assessment period, per task.  

Chemical analysis included the 
measurement of creatinine and results 
were expressed as glyphosate unadjusted 
values in microgram per litre (µg L-1) and 
in micromole of glyphosate per mole of 
creatinine (µmol/mol creatinine). The 
volume of each spot urine sample was also 
recorded and this allowed for the results to 
also be corrected for the volume of the void 
by using Urinary Excretion Rates (UERs) 
(Rigas et al. 2001)(Eq. (1)). The UER (µg 
L-1) was calculated by taking the 
glyphosate concentration (Cu) of the spot 
urine sample and multiplying it by the 
volume of the void (Vu) and then dividing 
this by the duration of time the void 
accumulated in the bladder (TC – TT), 
which is the urine sample collection time 
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(Tc) minus the time from the last urination 
(TT). 

 

 
                                            

(1)               

Statistical analysis  

All statistical analysis was performed on 
Microsoft Excel and Stata Software 
(StataCorp. 2015). Glyphosate 
concentrations were log-transformed as the 
data showed a log normal distribution. The 
period of peak sample collection (highest 
glyphosate concentration sample within 
the measured period) was taken as the start 
time (t = 0). The time period from the 
sample collection time (t = 0) to each 
proceeding sample was calculated. The 
slope of the glyphosate urine concentration 
by the time duration (time passed from the 
start time) was calculated for each task. 
Linear interpolation using regression 
analysis was also performed for each of the 
included tasks. Data analysis was 
completed using three measurement 
metrics: a) the unadjusted concentrations, 
b) creatinine corrected concentrations and 
c) using the UER corrected values.  

The mean values, as well as the 95% 
confidence interval of the half-lives, were 
calculated to estimate the half-life range 
for each measurement metric.  

Results  

Urine samples from seven participants 
performing eight work tasks involving 
glyphosate based products were analysed. 
Data from six males and one female 
worker is included in this study; one male 
participated twice on two consecutive 
days. The age range was from 32 – 60 
years, with arithmetic mean (AM) of 48 
years. Workers carried out work tasks that 

involved the application of glyphosate 
based pesticide products within one of the 
SEGs, which lasted between 
approximately 1 – 6 hours daily. The total 
sampling time duration of the selected 
eight work tasks included in the data 
analysis ranged from approximately 19 – 
26 hours.  

In total, 28 individual spot urine samples 
were analysed for the eight work tasks 
included in this study (three to four spot 
urine samples per sample set). Each 
sample set was analysed to evaluate the 
relationships between the measured 
urinary glyphosate concentrations (µg L-1, 
µmol/mol creatinine or UER) and the 
duration. The duration started with the 
peak concentration sample (start time) to 
each of the subsequent samples. 
Correlations and linear regression analysis 
were performed for each sample set, with 
an example for one sample set shown in 
Figure 1 and the remaining sample sets are 
shown in the supplementary information.  

Four sample sets were excluded from the 
analysis: two creatinine corrected samples 
sets (µmol/mol creatinine) and two UER 
calculated sample sets. One creatinine 
corrected sample set was excluded due to 
low creatinine levels (< 3 mmol/L) in 
individual spot urine samples and another 
because there was no association between 
concentrations and duration of sampling. 
This lack of association could relate to a 
number of factors like gender, diet and 
hydration (Boeniger et al. 1993). Two 
UER calculated sample sets were excluded 
from analysis, as the sample sets no longer 
had two spot urine samples following the 
peak exposure when UER was corrected.
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Figure 1: Sample set number 2, showing the decline in glyphosate concentration (µg L-1) in the urine samples (n=4), over the 
time period (0-14 hours), from the peak glyphosate concentration sample. The linear regression analysis is shown on the 
graph. 
 
Table 1: Results from linear regression analysis examining the half-life of glyphosate using human biomonitoring samples. 
Analysis is performed with urine glyphosate concentrations, samples adjusted for creatinine and adjusted for volume (µg L-1, 
µmol/mol creatinine and adjusted for urine volume in µg L-1, respectively) as the dependent variable and time period (in hours) 
elapsed from the peak concentration sample as the independent variable.   

*UER=Urinary excretion rate; N=number of urine samples; R2 = coefficient of determination as estimated by linear regression 
analysis. Sample sets that no longer had a sufficient number of samples after the peak concentration sample when adjusted 
for volume (glyphosate µg L-1 (adjusted for volume)), sample sets with low creatinine levels (glyphosate µmol/mol creatinine) 
and sample sets with a weak association have been excluded from the analysis. a Participant who completed two separate 
work tasks in this study. 

Sample 
set 

numbe
r 

Glyphosate µg L-1 Glyphosate µmol/mol 

creatinine 

Glyphosate µg L-1 (UER) 

N* Slope R2 

Half-
life 

(hrs) N* Slope R2 

Half-
life 

(hrs) N* Slope R2 

Half-
life 

(hrs) 
2 4 0.06 0.99 4.69 3 0.04 1.00 7.31 3 0.04 0.88 6.94 

13 4 0.04 0.99 7.06 4 0.03 0.98 9.25 4 0.04 0.89 7.84 

14a 3 0.19 0.99 1.61 3 0.06 1.00 4.77     

16a 3 0.08 0.98 3.57     3 0.04 0.60 8.49 

19 3 0.03 0.88 10.06 3 0.01 0.81 20.15 3 0.04 0.86 7.57 

26 3 0.05 0.97 5.71 3 0.04 0.98 8.43     

28 4 0.04 0.42 7.40     3 0.03 0.62 9.51 

30 3 0.08 0.96 3.99 4 0.03 0.76 10.08 3 0.10 0.95 3.16 

 Mean Half-
life (hrs) 5.51 

Mean Half-
life (hrs) 10.00 

Mean Half-
life (hrs) 

 
7.25 

95% 
Confidence 

Interval 3.56 - 7.46 

95% 
Confidence 

Interval 5.47 – 14.53 

95% 
Confidence 

Interval 

 
   
5.38 – 9.12 
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Each of the sample sets showed a moderate 
to strong relationship between 
concentration and duration for all samples 
(R2 = 0.42 – 1.00), with an estimated half-
life ranging approximately from 1 ½ -10 
hours for unadjusted values (µg L-1) or 
between 4 ¾ - 20 hours for creatinine 
corrected values (µmol/mol creatinine). 
When the results were restricted to sample 
sets which showed a very strong 
relationship (R2 > 0.90), the estimated half-
life average (range) was 4 ½ (1 ½ - 7) hours 
and 7 ½ (4 ¾ - 9 ¼) hours for unadjusted 
and creatinine corrected values, 
respectively. 

UER calculated samples showed moderate 
to strong relationship (R2=0.60–0.95), 
with an estimated half-life average (range) 
of 7 ¼ (3 and 9 ½) hours (UER μg L−1). 
The average glyphosate half-life including 
all measuring metrics was approximately 5 
½ to 10 h (Table 1). The average and range 
of the half-life on sample sets (number 2, 
12, 19 & 30) that had all three measuring 
metrics included was calculated. 

Sensitivity analysis on the four sample 
sets, common across all measuring 
metrics, had an estimated half-life average 
(range) of approximately 6 ½ (4–10), 11 ¾ 
(7 ¼ - 20), and 6 ½ (3–7 ¾) hours for the 
unadjusted glyphosate concentrations, 
creatinine corrected concentrations and by 
using UER (μg L−1, μmol/mol creatinine 
and UER μg L−1), respectively. 

Discussion  

To the authors’ knowledge, this study is 
the first published peer reviewed article 
estimating the biological half-life of 
glyphosate using human urine samples. 
Analysis of glyphosate concentrations 
using three measuring metrics (unadjusted 
concentrations, creatinine corrected 
concentrations and UER calculated 
concentrations) suggests a human 
biological half-life between approximately 
3 ½ and 14 ½ hours (95% confidence 
interval).  

Sensitivity analysis results did not alter the 
main conclusions of the study; however, 
the observed differences between 
unadjusted glyphosate concentrations and 
using UER concentrations narrowed. 
Irrespective of the measurement metric 
used, the time range is considerably lower 
than the half-life estimates reported in the 
IARC Monographs (IARC 2016) but is 
within the range of the half-life estimates 
reported in a previous human volunteer 
study (Faniband et al. 2017). The human 
volunteer only involved two subjects and 
the results varied substantially between 
both subjects. The study only evaluated the 
ingestion route of exposure (Faniband et 
al. 2017). Results from occupational 
pesticide exposure studies suggest that the 
dermal exposure route is important, 
accounting for up to 99% of exposures 
(Vitali et al. 2009, Flack et al. 2008, Aprea 
et al. 2005, Tuomainen et al. 2002). 
However, comparable exposure estimates 
between the current study and the human 
volunteer study may suggest the role of 
inhalation or ingestion routes. Dermal 
absorption of pesticides can be delayed as 
the skin surface can act as a dermal 
reservoir (Griffin et al. 2000). Although 
elimination kinetics from different uptake 
routes should be comparable, it is 
important to also consider the absorption 
kinetics and the comparison of results 
should be done with caution.  

Human biological half-life estimates, 
using UER calculations, ranged from 
approximately 5 ½ to 9 hours (95% 
confidence interval), with an average half-
life of 7 ¼ hours. Half-life estimates, using 
unadjusted and creatinine adjusted 
methods appear to be more variable than 
when UER calculations. Using the UER 
calculations as reported in (Rigas et al. 
2001), may be a good method to normalise 
results and reduce difficulties associated 
with urine volume fluctuations for 
biomonitoring studies. There is, of course, 
a logistical issue with the sample collection 
strategy needed for UER calculations, as 
calculations can only be conducted if each 
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full void urine sample is collected over the 
sampling period. To the best of our 
knowledge, the samples collected for this 
analysis involved the collection of all 
voids. Missing or incomplete voids will 
cause UER calculations to be unsuitable. 
Also, such a strategy is costly and the 
collection of all individual full void spot 
urine samples in a study places a high 
burden on participants, which can result in 
non-compliance or research fatigue (Scher 
et al. 2006), such factors can lead to this 
sampling strategy being impractical.  

The current study does have some 
limitations. Our study was somewhat 
limited by the convenient sampling 
approach adopted, which prevented 
standardisation of our methods such as the 
type of pesticide products used (with 
differing concentrations of the active 
ingredient within products) and quantity of 
pesticide used for the task, as well as the 
application methods and sampling times 
differing across the work tasks. A small 
sample size prevented the use of more 
elaborate statistical tests to identify 
differences due to sex or age. In addition, 
some of these workers perform pesticide 
application tasks on a daily basis and there 
is a possibility of delayed dermal 
absorption due to the skin reservoir effect 
from tasks performed the day before 
sampling. The results reported are for first-
order kinetics but there is a possibility that 
this may be followed by biphasic or multi-
phasic kinetics, which may not be 
identified as urine samples were only 
collected over a time period of 
approximately 19 – 26 hours. However, the 
present study does provide information 
that may help inform the design of 
biomonitoring sampling strategies and 
assist in the interpretation of results for 
glyphosate focused studies. The 
information on the elimination rate and 
estimated half-life could also be useful for 
the development and refinement of 
Physiologically Based PharmacoKinetic 
(PBPK) models for this widely used active 
ingredient. Recently, glyphosate was set as 

a priority substance for the Human 
Biomonitoring for the European Union 
initiative (HBM4EU) and this information 
could also be useful in the development of 
a HBM4EU work programme for 
glyphosate (HBM4EU 2018).  

Conclusions  

The results from this study provide new 
information on the elimination rate and 
estimated human biological half-life of 
glyphosate using measurements from urine 
samples collected during an exposure 
assessment study. The human half-life of 
glyphosate, approximated in this study, 
was substantially lower than that reported 
in the IARC monograph.  

The biological half-life information is 
useful information for exposure 
assessment studies. The timing of sample 
collection can be important for the correct 
estimation of exposure, especially for 
occupational exposure studies adopting 
spot sampling strategies for non-persistent 
pesticides (short biological half-life). 
Human half-life information is also 
required for an appropriate interpretation 
of urine biomonitoring results and the 
development or refinement of PBPK 
models.  

Glyphosate, which is a priority substance 
for HBM4EU and considering the 
international debate over its 
carcinogenicity, will require further 
exposure studies. The information reported 
in the current study will be useful for these 
future glyphosate exposure assessment 
studies, as well as in the development of an 
HBM4EU work programme for 
glyphosate itself. 
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A significant knowledge gap exists regarding the assessment of occupational 

exposures to glyphosate, in particular among amenity horticulturalists. There is 

currently a very limited amount of research published on the total body burden of 

glyphosate for occupational pesticide users and the main exposure determinants. This 

research study aims to address this research gap. To the author’s knowledge, prior to 

the commencement of this study, there was no human biomonitoring data available 

for glyphosate exposure among amenity horticultural users of glyphosate based 

pesticide products. In addition, very little data was available regarding glyphosate 

dermal exposures (Johnson et al. 2005, Lavy et al. 1992). Although inadvertent 

ingestion exposure has been identified as a probable route of exposure for pesticide 

users (Cherrie et al. 2006, Cattani et al. 2001, Garrod et al. 1999), very little 

information was available for assessing inadvertent ingestion exposure for 

occupational users of pesticides (Christopher 2008). No previous studies have 

evaluated the contribution of exposure routes to total body burden of glyphosate. 

Furthermore, no previous research existed for environmental glyphosate exposures 

among the Irish population before the current study (Connolly et al. 2018d).  

This research project commenced with an exploratory human biomonitoring pilot 

study, which found potential occupational exposures to glyphosate among amenity 

horticulturalists, which were similar in magnitude to those reported for the agricultural 

sector (Mesnage et al. 2012, Curwin et al. 2007). The pilot study also identified dermal 

and inadvertent ingestion as potential exposure pathways for glyphosate. Exposure 

determinants were identified as; the duration of the pesticide application task, whether 

workers reused personal protective equipment (PPE) and whether workers took breaks 

during the pesticide application task. Using a spot urine sampling methodology, 

detectable glyphosate concentrations were found in 55% of samples collected; 

concentrations ranged from below the limit of quantification to 10.66 µg L-1. The 

glyphosate concentrations found in this study were equivalent to less than 1% of the 

European Food Safety Authority’s (EFSAs) Acceptable Operator Exposure Level 

(AOEL). Nevertheless, the glyphosate concentrations found were higher than those 

reported in published environmental exposure studies and comparable to values 

reported for agricultural users, which warranted further investigation (Connolly et al. 
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2017a). Detectable glyphosate concentrations were found in a number of pre-work 

task samples. These exposure levels could be as a result of completing a pesticide 

application task in the 24 hours preceding the exposure assessment or due to 

environmental exposures to glyphosate.  

No human biomonitoring data was available on environmental glyphosate exposures 

among the Irish population, which was required for interpreting results from the pilot 

study. An exploratory environmental study was completed, which found glyphosate 

exposures, which were comparable to those in the pre-work task samples (Connolly et 

al. 2018d). The study results found a frequency of detection among the study 

population of approximately 20% (significantly lower than both occupational 

exposure studies reported in this thesis, 55% and 93% for the pilot (Connolly et al. 

2017a) and larger study (Connolly et al. 2018a), respectively) and found quantifiable 

levels ranging from below the limit of quantification to 1.32 µg L-1. A limitation of 

the environmental study was the small sample size (n=50) but these results give an 

indication of the typical exposure levels expected in the general Irish population. 

Furthermore, these results would also suggest that the post-work task glyphosate 

concentrations in the occupational study were due to work tasks as the glyphosate 

concentrations were higher than would be expected from environmental exposures 

alone.   

Building on the findings from the pilot study, a larger exposure assessment study was 

designed with an objective to further characterise pesticide exposures and to explore 

determinants of exposure among this group. A larger human biomonitoring study 

involved the collection of multiple full void spot urine samples over the exposure 

assessment period. Parallel to the human biomonitoring study, a dermal and 

inadvertent ingestion study was conducted. Additionally, wipe samples of potentially 

contaminated work surfaces were also collected and analysed for glyphosate to 

identify potential sources of contamination.  

Results from the human biomonitoring study suggested low levels of glyphosate 

exposures among this group (ranging from below the limit of quantification to 7.36 

µg L-1), which were comparable to exposures reported in agricultural studies and 

higher than would be expected from environmental exposures alone. The study 
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identified that the pesticide application method adopted and the length of time spent 

on the pesticide application task as determinants of total body burden of glyphosate 

(Connolly et al. 2018a).  

The sampling strategy which involved collecting multiple full void spot urine samples, 

over approximately 24 hours, allowed the identification of the peak exposure sample 

(highest glyphosate concentration level measured in the spot urine samples during the 

exposure assessment period) which was, on average, taken within 1 to 3 hours 

following the cessation of exposure (Connolly et al. 2018a). For exposure assessment 

studies, collecting samples within three hours of the task completion would be the 

most appropriate strategy for spot samples to evaluate exposure among these workers. 

However, a strong positive correlation was found between the post and following 

morning void samples, though the following morning void may underestimate 

estimate (Connolly et al. 2018a). For large epidemiological studies, evaluating 

exposure intensity rankings, collecting a spot urine sample at the end of the working 

shift would be a straightforward appropriate sampling strategy. 

The human biomonitoring data collected was analysed to study absorption and 

excretion patterns of glyphosate (Connolly et al. 2018c). Calculated human biological 

half-life estimates for glyphosate were approximately one third of that reported by the 

International Agency for Research on Cancer Monographs (IARC 2016). Differences  

between estimates could be attributed to the IARC half-life value being extrapolated 

from animal studies, as well as this thesis estimates being based on samples collected 

over 19 – 26 hours, which may not capture possible biphasic or multiphasic kinetics. 

However, biological half-life data is required to assist in the development of optimal 

sampling strategies for non-persistent pesticides and to contribute to the development 

or refinement of glyphosate specific Physiologically Based PharmacoKinetic (PBPK) 

models.  

This research project provided useful information that can contribute to the EU 

Horizon 2020 Human Biomonitoring for Europe (HBM4EU) initiative, whose 

objective is the harmonised sampling strategies including the methodology and 

analysis of samples for human biomonitoring programmes in Europe. Recently, 

glyphosate has been categorised as a priority substance under the HBM4EU initiative. 
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Data reported from this thesis will be useful for the development of work programmes 

for glyphosate exposure studies, which contributes to the advancement of human 

biomonitoring in Europe (HBM4EU 2017).    

A complexity of interpreting concentrations of substances found in urine samples is 

that the volume of each void can vary substantially. Urine concentrations can be 

reported unadjusted or adjusted for dilution. This thesis reported the results in both 

unadjusted and adjusted for creatinine, as the results for creatinine showed some 

variation in this study, which can be due to a number of factors (e.g. diet, gender, 

physical activity or underlying disease) (Boeniger et al. 1993). A recommendation for 

future studies is to report urine sample both unadjusted and adjusted for dilution to 

ensure comparability with other studies.  

A convenient sampling strategy was adopted in all field surveys; samples were only 

collected when workers performed pesticide application tasks as part of their normal 

work duties. This strategy eliminated unnecessary pesticide exposure to workers for 

the purposes of conducting exposure assessments. It also could be a limitation as 

parameters such as the length of the spraying time, the quantity of pesticide used or 

the amount of PPE worn were not standardised throughout the study. However, results 

from these exposure assessments would reflect typical work tasks performed by 

amenity horticulturists.  

The dermal and inadvertent ingestion exposure data suggest that dermal exposure was 

the dominant route of exposure, although inadvertent ingestion also contributes to the 

overall total body burden of glyphosate (Connolly et al. 2018b). Inadvertent ingestion 

was an exposure pathway with little information gathered to investigate exposures 

among occupational pesticide users, with only one previous study collecting samples 

for model validation purposes (Christopher 2008) and can be a route of exposure that 

unconsciously contaminated from personal behavioural habits (e.g. wiping 

nose/mouth, smoking, talking on a mobile phone etc.). Mixed effect models were used 

to explore the relationship between worker’s exposure levels and empirical 

information on the task and suggests that the time taken to complete a pesticide task 

and the PPE used played a principal role in exposure levels. This information is useful 

for occupational health and safety practitioners to ameliorate work practices and 
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implement controls among pesticide users and the data can be used to raise awareness 

of the importance of this exposure pathway. Higher glyphosate levels were found on 

reusable gloves compared to disposable gloves, which suggests a strong case for using 

disposable gloves for pesticide tasks or thoroughly cleaning reusable gloves after each 

task.  

Analysis of the inadvertent ingestion exposure data found the main determinant was 

the level of glyphosate on the worker’s hands. Thus, evaluating the contribution of 

individual exposure pathways (dermal and inadvertent ingestion) to total body burden 

was not possible. It was not possible to discriminate the contamination levels between 

the dermal and inadvertent ingestion exposure routes, as hand contamination could be 

dermally absorbed or transferred to the perioral region and contribute to inadvertent 

ingestion. In addition, contamination on the perioral region could also be dermally 

absorbed or transferred into the oral cavity. The combination of the glyphosate 

contamination levels found on both hands and the perioral region explained 40% of 

the variability in the human biomonitoring data, suggesting that they are important 

exposure pathways. Hand contamination levels alone explained approximately a third 

of the variability in human biomonitoring data, indicating that dermal absorption may 

be the prominent exposure route. Inhalation samples were not collected in this study, 

as previous research has indicated that this route has very little impact to overall 

exposure (Vitali et al. 2009, Flack et al. 2008, Baldi et al. 2006, Aprea et al. 2005, 

Tuomainen et al. 2002), which was also found in glyphosate assessment studies 

(Johnson et al. 2005, Jauhiainen et al. 1991). Some tasks performed by amenity 

horticulturists, such as spraying in greenhouses, could result in higher inhalation 

exposure but these activities were not included in this research project. This study’s 

ability to perform elaborate statistical modelling or the quantity of variables included 

in the models for evaluating exposures among this occupational group was limited by 

the small sample numbers of the population of participants.  

The majority of perioral region samples in this study had detectable glyphosate levels, 

only six (21%) of the samples had non-detectable levels of glyphosate. During 

fieldwork, the researcher has observed that workers who used disposable masks had a 

tendency to adjust the facemask during the pesticide application task. In addition, few 
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workers had been face-fit tested for respiratory protective equipment (RPE). Study 

results provide a case for face-fit testing for users of RPE (including disposable 

masks), to ensure a secure RPE fit and reduce the need for the wearer to adjust the 

RPE during the task, thus potentially reducing contamination on the perioral region, a 

source for inadvertent ingestion.  

The collection of wipe samples for routinely used work objects or surfaces provides 

useful information on potential sources of glyphosate contamination that could 

contribute to dermal and inadvertent ingestion exposure. During fieldwork, the 

researcher observed that workers did not always use gloves when handling pesticide 

containers, especially when preparing for the task prior to spraying. Study results 

showed contamination levels of 0.01 to 27.7 µg cm-2 on the pesticide containers, 

highlighting a need to use gloves throughout the task and especially when handling 

the pesticide container. Study results also highlighted a potential exposure risk to non-

pesticide users in the workforce, as glyphosate contamination levels were detected on 

work vehicle steering wheels, vehicles used by non-pesticide users in the workforce. 

Glyphosate contamination was also found on the workers’ personal mobile phones, 

which are used outside of the workplace and potentially used by other people (e.g. 

family members), which highlighted a potential source for para-occupational 

exposures. 

Methods for analysing left censored data (non-detects) are highly debated, which can 

influence study results. Previous studies replaced samples below the limit of detection 

or quantification (LOD/LOQ) with simple imputation methods (e.g. half the 

LOD/LOQ), but studies have shown that this is only suitable for a small proportion of 

non-detectable values (< 10 %) (Hewett and Ganser 2007, Lubin et al. 2004). The 

imputation method used in this thesis, the maximum likelihood estimation (MLE) 

method, is considered the best overall estimator for this data set type (Gibbons et al. 

2001). A sensitivity analysis was conducted on one of the biomonitoring data sets in 

this thesis (Connolly et al. 2018a), using half the limit of quantification instead of the 

MLE method, which showed central tendency values that are the same or very similar 

using both methods. The largest difference in the overall geometric means was in the 

peak samples (1.81 vs. 1.90 µg L-1). Data was also analysed by similar exposure 

substitution
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groups and the majority of GMs had a difference of less than 0.1 µg L-1, with the 

largest difference found in the peak samples of the controlled droplet group (1.54 vs. 

1.33 µg L-1).  A recommendation of this thesis is to use single random imputation 

methods, as this method produces means and 95th percentiles that are less biased and 

more precise than other methods (e.g. substitution methods).  

Our analysis provided valuable information on determinants of exposures and 

controls, including the need for a PPE management program to reduce or eliminate 

pesticide exposures. A PPE programme should include; a purchasing policy to ensure 

the use of appropriate equipment and PPE, sufficient and dedicated pesticide PPE 

storage facilities, donning and doffing training and face-fit testing for all facemasks 

including disposable facemasks.  

This research project also resulted in the creation of a guidance document for the safe 

use of pesticides for occupational users. This document is available as an example of 

best practice guidance (Connolly et al. 2017b) on the Department of Agriculture, Food 

and the Marine’s website, the Irish national authority responsible for the 

implementation of the Sustainable Use of Pesticide Directive (European Parliament 

2009a).  

A limitation in this research project was the small sample size that existed in each of 

the exposure assessment studies, which restricted the use of more elaborate statistical 

models. A strength in these respective studies was the extensive contextual 

information that was collected and the researcher being on site for observations during 

the tasks collecting additional information, data which used when developing 

sampling protocols for the second exposure assessment study and when evaluating the 

data.  

Another potential limitation of this research project was that it was conducted within 

one organisation where health and safety is well resourced. Workers had free access 

to safe use of pesticides training, to personal protective equipment and regular 

maintenance of work equipment, resources that may not be available to workers in 

small and medium enterprises. Nevertheless, findings from this study contain valuable 
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information for the development of exposure control and prevention strategies for 

similar industries using pesticides.   

