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ABSTRACT

Chlorpyrifos, an organophosphate pesticide moderately toxic to humans via
inhalation and dermal absorption (LD50 oral, rat = 226 mg kg-1, LD50 skin, rabbits
= 1265 mg kg-1), is widely used to eradicate termites in Australia. A series of 28
surveys totaling 32 separate assessments, or 10% of all professional users in Perth,
Western Australia, comprised biological monitoring, exposure assessment
techniques, a health symptoms and work practices questionnaire. Chlorpyrifos
metabolite 3,5,6-trichloro-2-pyridinol and alkyl phosphates were extracted from
urine, and serum cholinesterase (SChE) and erythrocyte acetylcholinesterase from
blood. Chlorpyrifos was extracted from 24 patches removed from a supplied
cotton overall, cotton gloves worn under protective gloves, 7 absorbent patches
placed on the skin and an organic vapour collection tube. Surface wipes were
collected in the workers vehicle and on the workers forehead. Chlorpyrifos was
applied in either 0.5% (n=2) or 1% (n=26) concentration of active ingredient in
water solution. Surveys took place at pre-construction sites (n=5) where pesticide
was sprayed onto a prepared site, existing buildings with concrete foundations
(n=17) where pesticide was injected under pressure around the perimeter of the
building and existing buildings with suspended floors requiring the worker to
spray under floor (n=6). Combined left and right glove deposition was 9 mg hour1

(SD = 18 mg.hour-1). Mean deposition on overalls was 14 mg.hour-1 (SD = 12

mg.hour-1), on skin patches was 0.2 µg.cm-1.hour-1, on vehicle gear-stick was 3 µg
(SD = 8 µg) and, on steering wheels’ was 3 µg (SD = 3 µg). The mean protection
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factor of overalls, a ratio of outer layer and inner levels, was 75 (SD = 411).
Mean air concentration of chlorpyrifos during an application was 30 µg m-3, and
17 µg m-3 8 hour TWA (SD = 40 µg m-3 8 hour TWA), and in one group of 17
workers correlated (p<0.05) with ambient air temperature (15 to 38 oC). Urinary
metabolites and SChE activity were effective indicators of exposure. The health
symptoms questionnaire did not highlight significant health effects.

A

discrepancy between operators’ perception of risk and their actual exposure
requires addressing, for example the measured high deposition rate to hands was
ineffectively controlled, as 48% or workers wore inappropriate or no gloves and
only 26% washed their hands after completing their tasks. All workers indicated
in the questionnaire they would wash their hands after completing their tasks. The
questionnaire also highlighted a high incidence of poor work practices, 58% spilt
the concentrate at least once a week, 74% had recently spilt/splashed diluted
chlorpyrifos in their eyes and 90% on their boots, and 52% believed they would
benefit from more education concerning chlorpyrifos. Observations concluded
that workers unnecessarily increased their exposure by poor work practice.
Recommendations include modification to pesticide worker education, licencing
and health surveillance systems; an improvement in the understanding of the
benefits of a health and safety management systems for employers, and pesticide
suppliers taking a stewardship role in the usage of their products.
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ABBREVIATIONS & SYMBOLS

µg
AchE
AS #
BCA
o
C
CAS #
Cm
DDT
DEP
DETP
EAChE
EPA
h.p.
Hb
Hr
ILO
Kg
KPa
L
LD50
Log
M
Mg
Min
Ml
mm
MmHg
N
NIOSH
nmol
NOHSC
NRA
NTE
OSHA
OVS
PchE
PCO
Ppb
Ppm
PVC

microgram
Acetylcholinesterase
Australian Standard reference number #
Building Code of Australia
Degrees centigrade
Chemical Abstract Service number
Centimetre
1,1’-(2,2,2-trichloroethylidene)bis[4-chlorobenzene]
Diethylphophate
Diethyl-thiophophate
Erythrocyte Acetylcholinesterase
Environmental Protection Agency
horse power
Haemoglobin
Hour
International Labour Organisation
Kilogram
Kilo Pascal'
s
Litre
lethal dose required for 50% of individuals in a sample
Logarithm
Metre
Milligram
Minute
Millilitres
Millimetre
millimetres Mercury
number of subjects
US National Institute of Occupational Safety and Health
Nanomole
National Occupational Health and Safety Commission
National Registration Authority
Neurotoxic target esterase
(US) Occupational Safety and Health Administration
Organic Vapour Sorbent
Plasma cholinesterase
Pest Control Operator/Operative, also known as pesticide
applicator or pest controller.
parts per billion
parts per million
Polyvinyl chloride
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SCE
SD
TAFE
TCP
US
w/v

Sister Chromatid Exchange
standard deviation
Tertiary and Further Education College
3,5,6-trichloro-2-pyridinol
United States (of America)
water to volume ratio

Note: The term “researcher” in this thesis refers to the candidate.
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1. INTRODUCTION

“Everyone has the right to work, to free choice of
employment, to just and favourable conditions of work
and to protection against unemployment.” Article 23 (1)
of the Universal Declaration of Human Rights, adopted
December 10, 1948.

1.1 BACKGROUND
It is a fundamental human right to work in conditions which do not cause injury or
disease (Universal Declaration of Human Rights, 1948) yet worldwide millions of
people, including children work in conditions which inevitably lead to a reduced
lifespan. The International Labour Organisation (ILO) estimate 3,000 people die
per day as a direct result of their work (ILO, 2001). It is estimated that in
Australia 300 to 500 people die at work each year (NOHSC, 2000a), although
estimates of deaths from exposure to hazardous substances alone have been as
high as 2200 per year (Kerr et al., 1996). Evidence of occupational injury, disease
and fatalities collected by the health and safety organisations of many nations
verify the extent and effects of workplace hazards. Registers of deaths, diseases
and incidents, such as the Australian Government National Occupational Health
and Safety Commission (NOHSC) information and statistics website (NOHSC,
2000b), includes specific information on hazardous substances. Prevention of ill
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health as a result of using hazardous substances is a priority of governmental
occupational health and safety agencies, chemical registration agencies,
manufacturers and end users. Prediction of the health effect following a dose of a
substance can be established epidemiologically, and comparison with an actual
occupational exposure enables the risk of ill health to be determined.

An

appropriate control of exposure strategy can be formulated based on the risk and
hazards of the hazardous substance, and when effectively implemented, a
significant reduction in harm, injury, disease and death will result.

The information required to reduce risk of exposure is highly specific, thus two
workers using an identical substance, but for different purposes will have different
exposure profiles. Similarly, two workers using the same substance for the same
purpose will also have a different exposure, due to differences in their use of the
substance, such as their position relative to the source of the substance. For these
reasons, to effectively predict exposure and formulate control, risk assessments of
a hazardous substance being used for a specific task are required.

This research aims to contribute to the understanding of the extent of exposure
and health effects from working with chlorpyrifos.

Chlorpyrifos is an

organophosphate pesticide used for over 20 years in many countries including
Australia to eradicate termites.

There are several hundred licensed users of

chlorpyrifos in Western Australia. Whilst there are no published reports of their
exposure, work in other countries concerned with chlorpyrifos and other
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organophosphates have indicated exposures over a prolonged period may lead to
neurological health effects.

1.2 CHLORPYRIFOS
Chlorpyrifos (pronounced k-lor-pe-ree-fos) is an organophosphate compound used
as the active ingredient in a number of pesticides, including those used to
eradicate termites, otherwise known as termiticides. It has a rapid and fatal effect
on termites due to its biochemical effect of interrupting the transmission of
nervous impulses. Since the coordinated activation of muscles occurs via nerves,
their disruption results in uncontrolled muscular activity or cramp leading to
failure of the major body systems, in particular respiration, and death usually
within a minute or two. As the biochemical process of transmission of nervous
electrical impulses is similar across insects and mammals, a chemical designed to
interrupt this process in insects has the potential to do the same in humans. In
Western Australia individuals whose role involves use of the termiticide receive
training as part of their professional licensing, however the effectiveness of
exposure control, the quantum and effects of exposure have not been thoroughly
investigated (Chambers and Carr, 1995, Fenske and Elkner, 1990, Nolan et al.,
1984). This research aims to contribute to information available.