The researcher was on site and observed all of the work tasks sampled in this study, 

which had the potential to cause an observational bias. However, the project 

commenced in 2014 and the workers would have developed a familiarity with the 

researcher which would potentially reduce this bias.  

The research completed for this thesis has attempted to fill some of the research 

knowledge gaps that exist regarding occupational exposures to glyphosate among 

amenity horticulturalists. Research on occupational exposures to glyphosate is 

important as it is a widely used chemical and there is the lack of exposure data for 

these exposure scenarios. This research is very timely given the recent international 

debate and interest concerning the potential adverse health effects caused by this 

chemical, especially given the ubiquitous nature of glyphosate in our environment. 

The exposure data presented in this research would be useful for occupational 

hygienists when conducting occupational risk assessments and when implementing 

controls for pesticide users. The data collected will be of great value to the scientific 

community to assist in the improvement and harmonisation of glyphosate sampling 

strategies, as studies to date have had a differing methodology and analytical methods 

that restrict the ability for comparison between studies. From an international 

perspective, this dataset will contribute to the international pool of exposure data to 

assist with risk characterisation required for regulatory risk assessments and for 

implementing risk mitigation measures for policy makers. The work improvement 

suggestions and guidance document could potentially have positive societal impacts. 

5.1 Opportunities for Future Research in this Area 

Project results identified opportunities to build on this area of research outside the 

scope of this project. Amenity horticulturists perform a variety of tasks requiring the 

use of a range of pesticide products. Additional exposure assessments studies could be 

conducted among amenity horticulturalists on different pesticide products and 

application methods that are frequently used to characterise exposures and evaluate 

exposure determinants. There are many chemicals in use among amenity 
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horticulturists for which analytical methods are not available. One example identified 

in this study was a pesticide product used in high volumes called  RoseClear® (active 

ingredients Triticonazole and Acetamiprid), which is commonly used insecticide in 

national parks and ornamental gardens. Furthermore, there are few biomonitoring 

reference values available for many pesticides, which can cause problems when 

interpreting results. Biomonitoring data, similar to data collected in this study, can be 

used to set guidance values such as the 90th percentile within a workplace as a good 

control measure when health-based guidance values are not available (HSL 2018).  

Exposure assessment methods used to assess inadvertent ingestion require further 

development to ensure the proper evaluation of this exposure pathway. This study used 

perioral wipes and researcher observations to evaluate this exposure route but as 

suggested in the results, glyphosate contamination on the perioral region is not 

exclusively ingested, it could be dermally absorbed and issues arise when attempting 

to discriminate between the two exposure routes. A mouth swab sample also has 

disadvantages, due to the flux of saliva in the oral cavity, which proves to be an 

incomprehensive sampling strategy. Further work could be completed to evaluate 

alternative sampling strategies to quantify the inadvertent ingestion exposure route.  

Intervention studies could evaluate exposure levels before and after implementing a 

PPE management programme, to assess whether there is an effect on pesticide 

exposure levels among workers. Human behaviours could also potentially contribute 

to pesticide exposures and there would be scope to conduct a human factors study on 

occupational users of pesticides and implement a behavioural based safety program.  

The research identified potential sources of exposure for non-pesticide users in the 

workforce and para-occupational exposures. Further research could focus on 

characterising exposures among these groups.  

Recent developments have emphasised a need for evaluating glyphosate exposures 

among the Irish population. This study conducted a small environmental exposure 

study that found detectable glyphosate levels in 20% of the samples collected among 

the Irish population that warrants further investigation (Connolly et al. 2018d). Further 

assessments to evaluate environmental exposures to glyphosate among the general 
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population in Ireland should be conducted by collecting a larger quantity of samples, 

using a more sensitive analytical method and measuring the main metabolite for 

glyphosate, aminomethylphosphonic acid (AMPA). 
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Exposure data is of utmost importance for characterising personal exposures to 

pesticides and assessing different exposure scenarios. The exposure data presented in 

this research project are for workers who largely adopted good work practices, used 

assigned personal protective equipment and exposure controls when using pesticide 

products, yet exposure levels were similar in magnitude to agricultural exposures.  

In this research project, exposure assessments of glyphosate among amenity 

horticulturists were conducted using human biomonitoring, evaluating the total body 

burden of this chemical. Study results suggest low-level glyphosate exposures, 

equivalent to less than 1% of EFSA’s acceptable operator exposure level. Although 

low levels of exposures were detected within this study, exposure data is required for 

regulatory risk assessments, to identify routes and determinants of exposures and to 

reduce exposure to a level that is as low as reasonably practical to achieve.  

Determinants of total body burden included the duration of the pesticide task and the 

type of personal protective equipment (PPE) used. New estimates of the human 

biological half-life of glyphosate, based on the analysis of glyphosate concentrations 

in spot urine samples, suggest a substantially lower estimate than that of previously 

published research. Results from an environmental glyphosate exposure study among 

the Irish population suggests low-level background exposure (ranging from 0.80 – 

1.35 μg L−1), although impacted by small sample numbers and by the limit of detection 

of the analytical method (LOQ 0.5 µg L-1), it warrants further investigation.  

This study presents new data on the total body burden of glyphosate, parallel with 

dermal and inadvertent exposure data. Dermal absorption is likely to be the prominent 

route of exposure but inadvertent ingestion is also a likely contributor to the total body 

burden of glyphosate among this worker group. This study also identified potential 

exposure pathways among non-pesticide users and for para-occupational exposures, 

as well as providing recommendations for implementing a PPE management 

programme to reduce pesticide exposures. A guidance document for occupational 

pesticide users to assist in reducing or eliminating pesticide exposure among this 

worker group (Connolly et al. 2017b) was developed based on a posteriori knowledge 

from research project findings.  
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This project presents novel research on the characterisation of glyphosate exposures 

among amenity horticulturists. This work, inter alia, assisted in enhancing our 

knowledge of pesticide exposures pathways and aid in the optimisation of human 

biomonitoring sampling methodologies, as well as providing guidance for controlling 

these hazards to reduce or eliminate exposures to these occupational users.  

Studies, such as the current research project, provide information that can contribute 

to an in-depth analysis of glyphosate exposures, data that is required when conducting 

regulatory risk assessments. The European Commission recently committed to 

renewing the approval for glyphosate in Europe until 2022, with the next assessment 

for re-approval scheduled after this date (European Commission 2018a).  

This research project aligns with the United Nation’s 2030 Agenda for Sustainable 

Development theme of global sustainability for chemical use, for the protection of 

humans and the sound management of chemicals (United Nations 2018).  

Given international debate and the ubiquitous nature of glyphosate, there is a 

requirement for future environmental human biomonitoring programmes to advance 

the understanding of the relationship between chronic low dose exposures and human 

health, as well as the continued refinement of regulatory risk assessments.  

 



Bibliography                

  

 124 

 

 

 

 

 

 

 

 

 

 

Bibliography 

  



Bibliography                

  

 125 

Acquavella, J., Doe, J., Tomenson, J., Chester, G., Cowell, J. and Bloemen, L. (2003) 
'Epidemiologic studies of occupational pesticide exposure and cancer: Regulatory 
risk assessments and biologic plausibility', Ann Epidemiol, 13(1), 1-7.  Available: 
https://doi.org/10.1016/S1047-2797(02)00423-4 [accessed 02/10/2016]. 

 
Acquavella, J. F., Alexander, B. H., Mandel, J. S., Gustin, C., Baker, B., Chapman, P. and 

Bleeke, M. (2004) 'Glyphosate biomonitoring for farmers and their families: Results 
from the farm family exposure study', Environmental Health Perspectives, 112(3), 
321-326.  Available: https://www.jstor.org/stable/3435654 [accessed 03/10/2016]. 

 
Alavanja, M., Hofmann, J., Lynch, C., Hines, C., Barry, K., Barker, J., Buckman, D., Thomas, 

K., Sandler, D., Hoppin, J., Koutros, S., Andreotti, G., Lubin, J., Blair, A. and Beane 
Freeman, L. (2014) Occupational use of insecticides, fungicides and fumigants and 
risk of non-Hodgkin lymphoma and multiple myeloma in the Agricultural Health 
Study. 

 
Alavanja, M. C. R., Samanic, C., Dosemeci, M., Lubin, J., Tarone, R., Lynch, C. F., Knott, C., 

Thomas, K., Hoppin, J. A., Barker, J., Coble, J., Sandler, D. P. and Blair, A. (2003) 'Use 
of agricultural pesticides and prostate cancer risk in the agricultural health study 
cohort', American Journal of Epidemiology, 157(9), 800-814.  Available: 
https://doi.org/10.1093/aje/kwg040 [accessed 02/10/2016]. 

 
Allen, M. T. and Levy, L. S. (2013) 'Parkinson's disease and pesticide exposure - a new 

assessment', Critical Reviews in Toxicology, 43(6), 515-534.  Available: 
https://doi.org/10.3109/10408444.2013.798719 [accessed 02/10/2016]. 

 
Aprea, C., Colosio, C., Mammone, T., Minoia, C. and Maroni, M. (2002) 'Biological 

monitoring of pesticide exposure: a review of analytical methods', Journal of 
Chromatography B, 769(2), 191-219.  Available: https://doi.org/10.1016/S1570-
0232(02)00044-2 [accessed 02/10/2016]. 

 
Aprea, C., Terenzoni, B., De Angelis, V., Sciarra, G., Lunghini, L., Borzacchi, G., Vasconi, D., 

Fani, D., Quercia, A., Salvan, A. and Settimi, L. (2005) 'Evaluation of skin and 
respiratory doses and urinary excretion of alkylphosphates in workers exposed to 
dimethoate during treatment of olive trees', Archives of Environmental 
Contamination and Toxicology, 48(1), 127-134.  Available: 
https://doi.org/10.1007/s00244-004-0073-5 [accessed 05/10/2016]. 

 
Aprea, M. C. (2012) 'Environmental and biological monitoring in the estimation of absorbed 

doses of pesticides', Toxicology Letters, 210(2), 110-8.  Available: 
https://doi.org/10.1016/j.toxlet.2011.08.008 [accessed 02/07/2018]. 

 
Aragon, A., Blanco, L. E., Funez, A., Ruepert, C., Liden, C., Nise, G. and Wesseling, C. (2006) 

'Assessment of dermal pesticide exposure with fluorescent tracer: a modification of 



Bibliography                

  

 126 

a visual scoring system for developing countries', Annals of Occupational Hygiene, 
50(1), 75-83.  Available: https://doi.org/10.1093/annhyg/mei027 [accessed 
24/07/2018]. 

 
Arbuckle, T. E., Lin, Z. and Mery, L. S. (2001) 'An exploratory analysis of the effect of 

pesticide exposure on the risk of spontaneous abortion in an Ontario farm 
population', Environmental Health Perspectives, 109.  Available: 
http://dx.doi.org/10.1289/ehp.01109851 [accessed 02/10/2016]. 

 
Ascherio, A., Chen, H., Weisskopf, M. G., O'Reilly, E., McCullough, M. L., Calle, E. E., 

Schwarzschild, M. A. and Thun, M. J. (2006) 'Pesticide exposure and risk for 
Parkinson's disease', Annals of Neurology, 60(2), 197-203.  Available: 
https://doi.org/10.1002/ana.20904 [accessed 02/10/2016]. 

 
Baharuddin, M. R., Sahid, I. B., Noor, M. A., Sulaiman, N. and Othman, F. (2011) 'Pesticide 

risk assessment: A study on inhalation and dermal exposure to 2,4-D and paraquat 
among Malaysian paddy farmers', J Environ Sci Health B, 46(7), 600-7.  Available: 
https://doi.org/10.1080/03601234.2011.589309 [accessed 10/10/2016]. 

 
Baldi, I., Lebailly, P., Jean, S., Rougetet, L., Dulaurent, S. and Marquet, P. (2006) 'Pesticide 

contamination of workers in vineyards in France', Journal of Exposure Science and 
Environmental Epidemiology, 16(2), 115-124.  Available: 
http://dx.doi.org/10.1038/sj.jea.7500443 [accessed 02/10/2016]. 

 
Barr, D. B., Barr, J. R., Driskell, W. J., Hill, R. H., Ashley, D. L., Needham, L. L., Head, S. L. and 

Sampson, E. J. (1999) 'Strategies for biological monitoring of exposure for 
contemporary-use pesticides', Toxicology and Industrial Health, 15(1-2), 168-179.  
Available: https://doi.org/10.1177/074823379901500114 [accessed 02/07/2018]. 

 
Barr, D. B., Thomas, K., Curwin, B., Landsittel, D., Raymer, J., Lu, C., Donnelly, K. C. and 

Acquavella, J. (2006) 'Biomonitoring of Exposure in Farmworker Studies', 
Environmental Health Perspectives, 114(6), 936-942.  Available: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC148048 [accessed 06/10/2016]. 

 
Barr, D. B., Wilder, L. C., Caudill, S. P., Gonzalez, A. J., Needham, L. L. and Pirkle, J. L. (2005) 

'Urinary Creatinine Concentrations in the U.S. Population: Implications for Urinary 
Biologic Monitoring Measurements', Environmental Health Perspectives, 113(2), 
192-200.  Available: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1277864 
[accessed 06/10/2016]. 

 
Benbrook, C. M. (2016) 'Trends in glyphosate herbicide use in the United States and 

globally', Environmental Sciences Europe, 28(1), 1-15.  Available: 
https://doi.org/10.1186/s12302-016-0070-0 [accessed 07/03/2017]. 

 



Bibliography                

  

 127 

Beseler, C. L., Stallones, L., Hoppin, J. A., Alavanja, M. C., Blair, A., Keefe, T. and Kamel, F. 
(2008) 'Depression and pesticide exposures among private pesticide applicators 
enrolled in the Agricultural Health Study', Environmental Health Perspectives, 
116(12), 1713.  Available: https://ehp.niehs.nih.gov/11091/ [accessed 06/10/2016]. 

 
Boeniger, M. F., Lowry, L. K. and Rosenberg, J. (1993) 'Interpretation of urine results used 

to assess chemical exposure with emphasis on creatinine adjustments: a review', 
American Industrial Hygiene Association Journal, 54(10), 615-627.  Available: 
https://doi.org/10.1080/15298669391355134 [accessed 06/10/2016]. 

 
Bonetta, L. (2002) 'Pesticide-Parkinson link explored', Nature Medicine, 8(10), 1050-1050.  

Available: http://dx.doi.org/10.1038/nm1002-1050 [accessed 06/10/2016]. 

 
Bopp, S. K., Barouki, R., Brack, W., Dalla Costa, S., Dorne, J.-L. C. M., Drakvik, P. E., Faust, 

M., Karjalainen, T. K., Kephalopoulos, S., van Klaveren, J., Kolossa-Gehring, M., 
Kortenkamp, A., Lebret, E., Lettieri, T., Nørager, S., Rüegg, J., Tarazona, J. V., Trier, 
X., van de Water, B., van Gils, J. and Bergman, Å. (2018) 'Current EU research 
activities on combined exposure to multiple chemicals', Environment International, 
120, 544-562.  Available: 
http://www.sciencedirect.com/science/article/pii/S0160412018308420 [accessed 
25/09/2018]. 

 
Bradman, A., Kogut, K., Eisen, E. A., Jewell, N. P., Quirós-Alcalá, L., Castorina, R., Chevrier, J., 

Holland, N. T., Barr, D. B., Kavanagh-Baird, G. and Eskenazi, B. (2013) 'Variability of 
organophosphorous pesticide metabolite levels in spot and 24-hr urine samples 
collected from young children during 1 week', Environmental Health Perspectives, 
121(1), 118-124.  Available: http://dx.doi.org/10.1289/ehp.1104808 [accessed 
06/11/2017]. 

 
Bretveld, R., Kik, S., Hooiveld, M., van Rooij, I., Zielhuis, G. and Roeleveld, N. (2008) 'Time-

to-pregnancy among male greenhouse workers', Occup Environ Med, 65(3), 185-
190.  Available: https://oem.bmj.com/content/65/3/185.long [accessed 
02/10/2016]. 

 
Brewster DW, Warren J and WE, H. (1991) 'Metabolism of glyphosate in Sprague-Dawley 

rats: tissue distribution, identification, and quantification of glyphosate-derived 
materials following a single oral dose.', Fundamental and Applied Toxicology, 17, 
43-51.  Available: 
https://www.sciencedirect.com/science/article/pii/027205909190237X [accessed 
10/10/2016]. 

 
Brookes, G., Taheripour, F. and Tyner, W. E. (2017) 'The contribution of glyphosate to 

agriculture and potential impact of restrictions on use at the global level', GM 
Crops and Food, 8(4), 216-228.  Available: 
https://doi.org/10.1080/21645698.2017.1390637 [accessed. 



Bibliography                

  

 128 

 
Brouwer, M., Huss, A., van der Mark, M., Nijssen, P. C. G., Mulleners, W. M., Sas, A. M. G., 

van Laar, T., de Snoo, G. R., Kromhout, H. and Vermeulen, R. C. H. (2017) 
'Environmental exposure to pesticides and the risk of Parkinson's disease in the 
Netherlands', Environment International, 107, 100-110.  Available: 
https://doi.org/10.1016/j.envint.2017.07.001 [accessed 03/03/2018]. 

 
Brucker-Davis, F., Wagner-Mahler, K., Delattre, I., Ducot, B., Ferrari, P., Bongain, A., 

Kurzenne, J. Y., Mas, J. C., Fenichel, P. and Cryptorchidism Study Grp Nice, A. (2008) 
'Cryptorchidism at birth in Nice area (France) is associated with higher prenatal 
exposure to PCBs and DDE, as assessed by colostrum concentrations', Human 
Reproduction, 23(8), 1708-1718.  Available: 
https://doi.org/10.1093/humrep/den186 [accessed 10/10/2016]. 

 
Bus, J. S. (2017) 'IARC use of oxidative stress as key mode of action characteristic for 

facilitating cancer classification: Glyphosate case example illustrating a lack of 
robustness in interpretative implementation', Regulatory Toxicology and 
Pharmacology, 86, 157-166.  Available: 
https://doi.org/10.1016/j.yrtph.2017.03.004 [accessed 03/03/2018]. 

 
Carson, R. (1962) Silent Spring, New York, United States of America: Houghton Mifflin 

Company. 

 
Cattani, M., Cena, K., Edwards, J. and Pisaniello, D. (2001) 'Potential dermal and inhalation 

exposure to chlorpyrifos in Australian pesticide workers', Annals of Occupational 
Hygiene, 45(4), 299-308.  Available: 
https://www.ncbi.nlm.nih.gov/pubmed/11378152 [accessed 10/10/2016]. 

 
Centner, T. J., Russell, L. and Mays, M. (2019) 'Viewing evidence of harm accompanying 

uses of glyphosate-based herbicides under US legal requirements', Science of the 
Total Environment, 648, 609-617.  Available: 
http://www.sciencedirect.com/science/article/pii/S0048969718331206 [accessed 
25/09/2018]. 

 
Chadha, V., Garg, U. and Alon, U. S. (2001) 'Measurement of urinary concentration: a 

critical appraisal of methodologies', Pediatric Nephrology, 16(4), 374-382.  
Available: https://link.springer.com/content/pdf/10.1007%2Fs004670000551.pdf 
[accessed 03/03/2018]. 

 
Chatzi, L., Alegakis, A., Tzanakis, N., Siafakas, N., Kogevinas, M. and Lionis, C. (2007) 

'Association of allergic rhinitis with pesticide use among grape farmers in Crete, 
Greece', Occup Environ Med, 64(6), 417-421.  Available: 
http://oem.bmj.com/content/oemed/64/6/417.full.pdf [accessed 03/03/2018]. 

 



Bibliography                

  

 129 

Cherrie, J. W., Brouwer, D. H., Roff, M., Vermeulen, R. and Kromhout, H. (2000) 'Use of 
qualitative and quantitative fluorescence techniques to assess dermal exposure', 
Annals of Occupational Hygiene, 44(7), 519-522.  Available: 
https://doi.org/10.1016/S0003-4878(00)00046-6 [accessed 03/05/2016]. 

 
Cherrie, J. W., Semple, S., Christopher, Y., Saleem, A., Hughson, G. W. and Philips, A. (2006) 

'How important is inadvertent ingestion of hazardous substances at work?', Annals 
of Occupational Hygiene, 50(7), 693-704.  Available: 
https://doi.org/10.1093/annhyg/mel035 [accessed 03/05/2016]. 

 
Chevrier, C., Warembourg, C., Gaudreau, E., Monfort, C., Le Blanc, A., Guldner, L. and 

Cordier, S. (2013) 'Organochlorine Pesticides, Polychlorinated Biphenyls, Seafood 
Consumption, and Time-to-Pregnancy', Epidemiology, 24(2), 251-260.  Available: 
http://journals.lww.com/epidem/Fulltext/2013/03000/Organochlorine_Pesticides,
_Polychlorinated.13.aspx [accessed 03/05/2016]. 

 
Christopher, Y. (2008) Inadvertent ingestion exposure to hazardous substances in the 

workplace [Ph.D.], (U524523), University of Aberdeen (United Kingdom), Available: 
https://digitool.abdn.ac.uk/R/AHU7MB9EH3UMSN8DRGQX3AL7TXF297Y1IGRRDP2
XDG3U73KTPA-03991?func=results-jump-
full&set_entry=000002&set_number=000423&base=GEN01-LHC01 [accessed 
07/04/2016]. 

 
Christopher Y, Semple S, Hughson GW and Cherrie JW (2006) Inadvertent ingestion 

exposure in the workplace. Phase I: Literature review., Edinburgh: HSE Report. 
Available: [accessed. 

 

 
Christopher, Y., Semple, S., Hughson, G. and Cherrie, J. (2007) Inadvertent ingestion 

exposure in the workplace, Edinburgh: Health and Safety Executive (HSE). Available: 
http://www.hse.gov.uk/research/rrhtm/rr551.htm [accessed 17/07/2018]. 

 

 
Clausing, P., Robinson, C. and Burtscher-Schaden, H. (2018) 'Pesticides and public health: 

An analysis of the regulatory approach to assessing the carcinogenicity of 
glyphosate in the European Union', Journal of Epidemiology and Community 
Health.  Available: https://jech.bmj.com/content/72/8/668 [accessed 19/07/2018]. 

 
Cocker, J., Mason, H. J., Garfitt, S. J. and Jones, K. (2002) 'Biological monitoring of exposure 

to organophosphate pesticides', Toxicology Letters, 134(1-3), 97-103.  Available: 
http://europepmc.org/abstract/MED/12191866 [accessed 20/02/2017]. 

 



Bibliography                

  

 130 

Cocker, J., Mason, H. J., Warren, N. D. and Cotton, R. J. (2011) 'Creatinine adjustment of 
biological monitoring results', Occup Med (Lond), 61(5), 349-53.  Available: 
http://dx.doi.org/10.1093/occmed/kqr084. [accessed 20/10/2016]. 

 
Connolly, A., Basinas, I., Jones, K., Galea, K. S., Kenny, L., McGowan, P. and Coggins, M. A. 

(2018a) 'Characterising glyphosate exposures among amenity horticulturists using 
multiple spot urine samples', International Journal of Hygiene and Environmental 
Health, 221(7), 1012-1022.  Available: https://doi.org/10.1016/j.ijheh.2018.06.007 
[accessed 22/08/2018]. 

 
Connolly, A., Coggins, M., Galea, K. S., Jones, K., Kenny, L., McGowan, P. and Basinas, I. 

(2018b) 'Evaluating glyphosate exposure routes and their contribution to total body 
burden: A study among amenity horticulturalists ', Annals of Work Exposures and 
Health, In press.  Available: [accessed. 

 
Connolly, A., Jones, K., Basinas, I., Galea, K. S., Kenny, L., McGowan, P. and Coggins, M. A. 

(2018c) 'Exploring the half-life of glyphosate in human urine samples.', 
International Journal of Hygiene and Environmental Health, In Press.  Available: 
https://doi.org/10.1016/j.ijheh.2018.09.004 [accessed 25/08/2018]. 

 
Connolly, A., Jones, K., Galea, K. S., Basinas, I., Kenny, L., McGowan, P. and Coggins, M. 

(2017a) 'Exposure assessment using human biomonitoring for glyphosate and 
fluroxypyr users in amenity horticulture', International Journal of Hygiene and 
Environmental Health, 220(6), 1064-1073.  Available: 
https://doi.org/10.1016/j.ijheh.2017.06.008 [accessed 22/08/2018]. 

 
Connolly, A., Leahy, M., Jones, K., Kenny, L. and Coggins, M. A. (2018d) 'Glyphosate in Irish 

adults – A pilot study in 2017', Environmental Research, 165, 235-236.  Available: 
https://doi.org/10.1016/j.envres.2018.04.025 [accessed 03/05/2018]. 

 
Connolly, A., McGowan, P. and Coggins, M. A. (2017b) Guidance for the Office of Public 

Works (OPW) workers who use plant protection products, Department of 
Agriculture Food & the Marine: Irish Commissioners for Office of Public Works 
(OPW). Available: 
http://www.pcs.agriculture.gov.ie/sud/professionaluserssprayeroperators/ 
[accessed. 

 

 
Conrad, A., Schröter-Kermani, C., Hoppe, H.-W., Rüther, M., Pieper, S. and Kolossa-Gehring, 

M. (2017) 'Glyphosate in German adults – Time trend (2001 to 2015) of human 
exposure to a widely used herbicide', International Journal of Hygiene and 
Environmental Health, 220(1), 8-16.  Available: 
http://www.sciencedirect.com/science/article/pii/S1438463916302024 [accessed 
10/02/2018]. 



Bibliography                

  

 131 

 
Conrad A., Schröter-Kermani, C., Hoppe H. W., Rüther M., Pieper S. and M., K.-G. (2017) 

'Glyphosate in German adults – Time trend (2001 to 2015) of human exposure to a 
widely used herbicide', International Journal of Hygiene and Environmental Health, 
220(1), 8-16.  Available: 
http://www.sciencedirect.com/science/article/pii/S1438463916302024. [accessed 
17/01/2017]. 