An association between the concentration of contaminant in the working
environment in particular of airborne contaminants, and the dose received by a
worker has been recognised for centuries. It was recognised the worker who
breathed in contaminants may suffer, and should therefore protect himself, or
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work in such a way to avoid exposure (Agricola, 1556). Assessment of the
probability of a health effect can be estimated if the quantity of material in the
working environment or the dose in the body can be determined. Although often
more difficult the determination of the actual body dose of the contaminant is
preferable method to assess the likelihood of an effect from exposure, as it avoids
the requirement to correct for an unknown error introduced by the sampling and
analysis of the sample. Whilst techniques to quantify airborne contamination in a
workplace are detailed in Australian Standards, the other significant route of entry
for contaminants, absorption through the skin is the subject of ongoing research
e.g. Schneider et al (1999). The organophosphate compounds being lipophilic are
readily absorbed through the skin, thus an occupational exposure assessment must
account for this characteristic.

The Occupational Safety and Health Regulations specify that if a risk assessment
indicates an individual is likely to be exposed to concentrations of
organophosphate capable of causing a health effect a health surveillance program
is required. Health surveillance of an individual exposed to organophosphates is
conducted by measuring the levels of an enzyme in a blood sample.

By

comparing the result to a baseline sample an indication of exposure is obtained. If
the results indicate a relatively high exposure the workers is advised to cease work
with organophosphates until subsequent analysis indicates the enzyme activity has
returned to a normal level (OSH Regulations, 1996).
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There are over 400 individuals licensed to use chlorpyrifos in Western Australia
many using the substance routinely, however, there is a lack of published
information concerning their occupational exposure. It appears from the literature
that chlorpyrifos is readily absorbed into humans in particular via the skin,
however, there is little known about the amount of chlorpyrifos entering the body
via the dermal route. Without this information efforts to control exposure cannot
be targeted effectively.

1.3 AIMS AND HYPOTHESES
The research hypotheses are:
1. Occupational exposure to chlorpyrifos by pest control technicians may
exceed health based and other suggested limits of exposure, such the
occupational inhalation exposure standard.
2. The current health surveillance system does not provide adequate
information to enable individuals to control their exposure

The objectives of this research are to:
1. Assess potential exposure utilising a variety of sampling procedures
2. Evaluate biological indicators of exposure to chlorpyrifos
3. Examine work practices
4. Characterise symptoms and other health effect indicators
5. Correlate health effects with exposures and work practices
6. Make recommendations for health surveillance, and the reduction of
exposure.
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2. LITERATURE REVIEW

“…we should always devote more care to maintaining our
health, that we may freely perform our bodily functions,
than to making profits. Of the illnesses, some affect the
joints, others attack the lungs, some the eyes, and finally
some are fatal to men.” from De Re Metallica by
Georguis Agricola, 1556, original publication translated
by Herbert Hoover, 1950.

2.1 INTRODUCTION
This chapter reviews the literature concerning the toxicology of chlorpyrifos,
exposure assessment techniques and results of exposure assessments. A variety of
techniques including the use of chemicals are available to prevent and control
infestations of cellulose consuming termites in properties.

2.2 TERMITE CONTROL
The order Isopotera or termites consists of over 2500 species, approximately 350
are known in Australia. The cause of the majority of damage is the subterranean
termites, the others known as ‘dry wood termites’ are only of concern in specific
areas, such as tropical or coastal habitats.

Common genera of subterranean

termites include Coptotermes, Mastotermes, Schedorhinotermes, Nasutitermes
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and Heterotermes. The subterranean termite is common between 48o north and
48o south due to the favourable climatic conditions (Davis, 2002, Standards
Australia, 2000b).

Termites consume cellulose (Figure 1 and Figure 2) and whilst they have a
preference for wood such as structural timbers or trees they will consume other
materials containing cellulose such as paper or cardboard. Termites can also
cause damage to non-cellulose materials such as soft metal, concrete and plastics
An estimated AU$780 million damage are caused by termites to structural timbers
each year. The subterranean termite colony consists millions of termites and may
be tens of metres from a source of food. The species may spread at a remarkable
pace in favourable conditions, thousands of fertile winged individuals leave the
colony potentially forming a new one when they land in a suitable area. Evidence
of the success of the termites is obvious in areas where the above ground species
is present, where hundreds of termite colonies stand several metres above the
ground (Figure 3). These factors contribute to a formidable and voracious species,
virtually impossible to practicably eradicate, and costly to control in urban areas
(Standards Australia, 2000b, Archicentre, 2003).

Termite damage may be controlled by appropriately designing buildings; use of a
chemical barrier; installation of a physical barrier; or other systems such as
baiting. Application of a chemical barrier, such as termiticides, is routine work
for pest control operators (PCO’s).
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Figure 1: Live termites in partially consumed timber

Figure 2: Partially consumed timber

Figure 3: Termite mounds near Onslow (north Western Australia)
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2.2.1 Building design
Restricting termite access to timbers for example by raising a property off the
ground (i.e. a suspended floor) or using alternatives to timber, such as steel where
possible reduces the ease of entry for termites into a building.

2.2.2 Stainless steel mesh
A stainless steel mesh barrier under the concrete slab and around every breach in
the concrete, such as water pipes and electrical conduits, is designed to stop the
termites’ progress.

2.2.3 Graded stone
Graded stone in a trench around a property creates a non-chemical barrier to
termites. The stones are carefully sorted to a size too big for the termites to move
yet too small for them to move between.

2.2.4 Termiticides
In Australia there are two registered active compounds for termiticides,
chlorpyrifos and bifenthrin. These compounds are available in several hundred
products designed for a range of specific applications, for example long-term slow
release formulae or for reticulated dispersion in high activity areas, for residential
or commercial use. Generally the manufacturer distributes the active compound
in a solvent solution, which is diluted with water to form an emulsion at the point
of use. The termiticide is then sprayed onto or injected into the ground.
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2.3 REGULATION OF PEST CONTROL
The Building Code of Australia (BCA), initiated by the Building Regulations
1989, specify the structural and other specific elements of buildings are to be
protected from termites, so as to protect the safety of occupants of the building.
Western Australian pesticide workers are licensed to use termiticides by the
Health Department of Western Australia under the Health (Pesticides) Regulations
1956.

There are currently approximately 400 licensed pest control operators in Western
Australia.

Licenses are granted following a training program specific to the

pesticide and mechanism of application. Pest control operators who will use
chlorpyrifos apply for a one year provisional license, after completing a pesticide
safety course, run by a college of Tertiary and Further Education (TAFE). After
the provisional period, successful completion of a further course and 30 days onthe-job supervision by a fully licensed worker entitles the pest control operator to
apply for a full license. The license is renewed annually, however further training
is not a requirement. Licensing of pest control operators is conditional on their
compliance to Australian Standard AS 3660 (Table 1) which provides the
technical detail of field operating procedures, including the application protocols
(Standards Australia, 2000a).
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Table 1: Australian Standard for Termite Management

AS 3660 - 2000 Termite Management
Part 1 Termite Management – New building work
Part 2 Termite Management – In and around existing building and
structures
Part 3 Termite Management – Assessment criteria for termite
management systems

Table 2: Severity and prognosis of acute organophosphate intoxication at different levels of
AChE inhibition.
% AChE
inhibition
50-60

Level
of
poisoning
Mild

60-90

Moderate

90-100

Severe

Clinical symptoms

Prognosis

Weakness, headache, dizziness, nausea,
salivation, lacrimation, miosis, moderate
bronchial spasm
Abrupt weakness, visual disturbances, excess
salivation, sweating, vomiting, diahorrea,
brachycardia, tremor of hands and head,
disturbed gait, miosis, pain in the chest,
cyanosis of the mucous membranes
Abrupt tremor, generalised convulsions, psychic
disturbance, intensive cyanosis, oedema of the
lung, coma

Convalescence in 1-3
days

(Jeyaratnam and Maroni, 1994)

Cl

Convalescence in 1-2
weeks

Death
from
respiratory or cardiac
failure

Cl

S
C2 H 5 O

P

O

N

C2 H5 O

Figure 4: Structure of Chlorpyrifos

Cl
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Table 3: Identification, physical and chemical properties of chlorpyrifos
Item
Chemical name
Synonym(s)
Registered trade
names
Chemical formula
Identification
numbers
Molecular weight
Colour