 
Cremonese, C., Piccoli, C., Pasqualotto, F., Clapauch, R., Koifman, R. J., Koifman, S. and 

Freire, C. (2017) 'Occupational exposure to pesticides, reproductive hormone levels 
and sperm quality in young Brazilian men', Reproductive Toxicology, 67, 174-185.  
Available: http://www.sciencedirect.com/science/article/pii/S0890623817300060 
[accessed 02/06/2017]. 

 
Curwin, B. D. (2006) Bringing Work Home: Take-Home Pesticide Exposure Among Farm 

Families, (PhD Thesis), Utrecht University. 

 
Curwin, B. D., Hein, M. J., Sanderson, W. T., Nishioka, M. G., Reynolds, S. J., Ward, E. M. and 

Alavanja, M. C. (2005) 'Pesticide Contamination Inside Farm and Nonfarm Homes', 
Journal of Occupational and Environmental Hygiene, 2(7), 357-367.  Available: 
https://doi.org/10.1080/15459620591001606 [accessed 16/10/2018]. 

 
Curwin, B. D., Hein, M. J., Sanderson, W. T., Striley, C., Heederik, D., Kromhout, H., 

Reynolds, S. J. and Alavanja, M. C. (2007) 'Urinary pesticide concentrations among 
children, mothers and fathers living in farm and non-farm households in Iowa', 
Annals of Occupational Hygiene, 51(1), 53-65.  Available: 
http://dx.doi.org/10.1093/annhyg/mel062 [accessed 28/10/2016]. 

 
Damalas, C. A. (2009) 'Understanding benefits and risks of pesticide use', Scientific Research 

and Essays, 4(10), 945-949.  Available: [accessed. 

 
Damalas, C. A. and Eleftherohorinos, I. G. (2011) 'Pesticide exposure, safety issues, and risk 

assessment indicators', International Journal of Environmental Research and Public 
Health, 8(5), 1402-19.  Available: http://www.mdpi.com/1660-4601/8/5/1402 
[accessed 20/02/2017]. 

 
Davis, F. R. (2014) Banned A History of Pesticides and the Science of Toxicology, United 

States of America: Yale University Press. 

 
De Long, N. E. and Holloway, A. C. (2017) 'Early-life chemical exposures and risk of 

metabolic syndrome', Diabetes, Metabolic Syndrome and Obesity: Targets and 
Therapy, 10, 101-109.  Available: https://doi.org/10.2147/DMSO.S95296 [accessed 
01/06/2017]. 

 



Bibliography                

  

 132 

Delaplane, K. S. (1996) Pesticide Usage in the United States: History, Benefits, Risks, and 
Trends, Athens: The University of 
Georgiahttp://people.forestry.oregonstate.edu/steve-
strauss/sites/people.forestry.oregonstate.edu.steve-strauss/files/PestUse1996.pdf 
[accessed 20/02/2017]. 

 
Department of Agriculture Food and the Marine (2013) National Action Plan for the 

Sustainable Use of Pesticides, Kildare: Department of Agriculture, Food and the 
Marine. Available: [accessed. 

 

 
Department of Agriculture Food and the Marine (2016) PPP Market Statistics - 2015, 

Kildare, Ireland: Department of Agriculture, Food & the Marine. Available: 
http://www.pcs.agriculture.gov.ie/sud/pesticidestatistics/ [accessed 30/07/2017]. 

 

 
Duke, S. O. (2018a) 'The history and current status of glyphosate', Pest Management 

Science, 74(5), 1027-1034.  Available: https://doi.org/10.1002/ps.4652 [accessed 
22/07/2018]. 

 
Duke, S. O. (2018b) 'Glyphosate: The world's most successful herbicide under intense 

scientific scrutiny', Pest Management Science, 74(5), 1025-1026.  Available: 
https://doi.org/10.1002/ps.4902 [accessed. 

 
Durham, W. F. and Wolfe, H. R. (1962) 'Measurement of the exposure of workers to 

pesticides', Bulletin of the World Health Organization, 26(1), 75-91.  Available: 
[accessed. 

 
ECB (2003) Technical Guidance Document on Risk Assessment. Part 1, Italy: European 

Communities. Available: https://ec.europa.eu/jrc/en/publication/eur-scientific-
and-technical-research-reports/technical-guidance-document-risk-assessment-
part-1-part-2 [accessed 22/09/2018]. 

 

 
ECHA (2014) Alignment - Parallel processes, Finland: European Chemical Agency,. Available: 

[accessed. 

 

 
ECHA (2017) Glyphosate not classified as a carcinogen by ECHA - All news - ECHA [online], 

Available: https://echa.europa.eu/-/glyphosate-not-classified-as-a-carcinogen-by-
echa [accessed 10/10/2017]. 



Bibliography                

  

 133 

 
ECHA (2018) Multilingual Chemical Termiology by ECHA. Available: https://echa-

term.echa.europa.eu/home?p_p_id=term_WAR_termportlet&p_p_lifecycle=0&p_
p_state=maximized&p_p_mode=view&_term_WAR_termportlet_entryId=10920&
_term_WAR_termportlet_srcLang=en&_term_WAR_termportlet_q=Biocides&_ter
m_WAR_termportlet_searchType=define&_term_WAR_termportlet_curIndex=2&_
term_WAR_termportlet_total=3&_term_WAR_termportlet_cur=1&_term_WAR_te
rmportlet_jspPage=/html/portlet/term/full_entry.jsp&_term_WAR_termportlet_se
lLang=en [accessed 13/08/2018]. 

 

 
Ecobichon, D. J. (1999) Occupational hazards of pesticide exposure: sampling, monitoring, 

measuring, London: UK: Taylor & Francis. 

 
EFSA (2011) Conclusion on the peer review of the pesticide risk assessment of the active 

substance fluroxypyr (evaluated variant fluroxypyr-meptyl), 9. Available: 
https://www.efsa.europa.eu/en/efsajournal/pub/2091 [accessed 24/07/2018]. 

 

 
EFSA (2012) Low-dose reponse in toxicology and risk assessment., Parma, Italy: European 

Food Safety Authorityhttps://www.efsa.europa.eu/en/events/event/120614 
[accessed 20/02/2017]. 

 
EFSA (2014) Glyphosate. Renewal Assessment Report of 18 December 2013., Parma, Italy: 

European Food Safety Agency http://dar.efsa.europa.eu/darweb/provision 
[accessed 09/05/2018]. 

 
EFSA (2015a) EFSA Topic: Pesticides [online], Available: [accessed 27/07/2015]. 

 
EFSA (2015b) Conclusion on the peer review of the pesticide risk assessment of the active 

substance glyphosate, Parma, Italy: European Food Safety 
Authorityhttps://www.efsa.europa.eu/en/efsajournal/pub/4302 [accessed 
30/09/2016]. 

 
EFSA (2017) 'Conclusion on the peer review of the pesticide risk assessment of the active 

substance glyphosate', European Food Safety Authority (EFSA) Journal, 13(11).  
Available: http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2015.4302/pdf 
[accessed 10/02/2018]. 

 
EPA (2014) Protecting Drinking Water from Pesticides: Poster, Environmental Protection 

Agency (EPA). Available: 
http://www.epa.ie/pubs/advice/drinkingwater/sourceprotectionleaflets/pesticides
poster.html [accessed 19/05/2018]. 



Bibliography                

  

 134 

 

 
European Commission (2018a) Glyphosate - Food Safety [online], Available: 

https://ec.europa.eu/food/plant/pesticides/glyphosate_en [accessed 19/03/2018]. 

 
European Commission (2018b) Documents and Glossary [online], Available: 

https://ec.europa.eu/growth/sectors/construction/eu-lci/documents-glossary_en 
[accessed 09/07/2018]. 

 
European Commission (2018c) EU authorisation processes of Products Plant Protection, 

Brussels: European Commission. Available: 
https://ec.europa.eu/research/sam/index.cfm [accessed. 

 

 
European Parliament (2008) 'Classification, labelling and packaging of substances and 

mixtures, amending and repealing, Directives 67/548/EEC and 1999/45/EC, and 
amending Regulation (EC) No 1907/2006', REGULATION (EC) No 1272/2008  

 
Community action to achieve the sustainable use of pesticides 2009a. 

 
European Parliament (2009b) 'Regulation (EC) No 1107/2009 of the European Parliament 

and of the council of 21 October 2009 concerning the placing of plant protection 
products on the market', 1107/2009. 

 
European Parliament (2011) 'European Communities (Birds and Natural Habitats) 

Regulations,' 477  

 
European Parliament (2012) 'European Communities (Plant Protection Products) 

Regulations ', 159. 

 
Evangelou, E., Ntritsos, G., Chondrogiorgi, M., Kavvoura, F. K., Hernández, A. F., Ntzani, E. E. 

and Tzoulaki, I. (2016) 'Exposure to pesticides and diabetes: A systematic review 
and meta-analysis', Environment International, 91, 60-68.  Available: 
http://www.sciencedirect.com/science/article/pii/S0160412016300496 [accessed 
03/07/2017]. 

 
EWDTS (2002) European Laboratory Guidelines for Legally Defensible Workplace Drug 

Testinghttp://www.ewdts.org/data/uploads/documents/ewdtsguidelines.pdf 
[accessed 26/05/2017]. 

 
Falzone, L., Marconi, A., Loreto, C., Franco, S., Spandidos, D. A. and Libra, M. (2016) 

'Occupational exposure to carcinogens: Benzene, pesticides and fibers', Molecular 



Bibliography                

  

 135 

Medicine Reports, 14(5), 4467-4474.  Available: 
https://doi.org/10.3892/mmr.2016.5791 [accessed 28/06/2017]. 

 
Faniband, M. H., Littorin, M., Mora, A. M., Winkler, M., Fuhrimann, S. and Lindh, C. H. 

(2017) 'Biomonitoring of the herbicide glyphosate in a population from Zarcero, 
Costa Rica', in 10th International Symposium on Biological Monitoring in 
Occupational and Environmental Health (ISBM-10), Naples, Italy, 34. 

 
Farahat, T. M., Abdelrasoul, G. M., Amr, M. M., Shebl, M. M., Farahat, F. M. and Anger, W. 

K. (2003) 'Neurobehavioural effects among workers occupationally exposed to 
organophosphorous pesticides', Occup Environ Med, 60(4), 279-286.  Available: 
https://oem.bmj.com/content/60/4/279 [accessed 20/02/2017]. 

 
Fenske, R. A. (1988) 'Visual scoring system for fluorescent tracer evaluation of dermal 

exposure to pesticides', Bulletin of Environmental Contamination and Toxicology, 
41(4-6), 727-736.  Available: https://doi.org/10.1007/BF02021025 [accessed 
16/08/2017]. 

 
Fenske, R. A. (2000) 'Dermal Exposure: a Decade of Real Progress', Annals of Occupational 

Hygiene, 44(7), 489-491.  Available: https://doi.org/10.1093/annhyg/44.7.489 
[accessed 20/02/2017]. 

 
Fishel, F. M. (2015) Why Do We Use Pesticides?, Florida: University of 

Floridahttp://edis.ifas.ufl.edu/pi140 [accessed 20/02/2017]. 

 
Flack, S., Goktepe, I., Ball, L. M. and Nylander-French, L. A. (2008) 'Development and 

application of quantitative methods for monitoring dermal and inhalation exposure 
to propiconazole', Journal of Environmental Monitoring, 10(3), 336-344.  Available: 
<Go to ISI>://WOS:000253908800008 [accessed. 

 
Flores, A., Berenstein, G., Hughes, E., Zalts, A. and Montserrat, J. (2011) 'Pesticide risk 

assessment in flower greenhouses in Argentina: The importance of manipulating 
concentrated products', Journal of Hazardous Materials, 189, 222-228.  Available: 
https://doi.org/10.1016/j.jhazmat.2011.02.028 [accessed 06/01/2017]. 

 
Food and Agriculture Organization of the United Nations (2015) FAOSTAT - Download data 

[online], Available: [accessed 27th November 2015]. 

 
Food Standards Agency (2018) COT statement on para-occupational exposure to pesticides 

and health outcomes other than cancer [online], Available: 
https://cot.food.gov.uk/committee/committee-on-
toxicity/cotstatements/cotstatementsyrs/cotstatements2011/cot201105 [accessed 
04/04/2018]. 



Bibliography                

  

 136 

 
Freeman, N. C., Hore, P., Black, K., Jimenez, M., Sheldon, L., Tulve, N. and Lioy, P. J. (2005) 

'Contributions of children's activities to pesticide hand loadings following 
residential pesticide application', Journal of Exposure Science and Environmental 
Epidemiology, 15(1), 81.  Available: https://www.nature.com/articles/7500348 
[accessed 01/09/2017]. 

 
Freire, C. and Koifman, S. (2012) 'Pesticide exposure and Parkinson's disease: 

Epidemiological evidence of association', Neurotoxicology, 33(5), 947-971.  
Available: https://doi.org/10.1016/j.neuro.2012.05.011 [accessed 28/07/2017]. 

 
Fustinoni, S., Campo, L., Liesivuori, J., Pennanen, S., Vergieva, T., van Amelsvoort, L. G. P. 

M., Bosetti, C., Van Loveren, H. and Colosio, C. (2008) 'Biological monitoring and 
questionnaire for assessing exposure to ethylenebisdithiocarbamates in a 
multicenter European field study', Human & Experimental Toxicology, 27(9), 681-
691.  Available: https://doi.org/10.1177/0960327108100003 [accessed 
02/02/2016]. 

 
Galea, K. S., McGonagle, C., Sleeuwenhoek, A., Todd, D. and Jimenez, A. S. (2014) 

'Validation and Comparison of Two Sampling Methods to Assess Dermal Exposure 
to Drilling Fluids and Crude Oil', Annals of Occupational Hygiene, 58(5), 591-600.  
Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4305114/ [accessed 
20/02/2017]. 

 
Galea, K. S., Mueller, W., Arfaj, A. M., Llamas, J. L., Buick, J., Todd, D. and McGonagle, C. 

(2018) 'Laboratory Validation and Field Assessment of Petroleum Laboratory 
Technicians’ Dermal Exposure to Crude Oil Using a Wipe Sampling Method', Annals 
of Work Exposures and Health, 62(6), 733-741.  Available: 
http://dx.doi.org/10.1093/annweh/wxy038 [accessed 15/10/2018]. 

 
Ganzleben, C., Antignac, J.-P., Barouki, R., Castaño, A., Fiddicke, U., Klánová, J., Lebret, E., 

Olea, N., Sarigiannis, D., Schoeters, G. R., Sepai, O., Tolonen, H. and Kolossa-
Gehring, M. (2017) 'Human biomonitoring as a tool to support chemicals regulation 
in the European Union', International Journal of Hygiene and Environmental Health, 
220(2, Part A), 94-97.  Available: https://doi.org/10.1016/j.ijheh.2017.01.007 
[accessed 04/08/2017]. 

 
Garrod, A. N. I., Martinez, M., Pearson, J., Proud, A. and Rimmer, D. A. (1999) 'Exposure to 

preservatives used in the industrial pretreatment of timber', Annals of 
Occupational Hygiene, 43(8), 543-555.  Available: https://doi.org/10.1016/S0003-
4878(99)00043-5 [accessed 11/05/2018]. 

 
Garry, V. F., Harkins, M. E., Erickson, L. L., Long-Simpson, L. K., Holland, S. E. and Burroughs, 

B. L. (2002) 'Birth defects, season of conception, and sex of children born to 
pesticide applicators living in the Red River Valley of Minnesota, USA', 



Bibliography                

  

 137 

Environmental Health Perspectives, 110.  Available: 
http://dx.doi.org/10.1289/ehp.02110s3441 [accessed 02/06/2017]. 

 
Garzia, N. A., Spinelli, J. J., Gotay, C. C. and Teschke, K. (2018) 'Literature review: dermal 

monitoring data for pesticide exposure assessment of farm workers', Journal of 
Agromedicine, 23(3), 187-214.  Available: 
https://doi.org/10.1080/1059924X.2018.1448734 [accessed 10/10/2018]. 

 
Gibbons, R. D., Coleman, D. E. and Coleman, D. D. (2001) Statistical methods for detection 

and quantification of environmental contamination, John Wiley & Sons. 

 
Göen, T., Schmidt, L., Lichtensteiger, W. and Schlumpf, M. (2017) 'Efficiency control of 

dietary pesticide intake reduction by human biomonitoring', International Journal 
of Hygiene and Environmental Health, 220(2, Part A), 254-260.  Available: 
https://doi.org/10.1016/j.ijheh.2016.11.008 [accessed 02/06/2017]. 

 
Goodson, W. H., III, Lowe, L., Carpenter, D. O., Gilbertson, M., Ali, A. M., de Cerain 

Salsamendi, A. L., Lasfar, A., Carnero, A., Azqueta, A., Amedei, A., Charles, A. K., 
Collins, A. R., Ward, A., Salzberg, A. C., Colacci, A., Olsen, A.-K., Berg, A., Barclay, B. 
J., Zhou, B. P., Blanco-Aparicio, C., Baglole, C. J., Dong, C., Mondello, C., Hsu, C.-W., 
Naus, C. C., Yedjou, C., Curran, C. S., Laird, D. W., Koch, D. C., Carlin, D. J., Felsher, 
D. W., Roy, D., Brown, D. G., Ratovitski, E., Ryan, E. P., Corsini, E., Rojas, E., Moon, 
E.-Y., Laconi, E., Marongiu, F., Al-Mulla, F., Chiaradonna, F., Darroudi, F., Martin, F. 
L., Van Schooten, F. J., Goldberg, G. S., Wagemaker, G., Nangami, G., Calaf, G. M., 
Williams, G., Wolf, G. T., Koppen, G., Brunborg, G., Lyerly, H. K., Krishnan, H., Ab 
Hamid, H., Yasaei, H., Sone, H., Kondoh, H., Salem, H. K., Hsu, H.-Y., Park, H. H., 
Koturbash, I., Miousse, I. R., Scovassi, A. I., Klaunig, J. E., Vondracek, J., Raju, J., 
Roman, J., Wise, J. P., Sr., Whitfield, J. R., Woodrick, J., Christopher, J. A., Ochieng, 
J., Fernando Martinez-Leal, J., Weisz, J., Kravchenko, J., Sun, J., Prudhomme, K. R., 
Narayanan, K. B., Cohen-Solal, K. A., Moorwood, K., Gonzalez, L., Soucek, L., Jian, L., 
D'Abronzo, L. S., Lin, L.-T., Li, L., Gulliver, L., McCawley, L. J., Memeo, L., Vermeulen, 
L., Leyns, L., Zhang, L., Valverde, M., Khatami, M., Romano, M. F., Chapellier, M., 
Williams, M. A., Wade, M., et al. (2015) 'Assessing the carcinogenic potential of 
low-dose exposures to chemical mixtures in the environment: the challenge 
ahead', Carcinogenesis, 36, S254-S296.  Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4480130/ [accessed 20/02/2017]. 

 
Gorman Ng, M. (2013) Development of a predictive tool for estimating occupational 

inadvertent ingestion exposure, (PhD Thesis), University of Aberdeen. 

 
Gorman Ng, M., Davis, A., van Tongeren, M., Cowie, H. and Semple, S. (2016) 'Inadvertent 

ingestion exposure: hand- and object-to-mouth behavior among workers', Journal 
of Exposure Science and Environmental Epidemiology, 26(1), 9-16.  Available: 
https://www.nature.com/articles/jes201471 [accessed 20/02/2017]. 

 



Bibliography                

  

 138 

Gorman Ng, M., de Poot, S., Schmid, K., Cowie, H., Semple, S. and van Tongeren, M. (2014) 
'A preliminary comparison of three dermal exposure sampling methods: rinses, 
wipes and cotton gloves', Environmental Science-Processes & Impacts, 16(1), 141-
147.  Available: 
http://pubs.rsc.org/en/content/articlelanding/2014/em/c3em00511a#!divAbstract 
[accessed 20/02/2017]. 

 
Gorman Ng, M., MacCalman, L., Semple, S. and van Tongeren, M. (2017) 'Field 

Measurements of Inadvertent Ingestion Exposure to Metals', Annals of Work 
Exposures and Health, 61(9), 1097-1107.  Available: 
http://dx.doi.org/10.1093/annweh/wxx071 [accessed 02/03/2018]. 

 
Gorman Ng, M., Semple, S., W. Cherrie, J., Christopher, Y., Northage, C., Tielemans, E., 

Veroughstraete, V. and Van Tongeren, M. (2012) 'The Relationship Between 
Inadvertent Ingestion and Dermal Exposure Pathways: A New Integrated 
Conceptual Model and a Database of Dermal and Oral Transfer Efficiencies', Annals 
of Occupational Hygiene, 56(9), 1000-1012.  Available: 
https://doi.org/10.1093/annhyg/mes041 [accessed 20/02/2017]. 

 
Gorman Ng, M., Stjernberg, E., Koehoorn, M., Demers, P. A. and Davies, H. W. (2011) 

'Exposure to Pesticides and Metal Contaminants of Fertilizer among Tree Planters', 
Annals of Occupational Hygiene, 55(7), 752-763.  Available: 
https://doi.org/10.1093/annhyg/mer029 [accessed 20/02/2017]. 

 
Griffin, P., Payne, M., Mason, H., Freedlander, E., Curran, A. D. and Cocker, J. (2000) 'The in 

vitro percutaneous penetration of chiorpyrifos', Human & Experimental Toxicology, 
19(2), 104-107.  Available: https://doi.org/10.1191/096032700678815684 
[accessed 2018/05/20]. 

 
Gunnarsson, L. G. and Bodin, L. (2017) 'Parkinson's disease and occupational exposures: a 

systematic literature review and meta-analyses', Scandinavian Journal of Work 
Environment & Health, 43(3), 197-209.  Available: 
https://doi.org/10.5271/sjweh.3641 [accessed 28/07/2017]. 

 
Gupta, P. K. (2016) 'Chapter 9 - Principles and basic concepts of toxicokinetics' in Gupta, P. 

K., ed., Fundamentals of ToxicologyAcademic Press, 87-107. 

 
Guyton, K. Z., Loomis, D., Grosse, Y., El Ghissassi, F., Benbrahim-Tallaa, L., Guha, N., 

Scoccianti, C., Mattock, H. and Straif, K. (2014) 'Carcinogenicity of 
tetrachlorvinphos, parathion, malathion, diazinon, and glyphosate', The Lancet.  
Available: https://doi.org/10.1016/S1470-2045(15)70134-8 [accessed 10/10/2016]. 

 
Haddow, J. E., Knight, G. J., Palomaki, G. E., Neveux, L. M. and Chilmonczyk, B. A. (1994) 

'Replacing creatinine measurements with specific gravity values to adjust urine 



Bibliography                

  

 139 

cotinine concentrations', Clinical Chemistry, 40(4), 562-564.  Available: 
http://clinchem.aaccjnls.org/content/clinchem/40/4/562.full.pdf [accessed. 

 
Harrison, V. and Mackenzie Ross, S. (2016) 'Anxiety and depression following cumulative 

low-level exposure to organophosphate pesticides', Environmental Research, 151, 
528-536.  Available: https://doi.org/10.1016/j.envres.2016.08.020 [accessed 
20/02/2017]. 

 
Hayden, K. M., Norton, M. C., Darcey, D., Ostbye, T., Zandi, P. P., Breitner, J. C. S., Welsh-

Bohmer, K. A. and Cache Cty Study, I. (2010) 'Occupational exposure to pesticides 
increases the risk of incident AD The Cache County Study', Neurology, 74(19), 1524-
1530.  Available: https://doi.org/10.1212/WNL.0b013e3181dd4423 [accessed 
28/07/2017]. 

 
HBM4EU (2017) HBM4EU - science and policy for a healthy future [online], Available: 

https://www.hbm4eu.eu/about-hbm4eu/ [accessed 04/08/2017]. 

 
HBM4EU (2018) Prioritisation Strategy [online], Available: https://www.hbm4eu.eu/the-

substances/prioritisation-strategy/ [accessed 06/09/2018]. 

 
HEALS (2018) Project Overview [online], Available: http://www.heals-

eu.eu/index.php/project/ [accessed 19/07/2018]. 

 
Henneberger, P. K., Liang, X., London, S. J., Umbach, D. M., Sandler, D. P. and Hoppin, J. A. 

(2014) 'Exacerbation of symptoms in agricultural pesticide applicators with 
asthma', International Archives of Occupational and Environmental Health, 87(4), 
423-32.  Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4089194/ 
[accessed 29/10/2016]. 

 
Hewett, P. and Ganser, G. H. (2007) 'A comparison of several methods for analyzing 

censored data', Annals of Occupational Hygiene, 51(7), 611-632.  Available: <Go to 
ISI>://WOS:000250673400005 [accessed. 

 
Hinwood, A. L., Sim, M. R., de Klerk, N., Drummer, O., Gerostamoulos, J. and Bastone, E. B. 

(2002) 'Are 24-hour urine samples and creatinine adjustment required for analysis 
of inorganic arsenic in urine in population studies?', Environmental Research, 88(3), 
219-224.  Available: https://doi.org/10.1006/enrs.2002.4339 [accessed 
29/01/2018]. 

 
Honeycutt, R. C. (1986) 'NACA overview on assessment of mixer-loader-applicator exposure 

to pesticides', Toxicology Letters, 33(1–3), 175-182.  Available: 
http://dx.doi.org/10.1016/0378-4274(86)90081-0 [accessed 20/02/2017]. 

 



Bibliography                

  

 140 

Hoppe, H. W. (2013) Determination of glyphosate residues in human urine samples from 18 
European countries., Internal Medical Laboratory Bremen Report, unpublished. 