Melting point
Boiling point
Density at 43.5 oC
Odour
Odour threshold
Solubility:
Water at 20 oC:
Water at 23 oC:
Water at 25 oC:
Organic solvent:
Partition coefficients:
Log Kow
Log Koc
Vapour pressure: at
20 oC
at 25 oC
Auto ignition
temperature,
Flammability limits
at 25 oC, Explosive
limits
Flash point

after Gaines, 1997

Details
O,O-diethyl
O-(3,5,6-trichloro-2-pyridyl)
phosphorothioate
Phosphorothoic acid; O,O-diethyl O-(3,5,6trichloro-2-pyridinyl) ester; chlorpyrifos-ethyl;
chlorpyriphos
Dowco 179; ENT 27311; Dursban; Lorsban;
Pyrinex; DMS-0971
C9 H11 Cl3 NO3 PS
CAS Registry - 2921-88-2
NIOSH RTECS – TF6300000
350.57
White granular crystals
White to tan
Amber solid cake with amber oil
Colourless crystals
42 - 43.5 oC
41 - 42 oC
Decomposes at approximately 160 oC
1.398 g cm-3
Mild mercaptan
Water – no data
Air – no data

Reference
(Worthing, 1987)
(Merck, 1989)

(Merck, 1989)
(Merck, 1989)
(Merck, 1989) HSDB,
1994
(Merck, 1989)
(Merck, 1989) (EPA.,
1988, Verschueren, 1983,
Worthing, 1987)
(Worthing, 1987, Merck,
1989)
(Verschueren, 1983)
(Verschueren, 1983)
(EPA., 1988, Worthing,
1987)

0.73 mg l-1
0.4 mg l-1
2 mg l-1
79% w/w in isooctane
43% w/w in methanol
Readily soluble in other organic solvents

(Bowman and Sans, 1985,
Verschueren, 1983)]
(Merck, 1989)
(Merck, 1989)

5.11
4.96
3.73
4.13

(Verschueren, 1983)
(Bowman and Sans, 1985)
(McCall et al., 1980)
(Kenaga, 1980)

1.87x10-5 mmHg
1.87x10-5 mmHg
No data

(Verschueren, 1983)
(Merck, 1989)

None

(EPA., 1988)
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2.4 CHLORPYRIFOS PROFILE
Chlorpyrifos is an organophosphate compound used extensively as the active
ingredient in a variety of pesticides, specifically insecticide products, due to it
property as with other organophosphates to inhibit the neurotransmitter enzyme
acetyl cholinesterase (Fenske and Elkner, 1990).

Organophosphate describes

those compounds in which a phosphate group, or phosphate derivative, forms part
of an organic molecule (Woods, 1999). Although there are several forms of
organophosphate compounds including defoliants and nerve gases, this review and
study only considers chlorpyrifos

2.5 CHEMICAL AND PHYSICAL PROPERTIES
Chlorpyrifos, O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate (Figure 4)
in its technical form is a white crystalline solid, virtually insoluble in water, but
soluble in organic solvents, and with a mild mercaptan odour (Table 3). The
concentrate is often presented dissolved in solvent, usually xylene, which is
subsequently mixed with an appropriate volume of water, to form a white, milky
solution (Dow AgroSciences, 1998) at 1% to 2% w/v (Standards Australia,
2000a). A concentration of 0.5% may be used to control other insect pests.

2.6 MODE OF ACTION
Exposure to organophosphorus chemicals results in inhibition of the
cholinesterase enzymes which form the basis of neurotransmission (WHO,
1986b). Since the chemistry and physiology of neurotransmission are essentially
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similar across animal species, except fish (Bear et al., 1996, Extoxnet, 1996), toxic
effects albeit at varying doses occur in target species such as insects, and in non
target species such as mammals and other animals.

There are different types of cholinesterase in the human body, which differ in their
location in tissues, substrate affinity, and physiological function. The principal
ones are acetylcholinesterase (AChE), which beside nervous tissue is also present
in red blood cells, and plasma cholinesterase (PChE), which are a group of
enzymes present in glial cells, plasma and liver. All the effects induced by
organophosphate compounds in the organism are due to the inhibition of AChE;
PChE is inhibited as well, but with no apparent functional impairment.
Acetylcholinesterase, under normal physiological conditions, performs the
breakdown of acetylcholine, which is the chemical mediator responsible for the
physiological transmission of nerve impulses at different sites (Jeyaratnam and
Maroni, 1994).