 
Hoppin, J. A., Umbach, D. M., Long, S., London, S. J., Henneberger, P. K., Blair, A., Alavanja, 

M., Freeman Beane, L. E. and Sandler, D. P. (2017) 'Pesticides are associated with 
allergic and non-allergic wheeze among male farmers', Environmental Health 
Perspectives, 125(4), 535-543.  Available: http://dx.doi.org/10.1289/EHP315 
[accessed 01/06/2017]. 

 
Howe, C. M., Berrill, M., Pauli, B. D., Helbing, C. C., Werry, K. and Veldhoen, N. (2004) 

'Toxicity of glyphosate-based pesticides to four North American frog species', 
Environmental Toxicology and Chemistry, 23(8), 1928-1938.  Available: 
http://dx.doi.org/10.1897/03-71 [accessed 30/06/2017]. 

 
HSL (2018) Your report explained - HSL, Buxton, UK: Health and Safety Executive. Available: 

https://www.hsl.gov.uk/online-ordering/analytical-services-and-assays/biological-
monitoring/your-report-explained [accessed 21/08/2018]. 

 

 
IARC (2015) IARC Monographs Volume 112: evaluation of - MonographVolume112.pdf, 

Lyon; France: International Agency for Research on Cancer. Available: 
https://monographs.iarc.fr/iarc-monographs-on-the-evaluation-of-carcinogenic-
risks-to-humans-4/ [accessed 13/08/2015]. 

 

 
IARC (2016) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans - 

Glyphosate, 112, Lyon; France: International Agency for Research on Cancer 
http://monographs.iarc.fr/ENG/Monographs/vol112/mono112-10.pdf [accessed 
27/06/2016]. 

 
Invasive Species Ireland (2017) Environmental Impacts [online], Available: 

http://invasivespeciesireland.com/background/environmental-impacts/ [accessed 
29/08/2017]. 

 
Jauhiainen, A., Räsänen, K., Sarantila, R., Nuutinen, J. and Kangas, J. (1991) 'Occupational 

exposure of forest wrokers to glyphosate during brush saw spraying work', 
American Industrial Hygiene Association Journal, 52(2), 61-64.  Available: 
https://doi.org/10.1080/15298669191364334 [accessed 21/03/2018]. 

 
Jayasumana, C., Gunatilake, S. and Senanayake, P. (2014) 'Glyphosate, hard water and 

nephrotoxic metals: are they the culprits behind the epidemic of chronic kidney 
disease of unknown etiology in Sri Lanka?', International Journal of Environmental 



Bibliography                

  

 141 

Research and Public Health, 11.  Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3945589/ [accessed 29/05/2018]. 

 
Jayasumana, C., Gunatilake, S. and Siribaddana, S. (2015) 'Simultaneous exposure to 

multiple heavy metals and glyphosate may contribute to Sri Lankan agricultural 
nephropathy', BMC Nephrol, 16, 103.  Available: https://doi.org/10.1186/s12882-
015-0109-2 [accessed 22/10/2016]. 

 
JMPR (2016) Joint FAO/WHO Meeting on pesticide residues Geneva, : World Health 

Organisation (WHO). Available: 
http://www.who.int/foodsafety/jmprsummary2016.pdf [accessed 22/09/2018]. 

 

 
Joas, R., Casteleyn, L., Biot, P., Kolossa-Gehring, M., Castano, A., Angerer, J., Schoeters, G., 

Sepai, O., Knudsen, L. E., Joas, A., Horvat, M. and Bloemen, L. (2012) 'Harmonised 
human biomonitoring in Europe: Activities towards an EU HBM framework', 
International Journal of Hygiene and Environmental Health, 215(2), 172-175.  
Available: https://doi.org/10.1016/j.ijheh.2011.08.010 [accessed 04/08/2017]. 

 
Johnson, P. D., Rimmer, D. A., Garrod, A. N., Helps, J. E. a. and Mawdsley, C. (2005) 

'Operator exposure when applying amenity herbicides by all-terrain vehicles and 
controlled droplet applicators', Annals of Occupational Hygiene, 49(1), 25-32.  
Available: https://doi.org/10.1093/annhyg/meh073 [accessed 02/02/2016]. 

 
Jones, N. (2010) 'Alzheimer disease: Risk of dementia and Alzheimer disease increases with 

occupational pesticide exposure', Nature Reviews Neurology, 6(7), 353-353.  
Available: http://dx.doi.org/10.1038/nrneurol.2010.80 [accessed 28/07/2018]. 

 
Jorgensen, K. T., Jensen, M. S., Toft, G. V., Larsen, A. D., Bonde, J. P. and Hougaard, K. S. 

(2014) 'Risk of cryptorchidism among sons of horticultural workers and farmers in 
Denmark', Scandinavian Journal of Work Environment & Health, 40(3), 323-330.  
Available: http://dx.doi.org/10.5271/sjweh.3399 [accessed 29/06/2018]. 

 
Kachuri, L., Harris, M. A., MacLeod, J. S., Tjepkema, M., Peters, P. A. and Demers, P. A. 

(2017) 'Cancer risks in a population-based study of 70,570 agricultural workers: 
results from the Canadian census health and Environment cohort (CanCHEC)', Bmc 
Cancer, 17(1), 343.  Available: http://dx.doi.org/10.1186/s12885-017-3346-x 
[accessed 07/06/2018]. 

 
Kamel, F., Umbach, D. M., Bedlack, R. S., Richards, M., Watson, M., Alavanja, M. C. R., Blair, 

A., Hoppin, J. A., Schmidt, S. and Sandler, D. P. (2012) 'Pesticide exposure and 
amyotrophic lateral sclerosis', Neurotoxicology, 33(3), 457-462.  Available: 
https://doi.org/10.1016/j.neuro.2012.04.001 [accessed 28/07/2018]. 



Bibliography                

  

 142 

 
Kaur, R. P., Gupta, V., Christopher, A. F. and Bansal, P. (2015) 'Potential pathways of 

pesticide action on erectile function - A contributory factor in male infertility', Asian 
Pacific Journal of Reproduction, 4(4), 322-330.  Available: 
https://doi.org/10.1016/j.apjr.2015.07.012 [accessed 07/06/2018]. 

 
Kim, K.-H., Kabir, E. and Jahan, S. A. (2017) 'Exposure to pesticides and the associated 

human health effects', Science of the Total Environment, 575, 525-535.  Available: 
https://doi.org/10.1016/j.scitotenv.2016.09.009 [accessed 21/06/2017]. 

 
Kissel, J. C., Curl, C. L., Kedan, G., Lu, C., Griffith, W., Barr, D. B., Needham, L. L. and Fenske, 

R. A. (2005) 'Comparison of organophosphorus pesticide metabolite levels in single 
and multiple daily urine samples collected from preschool children in Washington 
State', Journal of Exposure Science and Environmental Epidemiology, 15(2), 164.  
Available: http://www.nature.com/articles/7500384 [accessed. 

 
Knudsen, L. E., Hansen, P. W., Mizrak, S., Hansen, H. K., Mørck, T. A., Nielsen, F., Siersma, V. 

and Mathiesen, L. (2017) 'Biomonitoring of Danish school children and mothers 
including biomarkers of PBDE and glyphosate', Reviews on Environmental Health, 
32(3), 279-290.  Available: https://doi.org/10.1515/reveh-2016-0067 [accessed. 

 
Kolossa-Gehring, M., Fiddicke, U., Leng, G., Angerer, J. and Wolz, B. (2017) 'New human 

biomonitoring methods for chemicals of concern—the German approach to 
enhance relevance', International Journal of Hygiene and Environmental Health, 
220(2, Part A), 103-112.  Available: https://doi.org/10.1016/j.ijheh.2016.10.012 
[accessed. 

 
Kongtip, P., Nankongnab, N., Phupancharoensuk, R., Palarach, C., Sujirarat, D., Sangprasert, 

S., Sermsuk, M., Sawattrakool, N. and Woskie, S. R. (2017) 'Glyphosate and 
Paraquat in Maternal and Fetal Serums in Thai Women', Journal of Agromedicine, 
22(3), 282-289.  Available: https://doi.org/10.1080/1059924X.2017.1319315 
[accessed. 

 
Krüger, M., Schledorn P, Schrödl W, Hoppe HW, Lutz W and Shehata AA (2014) 'Detection 

of Glyphosate Residues in Animals and Humans.', Journal of Environmental & 
Analytical Toxicology, 4:210.  Available: https://doi.org/10.4172/2161-
0525.1000210 [accessed 22/09/2018]. 

 
Landrigan, P. J. and Belpoggi, F. (2018) 'The need for independent research on the health 

effects of glyphosate-based herbicides', Environmental Health, 17(1), 51.  Available: 
https://doi.org/10.1186/s12940-018-0392-z [accessed. 

 
Lauria, L., Settimi, L., Spinelli, A. and Figa-Talamanca, I. (2006) 'Exposure to pesticides and 

time to pregnancy among female greenhouse workers', Reproductive Toxicology, 



Bibliography                

  

 143 

22(3), 425-430.  Available: https://doi.org/10.1016/j.reprotox.2005.12.011 
[accessed 05/05/2016]. 

 
Lavy, T. L., Cowell, J. E., Steinmetz, J. R. and Massey, J. H. (1992) 'Conifer seedling nursery 

worker exposure to glyphosate', Archives of Environmental Contamination and 
Toxicology, 22(1), 6-13.  Available: https://doi.org/10.1007/BF00213295 [accessed 
17/07/2018]. 

 
Lebailly, P., Bouchart, V., Baldi, I., Lecluse, Y., Heutte, N., Gislard, A. and Malas, J. P. (2009) 

'Exposure to Pesticides in Open-field Farming in France', Annals of Occupational 
Hygiene, 53(1), 69-81.  Available: https://doi.org/10.1093/annhyg/men072 
[accessed 05/10/2016]. 

 
Lebov, J. F., Engel, L. S., Richardson, D., Hogan, S. L., Hoppin, J. A. and Sandler, D. P. (2016) 

'Pesticide use and risk of end-stage renal disease among licensed pesticide 
applicators in the Agricultural Health Study', Occup Environ Med, 73(1), 3-12.  
Available: https://oem.bmj.com/content/73/1/3 [accessed 04/07/2017]. 

 
Lebov, J. F., Engel, L. S., Richardson, D., Hogan, S. L., Sandler, D. P. and Hoppin, J. A. (2015) 

'Pesticide exposure and end-stage renal disease risk among wives of pesticide 
applicators in the Agricultural Health Study', Environmental Research, 143, 198-
210.  Available: https://doi.org/10.1016/j.envres.2015.10.002 [accessed 
04/07/2017]. 

 
Lemarchand, C., Tual, S., Boulanger, M., Levêque-Morlais, N., Perrier, S., Clin, B., Guizard, A. 

V., Velten, M., Rigaud, E., Baldi, I. and Lebailly, P. (2016) 'Prostate cancer risk 
among french farmers in the AGRICAN cohort', Scandinavian Journal of Work, 
Environment and Health, 42(2), 144-152.  Available: 
https://doi.org/10.5271/sjweh.3552 [accessed 21/06/2017]. 

 
Liu, H., Hanchenlaksh, C., Povey, A. C. and de Vocht, F. (2015) 'Pesticide Residue Transfer in 

Thai Farmer Families: Using Structural Equation Modeling To Determine Exposure 
Pathways', Environmental Science & Technology, 49(1), 562-569.  Available: 
https://doi.org/10.1021/es503875t [accessed 17/07/2018]. 

 
Lu, C., Fenske, R. A., Simcox, N. J. and Kalman, D. (2000) 'Pesticide Exposure of Children in 

an Agricultural Community: Evidence of Household Proximity to Farmland and Take 
Home Exposure Pathways', Environmental Research, 84(3), 290-302.  Available: 
http://www.sciencedirect.com/science/article/pii/S0013935100940763 [accessed 
22/08/2018]. 

 
Lubin, J. H., Colt, J. S., Camann, D., Davis, S., Cerham, J. R., Severson, R. K., Bernstein, L. and 

Hartge, P. (2004) 'Epidemiologic Evaluation of Measurement Data in the Presence 



Bibliography                

  

 144 

of Detection Limits', Environ Health Perspect, 112.  Available: 
https://ehp.niehs.nih.gov/doi/10.1289/ehp.7199 [accessed 22/09/2018]. 

 
MacFarlane, E., Carey, R., Keegel, T., El-Zaemay, S. and Fritschi, L. (2013) 'Dermal Exposure 

Associated with Occupational End Use of Pesticides and the Role of Protective 
Measures', Safety and Health at Work, (4), 136-141.  Available: 
https://doi.org/10.1016/j.shaw.2013.07.004 [accessed 24/07/2017]. 

 
Machera, K., Kapetanakis, E., Charistou, A., Goumenaki, E. and Glass, R. C. (2002) 

'Evaluation of potential dermal exposure of pesticide spray operators in 
greenhouses by use of visible tracers', Journal of Environmental Science and Health 
Part B-Pesticides Food Contaminants and Agricultural Wastes, 37(2), 113-121.  
Available: <Go to ISI>://WOS:000175098500002 [accessed. 

 
Mamane, A., Baldi, I., Tessier, J.-F., Raherison, C. and Bouvier, G. (2015) 'Occupational 

exposure to pesticides and respiratory health', European Respiratory Review, 
24(136), 306-19.  Available: http://err.ersjournals.com/content/24/136/306 
[accessed 20/02/2017]. 

 
Mamane, A., Tessier, J.-F., Bouvier, G., Salamon, R., Lebailly, P., Raherison, C. and Baldi, I. 

(2016) 'Increase in the Risk of Respiratory Disorders in Adults and Children Related 
to Crop-Growing in Niger', Journal of Environmental and Public Health, 2016, 8.  
Available: http://dx.doi.org/10.1155/2016/9848520 [accessed 04/07/2017]. 

 
Markard, C. (2014) Ergebnisse der Vorstudie, HBM von Glyphosat., Internal Federal 

Environmental Agency (UBA), Umweltprobenbank des Bundes. Report, 
unpublished. 

 
McGuire, V., Longstreth, W. T., Nelson, L. M., Koepsell, T. D., Checkoway, H., Morgan, M. S. 

and vanBelle, G. (1997) 'Occupational exposures and amyotrophic lateral sclerosis - 
A population-based case-control study', American Journal of Epidemiology, 145(12), 
1076-1088.  Available: https://doi.org/10.1093/oxfordjournals.aje.a009070 
[accessed 28/07/2017]. 

 
Mesnage, R., Bernay, B. and Seralini, G. E. (2013) 'Ethoxylated adjuvants of glyphosate-

based herbicides are active principles of human cell toxicity', Toxicology, 313.  
Available: https://doi.org/10.1016/j.tox.2012.09.006 [accessed 20/02/2017]. 

 
Mesnage, R., C. Moesch, R. Grand, G. Lauthier, J. Vendômois, Gress, S. and G. Séralini 

(2012) 'Glyphosate Exposure in a Farmer’s Family', Journal of Environmental 
Protection, 3(9), 1001-1003.  Available: 
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=22645 [accessed 
10/02/2018]. 

 



Bibliography                

  

 145 

Mesnage, R., Renney, G., Séralini, G.-E., Ward, M. and Antoniou, M. N. (2017) 'Multiomics 
reveal non-alcoholic fatty liver disease in rats following chronic exposure to an 
ultra-low dose of Roundup herbicide', Scientific reports, 7, 39328.  Available: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5220358/ [accessed 10/02/2018]. 

 
Michael, C. R. and Alavanja, P. H. (2009) 'Pesticides Use and Exposure Extensive 

Worldwide', Reviews on Environmental Health, 24(4), 303-309.  Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946087/ [accessed 02/11/2016]. 

 
Mills, P. J., Kania-Korwel, I., Fagan, J., McEvoy, L. K., Laughlin, G. A. and Barrett-Connor, E. 

(2017) 'Excretion of the herbicide glyphosate in older adults between 1993 and 
2016', JAMA, 318(16), 1610-1611.  Available: 
http://dx.doi.org/10.1001/jama.2017.11726 [accessed 18/11/2017]. 

 
Mink, P. J., Mandel, J. S., Sceurman, B. K. and Lundin, J. I. (2012) 'Epidemiologic studies of 

glyphosate and cancer: A review', Regulatory Toxicology and Pharmacology, 63(3), 
440-452.  Available: 
http://www.sciencedirect.com/science/article/pii/S0273230012000943 [accessed 
28/11/2018]. 

 
Mostafalou, S. and Abdollahi, M. (2013) 'Pesticides and human chronic diseases: Evidences, 

mechanisms, and perspectives', Toxicology and Applied Pharmacology, 268(2), 157-
177.  Available: https://doi.org/10.1016/j.taap.2013.01.025 [accessed 20/01/2016]. 

 
Mostafalou, S. and Abdollahi, M. (2017) 'Pesticides: an update of human exposure and 

toxicity', Archives of Toxicology, 91(2), 549-599.  Available: 
http://dx.doi.org/10.1007/s00204-016-1849-x [accessed 28/06/2017]. 

 
Mwanga, H., Dalvie, M., Singh, T., Channa, K. and Jeebhay, M. (2016) 'Relationship between 

Pesticide Metabolites, Cytokine Patterns, and Asthma-Related Outcomes in Rural 
Women Workers', International Journal of Environmental Research and Public 
Health, 13(10), 957.  Available: http://www.mdpi.com/1660-4601/13/10/957 
[accessed 02/06/2017]. 

 
Myers, J. P., Antoniou, M. N., Blumberg, B., Carroll, L., Colborn, T., Everett, L. G., Hansen, 

M., Landrigan, P. J., Lanphear, B. P., Mesnage, R., Vandenberg, L. N., vom Saal, F. S., 
Welshons, W. V. and Benbrook, C. M. (2016a) 'Concerns over use of glyphosate-
based herbicides and risks associated with exposures: a consensus statement', 
Environmental Health, 15(1), 1-13.  Available: https://doi.org/10.1186/s12940-016-
0117-0 [accessed 20/02/2017]. 

 
Myers, J. P., Antoniou, M. N., Blumberg, B., Carroll, L., Colborn, T., Everett, L. G., Hansen, 

M., Landrigan, P. J., Lanphear, B. P., Mesnage, R., Vandenberg, L. N., vom Saal, F. S., 
Welshons, W. V. and Benbrook, C. M. (2016b) 'Concerns over use of glyphosate-



Bibliography                

  

 146 

based herbicides and risks associated with exposures: a consensus statement', 
Environmental Health, 15(1), 19.  Available: https://doi.org/10.1186/s12940-016-
0117-0 [accessed. 

 
Nandipati, S. and Litvan, I. (2016) 'Environmental Exposures and Parkinson’s Disease', 

International Journal of Environmental Research and Public Health, 13(9), 881.  
Available: http://www.mdpi.com/1660-4601/13/9/881 [accessed 02/06/2017]. 

 
Navarro-Martín, L., Lanctôt, C., Jackman, P., Park, B. J., Doe, K., Pauli, B. D. and Trudeau, V. 

L. (2014) 'Effects of glyphosate-based herbicides on survival, development, growth 
and sex ratios of wood frogs (Lithobates sylvaticus) tadpoles. I: Chronic laboratory 
exposures to VisionMax®', Aquatic Toxicology, 154, 278-290.  Available: 
https://doi.org/10.1016/j.aquatox.2014.05.017 [accessed 30/06/2017]. 

 
Newman, D. J., Pugia, M. J., Lott, J. A., Wallace, J. F. and Hiar, A. M. (2000) 'Urinary protein 

and albumin excretion corrected by creatinine and specific gravity', International 
Journal of Clinical Chemistry, 294(1), 139-155.  Available: 
https://doi.org/10.1016/S0009-8981(00)00181-9 [accessed 20/05/2018]. 

 
Niemann, L., Sieke, C., Pfeil, R. and Solecki, R. (2015) 'A critical review of glyphosate findings 

in human urine samples and comparison with the exposure of operators and 
consumers', Journal fur Verbraucherschutz und Lebensmittelsicherheit, 10(1), 3-12.  
Available: https://link.springer.com/article/10.1007/s00003-014-0927-3 [accessed 
20/02/2017]. 

 
Ntzani, E. E., Ntritsos G, C. M., Evangelou, E. and Tzoulaki, I. (2013) 'Literature review on 

epidemiological studies linking exposure to pesticides and health effects', EFSA 
Supporting Publications, 10(10), 497E-n/a.  Available: 
http://dx.doi.org/10.2903/sp.efsa.2013.EN-497 [accessed 03/07/2017]. 

 
Nuyttens, D., Braekman, P., Windey, S. and Sonck, B. (2009) 'Potential dermal pesticide 

exposure affected by greenhouse spray application technique', Pest Management 
Science, 65(7), 781-790.  Available: https://doi.org/10.1002/ps.1755 [accessed 
08/03/2016]. 

 
O'Rourke, M. K., Lizardi, P. S., Rogan, S. P., Freeman, N. C., Aguirre, A. and Saint, C. G. 

(2000) 'Pesticide exposure and creatinine variation among young children', Journal 
of Exposure Analysis and Environmental Epidemiology, 10(6), 672-681.  Available: 
https://www.nature.com/articles/7500119.pdf?origin=ppub [accessed 
02/07/2018]. 

 
OPW (2018) The Office of Public Works [online], Available: https://www.opw.ie/en/ 

[accessed 11/01/2018]. 

 



Bibliography                

  

 147 

Parvez, S., Gerona, R. R., Proctor, C., Friesen, M., Ashby, J. L., Reiter, J. L., Lui, Z. and 
Winchester, P. D. (2018) 'Glyphosate exposure in pregnancy and shortened 
gestational length: a prospective Indiana birth cohort study', Environmental Health, 
17(1), 23.  Available: https://doi.org/10.1186/s12940-018-0367-0 [accessed 
13/03/2018]. 

 
Pearson, M. A., Lu, C., Schmotzer, B. J., Waller, L. A. and Riederer, A. M. (2008) 'Evaluation 

of physiological measures for correcting variation in urinary output: Implications 
for assessing environmental chemical exposure in children', Journal of Exposure 
Science and Environmental Epidemiology, 19, 336.  Available: 
http://dx.doi.org/10.1038/jes.2008.48 [accessed 20/05/2018]. 

 
Pestnet (2015) Timeline of Pesticides [image online], Available: 

http://www.pestnet.com/wp-content/uploads/2012/04/pesticide-timeline-
infographic.jpg [accessed. 

 
Piccoli, C., Cremonese, C., Koifman, R. J., Koifman, S. and Freire, C. (2016) 'Pesticide 

exposure and thyroid function in an agricultural population in Brazil', 
Environmental Research, 151, 389-398.  Available: 
https://doi.org/10.1016/j.envres.2016.08.011 [accessed 20/02/2017]. 

 
Polanco Rodríguez, Á. G., Riba López, M. I., DelValls Casillas, T. Á., Araujo León, J. A., 

Mahjoub, O. and Prusty, A. K. (2017) 'Monitoring of organochlorine pesticides in 
blood of women with uterine cervix cancer', Environmental Pollution, 220, Part B, 
853-862.  Available: https://doi.org/10.1016/j.envpol.2016.10.068 [accessed 
02/06/2017]. 

 
Pouchieu, C., Piel, C., Carles, C., Gruber, A., Helmer, C., Tual, S., Marcotullio, E., Lebailly, P. 

and Baldi, I. (2018) 'Pesticide use in agriculture and Parkinson's disease in the 
AGRICAN cohort study', International Journal of Epidemiology, 47(1), 299-310.  
Available: https://doi.org/10.1093/ije/dyx225 [accessed 20/07/2018]. 

 
PubChem (2015a) Glyphosate [online], Available: 

https://pubchem.ncbi.nlm.nih.gov/compound/glyphosate#section=Top [accessed 
18/08/2015]. 

 
PubChem (2015b) Fluroxypyr [online], Available: 

https://pubchem.ncbi.nlm.nih.gov/compound/Fluroxypyr [accessed 18/08/2015]. 

 
Ramos, L. M., Querejeta, G. A., Flores, A. P., Hughes, E. A., Zalts, A. and Montserrat, J. M. 

(2010) 'Potential Dermal Exposure in greenhouses for manual sprayers: Analysis of 
the mix/load, application and re-entry stages', Science of the Total Environment, 
408(19), 4062-4068.  Available: https://doi.org/10.1016/j.scitotenv.2010.05.020 
[accessed 23/10/2016]. 



Bibliography                

  

 148 

 
Ray, D. E. and Richards, P. G. (2001) 'The potential for toxic effects of chronic, low-dose 

exposure to organophosphates', Toxicology Letters, 120, 343-351.  Available: 
https://doi.org/10.1016/S0378-4274(01)00266-1 [accessed 20/02/2017]. 

 
Richardson, J. R., Shalat, S. L., Buckley, B., Winnik, B., O'Suilleabhain, P., Diaz-Arrastia, R., 

Reisch, J. and German, D. C. (2009) 'Elevated Serum Pesticide Levels and Risk of 
Parkinson Disease', Archives of Neurology, 66(7), 870-875.  Available: 
https://doi.org/10.1001/archneurol.2009.89 [accessed 28/07/2017]. 

 
Rigas, M. L., Okino, M. S. and Quackenboss, J. J. (2001) 'Use of a pharmacokinetic model to 

assess chlorpyrifos exposure and dose in children, based on urinary biomarker 
measurements', Toxicological Sciences, 61.  Available: 
https://www.ncbi.nlm.nih.gov/pubmed/11353146 [accessed 02/07/2018]. 

 
Rohlman, D. S., Ismail, A. A., Abdel-Rasoul, G., Lasarev, M., Hendy, O. and Olson, J. R. (2014) 

'Characterizing exposures and neurobehavioral performance in Egyptian adolescent 
pesticide applicators', Metabolic Brain Disease, 29(3), 845-855.  Available: 
https://doi.org/10.1007/s11011-014-9565-9 [accessed 20/02/2017]. 