Within the presynaptic axon terminal specialised organelles synthesise
neurotransmitters, including acetylcholine and in the postsynaptic synapse its
degradative

enzyme

acetylcholinesterase,

which controls the

acetylcholine following transmission of an impulse.

levels

of

Acetylcholinesterase is

inhibited by organophosphates, however in the case of chlorpyrifos the metabolite
chlorpyrifos oxon is responsible (Eto, 1979) leading to rapid increase in the levels
of acetylcholine, resulting in over stimulation of the nerve function (Bear et al.,
1996). The action occurs at parasympathetic and sympathetic synapses, some
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central nervous systems synapses and neuromuscular junctions resulting in
widespread effect (Royal College of Physicians of London and Royal College of
Psychiatrists, 1998). Reactivation of the enzyme, which is relatively stable in its
inhibited state, can be induced however delays in intervention reduce its
effectiveness due an enzyme “ageing” process (WHO, 1986b).

Depending on the degree of exposure, the effects can be widespread involving the
central, peripheral and, particularly, the autonomic nervous systems. A reasonable
correlation exists between red cell and plasma cholinesterase inhibition and the
clinical signs of acute intoxication. The correlation tends to increase, as the rate of
inhibition is faster. When inhibition occurs slowly and repeatedly, as happens on
chronic or repeated exposure, the correlation with illness may be low or totally
nonexistent. For instance, after continuous exposure, clinical signs of intoxication
may appear only at inhibition of 85-90% of pre exposure AChE level, as opposed
to the 60-70% inhibition level usually observed after a single exposure (Table 2).

2.7 METABOLISM
Animal studies have shown that following oral and dermal exposure chlorpyrifos
is distributed to all organs in the body (Smith et al., 1967, Cheng et al., 1989).
Once absorbed chlorpyrifos is rapidly and almost completely (Nolan et al., 1984)
metabolised, particularly in the liver to its oxon state (Ma and Chambers, 1994).
Large doses of chlorpyrifos may result in unmetabolised chlorpyrifos in body
fluids (Drevenkar et al., 1993).

Subsequently the oxon is metabolised to

diethylphosphate, diethylthiophopshate and 3,5,6-trichloro-2-pyridinol (TCP)
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(Helm, 1977) and excreted.

In rats fed chlorpyrifos, after 3 days 75% was

eliminated in the urine, 7% in exhaled air, 8% in faeces, another 4% was found in
organs (Neskovic et al., 1992).

Human volunteer studies indicated approximately 3% of dermally applied
chlorpyrifos and up to 93% of orally administered chlorpyrifos was detected as
urinary metabolites (Griffin et al., 1999, Nolan et al., 1984).

The rate of

metabolism of urinary dialkylphosphates is rapid, the half life of an oral dose was
15.5 hours and dermal dose was 30 hours (Griffin et al., 1999), and a half life of
27 hours for 3,5,6-trichloro-2-pyridinol (Nolan et al., 1984).

It appears from the high percentage of metabolite excreted and the rapid rate of
excretion there is minimal accumulation of chlorpyrifos or its metabolites (Nolan
et al., 1984, Barron et al., 1991).

2.8 TOXICOLOGY
This section summarises the toxicology of chlorpyrifos related to the occupational
exposure assessment of termiticide applicators, including animal toxicity data
where experimental human exposure is limited or not available.

Chlorpyrifos affects humans when exposed via inhalation, ingestion and dermal
absorption. Chlorpyrifos is moderately toxic to humans (Hodgson et al., 1986).
Animal toxicity tests indicate oral LD50 for male rats is 226 mg kg-1, the LD50 for
skin absorption in rabbits is 1265 mg kg-1 males and 930 mg kg-1 females (Dow
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AgroSciences, 1998). Chlorpyrifos is a Category II pesticide with an oral LD50
for rats ranging from 69 to 276 mg kg-1 (Gaines, 1969).