 
RPA, HSL and IEH (2017) Human biomonitoring data collection from occupational exposure 

to pesticides – Final Report, EFSA supporting publication 2017:EN-1185. Available: 
[accessed. 

 

 
Rubino, F. M., Mandic-Rajcevic, S., Ariano, E., Alegakis, A., Bogni, M., Brambilla, G., De 

Paschale, G., Firmi, A., Minoia, C., Micoli, G., Savi, S., Sottani, C., Somaruga, C., 
Turci, R., Vellere, F., Tsatsakis, A. and Colosio, C. (2012) 'Farmers' exposure to 
herbicides in North Italy: assessment under real-life conditions in small-size rice 
and corn farms', Toxicology Letters, 210(2), 189-97.  Available: 
https://doi.org/10.1016/j.toxlet.2012.01.017 [accessed 20/02/2017]. 

 
Sanin, L.-H., Carrasquilla, G., Solomon, K. R., Cole, D. C. and Marshall, E. J. P. (2009) 

'Regional Differences in Time to Pregnancy Among Fertile Women from Five 
Colombian Regions with Different use of Glyphosate', Journal of Toxicology and 
Environmental Health, 72(15-16), 949-960.  Available: 
http://dx.doi.org/10.1080/15287390902929691 [accessed 29/06/2017]. 

 
SAPEA Science Advice for Policy by European Academies (2018) Improving authorisation 

processes for plant protection products in Europe: a scientific perspective on the 
potential risks to human health.Evidence Review Report No. 3, Berlin; Germany 
SAPEA https://doi.org/10.26356/plantprotectionproducts [accessed 16/07/2018]. 

 



Bibliography                

  

 149 

Scher, D. P., Alexander, B. H., Adgate, J. L., Eberly, L. E., Mandel, J. S., Acquavella, J. F., 
Bartels, M. J. and Brzak, K. A. (2006) 'Agreement of pesticide biomarkers between 
morning void and 24-h urine samples from farmers and their children', Journal of 
Exposure Science and Environmental Epidemiology, 17(4), 350-357.  Available: 
http://www.nature.com/articles/7500505 [accessed 02/07/2018]. 

 
Sexton, K., Needham, L. L. and Pirkle, J. L. (2004) 'Human Biomonitoring of Environmental 

Chemicals', Am. Sci., (92), 38-45.  Available: 
https://www.cdc.gov/biomonitoring/pdf/AS_article_biomonitoring.pdf [accessed 
23/10/2018]. 

 
Silva João, F. S., Mattos Inês, E., Luz Laércio, L., Carmo Cleber, N. and Aydos Ricardo, D. 

(2016) 'Exposure to pesticides and prostate cancer: systematic review of the 
literature', Reviews on Environmental Health, 31(3), 311.  Available: 
www.degruyter.com/view/j/reveh.2016.31.issue-3/reveh-2016-0001/reveh-2016-
0001.xml [accessed 21/06/2017]. 

 
Slager, R. E., Simpson, S. L., LeVan, T. D., Poole, J. A., Sandler, D. P. and Hoppin, J. A. (2010) 

'Rhinitis Associated with Pesticide Use Among Private Pesticide Applicators in the 
Agricultural Health Study', Journal of Toxicology and Environmental Health, 73(20), 
1382-1393.  Available: https://doi.org/10.1080/15287394.2010.497443 [accessed 
20/02/2017]. 

 
Smith, M. T., Guyton, K. Z., Gibbons, C. F., Fritz, J. M., Portier, C. J., Rusyn, I., DeMarini, D. 

M., Caldwell, J. C., Kavlock, R. J., Lambert, P. F., Hecht, S. S., Bucher, J. R., Stewart, 
B. W., Baan, R. A., Cogliano, V. J. and Straif, K. (2016) 'Key characteristics of 
carcinogens as a basis for organizing data on mechanisms of carcinogenesis', 
Environmental Health Perspectives, 124(6), 713-721.  Available: 
https://doi.org/10.1289/ehp.1509912 [accessed 05/07/2017]. 

 
Soutar, A., Semple, S., Aitken, R. J. and Robertson, A. (2000) 'Use of patches and whole 

body sampling for the assessment of dermal exposure', Annals of Occupational 
Hygiene, 44(7), 511-518.  Available: https://doi.org/10.1016/S0003-4878(00)00043-
0 [accessed 20/02/2017]. 

 
StataCorp. (2015) 'Stata Statistical Software: Release 14'. 

 
Steckling, N., Gotti, A., Bose-O’Reilly, S., Chapizanis, D., Costopoulou, D., De Vocht, F., Garí, 

M., Grimalt, J. O., Heath, E., Hiscock, R., Jagodic, M., Karakitsios, S. P., Kedikoglou, 
K., Kosjek, T., Leondiadis, L., Maggos, T., Mazej, D., Polańska, K., Povey, A., Rovira, 
J., Schoierer, J., Schuhmacher, M., Špirić, Z., Stajnko, A., Stierum, R., Tratnik, J. S., 
Vassiliadou, I., Annesi-Maesano, I., Horvat, M. and Sarigiannis, D. A. (2018) 
'Biomarkers of exposure in environment-wide association studies – Opportunities 
to decode the exposome using human biomonitoring data', Environmental 



Bibliography                

  

 150 

Research, 164, 597-624.  Available: https://doi.org/10.1016/j.envres.2018.02.041 
[accessed 17/07/2018]. 

 
Sunwook, K., Nussbaum, M. A., Quandt, S. A., Laurienti, P. J. and Arcury, T. A. (2016) 'Effects 

of Lifetime Occupational Pesticide Exposure on Postural Control Among 
Farmworkers and Non-Farmworkers', Journal of Occupational and Environmental 
Medicine, 58(2), 133-139.  Available: 
http://dx.doi.org/10.1097/JOM.0000000000000655 [accessed 21/06/2017]. 

 
Székács, A. and Darvas, B. (2018) 'Re-registration Challenges of Glyphosate in the European 

Union', Frontiers in Environmental Science, 6(78).  Available: 
https://www.frontiersin.org/article/10.3389/fenvs.2018.00078 [accessed. 

 
Tarazona, J. V., Court-Marques, D., Tiramani, M., Reich, H., Pfeil, R., Istace, F. and 

Crivellente, F. (2017) 'Glyphosate toxicity and carcinogenicity: a review of the 
scientific basis of the European Union assessment and its differences with IARC', 
Archives of Toxicology, 1-21.  Available: http://dx.doi.org/10.1007/s00204-017-
1962-5 [accessed 01/06/2017]. 

 
The Chartered Institute of Horticulture (2016a) What is Horticulture [online], Available: 

https://www.horticulture.org.uk/about-cih/ [accessed 29/02/2016]. 

 
The Chartered Institute of Horticulture (2016b) Horticulture industry and profession 

[online], Available: https://www.horticulture.org.uk/about-cih/ [accessed 
02/03/2016]. 

 
Tielemans, E., Bretveld, R., Schinkel, J., De Joode, B. V. W., Kromhout, H., Gerritsen-Ebben, 

R., Roeleveld, N. and Preller, L. (2007) 'Exposure profiles of pesticides among 
greenhouse workers: implications for epidemiological studies', Journal of Exposure 
Science and Environmental Epidemiology, 17(6), 501-509.  Available: <Go to 
ISI>://WOS:000249400900002 [accessed. 

 
Tuomainen, A., Makinen, M., Glass, R. and Kangas, J. (2002) 'Potential exposure to 

pesticides in Nordic greenhouses', Bulletin of Environmental Contamination and 
Toxicology, 69(3), 342-349.  Available: 
https://link.springer.com/content/pdf/10.1007/s00128-002-0068-8.pdf [accessed 
03/11/2017]. 

 
United Nations (2018) Transforming our world: the 2030 Agenda for Sustainable 

Development :Sustainable Development Knowledge Platform [online], Available: 
https://sustainabledevelopment.un.org/post2015/transformingourworld [accessed 
29/06/2018]. 

 



Bibliography                

  

 151 

US  EPA (1998) Pesticide Fact Sheet - Fluroxypyr, Arlington, VA: United States 
Environmental Protection Agency,. Available: [accessed. 

 

 
US EPA (2007) Inert Ingredients Permitted in Pesticide Products for food-use and nonfood-

use inerts, United States Environmental Protection Agency Available: [accessed. 

 

 
US EPA (2011) Chapter 7 Dermal Exposure Factors: Exposure Factors Handbook 2011 

Edition (Final Report), United States Environmental Protection Agency. Available: 
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252 [accessed 
27/02/2018]. 

 

 
US EPA (2016) Glyphosate Issue Paper: Evaluation of Carcinogenic Potential, United States 

Environmental Protection Agency: Washington, D.C, . Available: 
https://www.epa.gov/sites/production/files/2016-
09/documents/glyphosate_issue_paper_evaluation_of_carcincogenic_potential.pd
f [accessed 22/09/2018]. 

 

 
Van-Wendel-De-Joode, B., Brouwer, D. H., Vermeulen, R., Van Hemmen, J. J., Heederik, D. 

and Kromhout, H. (2003) 'DREAM: A Method for Semi-quantitative Dermal 
Exposure Assessment', Annals of Occupational Hygiene, 47(1), 71-87.  Available: 
https://doi.org/10.1093/annhyg/meg012 [accessed 20/02/2017]. 

 
Van Hemmen, J. J. and Brouwer, D. H. (1995) 'Assessment of Dermal Exposure to 

Chemicals', Science of the Total Environment, 168(2), 131-141.  Available: 
https://doi.org/10.1016/0048-9697(95)04617-A [accessed 20/02/2017]. 

 
Van Maele-Fabry, G., Gamet-Payrastre, L. and Lison, D. (2017) 'Residential exposure to 

pesticides as risk factor for childhood and young adult brain tumors: A systematic 
review and meta-analysis', Environment International, 106, 69-90.  Available: 
https://doi.org/10.1016/j.envint.2017.05.018 [accessed 03/07/2017]. 

 
Van Maele-Fabry, G., Hoet, P., Vilain, F. and Lison, D. (2012) 'Occupational exposure to 

pesticides and Parkinson's disease: A systematic review and meta-analysis of 
cohort studies', Environment International, 46, 30-43.  Available: 
https://doi.org/10.1016/j.envint.2012.05.004 [accessed 28/07/2017]. 

 
Vidal, J. L. M. n., Gonzalez, Francisco J Egea , Frenich, A. G., Galera, M. a. M. n., Aguilera, P. 

A. and Carrique, E. L. (2002) 'Assessment of relevant factors and relationships 



Bibliography                

  

 152 

concerning human dermal exposure to pesticides in greenhouse applications', Pest 
Management Science, (58), 784-790.  Available: https://doi.org/10.1002/ps.524 
[accessed 20/02/2017]. 

 
Vitali, M., Protano, C., Del Monte, A., Ensabella, F. and Guidotti, M. (2009) 'Operative 

Modalities and Exposure to Pesticides During Open Field Treatments Among a 
Group of Agricultural Subcontractors', Archives of Environmental Contamination 
and Toxicology, 57(1), 193-202.  Available: 
https://link.springer.com/article/10.1007/s00244-008-9225-3 [accessed 
15/11/2016]. 

 
Weidner, I. S., Moller, H., Jensen, T. K. and Skakkebaek, N. E. (1998) 'Cryptorchidism and 

hypospadias in sons of gardeners and farmers', Environmental Health Perspectives, 
106(12), 793-796.  Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1533236/ [accessed 25/10/2016]. 

 
WHO (2015) Health topics | Pesticides [online], WHO, Available: 

http://www.who.int/topics/pesticides/en/ [accessed 27th July 2015]. 

 
WHO (2018) Vector-borne diseases [online], Available: http://www.who.int/news-

room/fact-sheets/detail/vector-borne-diseases [accessed 28/05/2018]. 

 
Williams, G. M., Kroes, R. and Munro, I. C. (2000) 'Safety evaluation and risk assessment of 

the herbicide Roundup and its active ingredient, glyphosate, for humans', Regul 
Toxicol Pharmacol, 31.  Available: 
https://www.sciencedirect.com/science/article/pii/S0273230099913715?via%3Dih
ub [accessed 06/09/2018]. 

 
Winchester, P., Proctor, C. and Ying, J. (2016) 'County-level pesticide use and risk of 

shortened gestation and preterm birth', Acta Paediatrica, 105(3), E107-E115.  
Available: https://doi.org/10.1111/apa.13288 [accessed 20/02/2017]. 

 
Wolf, T. M., Gallander, K. S., Downer, R. A., Hall, F. R., Fraley, R. W. and Pompeo, M. P. 

(1999) 'Contribution of aerosols generated during mixing and loading of pesticides 
to operator inhalation exposure', Toxicology Letters, 105(1), 31-38.  Available: 
https://doi.org/10.1016/S0378-4274(98)00381-6 [accessed 20/02/2017]. 

 
Woollen, B. H. (1993) 'Biological monitoring for pesticide absorption.', Annals of 

Occupational Hygiene, 37(5), 525-540.  Available: 
http://annhyg.oxfordjournals.org/content/37/5/525.abstract [accessed. 

 
Ye, M., Beach, J., Martin, J. W. and Senthilselvan, A. (2013) 'Occupational pesticide 

exposures and respiratory health', International Journal of Environmental Research 



Bibliography                

  

 153 

and Public Health, 10(12), 6442-71.  Available: 
https://doi.org/10.3390/ijerph10126442 [accessed 15/11/2016]. 

 
Ye, M., Beach, J., Martin, J. W. and Senthilselvan, A. (2017) 'Pesticide exposures and 

respiratory health in general populations', Journal of Environmental Sciences, 51, 
361-370.  Available: https://doi.org/10.1016/j.jes.2016.11.012 [accessed 
07/06/2017]. 



              

  

 A 

 

 

 

 

 

 

 

 

 

 

Appendix 



Appendix  
 
 
  

A1 
 

 

 

 

 

 

 

 

 

 

 

 

 

                 

 

                

  

 

  

Guidance on the safe use of 

pesticides among workers within 

the Office of Public Works (OPW) 



Appendix  
 
 
  

A2 
 

Table of Contents:  
Acknowledgements ................................................................................................................. 4 

1.0 Emergency Procedures ................................................................................................ 5 

1.1 Action Plans .............................................................................................................. 5 

1.2 Personal Contamination ........................................................................................... 5 

1.3 Dealing with a pesticide spills. .................................................................................. 7 

1.4 Suspected animal poisoning ..................................................................................... 8 

1.5 Fire ........................................................................................................................... 9 

2.0 Introduction ............................................................................................................... 10 

2.1 What is a pesticide?...................................................................................................... 10 

2.2 OPW policy on pesticides ............................................................................................. 10 

3.0 Legislation ........................................................................................................................ 11 

4.0 The Ten P’s of Pesticides. ................................................................................................ 13 

4.1 Pre-Training. ................................................................................................................. 13 

4.2 Plan ahead .................................................................................................................... 14 

4.3 Procurement of pesticides. .......................................................................................... 18 

4.4 Pesticide storage. ......................................................................................................... 18 

4.6 Practice minimum use of pesticides and integrated pest management. ..................... 19 

4.7 Protection of workers & the public. ............................................................................. 21 

4.8 Prevent contamination of water. ................................................................................. 21 

4.9 Provision of additional guidance. ................................................................................. 26 

4.10 Permanently keep a record. ....................................................................................... 27 

List of Appendices ................................................................................................................. 29 

Appendix A: Task Based Risk Assessment Template ........................................................... 30 

Appendix B: Job Safety Plan.................................................................................................. 35 

Appendix C: OPW Procurement Form .................................................................................. 38 

Appendix D: Storeroom checklist ......................................................................................... 40 

Appendix E: Chemical Inventory Template .......................................................................... 45 

Appendix F: Pesticide Disposal Record ................................................................................. 47 

Appendix G: Manual Knapsack Sprayer Checklist ................................................................ 49 

Appendix H: Boom Sprayer Testing Checklist ...................................................................... 53 

Appendix I:  Integrated Pest Management checklist template ........................................... 57 

Appendix J: Self-Assessment Form ....................................................................................... 61 

Appendix K: Personal Protective Equipment Guidance ....................................................... 64 

Poster 1: Spraying pesticides indoors. ................................................................................ 65 

Poster 2: Spraying pesticides in rose gardens or spot spraying weeds............................... 66 

Poster 3: Spraying pesticides with a tractor mounted boom sprayer ................................ 67 



Appendix  
 
 
  

A3 
 

Appendix L: Working examples of required documentation for pesticides. ...................... 68 

References ............................................................................................................................. 93 

 

  



Appendix  
 
 
  

A4 
 

Acknowledgements 
 
The guidance was prepared by Alison Connolly1, PhD research student, School of Physics, 
National University of Ireland, Galway in conjunction with the Chemical Safety Committee of 
the Office of Public Works (OPW). The guidance document is intended for OPW workers who 
use pesticide products.  
 
The Office of Public Works wishes to express their gratitude to everyone who assisted in the 
preparation of this guidance document, and acknowledges the contribution of the following 
individuals to the final version of this document:  
 

The Office of Public Works (OPW) Chemical Safety Committee which includes the 
following: Gerry Donoghue, Eamonn Rafter, John Rooney, Willie Gannon,  Nigel 
Beattie, Lisa Joyce, Noel Howley, Cliona Ni Dhonaill, Gretta Doyle, Caroline 
McCombs, Dave Farrell, Brian Furlong, Padraic McGowan (Chairman), Jim Fanning 
(HSA), Tom O’Keaffe (State Claims Agency), and Dr Marie Coggins (NUIG). 
  
Prof John Moverley OBE, Independent Chairman for the Amenity Forum, UK  
 
Sheila Macken and Gordon Rennick of the Pesticide Control Division in the 
Department of Agriculture Food and the Marine. 

 

 
  

                                                 
 

 

 

1 This is the third edition of the Guidance on the Safe Use of Pesticides among Workers within the 
Office of Public Works (OPW), edited on the 14th of September 2018.  



Appendix  
 
 
  

A5 
 

1.0 Emergency Procedures2 
1.1 Action Plans 
 
 
All pesticide users should make themselves aware of the emergency procedures to be 
followed in the case of an incident, accident or emergency involving pesticides, as well as the 
list of personnel to call in an emergency (e.g. first aider, fire warden), which should be 
displayed in a location that is accessible to all workers. Pesticide Safety Data Sheets (SDS) 
should be stored in the vicinity of the pesticide storage area in case of emergency, as specific 
emergency procedures are available for each individual pesticide.  
 
In addition, staff should refer to the OPW’s standard operating procedures on pesticides and 
chemicals (SOP 19&20). Emergency procedures should include directions to follow in the 
event of personal contamination with pesticides products, how to deal with spillage of 
pesticides, a suspected poisoning of animals and fire in the vicinity of pesticide storage area. 
 

  

Figure 1: Emergency Management   

                                                 
 

 

 

2 When preparing this section on 1.0 Emergency Procedures, reference was made to the Code of 
Practice for Pesticides (Department for Environment Food and Rural Affairs (Defra), Health and Safety 
Commission (HSC) and National Assembly for Wales Environment Planning and Countryside 
Department (2006) Code of practice for using plant protection products, UK Department for 
Environment, Food and Rural Affairs.) which is available freely online at: 
http://www.hse.gov.uk/pesticides/topics/using-pesticides/codes-of-practice/code-of-practice-for-
using-plant-protection-products.htm 
 
 



Appendix  
 
 
  

A6 
 

1.2 Personal Contamination  
 

Exposure to pesticides can occur through skin contact, splashing the pesticide product in the 
eyes, by inhaling the spray or mist and by inadvertent ingestion (including hand to mouth 
contamination, smoking after spraying pesticides, eating lunch without washing hands 
thoroughly etc.). 
 
If you suspect a person has been exposed to 
pesticides:  
 
x Stop work immediately and, if necessary, call for 

medical help. Ensure to have the pesticide 
safety data sheets ready for the emergency 
services.  

x Cordon off the area to prevent further 
exposure.   

x Move the person away from contaminated area 
and remove all contaminated clothing carefully, 
do not contaminate yourself in this process. 

x Wash contaminated skin and hair using an 
allocated safety shower, if available, or 
thoroughly with plenty of clean water. 

x If pesticides contaminate the eyes, 
immediately: 
1. use allocated eye wash facility or,  
2. flush with sterilised water from the first aid 

box or,  
3. flush with clean running water and cover 

the eye with a sterile eye pad. 
x If the person has ingested pesticides, do not 

make them vomit. Call the emergency services, 
read the SDS and follow the first aid 
instructions.  

x Ensure the person is comfortable and warm. 
x Call the qualified occupational first aider while 

waiting for emergency services. The first aider 
should place the patient in the recovery 
position, if they are breathing and have a pulse. 
If the patient is not breathing or has no pulse, 
begin CPR (cardiopulmonary resuscitation), 
using a method of artificial respiration which 
will avoid the risk of you swallowing or breathing 
in the pesticide. 

x On arrival, give the emergency services a copy of the labels of the products being used 
and material SDSs. 

x If this is not possible, give them details of the active ingredients and the product names. 

To Do 

If you or another person is 

contaminated with pesticides: 

9 Stop work immediately. 

 

9 Seek advice from product 
label or from the SDS.  

 

9 Cordon off the area. 

 

9 Move from contaminated 
area. 

 

9 Wash contaminated skin.  

 

9 Ensure person is warm and 
comfortable.  

 

9 Call First Aid and/or 
emergency services.  
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1.3 Dealing with a pesticide spills.  
 

In the event of an accidental release of the pesticide 
product, due to a spill or container leaking, do not hose 
down the pesticide product into any drains, ditches, or 
watercourses. Find the pesticide spill kit, if available, and 
ensure that the trained pesticide user knows how to use 
it.  
 
Following a spill of pesticide product, whether in the 
concentrate form or as a diluted spray, it is important to: 
 
• Cordon off the area; do not allow people or animals 

into the affected area.  

• Prevent the spreading of the spillage. If the spill is small 

enough to clean using a spill kit, wear personal 

protective equipment and use bunding to prevent the 

spillage spreading to other locations, especially to areas 

of water, ditches and drains. 

• If any watercourses are contaminated or pesticides 

enter the sewage system, contact the Environmental 

Protection Agency (EPA) (phone 053-916 0600)  

• You may also need to inform people in the surrounding area to caution people that may 

use this water. 

• If you see a container that has leaked in the storage area, do one of the following: 

¾ Use all of the remaining contents immediately (if appropriate). 
¾ Obtain an empty clean container (preferably an empty container of the same 

product) and fill contents into it. Ensure the container and label are in good condition 
and if not, print and re-label the container. 

¾ Do not, under any circumstances, put pesticides into an empty food or drink 
container or put them into an unlabelled container or in another container that 
contains a different chemical. 

¾ Clean up affected area of the store in a safe manner.  
¾ Dispose of all contaminated material safely, including the used spill kit through a 

licensed, competent disposal company.  
  

To Do 

 

Following a spillage: 

 

9 Cordon off the area.  

 

9 Prevent spreading with a 
spill kit.  

 

9 Prevent contamination of 
watercourses.  
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1.4 Suspected bird/animal poisoning 
 
 

If you find an bird/animal with suspected pesticide 
exposure/poisoning, do the following: 
 

• Cordon off and do not approach or touch any dead animals, 

pesticides or containers. 

• Contact a local vet immediately, keeping the animal 

sheltered and resting. 

• Provide the vet with the SDS of the pesticide product, if 

possible. Otherwise, give the name of the products and their 

active ingredients if known.  

 

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
Figure 2: Information sheet for SDS’s 
(Health & Safety Authority (HSA) 2015) 

To Do 

 

If you suspect bird/animal 

poisoning: 

 

9 Do not approach the 
animal 

 

9 Cordon off the area. 

 

9 Contact local vet. 

 

9 Have SDS sheet ready for 
the vets arrival.  
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1.5 Fire 
 
Please refer to the OPW’s standard operating procedures 
on flammable and combustible liquids (SOP 21). If you 
discover a fire that involves pesticides, you should do the 
following: 
 
• Only trained and competent personnel of the OPW are 

allowed to deal with fires, which would only include small 

fires, (nothing larger than a small office waste bin in size). 

Only workers that are confident with the use of 

appropriate firefighting equipment should try to prevent 

the fire spreading. 

• If this is not possible, leave the area immediately. Call the 

Fire Brigade and the Gardaí (999 or 112 from mobile 

phones), follow the OPW fire evacuation procedures and 

gather at the allocated assembly points. Alert other people 

in the area of the emergency.  

• Give the emergency services a copy of the store pesticide 

inventory list and any other equipment/products or 

potentially hazardous materials that might have been in 

the vicinity. Alert the qualified occupational first aider of 

the fire in case their services are required. 

• Do not return to the vicinity of the fire until it has been 

declared safe to do 

so by the emergency 

services.  

 
 

 
 
 
 
 

 
 
 

Figure 3: The Fire Triangle 
(Health & Safety Authority (HSA) 2016) 

To Do 

 
If there is a fire: 

9 If small, qualified 
personnel can use 
firefighting equipment to 
put the fire out.  

 

9 If not, call emergency 
services.  

 

9 Allocate at assembly 
points.  

 

9 Alert people of the fire.  

 

9 Do not return until 
declared safe to do so.  
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2.0 Introduction 
2.1 What is a pesticide?  
 
Pesticides are a broad group of chemicals that include plant protection products, biocides 
and some veterinary hygiene products. For the purpose of this guidance document, the focus 
will be on the use of plant protection products. Throughout this guidance document the term 
‘pesticide’ will be used for plant protection products, which covers a range of products that 
protect plants from pests, outlined in Table 1 below.  
 
Table 1: Categories of Pesticides  

Type of Pesticides: Intended target of Pesticide:  
Herbicides Plants e.g. Weeds and unwanted plants  
Insecticides Insects & Arthropods e.g. cockroaches   
Fungicides Fungi e.g. mildew and mould 
Fumigants Pests e.g. inside buildings and soil 
Molluscicides Molluscs e.g. Snails and slugs 
Miticides Mites e.g. spider mite and board mite 
Nematicides Nematodes e.g. microscopic roundworms 
Repellents Pests e.g. Mosquitoes and animals 
Rodenticides Rodents e.g. Rats and mice  

 

Pesticides should be used correctly, as the incorrect use of pesticide products can put people 
and the environment at risk. Pesticides are used in an amenity setting to eliminate pests and 
invasive species of plants, the protection of other plant life, to ensure the integrity of historic 
buildings and monuments and to make gardens and parks more aesthetically pleasing, as 
well as improve accessibility for the public. Pesticides are designed to control organisms that 
are harmful to plant life. Pesticides can be very beneficial if used correctly, as they offer a 
cheap and effective way of ensuring safe and sustainable amenity areas. Pesticides should 
always be used as part of an integrated approach and following best practice.  
 
This book has been written for OPW workers that use pesticides as part of their duties. This 
booklet is designed as an OPW health and safety advice document and is a supplement to 
the legislation. Legislative documents always take precedence.  
 
2.2 OPW policy on pesticides  
OPW’s overall policy on pesticide use over all its properties is to: 

¾ To protect the health and safety of staff and the public.  
¾ To ensure compliance with legislative requirements that control the use of pesticides 

within EU member states, as well as Irish and Health and Safety legislation. 
¾ To minimise pesticide use, and if practical and economic, adopt non-chemical 

methods wherever possible in the first instance and consider ways of minimising the 
problem in the future through appropriate cultural techniques and design features. 

¾ If, as a last resort pesticides have to be used within OPW because other options are 
ineffective, impractical or excessively costly, use the minimum amount of pesticides 
necessary to achieving effective control. 

¾ To adopt this guidance as best practice for all OPW work activities involving pesticide 
use.   
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3.0 Legislation 
 
 
Four main pieces of legislation agreed by the European Parliament and Council, which are 
specifically for the use of pesticides within the European Union.  
 
1. A Regulation concerning the placing of plant protection products on the market - 
REGULATION (EC) No 1107/2009, implemented in Ireland by (European Communities 
(Plant Protection Products) Regulations S.I. No. 159  2012). 
 
The principle of using hazard- and risk-based approach to conduct a risk assessment of a 
plant protection product remains but the Regulations preclude the approval of products 
containing substances with specific hazard classifications, unless the exposure is shown 
to be negligible. 
 
2. A Regulation concerning statistics on pesticides - REGULATION (EC) No 1185/2009, 
implemented in Ireland by (European Communities (Plant Protection Products) 
Regulations S.I. No. 159  2012). 
 
A regulation on the collection of plant protection products statistics obliges Member 
States to collect statistics on pesticide use.  
 
3. A Directive with regard to machinery for pesticide application - DIRECTIVE 
2009/127/EC (transposed in Ireland (S.I. No. 310/2011 - European Communities 
(Machinery) (Amendment) Regulations 2011). 
 
This legislation amends an earlier Directive on farm machinery and facilitates the 
inclusion of pesticide application equipment into the Directive. This is not expected to 
have any significant effect at user level.  
 
4. A Directive establishing a framework for community action to achieve the 
sustainable use of pesticides - DIRECTIVE 2009/128/EC (transposed into Irish law by 
the (S.I. No. 155/2012 - European Communities (Sustainable Use of Pesticides) 
Regulations 2012). 
 
The “Sustainable Use Directive” aims at regulating the use of plant protection products. 
The Directive requires Member States to develop and implement National Action Plans 
(NAP) (Department of Agriculture Food and the Marine 2013) setting objectives and 
targets to reduce the risks of pesticides to human health and the environment. In Ireland, 
the competent authority responsible for the National Action Plan is the Department of 
Agriculture, Food and the Marine.  
 
Directive 2009/128/EC of the European Parliament and of the Council on 21st of October 
2009 established a common legal framework for actions to achieve the sustainable use 
of pesticides and is commonly known as the Sustainable Use Directive (SUD). 
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The National Action Plan for the sustainable use of pesticides consists of four broad areas:  
 

¾ Training, Education and Information Exchange 
¾ Controls on Application Equipment 
¾ Controls on Storage, Supply & Use 
¾ Integrated Pest Management 

 
The objective of the new legislation was 3-fold: 
 

¾ To encourage rational and responsible use of pesticides, 
¾ To improve the behaviour of pesticide users and 
¾ To improve the quality of pesticide application equipment. 

 
The Department of Agriculture, Food and the Marine have developed the ‘Good Plant 
Protection Practice’ (GPPP) document that provides guidance for the use of pesticides and 
information on legal obligations for professional pesticide users.  
 
http://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/professional/Good%20Pl
ant%20Protection%20Practice%20(GPPP).pdf  
  
Transportation of pesticide product legislation:  
 
Transportation of pesticides is legislated for under the (Carriage of Dangerous Goods by 
Road Act  1998) and is available at: 
 
http://www.irishstatutebook.ie/eli/1998/act/43/enacted/en/html  
 
The Health and Safety Authority of Ireland have also produced guidelines based on this 
legislation (Health and Safety Authority (HSA) 2012) available at: 
 
https://www.hsa.ie/eng/Publications_and_Forms/Publications/Chemical_and_Hazardous_
Substances/ADR_Carriage_of_Dangerous_Goods_by_Road_A_Guide_for_Business.pdf   
 
Health and Safety Legislation  
 
The previously mentioned legislation describes specific legislation for pesticides. In addition 
to complying with this legislation, the OPW must show compliance with the Safety, Health 
and Welfare at Work Act 2005 (S.I. No. 10 of 2005, Safety, Health and Welfare at Work Act  
2005) and related regulations made under this Act. 
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4.0 The Ten P’s of Pesticides.  
 
To ensure that all workers within the Office of Public Works are conducting pesticide 
application tasks in the safest manner according to best practice, the Ten P’s guide has been 
introduced. Pesticides can be hazardous if not used safely. Pesticides can enter the body in 
three ways; pesticides are absorbed through the skin, inhaled into the lungs and ingested 
through the mouth from hand to mouth contact e.g. smoking, eating lunch, wiping your 
mouth with a glove or hand contaminated with a pesticide product. When preparing Section 
4.0 The Ten P’s for Pesticides, reference was made to the UK’s Amenity Forum’s Best Practice 
Guidelines - The ‘10 Golden Rules’ (The Amenity Forum 2016). 
 
The Ten P’s of Pesticides: 

1. Pre-training. 
2. Plan ahead. 
3. Procurement of pesticides. 
4. Pesticide storage. 
5. Pesticide application equipment. 
6. Practice minimum use of pesticides 
and integrated pest management. 
7. Protection of workers & the public. 
8. Prevent contamination of water. 
9. Provision of additional guidance. 
10. Permanently keep a record. 
 
4.1 Pre-Training.   
 
By law, any person using a pesticide that is labelled "For professional use” must be registered 
with the Department of Agriculture, Food and the Marine (Pesticide Control Division 2016), 
details are available at: https://publicapps.agriculture.gov.ie/suds/welcome.jspx. In order to 
register as a professional user of pesticides, a person is required to have received formal 
pesticide safety training which ensures that all workers:   
 

x Are trained to a minimum agreed standard (defined by the National Action Plan).  
x Minimise the use of pesticide products and unintentional application of pesticides 

including drift, spillages, over lapping application etc.  
 
The minimum training should be to the National Framework Qualifications (NFQs) which are 
approved by the Department of Agriculture, Food and the Marine (DAFM) (Pesticides 
Registration & Control Division 2016) or equivalent, further information is available at:  
 
 http://www.pcs.agriculture.gov.ie/sud/professionaluserssprayeroperators/training/ 
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A list of approved qualifications which are recognised by the Department of Agriculture, Food 
and the Marine as being appropriate training for the purposes of registration are available 
at http://www.pcs.agriculture.gov.ie/sud/professionaluserssprayeroperators/training/ 
including:  
 

x QQI/FETAC 5N1797 – Boom Sprayer 
x QQI/FETAC 5N0731 – Handheld Sprayer 
x City&Guilds PA1 + PA2a – Boom Sprayer 
x City&Guilds PA1 + PA6 – Handheld Sprayer 
x City&Guilds PA1 + any other PA module appropriate to the usage of the professional 

user 
x Teagasc Pesticide Application course (as part of 1-yr or 2-year qualification) 
x Teagasc Pesticide Application stand-alone short course 
x Lantra Awards – Safe Use of Pesticides (PA1) and Vehicle Mounted Boom Sprayer 

(PA2) 
x Lantra Awards – Safe Use of Pesticides (PA1) and Hand Held Equipment (PA6) 
x Lantra Awards - for Granular, Pesticide plug, Stem Injection and Trailed Wick 

applications 
 

The list of approved courses may be updated by the Department of Agriculture, Food and 
the Marine (DAFM) and this should be reviewed periodically to ensure that workers are 
receiving approved pesticide safety courses. If you have completed a different pesticide 
safety course and want to ensure it qualifies under the Department of Agriculture, Food and 
the Marine, information is available on their website. 
 
There are many specific courses in relation to pesticides, each worker and supervisor should 
discuss the qualifications required and coordinate with the OPW Health and Safety Unit, to 
obtain the training required before tasks involving pesticides are conducted.  
 

4.2 Plan ahead 
 
Before starting any pesticide spraying task, ensure that:  
x A risk assessment has been completed for the task. 
x Risk assessments must be:  

o Specific to the tasks workers perform (generic risk assessments are not suitable).  
o Available to the worker, in a hard or soft copy version.  
o reviewed: 

� at least every 12 months 
� When there is a change of equipment 
� When there is a change of products 
� When there is a change of procedures 

 
o Completed following the template in: Appendix A: Task Based Risk Assessment 

Template or a similar template that collates the same information.  
x Review the Safety Data Sheet for information on the pesticide product selected taking 

into account the hazards identified and the label recommendations regarding use. 
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CLP Hazard Pictograms3 
 
 

 
 
 
 
 
 
 
Explosive (Symbol: exploding bomb) 

 

Flammable (Symbol: Flame)  
 
 
 
 
 
 
Oxidising (Symbol: Flame over circle)  
 

Corrosive (Symbol: Corrosion) 
 

                                                 
 

 

 

3  The Classification, Labelling and Packaging (CLP) Regulation (EC) No 1272/2008 on Classification, 
Labelling and Packaging of Substances and Mixtures that entered into force on 20 January 2009 to 
harmonise methods of classifying and labelling chemicals based on the United Nations’ Globally 
Harmonised System (GHS). Further information is available on The European Chemicals Agency 
website: http://echa.europa.eu/  
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Acute Toxicity (Symbol: Skull and Crossbones) 

Hazardous to the environment (Symbol: Dead tree and fish) 

Health hazard/Hazardous to the ozone layer (Symbol: Exclamation 
Mark) 

Serious health hazard (Symbol: Health hazard) 

Gas under pressure (Symbol: Gas cylinder) 
 
 
Figure 4: Chemical Symbols 
 
 
*Pictures and information on the CLP hazard symbols are courtesy of the European Chemicals Agency 
(ECHA) (2016), information is available at: https://echa.europa.eu/regulations/clp/clp-pictograms  
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Before starting any task involving pesticides:  
 
x Check whether non-chemical pest control could be feasible and 

effective.  
x Check the area to identify where pest control is required e.g. check 

for growth of weeds.  
x Choose the correct pesticide product for the job.  
x Inspect the pesticide container for leaks before handling.  
x Read the product label carefully and follow directions for use.  
x Ensure that the weather is suitable for spraying. Do not spray if it 

is windy, raining or if rain is imminent or if it is too hot as wearing 
personal protective equipment would cause discomfort to the 
user.  

x Ensure that you have the appropriate personal protective 
equipment that is required to complete the task.  

x Review the OPW’s Standard Operating Procedures (SOP 020 
Pesticides) for the task. 

x Fill in the checklist in   
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x Appendix B: Job Safety Plan sheet before starting the task.   

 

4.3 Procurement of pesticides. 
 
For any pesticide that has not been previously purchased by the field site, fill in the Office of 
Public Works procurement form before purchasing any new product, Appendix C: OPW 
Procurement form.  
 
Following receipt of pesticide products, always check: 
 

x That the pesticide product is registered with the Department of Agriculture, Food 
and the Marine.  

x That the invoice for products and the delivery note products match.  
x That the packaging is not damaged, is securely sealed and it has a full label written 

in English. 
x There is a SDS with each type of pesticide product.  
x That SDS are stored in an area where they are accessible for all pesticide users and 

ensure to remove duplicates or older versions of SDSs that may be on file.  
Further information on SDS’s can be found in the OPW’s Standard Operating Procedures 
(SOP 061).  
 
If pesticide products are required to be transported from one OPW site to another OPW site, 
ensure to comply with The Carriage of Dangerous Goods by Road Act, 1998. The Carriage of 
Dangerous Goods by Road Act, 1998, Section 5 .1 states that an organisation is exempt from 
this legislation if the carriage of dangerous goods is ancillary to their main activity, if the 
chemical agent is less than 450 litres per packaging and the organisation does not operate 
with a dedicated distribution vehicle. As the Office of Public Works (OPWs) do not use large 
quantities of pesticides, the transport of pesticides from site to site is ancillary to their main 
tasks and none of the sites have dedicated vans for pesticide distribution, thus, are exempt 
from the legislation. The OPW need to ensure that they are working within the above 
specifications. 
4.4 Pesticide storage.  
 

Pesticides should be stored safely:  
 

x Within a chemical cabinet allocated for pesticide products only. 
x Access should be limited to pesticide users or the store manager.  
x Appropriate signage (align with CLP regulations) should be placed on the pesticide 

storage area.  
x The storage should comply with the end user guidelines for pesticide storage. 
x Operatives should always wear personal protection equipment when handling 

pesticides. 
x Never smoke in the chemical storage area or when handling pesticides. 
x Always wash hands after handling pesticides.  
x If you splash skin or eyes with pesticides, ensure to wash immediately in allocated 

pesticide eye wash/shower area or with plenty of sterilised water from the first aid 
box.  
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A pesticide storage checklist in Appendix D: Storeroom Checklist and an inventory of 
pesticides should be kept at all time, see Appendix E: Chemical Inventory Template. Any 
chemicals that are disposed of in a manner other than through normal use (e.g. spraying on 
weeds), must be disposed of with a competent hazardous waste disposal company and a 
record kept of its disposal, see Appendix F: Pesticide Disposal Record.  
 
4.5 Pesticide application equipment. 
 
From the 26th of November 2016, statutory testing of 

pesticide application equipment is required in Ireland. 

Professional users must conduct regular calibrations 

and technical checks of all pesticide application 

equipment.  

 

Knapsacks and handheld equipment are exempt from 

this testing but it is OPW policy to conduct a visual check of knapsacks, a checklist has been 

attached Appendix G: Manual Knapsack Sprayer Checklist.  

 

x Operatives should read the standard operating procedure for the application of 
pesticides by hand-held equipment/sprayers (SOP 040).  
x All boom sprayers that are over 3 meters in width, over five 
years old and orchard/blast sprayers must be tested and 
certified as per Annex II of the Sustainable Use of Pesticide 
Directive (2009/128/EC).  
x All sprayers will have to be tested at least once by 26th 
November 2016, at least once every five years up to the 1st 
January 2020 and at least once in every three years following 
that date.  

x A checklist has been developed to assist workers on doing their own observational 
and technical checks (this is not a legislative checklist, it is an OPW guidance 
checklist), see Appendix H: Boom Sprayer Testing Checklist.  

x Ensure to read the standard operating procedure for using tractor mounted boom 
sprayers (SOP 062. Application of Pesticides/Herbicides by Tractor mounted 
Sprayer).  

x Ensure to keep the correct buffer zones and safeguard zones when spraying.  
x Ensure to keep a safe distance from power lines, at least three meters when using a 

handheld sprayer or six meters when using a tractor mounted boom sprayer.  
x Reserve pesticide application equipment for that purpose only.  
x Always inspect the sprayer thoroughly before and after pesticides application tasks. 

Ensure all fittings and attachments are in good condition and connected correctly.  
x Ensure to use the correct nozzle for the job. It is important to control the spray angle 

and the droplet size to reduce the potential for pesticide drift.  
 

 

4.6 Practice minimum use of pesticides and integrated pest management.  
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To ensure the sustainable use of 
pesticides, there is a need to minimise 
chemical pest control through best 
practices and integrated pest 
management. Professional pesticide 
users should follow the general principles 
of integrated pest management (IPM) 
outlined in the Appendix I of the National 
Action Plan. A template of an integrated 
pest management checklist from the 
Department of Agriculture, Food and the 
Marine can be found in Appendix I: 
Integrated Pest Management checklist 
template.  
 
 
 
 
The pertinent general principles of IPM are summarised below: 
 

x Try to use alternatives to chemical pest management for the prevention and/or 
suppression of harmful organisms e.g. cultivation techniques.  

x Monitor the harmful organisms through observation and scientific methods and 
apply products based on the results of this monitoring.  

x If possible, implement biological, 
physical and non-chemical pest control 
measures before the use of chemical 
pest control.  
x Select pesticides that are specific to 
the pest and the safest option for the 
worker and the environment.  
x Limit the quantity of pesticides 
used to a minimum, only use the 
necessary levels of pesticides.  
x Use anti-resistance strategies 
where possible e.g. using products with 

multiple modes of action. 
x Professional users should 
check the success of plant 
protection measures and keep 
records. 

 
Further information on Integrated Pest Management can be found on the Department of 
Agriculture, Food and the Marine’s website, available at: 
 
http://www.pcs.agriculture.gov.ie/sud/integratedpestmanagement/  
 

Figure 5: Integrated Pest Management  
 (Department of Agriculture Food & the Marine 2016) 

Figure 6: Types of Integrated Pest Management 

(Department of Agriculture Food & the Marine 2016) 
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4.7 Protection of workers & the public. 
 
The protection of the operators, other OPW workers, bystanders and members of the public 
are of paramount importance.  
 

1. ALWAYS work with diligence to protect bystander safety when spraying in a public 
area. It is very important to reduce pesticide spray drift to the absolute minimum.  

2. Always risk assess every situation – use the safest technique that will achieve the 
desired results. Completing the Job Safety Plan sheets will assist in assessing the 
hazard and risk of each task (Appendix B).  

3. Try to minimise the use of chemical pesticide by integrating other techniques that 
could reduce the need for pesticide e.g. integrated pest management (Appendix I).  

4. Where possible, try to spray areas 
when they are not in use (closing an 
area for spraying at the end of the 
working day, or spraying outside of 
working hours etc.).  

5. Always use the safest product 
available.   

6. If you are spraying in an area where 
the public have access, ensure that 
there is warning signage erected to 
warn the public of the activity such 
as SPRAYING IN PROGRESS.  
 

4.8 Prevent contamination of water. 
 
It is important that no pesticide residue or run-off goes into watercourses causing 
contamination.  
 
Pesticides can reach water in a number of ways: 
 

x Spray drift: Contamination can be minimised by taking account of factors such as 
wind strength and direction and that buffer strips/no-spray zones are adhered. 

x Run-off. This can happen if pesticides are applied to frozen, wet or 
compacted ground, especially if it rains soon after application. 
The pesticide can either be dissolved in run-off water or 
attached to soil particles and carried in the water. 

x Drain flow. This can happen if pesticides are applied when 
soils are very dry/cracked or very wet/saturated. Any 
rainfall can then flush the pesticide through the soil, either 
dissolved in water or attached to soil particles and could 
occur when mixing and loading for spraying or during 
cleaning (i.e. do not fill/clean near drains or watercourses).  

 
 
To prevent contamination of water supplies:  
 

x Ensure all pesticide applications tasks are done by trained and qualified staff.  
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x Know the location of drains, watercourses, vulnerable groundwater and safeguard 
zones before spraying. 

x Ensure that all pesticide tasks are done with care. DO NOT spray near watercourses.  
x Prepare pesticide solutions carefully, in an area that is away from water sources and 

drains for mixing, loading and cleaning of equipment and containers. 
x Always try to use targeted treatments.  
x Do not apply pesticides when it is raining or windy (greater than 7 km/h) or when 

rain is forecast within 24 hours to avoid run-off.  
x Ensure all equipment is properly maintained, in good working order and calibrated.  
x Prevent drift while spraying by using low drift nozzles or shrouded booms whenever 

possible.  
x Have an emergency plan and spill kit available in the event of a pesticide spill.  

 
Additional information on guidance for the protection of drinking water from pesticides can 
be found at the Department of Agriculture, Food and the Marine’s website at: 
 
http://www.pcs.agriculture.gov.ie/sud/professionaluserssprayeroperators/guidanceonprot
ectingdrinkingwaterfrompesticides/ 
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As per the European Communities (Sustainable Use of Pesticides) Regulation 12 of S.I. of 155 
of 2012,  workers spraying in areas used by the general public must have a risk assessment 
completed, use low risk pesticides and shall prioritise the use of pesticides that are not 
classified as a R50 (very toxic to aquatic organisms). Workers must have proof that there was 
no viable alternative and appropriate risk management measures were put in place. Filling 
in the Job Safety Plan will ensure that this criteria is fulfilled (Appendix B). 
 
European Communities (Sustainable Use of Pesticides) Regulations S.I. 155 of 2012 restricts 
the use of spraying close to water sources. Ensure there are safeguard zones (‘no-use zones) 
adjacent to any water sources that have abstraction points used for human consumption or 
ground water vulnerable areas (e.g. landscape feature) of:  
 

Area: Supplies water to: 
200m 500 people or more 
100m 50-500 people 
25m 10-50 people 
5m 10 or less people 
15m Landscape feature  

 
There are also aquatic buffer zones for a surface waterbody, which is a feature, which is 
capable of holding water permanently or at any stage during the year. A minimum of one 
metre from any surface waterbody, applies to all pesticides. Aquatic buffer zones are a legal 
requirement that are prescribed on the product label; these are typically between 5-10 
metres but can be as much as 70 metres.   
 
The Department of Agriculture, Food and the Marine have developed the STRIPE (Surface 
water Tool for Reducing the Impact of Pesticides on the Environment) scheme. This scheme 
allows workers to reduce the distance of the buffer zone if they adopt three good practices:  
 

¾ Use DAFM approved low drift nozzles 
¾ Use low drift nozzles with reduced application rates or  
¾ Use ordinary nozzles with reduced application rates.  

 
If you require to spray closer than the prescribed buffer zone allows, specific rules for the 
STRIPE scheme can be  found on the Department of Agriculture, Food and the Marine’s 
website at:   
 
http://www.pcs.agriculture.gov.ie/sud/professionaluserssprayeroperators/   
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Cleaning pesticide containers 
 
After use, it is important to ensure that you have cleaned and disposed of the empty 
pesticide product containers properly. The Environmental Protection Agency (EPA) and the 
Department of Agriculture, Food and the Marine (DAFM) have developed a guidance 
document on the disposal of containers, which is available at the following Website:  
 
http://www.epa.ie/pubs/advice/waste/farm/goodpracticeguideforemptypesticidecontaine
rs.html#.Vq8-C02vnIU 
 
Step 1: Triple rinse empty pesticide containers after use and wash container caps and 

threads. 

Step 2: Inspect containers to ensure they are clean and drain any excess water from them.  

Step 3: Puncture the empty container.  

Step 4: Placed triple rinsed, dried and punctured pesticide containers, caps and threads into 

bags.  

Step 5: Store bags in a safe dry place.  

Step 6: Containers can be disposed of by obtaining recycling bags from the Farm Plastic 
Recycling Ltd, or disposed of through a reputable disposal pesticide disposal company 
(Information on disposal sites can be found on the EPAs website www.epa.ie ). 
 

Triple Rinse Diagram 

 
Figure 8: The Triple Rinse Diagram for Pesticide Products. 

(Environmental Protection Agency 2012) 
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Ensure that after working with pesticide products:  
 

¾ Rinse reusable personal protective clothing and return into allocated storage, 
¾ Dispose of non-reusable/disposable personal protective clothing, 
¾ Wash hands and face thoroughly, 
¾ Wash hands before eating, drinking, smoking or using the toilet,  
¾ Shower thoroughly, with special attention to hair and nails, at the end of the work 

shift and  
¾ Wash contaminated clothing separately from normal family laundry. 
¾ Highly contaminated clothing should be disposed of appropriately as hazardous 

waste.  
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4.9 Provision of additional guidance. 
 
There is many guidance documents in relation to pesticide use available. Below is a list of the 
website and documents that should be referred to for further information:  
 
The Department of Agriculture, Food and the Marine’s Pesticide Control Division is the 
competent authority for the development and implementation of the Sustainable Use 
Directive and the National Action Plan. The Pesticide Control Division website has a list of the 
pesticide products on the market, templates for keeping records of pesticide use and 
additional information documentation (http://www.pcs.agriculture.gov.ie/) and a guidance 
document for amenity use of pesticides ‘Straight A’s for AMENITY’.  
 
http://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/ResponsiblePesticideUse
PublicAmenityGardenAreas200217.pdf  
 
The Irish Environmental Protection Agency (EPA) are the governing body responsible for the 
protection of water courses in Ireland and they have useful documentation on the safe use 
of pesticides and the correct disposal of pesticide containers that is very informative and 
useful.  
 
www.epa.ie 
 
The Health and Safety Executive in the United Kingdom have developed a Code of Practice 
for using pesticides.  
 
http://webarchive.nationalarchives.gov.uk/20151023155227/http://www.pesticides.gov.u
k/guidance/industries/pesticides/topics/using-pesticides/codes-of-practice/code-of-
practice-for-using-plant-protection-products.htm 
 
 

 
Figure 10: Code of Practice for Pesticides.  
(Department for Environment Food and Rural Affairs (Defra) et al. 2006) 
 
The Amenity Forum is the leading organisation within the UK amenity sector for promoting 
safe and environmentally friendly use of pesticides and their 10 golden rules and guidance 
are recommended by the Health and Safety Executive, UK (HSE, UK) for workers using 
pesticides in the amenity sector.  
 
http://www.amenityforum.co.uk 
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4.10 Permanently keep a record. 
 