2.8.1 Inhalation
The US ATSDR review (Gaines, 1997) reported no lethal doses via inhalation for
chlorpyrifos in humans. Experimental animal studies have shown lethal levels of
inhalation, LD50, equivalent to 94 mg kg-1 in mice, 78 mg kg-1 in female rats, after
whole body inhalation exposure to 6.7-7.9 mg l-1, 5.9-7.5 mg l-1 chlorpyrifos in
65% xylene respectively (Berteau and Deen, 1978). Inhalation studies of rats
exposed to vapours concentrations up to 20.6 ppb, the limit achieved due to
vapour pressure ‘restriction’, no effects were observed in blood, urine and
histological post-mortem observations, compared to controls (Corley et al., 1989).

Symptoms of chlorpyrifos exposure via inhalation are described to be flu-like with
upper and lower respiratory problems when compared to controls, nausea in one
group and diahorrea in an individual who had been exposed, muscle pain and
muscle cramps (Thrasher and Madison, 1993, Kaplan et al., 1993).

Other

symptoms include skin flushing, and increase in lachrymation, blurred vision,
headaches and lightheadedness (Ames et al., 1989). Short term changes in the
memory of those overexposed were reported together with changes in peripheral
nerve conduction.
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2.8.2 Ingestion
In humans an acute oral chlorpyrifos dose causes respiratory distress, possibly
lasting several months, tachycardia, and muscle paralysis.

Studies of human

volunteers have shown acute oral exposure, 0.1 mg kg-1 day–1 for 9 days causes
66% inhibition of plasma cholinesterase which returns to normal after 4 weeks,
with no other effects noted (Coulston et al., 1972). Similarly, a reduction to 15%
of pre-dose plasma cholinesterase levels were shown after administration of a
single dose of 0.5 mg kg-1, without change in the red blood cell cholinesterase
activity (Coulston et al., 1972, Aiuto et al., 1993, Selden and Curry, 1987, Nolan et
al., 1984).

In cases of accidental or suicidal ingestion of chlorpyrifos, symptoms have been
reported as respiratory failure and vocal cord paralysis (Aiuto et al., 1993),
respiratory labouring, coughing, wheezing, copious secretions from mouth and
nose (Selden and Curry, 1987) and organophosphorus-induced delayed
neurotoxicity (Clegg and van Gemert, 1999). Several authors report miosis (pupil
contraction) following acute oral exposure (Aiuto et al., 1993, Selden and Curry,
1987, Lotti, 1986, Joubert et al., 1984) and transient distal polyneuropathies
receding after ceasing exposure (Aiuto et al., 1993, Lotti et al., 1986).

Several retrospective studies (Martin Rubi et al., 1996, Nigond et al., 1985, Palam
et al., 1984, Rivera and Rivera, 1990, Saadeh et al., 1996) of hospitalised cases of
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organophosphate poisoning indicated similar symptoms as the known chlorpyrifos
poisonings.

Oral toxicity has been established (Gaines, 1969), in rats (LD50 of 82 mg kg-1
female, 155 mg kg-1 male) and mice (60 mg kg-1). In hens oral exposure to 150
mg kg-1 chlorpyrifos resulted in a >80% inhibition of neurotoxic esterase
(Johnson, 1982).

2.8.3 Dermal absorption
Gaines (Gaines, 1997) indicated no information was available concerning the
human health effects of dermally applied chlorpyrifos. Human volunteers given
dermal doses of chlorpyrifos for the purposes of studying the toxicokinetics of the
substances, did not show any symptoms of exposure (Nolan et al., 1984).

The LD50 dermal was determined to be 202 mg kg-1 in rats (Gaines, 1969).
Symptoms of over exposure were shown for up to 90 minutes by calves following
dermal application of between 100 to 200 mg kg-1 for louse treatment (Loomis et
al., 1976). A greater permeation of chlorpyrifos through the skin of younger
animals has been demonstrated in piglets up to 36 hours (Long et al., 1986), and in
33 day old rats in comparison with 82 day olds (Shah et al., 1987). Dermal
application of technical chlorpyrifos caused skin irritation, blistering and lesions,
increasing permeation (Shah et al., 1987).
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2.9 DOSE RESPONSE
The biological effects of chlorpyrifos and its metabolites have been classified as;
acute cholinergic syndrome; intermediate syndrome and organophosphate-induced
delayed polyneuropathy (Ballantyne and Marrs, 1992); and “chronic”, although
this final classification is the subject ongoing research.