With the implementation of the Sustainable Use Directive, it has been established that there 
should be a full record of the lifecycle of a pesticide product, from purchasing, storage, use 
and disposal.  
 

Pesticide life cycle

 
Figure 11: Pesticide lifecycle  
 
Records are required to ensure:  
 

¾ Traceability – All pesticides use/spillage/disposal should have a written record.    
¾ Accountability – To ensure that all workers are using best working practices and 

keeping a record of the tasks that they perform.  
¾ Provision of information – in case of an emergency.  
¾ Stock management – To have a written record of the exact quantity of product in the 

store, the amount used and disposed of, which should account for all pesticides from 
supply to disposal. This will also prevent over purchasing products and excess stock. 

¾ Legal obligations – to comply with the Sustainable Use Directive and the National 
Action Plan.  

¾ Internal auditing – help identify areas for action/improvement, to demonstrate 
compliance.  

¾ Self-Assessment – to ensure the protocols put in place are working, it is important 
to re-evaluate the proficiency of the guidance document and standard operating 
procedures through internal assessment (see Appendix J: Self-Assessment Form).  

Supplier

Chemical 
store

Application

Cleaning

Disposal
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The following documents should be kept in relation to pesticide use; templates of this 
documentation are available in the following appendices.  
 

¾ A risk assessment has to be completed for worker tasks involving pesticides and at 
a minimum, should be reviewed annually (Appendix A: Task Based Risk Assessment 
Template).  

¾ A Job Safety Plan must be completed for each task and these records are also your 
pesticide use log (Appendix B: Job Safety Plan).  

¾ A procurement form for all new pesticides purchased within the OPW (Appendix C: 
OPW Procurement Form).  

¾ A checklist for the suitability of chemical cabinets or other pesticide storage areas 
(Appendix D: Storeroom Checklist).  

¾ An inventory/list of pesticide products in the chemical store must be available at all 
times with accompanying SDSs (Appendix E: Chemical Inventory Template).  

¾ Records of disposal of pesticide products (Appendix F: Pesticide Disposal Record).   
¾ Manual knapsack sprayer checklist (Appendix G: Manual Knapsack Checklist).   
¾ Boom sprayer equipment checklist (Appendix H: Boom Sprayer Testing Checklist).  
¾ A checklist of the integrated pest management techniques that have been applied 

(Appendix I: Integrated Pest Management Checklist).  
¾ Self-Assessment form should be filled to evaluate the guidance document and 

Standard Operating Procedures for the use of pesticides (Appendix J: Self-
Assessment Form).  

¾ Examples of all the above forms filled in are available in Appendix L: Working 
examples of required documentation for pesticides. (Please note all the 
information in the working examples forms are fictitious).  
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List of Appendices 
 

¾ Appendix A: Task Based Risk Assessment Template  
¾ Appendix B: Job Safety Plan  
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¾ Appendix D: Storeroom checklist  
¾ Appendix E: Chemical Inventory Template  
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¾ Appendix I: Integrated Pest Management checklist template 
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¾ Appendix K: Personal Protective Equipment Guidance  
¾ Appendix L: Working examples of required documentation for pesticides.    
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Appendix A: Task Based Risk Assessment Template 
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Task Based Pesticide Risk Assessment 
 
Task title:  

Assessor:  

 
Chemical Information 
 
List Chemicals Used: PCS No: Hazard Identification 

   

   

   

 
Detail Regarding the Worker Tasks 
 
Task 1: Preparation – Collection of Chemical from Store 
 
Task Description: 
 
 
 
 
 
 
 

What spraying equipment is being used 
and the capacity of the container?  

 

How often is this task completed? 
 

 

 
Task 2: Mixing and Loading Chemicals 
 
Task Description: 
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Task 3: Spraying 
 
Task Description: 
 
 
 
 
 
 
 

 
Task 4: Cleaning Equipment 
  
Task Description: 
 
 
 
 
 
 
 

 
 
Personal Protective Equipment (PPE)4 
 
 Recommended 
Gloves x Chemical resistant nitrile gloves – disposable 

x Chemical resistant nitrile gloves – reusable, (requires 
proper PPE cleaning and storage).  

Eye protection x Chemical resistant googles  
x Face visor (that it is compatible for use with 

respiratory protection equipment).  
Overalls x Disposable Tyvek suit type 5/6. 
Boots x Chemical resistant wellies. 

                                                 
 

 

 

4 It is a minimum requirement to wear the personal protection equipment and respiratory protective equipment 
outlined on the SDS of the pesticide. The personal protective equipment outlined in the risk assessment is 
recommended by the Office of Public Works (OPW) and is part of the OPW good practice for pesticide spraying. 
If equipment used is not on the list above, ensure that it is suitable for pesticide application tasks (PPE and RPE 
specific for pesticide application).  
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x Chemical resistant boots (if vegetation is short).  
Respiratory protective 
equipment (RPE) 

x Disposable dust mask FPP3  
x Reusable RPE with chemical resistant cartridges with 

one of the following: 
x Combined filter for particles, gases and vapours 

(A1B1E1K1-P3). 
x P3 protection with PF10 filter. 
x Alternatively, an equivalent that is suitable.  
x Full-face mask with suitable cartridges (required for 

indoor spraying or spraying above head height).  
x All tight fitting respirators require workers to have no 

facial hair (men to be clean shaven)  
x Fit testing completed for all tight fitting respirators.   

Weather Conditions 
 
Precipitation: Spraying should not be done when it is raining or when it has been forecast to 
rain (to prevent run-off of pesticides).  
Wind speed. Only spray when there is consistently light winds (3–15 km/hr).  
Wind direction. Spraying should be done so the wind is blowing away from the worker and 
non-target sensitive areas. 
Temperature. Mild temperatures (so workers can use PPE without causing heat stress on the 
body). 
 
Current Hazard Rating 
 
Hazard Group  

Amount Used  

Volatility/Dustiness  

 
 
Risk Assessment Summary 
 
Task detail:  

Date:  

Sub task Current Hazard 
Rating 

Risk 
Conclusion 

Recommended Controls 

Preparation    

Mixing & Loading    

Spraying    

Clean up    

 

Severity  
Frequency  

Probability  

Numbered exposed  

Current Hazard 
Rating 
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Appendix B: Job Safety Plan 
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Job Safety Plan5 
Pesticide use log 

 
Employee name:  

Date:   

Site location and size:  

Type and size of target plants:  

Rationale for pest control e.g. Noxious 
weeds/invasive weeds/general weed control 
(is there a need for pest control?)  

 

Is there a non-chemical method for 
completing this task?  

 

Rationale for chemical pesticide selected.   

Additional controls required due to the use of 
chemical pesticide control.  

 

Brand Name:   

PCS No:    

State the quantity of pesticide product used.   

The amount of water mixed with pesticide  

State the nozzle used?   

                                                 
 

 

 

5 The job safety plan has been developed by the Office of Public Works (OPW) but it is a requirement under the 
Sustainable Use Directive and the Irish National Action Plan to keep a record of the application of pesticides, 
completing the job safety plan will fill the requirement of the legislation.  
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How is the area being restricted from the 
public? (Closed gate, barrier tape, signage 
etc.) 

 

Check the weather conditions are suitable for 
spraying6 

 

Approximate time for task completion   

Checklist: 
(Tick all appropriate answer √) 
Worker has appropriate qualification and is registered with DAFM as a professional 
user. 

 

There is a specific site for mixing and loading and cleaning of equipment.  

Recommended PPE is being used to complete the pesticide task from the collection 
of pesticides to the cleaning task.  

 

The cap is put back on the product container tightly and securely after filling and 
unused product returned to the pesticide store.  

 

Equipment has no cracks or leaks.  

Spraying is not taking place close to watercourses, ditches or drains.  

All the pesticide product was used for the pesticide task.   

The empty pesticide containers are triple rinsed and disposed of as per OPW policy.   

The pesticide application equipment is tripled rinsed and stored in an allocated 
location.  

 

Pesticide use records completed.   

Operator’s signature: ______________________________________ 

Date: ___________________________________________________ 

                                                 
 

 

 

6 Weather details can be obtained from the AccuWeather application for android phones. Further information 
can be obtained from the website: http://www.accuweather.com/en/ie/galway/208539/lawn-garden-
weather/208539  
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Appendix C: OPW Procurement Form  
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OPW Procurement Form 
 

Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

 

What pest is causing a problem (e.g. weeds) and at what location?  

 

 

Is there a non-chemical method for dealing with this particular pest?  

Yes □ 
No  □ 
Give a rationale for the requirement of chemical pest control?  

 

 
 

Is there no chemical already available in the OPW that will deal with this particular pest? Why 
is a new pesticide product required?  (Product name and PCS number).  

 

 

 

Any new pesticide product to be used by OPW requires:  

A risk assessment     □ 

Be placed on an inventory list   □ 

Have a safety Data Sheets filed   □ 

 

Signed: ____________________________________________________________________  
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Appendix D: Storeroom checklist 
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Pesticide Chemical Store Checklist 
Section A: Construction & Design 

 
Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

Storage & Record Keeping for End Users7 

4.  Safety Precautions 

4.1 Safety Statement & Risk Assessment, relevant to work is available and 
circulated to all staff 

 

4.2 Smoking is prohibited  

                                                 
 

 

 

 
7 Version 1:2014   
As per the Department of Agriculture Food & the Marine (2014) Storage and Record Keeping Requirements for 
End Users of Professional use Plant Protection Products Kildare: Pesticide Registration & Control Division,. This 
is an overview of the guidelines and anything covered by the two guidelines above, were not included. Addition 
requirements have been included.  

NO.  

1. Use of Pesticides 

1.1  Persons shall use products in compliance with the label instruction, SDS, 
principles of good practice and as part of an integrated pest management 
plan 

 

2. Staff Training and Certification 

2.1  All users of pesticides must have a minimum of a PA1 & PA6 (additional 
qualifications as required)  

 

2.2 All pesticide users must be registered with the Department of Agriculture, 
Food and the Marine with a valid PU number 

 

2.3 Store workers who do not apply pesticides will have a minimum  of  a PA1 
qualifications  

 

3. Security Precautions 

3.1 Prevent unauthorized access by having the store locked securely outside 
business hours or when not manned 
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4.3 SDS are kept in a folder in the store & another stored elsewhere  

5.  Storage of Pesticides 

5.1 Enclosed and of sound structure  

5.2 Walk in stores should have good ventilation  

5.3 Potential leakages/spillages are retained within store  

5.4 Shelving constructed of non-absorbent materials  

5.5 Dedicated chemical store  

5.6 Steel transport containers prohibited  

5.7 Store has restricted access  

6.  Facilities Required 

6.1 List of key emergency contact numbers displayed near entrance of the store  

6.2 Recommended PPE worn, cleaned and maintained properly and storage of 
PPE kept separate from storage of chemicals.  

 

6.3 Regularly calibrated weighing scales, designated and labelled for weighing 
pesticides only.  

 

6.4 Equipment used for measuring liquid products, designated and labelled for 
pesticides only. 

 

7.  Operating Procedures 

7.1 Powders stored separately from or above liquids  

7.2 Products stored in their original containers and original labels  

7.3 An appropriate area should be designated for measuring and mixing 
pesticides 

 

7.4 Only pesticides included on the register of pesticides may be acquired and 
stored.  

 

7.5 Circulate the OPW Guidance document and Standard Operating Procedure 
for pesticides 

 

7.6  Stock arranged on a ‘first in, first out’ principle  

7.7 Stock is arranged to minimise handling and to avoid damage  

7.8 Access & exits are clear  
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9. Damaged Product & Disposal Arrangements 

9.1 Regular inspections are carried out to check for damaged containers & 
leakers 

 

9.2 Old stock that is no longer used or legal for use must be disposed of at the 
earliest opportunity, before deterioration of packaging and consequential 
leakage.  

 

9.3 Pesticide waste is disposed of in a safe manner through a competent 
hazardous waste disposal company  

 

9.4 Pending disposal by a competent hazardous waste disposal company, 
obsolete stock and pesticide waste must be isolated within the area.  

 

7.9 Obsolete & damaged stock must be segregated and maintain an up-to-date 
inventory 

 

8.  Record Keeping 

8.1 An up-to-date inventory including obsolete and damaged stock must be 
maintained and kept separate from the store and be provided on request to 
relevant authorities. a record is kept of: Supplier name and address, brand 
name, PCS number, pack size and quantity 

 

8.2 For each product used/applied, a record is kept of: brand name, PCS number, 
date(s) of application, crop/area treated, quantity and reason for use  

 

8.3 For each product returned/disposed of, a record is kept of: Name of the 
company used, brand name, PCS number, date of return/disposal and 
quantity, situation for use, location of use, method of application, volume of 
pesticide concentration and water used, nozzle type and the rationale for use  

 

8.4 Record maintained showing the principles of Integrated Pest Management 
being used on site.  

 

10. Additional Requirements 

10.1 There are no unapproved pesticides in the store (unless isolated and awaiting 
disposal).  

 

10.2 There is an appropriate spill kit available  
10.3 There is a fire extinguisher that has been tested in the past 12 months  
10.4 There is a first aid kit and qualified first aiders on site  

11.  Signage 
11.1 Signage must be displayed externally in a prominent position at the entrance 

to pesticide stores and , where relevant, at the entrance to the building or 
warehouse in which the pesticide store is located :- 

x Warning Sign (black and white triangle with exclamation mark)  
x Sign ‘In case of emergency dial 112 or 999’  
x Sign ‘Pesticide Store, Authorized staff only’ 

x No Smoking Sign           

 
 

12.  Storage location  

12.1 Not located in domestic dwellings, staff/office areas, where there is food 
/feed and must be in a secure area.  
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Requirements:  

No. Requirement Date for 
completion 

Responsible 
person 

Date 
completed 

Supervisor Signature: 
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Appendix E: Chemical Inventory Template 
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Pesticide Inventory List 
 
 

Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

 
 
 
 
 
 
Version 1:2014 ‘Pesticide List’ template for OPW. 
 
The requirements for the template are taken verbatim from the Department of Agriculture, Food and 
the Marine ‘Storage and Record Keeping Requirements for End Users of Professional use Plant 
Protection Products’ 

  

Brand Name Supplier: Name & 
Address 

PCS Number Pack Size Quantity 
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Appendix F: Pesticide Disposal Record 
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Pesticide Disposal Record 
 
 

Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

 

 
 
 
 
 
 
Version 1:2014 ‘Pesticide Disposal Record’ template for OPW. 
 
The requirements for the template are taken verbatim from the Department of Agriculture, Food and 
the Marine ‘Storage and Record Keeping Requirements for End Users of Professional use Plant 
Protection Products’.  

Brand Name: PCS number: Company used: Reason & date of 
return/disposal: 

Quantity: 
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Appendix G: Manual Knapsack Sprayer Checklist 
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Manual Knapsack Sprayer Checklist 
 
 

Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

Knapsack type & model: __________________________ 

 
NO.  

Before Use: 

1.1 Do you have the minimum training required to use a knapsack sprayer?  

1.2 Is the knapsack clean and free of pesticide contamination   

1.3 Is the knapsack free from any apparent damage  

1.4 Ensure there are no cracks on the knapsack  

1.5 Ensure all parts required are available and used (lids, nozzles etc.)  

1.6 Ensure all parts required are undamaged  

1.7 Ensure all the straps are undamaged  

1.8 Check the knapsack for leaks  

1.9 Inspect the nozzle and ensure that there is no damage  

1.10 Ensure that the correct nozzle is being used  
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1.11 Add water and spray out, to ensure that there is no residue of pesticide 

in knapsack and ensure the nozzle is working correctly 

 

1.12 Measure and only use the amount of product required for the area to be 
treated 

 

1.13 Check the seals and O-rings are free from damage  

After Use:  

2.1 Identify a site for cleaning equipment and clothing  

2.2 Triple rinse the knapsack after use  

2.3 Ensure to flush out through the lance  

2.4 Ensure that the knapsack is free of pesticide residue  

2.5 Ensure to follow disposal procedures for water used for rinsing  

2.6 Return the knapsack and equipment to allocated storage  

2.7 Identify an area to store clean equipment and clothing  

Record Keeping:   

3.1 Ensure to complete a pesticide application log of your activities.   

3.2 Ensure to complete this checklist at least twice a year  

3.3  If maintenance/repairs are required, ensure to report them to 
management 

 

3.4  Retain the records  
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Requirements: 
No. Requirement Date for 

completion 
Responsible 
person 

Date 
completed 

Supervisor Signature: 

       

       

       

       

       

       

       

       

       

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Knapsack pesticide sprayers are exempt from testing as per the National Action Plan for the 
Sustainable Use of Pesticides from the Department of Agriculture, Food and the Marine, Pesticide 
Control Division. The Office of Public Works (OPW) policy is to conduct visual checks on the knapsack 
sprayers; this checklist is to assist with these visual checks but is not a legal requirement.   
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Appendix H: Boom Sprayer Testing Checklist 
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Boom Sprayer Testing Checklist 
 

Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

Boom type & model: ______________________________ 

 
NO.  

1. Pre-test criteria (must be complied with and signed of before the test can proceed) 

1.1 PTO guards are in place  

1.2  The power unit and sprayer are connected and ready for the test  

1.3  The sprayer is completely clean, inside and out  

1.4  The sprayer has an adequate supply of clean water on arrival  

1.5 There is an appropriate hard standing area to test the sprayer with clean 
water 

 

1.6 The sprayer is in a safe general condition  

2. Power transmission parts (PTOs) 

2.1 Sprayer is fully decontaminated from chemicals prior to testing  

2.2 O guards in place and in working order  

2.3 U guards in place and in working order  

2.4 Shaft covers in place and in working order  

3. Pump 

3.1 Nozzles are not blocked or worn  

3.2 That there is no leakages  

4. Agitation and mixing devices 

4.1 No excessive foaming in the tank  
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4.2 Visible agitation at maximum working pressure with largest nozzles mounted  

5. Sprayer tank 

5.1 No leaks have been identified  

5.2 Tank lid has breather cap  

5.3 Strainer/basket filter fitted under the tank lid  

5.4 A clear, legible tank content level indication is present.  

5.5 Tank emptying bung easily operated by cord/lever  

5.6 If fitted, chemical induction on the sprayer inspected for operation and 
function.  

 

5.7 If fitted, can/jug washer on the sprayer inspected for operation and function.   

6. Spray lines 

6.1 No part of the spray lines are leaking  

6.2 Spray lines have no kinks or damaged pipes and connection  

6.3 Hoses are joined over the boom  

7. Spray boom 

7.1 Nozzles are spread out correctly on the boom  

7.2 All nozzles on the boom must be facing the same direction and angle  

7.3 Sprayer boom folds and locks into a safe transport setting  

8. Nozzles 

8.1 All nozzles in use on the sprayer are the same type and size  

8.2 Sprayers fitted with multiple nozzle holders have complete set of nozzles for 

each type used for spraying.   

 

8.3 All nozzle holders are fitted with an anti-drip device and it is working correctly 
and not leaking. There should be no dripping five seconds after turning off 

 

8.4 Calibration of nozzle flow rates  
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Requirements:  
No. Requirement Date for 

completion 
Responsible 
person 

Date 
completed 

Supervisor Signature: 

       

       

       

       

       

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This checklist does not guarantee passing the testing for compliance for boom sprayer; it should be 
used before testing to ensure that an inspection has been completed prior to testing or at regular 
intervals between testing.  
 
 
All boom sprayers greater than 3 meters in width and orchard/blast sprayers have to be tested and 
certified at least once by the 26th November 2016, from which date they will have to be tested every 
five years until 2020. From 2020, testing will be every three years from a registered, competent tester 
as per the National Action Plan for the Sustainable Use of Pesticides from the Department of 
Agriculture, Food and the Marine, Pesticide Control Division. Information for this checklist was 
obtained from the DAFM website at: http://www.pcs.agriculture.gov.ie/sud/equipmentinspectors/  
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Appendix I:  Integrated Pest Management checklist 
template 
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Application of Integrated Pest Management at Amenity End User 
level. 

 
Tick only the appropriate options     Date: _______________ 

1.The prevention and/or suppression of harmful organisms 

Clean machinery and equipment  

Nutrient management programme  

Management of crop residues  

Soil structure & compaction  

Protect beneficial organisms  

Choose disease resistant varieties  

Other (please specify)  

  

2. Monitoring of Harmful Organisms  

Can identify main pests / weeds  

Use weather forecast to aid decisions  

Use early warning/forecasting systems  

Monitor for pests/diseases / weeds  

Other (please specify)  

  

3. Application of Plant Protection measures  

Some decisions based on pest / weed thresholds  

Some crops treated preventatively  

Decisions jointly made with advisor  

Advisor makes decision  

Other (please specify)  

  

4. Sustainable biological, physical or other non-chemical methods  

Use manual methods  

Use of topper/mower for weed control  
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Use micro-organism plant protection products  

Use natural enemies  

Use mulches for weed control  

Other (please specify)  

  

5. The pesticides applied shall be as specific as possible for the target pest  

Different modes of action considered  

Applications usually for multiple pests  

Resistance development is considered  

Avoid insecticide use where bees are foraging  

Appropriate application equipment – Nozzle type  

Targeted application to pest / weed / disease  

Other (please specify)  

  

6. Use of pesticides at necessary levels  

Applications timed to minimise use  

Label recommendations are adhered to including buffer zones  

Partially treat / spot spray areas  

Reduce frequency of application  

Other (please specify)  

  

7. Anti-resistance strategies applied to maintain the effectiveness of the products  

Use robust rates of PPPs  

Use products with multiple modes of action  

Familiar with different product labels  

Keep abreast of resistance development  

Other (please specify)  

  

8. Success of the applied crop protection measure  

Success or failure of intervention is measured  
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Success or failure of intervention is recorded  

Results discussed with advisor  

Member of discussion group  

Other (please specify)  

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This template was taken verbatim from the Department of Agriculture, Food and the Marine, 
Pesticide control division’s document ‘Guidance Notes on Integrated Pest Management for use on 
Irish Farms’.  This template is for the agricultural sector but should be amended and used for all 
areas of the Office of Public Works. 
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Appendix J: Self-Assessment Form  
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OPW Self-Assessment Form 
 

Completed By: __________________________________ 

Date: __________________________________________ 

Field Site: _______________________________________ 

 
This self-assessment form is to ensure the suitability of the guidance document developed for 
pesticide users within the Office of Public Works (OPW). To ensure that it is up to date and complies 
with legislation on pesticides, this form should be completed annually. Please tick Yes or No on each 
question and if No, please leave a comment to why and what remedial actions are being taken to 
resolve this issue.  
 
 

 Yes No Comment 
1.0 Guidance document circulation 
1.1 Was the guidance document 
circulated to all the workers using 
pesticides within the OPW?  

   

1.2 Were pesticide users shown the 
different elements of the guidance 
document?  

   

1.3 Were there any comments/questions 
about the guidance document that would 
require an amendment of the document?  

   

1.4 Do all pesticide users within the OPW 
have access to this document, whether it 
is a hardcopy or a softcopy version?  

   

2.0 Guidance document compliance 
2.1 Does each site have their chemical 
risk assessment completed for pesticide 
tasks?  

   

2.2 Is each chemical storage unit for 
pesticide been evaluated and suitable for 
use?  

   

2.3 Are the Job Safety Plans with the 
included pesticide use log available at 
every OPW site?  
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 Yes No Comment 
2.4 Are Job Safety Plans completed with 
each pesticide task?  

   

2.5 Are all pesticide application 
equipment been internally assessed?  

   

2.6 Are workers implementing Integrated 
Pest Management where it is reasonably 
practicable?  

   

2.7 Are workers keeping a record of 
Integrated Pest Management?  

   

2.8 Are the Personal Protective 
Equipment Guidance posters displayed 
on site?  

   

3.0 Additional information that may require document update 
3.1 Has an update to the sustainable use 
of pesticide Directive or national 
legislation occurred that would require 
an update of the guidance document?  

   

3.2 Is there a national Code of Practice 
released for the use of pesticides that 
would require this guidance document to 
be updated?  

   

3.3 Has the Department of Agriculture, 
Food and the Marine requested any 
update of the document (whether 
directly or through the provision of 
information on their website)?  

   

3.4 Has any inspector for pesticides 
required any changes to procedure or 
forms?  

   

3.5 Has the use of any pesticide required 
additions/amendments to this guidance 
document 

   

3.6 Are there any other reasons that the 
guidance document may need to be 
changed/updated?   

   

  



 
 

A64 
 

Appendix K: Personal Protective Equipment Guidance   



 
 

A65 
 

Poster 1: Spraying pesticides indoors.  
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Poster 2: Spraying pesticides in rose gardens or spot spraying weeds.  
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Poster 3: Spraying pesticides with a tractor mounted boom sprayer  
 

  



 
 

A68 
 

Appendix L: Working examples of required 
documentation for pesticides.   
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Task Based Pesticide Risk Assessment 
 
Task title: Spot spraying for weeds along footpaths 

Assessor: Joe Bloggs 

 
Chemical Information 
 
List Chemicals Used: PCS No: Hazard Identification 

Pistol  04312 Very toxic to aquatic 
organisms, may cause long-
term adverse effects in the 
aquatic environment. 

 
Detail Regarding the Worker Tasks 
 
Task 1: Preparation – Collection of Chemical from Store 
 
Task Description: 
 
The worker puts on gloves and brings the knapsack to the area across the yard for mixing 
and loading. He returns to the chemical shed to obtain the chemical, face shield and wellies 
and brings them to the mixing and loading area. He returns for a third time to collect his 
Tyvek suit and face mask.  
 

What spraying equipment is being used 
and the capacity of the container?  

CP 15 manual knapsack sprayer 

How often is this task completed? 
 

Biannually  

 
Task 2: Mixing and Loading Chemicals 
 
Task Description: 
 
The worker puts on his PPE and begins to fill the CP15 manual knapsack with the hose. 
When the knapsack is nearly full, he turns of the hose and obtains the bottle of Pistol. He 
measures 150ml of pistol and pours it into the knapsack. He turns on the hose, fills the 
measuring jug four times, and pours the contents into the knapsack sprayer. He then replaces 
the lid on the pistol and then puts the lid on the knapsack. He returns the pistol to the chemical 
shed. 
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Task 3: Spraying 
 
Task Description: 
 
The worker carries the knapsack on his back to the back yard of the office (a few meters 
from his mixing and loading location). He sprays around the trees; he walks around the trees 
while holding the lance beside him and spraying. He holds the lance approximately the height 
of the wellie but does rise the lance at stages to spray the taller weeds. It is total weed control, 
killing grass and taller weeds. 

 
Task 4: Cleaning Equipment 
  
Task Description: 
 
No cleaning was completed on this occasion.  
 
 

 
 
Personal Protective Equipment (PPE)8 
 
 Recommended 
Gloves x Chemical resistant nitrile gloves – disposable 

 
Eye protection x Face visor (that it is compatible for use with 

respiratory protection equipment).  
Overalls x Disposable Tyvek suit type 5/6. 
Boots x Chemical resistant boots (if vegetation is short).  
RPE x Disposable dust mask FPP3  

x Fit testing completed for all tight fitting respirators.   

                                                 
 

 

 

8 It is a minimum requirement to wear the personal protection equipment and respiratory protective equipment 
outlined on the SDS of the pesticide. The personal protective equipment outlined in the risk assessment is 
recommended by the Office of Public Works (OPW) and is part of the OPW good practice for pesticide spraying. 
If equipment used is not on the list above, ensure that it is suitable for pesticide application tasks (PPE and RPE 
specific for pesticide application).  
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Weather Conditions 
 
Precipitation: Spraying should not be done when it is raining or when it has been forecast to 
rain (to prevent run-off of pesticides).  
Wind speed. Only spray when there are consistently light winds (3–15 km/hr).  
Wind direction. Spraying should be done so the wind is blowing away from the worker and 
non-target sensitive areas. 
Temperature. Mild temperatures (so workers can use PPE without causing heat stress on the 
body). 
 
Current Hazard Rating 
 
Hazard Group A 

Amount Used Small 

Volatility/Dustiness Low 

 
 
Risk Assessment Summar

Severity 1 

Frequency 1.5 

Probability 2 

Numbered exposed 1 

Current Hazard 
Rating 

3 

Task detail:  

Date:  

Sub task Current 
Hazard 
Rating 

Risk 
Conclusion 

Recommended Controls 

Preparation 3 Acceptable risk Wear Tyvek suit when 
collecting chemical to 
protection skin from 

contamination. 
Mixing & Loading 3 Acceptable risk Wear respiratory 

protection during mixing 
and loading and ensure 
worker has fit testing 

completed.  
Spraying 3 Acceptable risk Use recommended PPE 

Clean up N/A N/A Cleaning equipment must 
be done after each use. 
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Job Safety Plan9 
Pesticide use log 

 
Employee name: Joe Bloggs 

Date:  04/08/2016 

Site location and size: Castle 90m^2 

Type and size of target plants: Grass, ground height 

Rationale for pest control e.g. Noxious 
weeds/invasive weeds/general weed 
control (is there a need for pest control?) 

Allow access to the site and prevent 
damaged pathways 

Is there a non-chemical method for 
completing this task?  

Yes, manually.  

Rationale for chemical pesticide 
selected.  

It would take significantly longer and be 
strenuous on the worker to manual weed 
an area that large. 

Additional controls required due to the 
use of chemical pesticide control.  

PPE and restricted access to the site.  

Brand Name:  Pistol 

PCS No:   04312 

State the quantity of pesticide 
concentration used.  

100ml 

The amount of water mixed with 
pesticide 

10 Litres 

State the nozzle used?  Flat fan nozzle 

                                                 
 

 

 

9 The job safety plan has been developed by the Office of Public Works (OPW) but it is a requirement 
under the Sustainable Use Directive and the Irish National Action Plan to keep a record of the 
application of pesticides, completing the job safety plan will fill the requirement of the legislation.  
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How is the area being restricted from the 
public? (Closed gate, barrier tape, 
signage etc.) 

Closed gate and signage 

Check the weather conditions are 
suitable for spraying10 

8m/h West direction 15°C and 58% 
humidity 

Approximate time for task completion  45 minutes 

 

Checklist: 
(Tick all appropriate answer √) 
 
Worker has appropriate qualification and registered with DAFM as a 
professional user. 

√ 

There is a specific site for mixing and loading and cleaning of equipment. √ 

Recommended PPE is used to complete the pesticide task from the 
collection of pesticides to the cleaning task.  

√ 

The cap is put back on the product container tightly and securely after 
filling and unused product returned to the pesticide store.  

√ 

Equipment has no cracks or leaks. √ 

Spraying is not taking place close to watercourses, ditches or drains. √ 

All the pesticide product was used for the pesticide task.  √ 

The empty pesticide containers are triple rinsed and disposed of as per 
OPW policy.  

√ 

The pesticide application equipment is tripled rinsed and stored in an 
allocated location.  

√ 

Pesticide use records completed.  √ 

Operator’s signature: _______Joe Bloggs____________ 
 
Date: _______________04/08/2016_________________  

                                                 
 

 

 

10 Weather details can be obtained from the AccuWeather application for android phones. Further 
information can be obtained from the website: 
http://www.accuweather.com/en/ie/galway/208539/lawn-garden-weather/208539  
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OPW Procurement Form 
 

Completed By: ______________Joe Bloggs____________________ 

Date: _______________________04/08/2016___________________ 

Field Site: __________________Phoenix Park_________________ 

What pest is causing a problem (e.g. weeds) and at what location?  

 

 

Is there a non-chemical method for dealing with this particular pest?  

Yes √ 
No  □ 
Give a rationale for the requirement of chemical pest control?  

 

 
 

 Is there no chemical already available in the OPW that will deal with this particular 
pest? Why is a new pesticide product required?  (Product name and PCS number).  

 

 

 

Any new pesticide product to be used by OPW requires:  

A risk assessment     √ 

Be placed on an inventory list   √ 

Have a Safety Data Sheets filed  √ 

 

Signed: ________________ Joe Bloggs ____________________  

Ragwort, at various locations throughout the Park.  

Ragwort is a highly poisonous plant when eaten and a particular threat to wildlife. Under 

the Noxious Weed Act, local authorities are legally responsible for ensuring that the land 

within their remit is clear of ragwort. 

The chemical previously use is not effective at removing the pest and requires multiple 

application. The new product Synero, PCS No. 04058 will remove the pest and only 

requires annual application.  
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Pesticide Chemical Store Checklist 
Section A: Construction & Design 

 
 

Completed By: ____________Joe Bloggs_______________ 

Date: ___________________04/08/2016_______________ 

Field Site: _______________Phoenix Park______________ 

 
Storage & Record Keeping for End Users11 

 
 

4.  Safety Precautions 
4.1 Safety Statement & Risk Assessment, relevant to work is available 

and circulated to all staff 
√ 

4.2 Smoking is prohibited √ 
4.3 SDS are kept in a folder in the store & another stored elsewhere √ 

                                                 
 

 

 

 
11 Version 1:2014   
As per the Department of Agriculture Food & the Marine (2014) Storage and Record Keeping 
Requirements for End Users of Professional use Plant Protection Products Kildare: Pesticide 
Registration & Control Division,. This is an overview of the guidelines and anything covered by the two 
guidelines above, were not included. Addition requirements have been included.  

NO. 
 

 

1. Use of Pesticides 
1.1  Persons shall use products in compliance with the label, SDS, 

principles of good practice and as part of an integrated pest 
management plan 

√ 

2. Staff Training and Certification 
2.1  All users of pesticides must have a minimum of a PA1 & PA6 

(additional qualifications as required) 
√ 

2.2 All pesticide users must be registered with the Department of 
Agriculture, Food and the Marine with a valid PU number 

√ 
2.3  Store workers who do not apply pesticides will have a minimum  of  

a PA1 qualifications  
X 

3. Security Precautions 
3.1 Prevent unauthorized access by having the store locked securely 

outside business hours or when not manned 
√ 
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5.  Storage of Pesticides 
5.1 Enclosed and of sound structure √ 
5.2 Walk in stores should have good ventilation N/A 
5.3 Potential leakages/spillages are retained within store √ 
5.4 Shelving constructed of non-absorbent materials √ 
5.5 Dedicated chemical store √ 
5.6 Steel transport containers prohibited √ 
5.7 Store has restricted access √ 

6.  Facilities Required 
6.1 List of key emergency contact numbers displayed near entrance of 

the store 
X 

6.2 Recommended PPE worn, cleaned and maintained properly and 
storage of PPE kept separate from storage of chemicals.  

√ 

6.3 Regularly calibrated weighing scales, designated and labelled for 
weighing pesticides only.  

N/A 

6.4 Equipment used for measuring liquid products, designated and 
labelled for pesticides only. 

N/A 

7.  Operating Procedures 
7.1 Powders stored separately from or above liquids √ 
7.2 Products stored in their original containers and original labels √ 
7.3 An appropriate area should be designated for measuring and mixing 

pesticides 
√ 

7.4 Only pesticides included on the register of pesticides may be 
acquired and stored.  

√ 

7.5 Circulate the OPW Guidance document and Standard Operating 
Procedure for pesticides 

X 

7.6  Stock arranged on a ‘first in, first out’ principle √ 
7.7 Stock is arranged to minimise handling to avoid damage √ 
7.8 Access & exits are clear √ 
7.9 Obsolete & damaged stock must be segregated and maintain an up-

to-date inventory 
√ 

8.  Record Keeping 
8.1 An up-to-date inventory including obsolete and damaged stock must 

be maintained and kept separate from the store and available on 
request from relevant authorities. a record is kept of: Supplier name 
and address, brand name, PCS number, pack size and quantity 

√ 

8.2 For each product used/applied, a record is kept of: brand name, PCS 
number, date(s) of application, crop/area treated, quantity and 
reason for use  

√ 

8.3 For each product returned/disposed of, a record is kept of: Name of 
the company used, brand name, PCS number, date of 
return/disposal and quantity 

√ 

8.4 Record maintained showing the principles of Integrated Pest 
Management being used on site.  

√ 
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9. Damaged Product & Disposal Arrangements 
9.1 Inspections are carried out to check for damaged containers & 

leakers 
√ 

9.2 Old stock that is no longer used/stored must be disposed of at the 
earliest opportunity, before deterioration of packaging and 
consequential leakage.  

√ 

9.3 Pesticide waste is disposed of in a safe manner through a competent 
hazardous waste disposal company  

√ 

9.4 Pending disposal by a competent hazardous waste disposal company, 
obsolete stock and pesticide waste must be isolated within the area.  

√ 

 
 
  

10. Additional Requirements 
10.1 There are no unapproved pesticides in the store (unless isolated and 

awaiting disposal).  
√ 

10.2 There is an appropriate spill kit available X 
10.3 There is a fire extinguisher that has been tested in the past 12 months √ 
10.4 There is a first aid kit and qualified first aiders on site √ 

11.  Signage 
11.1 Signage must be displayed externally in a prominent position at the 

entrance to pesticide stores and , where relevant, at the entrance to 
the building or warehouse in which the pesticide store is located :- 

x Warning Sign (black and white triangle with exclamation 

mark)  
x Sign ‘In case of emergency dial 112 or 999’  
x Sign ‘Pesticide Store, Authorized staff only’ 
x No Smoking Sign           

 

 

X 

12.  Storage location  
12.1 Not located in domestic dwellings, staff/office areas, where there is 

food /feed and must be in a secure area.  
√ 
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Requirements:  
No. Requirement Date for 

completion 
Responsible 
person 

Date 
completed 

Supervisor Signature: 

2.2 Training for storemen 04/10/2016 Supervisor 20/09/2016 John 
Hancock 

John 
Hancock 

6.1  Place a list of emergency 
services numbers on the 
store door 

04/10/2016 Gardener 01/09/2016 Joe Bloggs Joe Bloggs 

7.5 Circulate guidance 
document 

01/11/2016 Supervisor    

10.2 Obtain appropriate spill kit 01/11/2016 Supervisor    
11.1 Place signage on storage 04/10/2016 Gardener 01/09/2016 Joe Bloggs Joe Bloggs 
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Pesticide Inventory List 
 

Completed By: _______Joe Bloggs___________________________ 

Date: _______________04/08/2016___________________________ 

Field Site: __________Phoenix Park__________________________ 

  

 

 
 
 
 
 
 
 
 
Version 1:2014 ‘Pesticide List’ template for OPW. 
 
The requirements for the template are taken verbatim from the Department of Agriculture, 
Food and the Marine ‘Storage and Record Keeping Requirements for End Users of 
Professional use Plant Protection Products’  

Brand Name Supplier: Name & 
Address 

PCS Number Pack Size Quantity 

Pistol Pesticides Ireland ltd.  04312 5L *10 2 packs 
2*(5l*10) 

Roundup® 
Biactive 

Pesticides Ireland ltd. 02313 5L *10 1 Pack (5l*10) 
(With 2.5 litres 
taken from one 
container).  

Synero Pesticides Ireland ltd. 04058 5L *10 2 packs 
Only 8 5-litre 
containers are left. 
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Pesticide Disposal Record 
 

Completed By: _______Joe Bloggs___________________________ 

Date: _______________04/08/2016___________________________ 

Field Site: __________Phoenix Park__________________________ 

 

 
 
 
 
 
 
 
 
Version 1:2014 ‘Pesticide Disposal Record’ template for OPW. 
 
The requirements for the template are taken verbatim from the Department of Agriculture, 
Food and the Marine ‘Storage and Record Keeping Requirements for End Users of 
Professional use Plant Protection Products’.  

Brand Name: PCS number: Company used: Reason & Date of 
return/disposal: 

Quantity: 

B&Q Slug Killer 92378 Pesticide Disposal 
Ltd.  

Banned since 
30/06/2016. 
Disposed of on 
04/08/2016 

5 Litres 

PP Captan 83 00164 Pesticide Disposal 
Ltd. 

Banned, Disposed 
of on 04/08/2016 

2 Litres 

Pathclear 
Weedkiller PC 

03661 Pesticide Disposal 
Ltd. 

Banned, Disposed 
of on 04/08/2016 

2 Litres 
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Manual Knapsack Sprayer Checklist 
 

Completed By: _______Joe Bloggs___________________________ 

Date: _______________04/08/2016___________________________ 

Field Site: __________Phoenix Park__________________________ 

Knapsack type & model:  _____CP 15 manual knapsack sprayer__ 

 
 

NO.  
Before Use: 
1.1 Do you have the minimum training required to use a knapsack 

sprayer? 
√ 

1.2 Is the knapsack clean and free of pesticide contamination  √ 

1.3 Is the knapsack free from any apparent damage √ 

1.4 Ensure there is no cracks on the knapsack X 
1.5 Ensure all parts required at available and used (lids, nozzles etc.) √ 

1.6 Ensure all parts required are undamaged √ 

1.7 Ensure all the straps are undamaged √ 

1.8 Check the knapsack for leaks √ 

1.9 Inspect the nozzle and ensure that there is no damage √ 

1.10 Ensure that the correct nozzle is being used √ 

1.11 Add water and spray out, to ensure that there is no residue of 
pesticide in knapsack and ensure the nozzle is working correctly 

√ 

1.12 Only measure the amount of pesticide required for the area √ 

1.13 Check the seals and O-rings are free from damage √ 

After Use:  

2.1 Identify a site for cleaning equipment and clothing √ 

2.2 Triple rinse the knapsack after use √ 
2.3 Ensure to flush out through the lance √ 
2.4 Ensure that the knapsack is free of pesticide residue √ 
2.5 Ensure to follow disposal procedures for water used for rinsing √ 
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2.6 Return the knapsack and equipment to allocated storage √ 
2.7 Identify an area for cleaning equipment and clothing √ 
Record Keeping:   

3.1 Ensure to complete a pesticide application log of your activities.  √ 
3.2 Ensure to complete this checklist at least twice a year √ 

3.3  If maintenance/repairs are required, ensure to report them to 
management 

√ 

3.4  Retain the records √ 
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Requirements: 
No. Requirement Date for 

completion 

Responsible 

person 

Date 

completed 

Supervisor Signature: 

1.4  Crack on lid, replace 
with undamaged lid.  

04/08/2016 Joe Bloggs 04/08/2016 John 
Hancock 

John 
Hancock 

       

       

       

       

       

       

       

       

       

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
*Knapsack pesticide sprayers are exempt from testing as per the National Action Plan for the 
Sustainable Use of Pesticides from the Department of Agriculture, Food and the Marine, 
Pesticide Control Division. The Office of Public Works (OPW) policy is to conduct visual checks 
on the knapsack sprayers; this checklist is to assist with these visual checks but is not a legal 
requirement.   
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Boom Sprayer testing checklist 
 

Completed By: _______Joe Bloggs___________________________ 

Date: _______________04/08/2016___________________________ 

Field Site: __________Phoenix Park__________________________ 

Boom type & model: John Deere 4410 Tractor with 8 meter Bergam Boom 
sprayer 

 

NO.  
1. Pre-test criteria (must be complied with and signed of before the test can 

proceed) 
1.1 PTO guards are in place √ 
1.2  The power unit and sprayer are connected and ready for the test √ 
1.3  The sprayer is completely clean, inside and out √ 
1.4  The sprayer has an adequate supply of clean water on arrival √ 
1.5 There is an appropriate hard standing area to test the sprayer with 

clean water 
√ 

1.6 The sprayer is in a safe general condition √ 
2. Power transmission parts (PTOs) 

2.1 Sprayer is fully decontaminated from chemicals prior to testing √ 
2.2 O guards in place and in working order √ 
2.3 U guards in place and in working order √ 
2.4 Shaft covers in place and in working order √ 

3. Pump 
3.1 Nozzles are not blocked or worn X 
3.2 That there is no leakages √ 

4. Agitation and mixing devices 
4.1 No excessive foaming in the tank √ 
4.2 Visible agitation at maximum working pressure with largest nozzles 

mounted 
√ 

5. Sprayer tank 
5.1 No leaks have been identified √ 
5.2 Tank lid has breather cap √ 
5.3 Strainer/basket filter fitted under the tank lid √ 
5.4 A clear, legible tank content level indication is present. √ 
5.5 Tank emptying bung easily operated by cord/lever √ 
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5.6 If fitted, chemical induction on the sprayer inspected for operation 
and function.  

N/A 
5.7 If fitted, can/jug washer on the sprayer inspected for operation and 

function.  
N/A 

6. Spray lines 
6.1 No part of the spray lines are leaking √ 
6.2 Spray lines have no kinks or damaged pipes and connection √ 
6.3 Hoses are joined over the boom √ 

7. Spray boom 
7.1 Nozzles are spread out correctly on the boom √ 
7.2 All nozzles on the boom must be facing the same direction and angle √ 
7.3 Sprayer boom folds and locks into a safe transport setting √ 

8. Nozzles 
8.1 All nozzles in use on the sprayer are the same type and size √ 
8.2 Sprayers fitted with multiple nozzle holders have complete set of 

nozzles for each type used for spraying.   
√ 

8.3 All nozzle holders are fitted with an anti-drip device and it is working 
correctly and not leaking. There should be no dripping five seconds 
after turning off 

√ 

8.4 Calibration of nozzle flow rates √ 
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Requirements:  
No. Requirement Date for 

completion 

Responsible 

person 

Date 

completed 

Supervisor Signature: 

3.3  Nozzles are worn and need 
to be replaced.  

01/09/2016 Joe Bloggs 28/08/2016 John 
Hancock 

John 
Hancock  

8.2 Filters need replacing  01/09/2016 Joe Bloggs 28/08/2016 John 
Hancock 

John 
Hancock  

       

       

       

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This checklist does not guarantee passing the testing for compliance for boom sprayer; it 
should be used before testing to ensure that an inspection has been completed prior to 
testing or at regular intervals between testing.  
 
All boom sprayers greater than 3 meters in width and orchard/blast sprayers have to be 
tested and certified at least once by the 26th November 2016, from which date they will have 
to be tested every five years until 2020. From 2020, testing will be every three years from a 
registered, competent tester as per the National Action Plan for the Sustainable Use of 
Pesticides from the Department of Agriculture, Food and the Marine, Pesticide Control 
Division. Information for this checklist was obtained from the DAFM website at: 
http://www.pcs.agriculture.gov.ie/sud/equipmentinspectors/  
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Application of Integrated Pest Management (IPM) at 
user level. 

 
Tick only the appropriate options   Date: ____04/08/2016_ 

 
1.The prevention and/or suppression of harmful organisms 

Clean machinery and equipment  

Nutrient management programme  

Management of crop residues  

Soil structure & compaction  

Protect beneficial organisms  

Choose disease resistant varieties  

Other (please specify)  

  

2. Monitoring of Harmful Organisms  

Can identify main pests / weeds  

Use weather forecast to aid decisions  

Use early warning/forecasting systems  

Monitor for pests/diseases / weeds  

Other (please specify)  

  

3. Application of Plant Protection measures  

Some decisions based on pest / weed thresholds  

Some crops treated preventatively  

Decisions jointly made with advisor  

Advisor makes decision  

Other (please specify)  

  

4. Sustainable biological, physical or other non-chemical 

methods 

 

Use manual methods  

Use of topper/mower for weed control  

Use micro-organism plant protection products  
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Use natural enemies  

Use mulches for weed control  

Other (please specify)  

  

5. The pesticides applied shall be as specific as possible for 

the target pest 

 

Different modes of action considered  

Applications usually for multiple pests  

Resistance development is considered  

Avoid insecticide use where bees are foraging  

Appropriate application equipment – Nozzle type  

Targeted application to pest / weed / disease  

Other (please specify)  

  

6. Use of pesticides at necessary levels  

Applications timed to minimise use  

Label recommendations are adhered to including buffer zones  

Partially treat / spot spray areas  

Reduce frequency of application  

Other (please specify)  

  

7. Anti-resistance strategies applied to maintain the 

effectiveness of the products 

 

Use robust rates of PPPs  

Use products with multiple modes of action  

Familiar with different product labels  

Keep abreast of resistance development  

Other (please specify)  

  

8. Success of the applied crop protection measure  

Success or failure of intervention is measured  

Success or failure of intervention is recorded  

Results discussed with advisor  
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Member of discussion group  

Other (please specify)  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*This template was taken verbatim from the Department of Agriculture, Food and the 
Marine, Pesticide control division’s document ‘Guidance Notes on Integrated Pest 
Management for use on Irish Farms’.  This template is developed for the agricultural 
sector but should be amended and used for all areas of the Office of Public Works 
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OPW Self-Assessment Form 
 

Completed By: _______Joe Bloggs___________________________ 

Date: _______________04/08/2016___________________________ 

Field Site: __________Phoenix Park__________________________ 

 
This self-assessment form is to ensure the suitability of the guidance document developed 
for pesticide users within the Office of Public Works (OPW). To ensure that it is up to date 
and complies with legislation on pesticides, this form should be completed annually. Please 
tick Yes or No on each question and if No, please leave a comment to why and what remedial 
actions are being taken to resolve this issue.  
 
 

 Yes No Comment 
1.0 Guidance document circulation 
1.1 Was the guidance document 
circulated to all the workers using 
pesticides within the OPW?  

 x Have not received the document, 
will circulate when they are 
delivered to site.  

1.2 Were pesticide users shown the 
different elements of the guidance 
document?  

√  Training day was conducted for 
workers.  

1.3 Were there any 
comments/questions about the 
guidance document that would 
require an amendment of the 
document?  

 x  

1.4 Do all pesticide users within the 
OPW have access to this document, 
whether it is a hardcopy or a softcopy 
version?  

 x Awaiting printed document, access 
to softcopy available online.  

2.0 Guidance document compliance 
2.1 Does each site have their chemical 
risk assessment completed for 
pesticide tasks?  

√   

2.2 Is each chemical storage unit for 
pesticides been evaluated and 
suitable for use?  

√   

2.3 Are the Job Safety Plans with the 
included pesticide use log available at 
every OPW site?  

√   

 Yes No Comment 
2.4 Are Job Safety Plans completed 
with each pesticide task?  √   

2.5 Are all pesticide application 
equipment been internally assessed?  √   
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2.6 Are workers implementing 
Integrated Pest Management where it 
is reasonably practicable?  

√   

2.7 Are workers keeping a record of 
Integrated Pest Management?  √   

2.8 Are the Personal Protective 
Equipment Guidance posters being 
displayed on site?  

√   

3.0 Additional information that may require document update 
3.1 Has an update to the sustainable 
use of pesticide Directive or national 
legislation occurred that would 
require an update of the guidance 
document?  

 x  

3.2 Is there a national Code of 
Practice released for the use of 
pesticides that would require this 
guidance document to be updated?  

 x  

3.3 Has the Department of 
Agriculture, Food and the Marine 
requested any update of the 
document (whether directly or 
through the provision of information 
on their website)?  

 x  

3.4 Has any inspector for pesticides 
required any changes to procedure or 
forms?  

 x  

3.5 Has the use of any pesticide 
required additions/amendments to 
this guidance document 

 x  

3.6 Are there any other reasons that 
the guidance document may need to 
be changed/updated?   

 x  
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This document was developed as a guideline for pesticide users within the Office of Public 
Works to assist with the implementation of the Sustainable Use of Pesticides Directive and 
the National Action Plan. The information contained within this document was to the best of 
our knowledge compliant with legislation at the time of publication. The guide is not a 
legislative document and is only meant to be used as a guide. 
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