2.9.1 Acute cholinergic syndrome
As detailed acetylcholinesterase inhibition results in acetylcholine accumulation in
cholinergic synapses.

The effect of this accumulation is hyperexcitation of

postsynaptic neurons, leading to autonomic and central nervous system symptoms;
“headache, ocular pain, blurred vision, miosis, conjunctival congestion,
lachrymation, increased nasal secretion, increased salivation, chest tightness,
bronchoconstriction, increased bronchial secretions, laryngospasm, bracycardia,
increased sweating, anorexia, nausea, vomiting, abdominal cramps, diarrhoea,
fatigability, weakness, muscle twitching and fasciculations, confusion, slurred
speech, areflexia, convulsions, coma, and respiratory paralysis” (Richardson,
1995). The extent and combination of these symptoms varies in time of onset,
sequence and duration, depending on the dose and route of exposure (Royal
College of Physicians of London and Royal College of Psychiatrists, 1998).
Although the subject of ongoing research the literature indicates there are not long
term effects from high levels of exposure to organophosphates, research to assess
whether repeated high exposures have caused behavioural effects is required
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(Royal College of Physicians of London and Royal College of Psychiatrists, 1998,
WHO, 1986b).

2.9.2 Intermediate syndrome
Following absorption of high doses of organophosphates and treatment for acute
symptoms a reversible muscle necrosis, distinct from delayed polyneuropathy, and
as such termed ‘intermediate syndrome’ has been reported (WHO, 1986b,
Richardson, 1995).

2.9.3 Delayed polyneuropathy
Chlorpyrifos is metabolised in the liver to its active oxon, which causes the toxic
effect of inhibition of target esterases in the peripheral and central nervous system.
The clinical symptoms, of organophosphate-induced delayed neuropathy, are (also
known as organophosphate-induced delayed polyneuropathy) distal degeneration
of nerves together with ataxia or lower limb paralysis. In severe cases the upper
limbs are also effected, and typically develop 2-4 weeks after a single exposure,
but this interval is not predictable following chronic exposures (Lotti, 1986,
Richardson, 1995). In the period between exposure and development of symptoms
the patient has usually recovered from acute symptoms, and is clinically normal
(Royal College of Physicians of London and Royal College of Psychiatrists, 1998).
Organophosphate-induced delayed neuropathy is thought to be preceded by
phosphorylation of neuropathy target esterase (formerly known as neurotoxic
esterase) followed by aging of the phoshoryl-enzyme complex (Lotti, 1986). The
function of neuropathy target esterase is not known although its inhibition in
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lymphocytes can be used to indicate exposure to organophosphates (Richardson
and Dudek, 1983, Mutch et al., 1992).

2.9.4 Chronic
Several

reviews

of

the

possible

long-term

and

low-dose

effects

of

organophosphates, including chlorpyrifos, have been conducted in response to
concern of the effects of the widespread use, availability and persistence of the
chemical in the workplace, environment and foodstuffs. Occupational groups
most often studied are farmers and other agricultural workers, however results
have not shown a conclusive relationship between pesticide use and risk possibly
because of the difficulty in estimating career exposure to specific pesticides
applied using a variety of techniques (Pogoda and Preston-Martin, 1997). Since
chlorpyrifos is relatively non-persistent in the human and most other animals
tested (Barron and Woodburn, 1995) biological effects may occur rather than
direct effects of chlorpyrifos exposure. As there is not a perfect association
between biological effect markers, such as cholinesterase levels and dose, chronic
exposures may not effect cholinesterase levels, animal studies may not be relevant
because of variability between humans and other animals (Carlock et al., 1999),
and few chronic exposure surveys in humans have been conducted. In a review
by the United Kingdom Royal College of Physician and Royal College of
Psychiatrists (RCP and RCP) (1998) of “low-term low-dose” exposure to
organophosphates the authors conclude that “subtle cognitive impairment, greater
psychiatric mortality and minor sensory changes” may occur, although continued
research is required. Another review concluded long-term exposure (excluding

39
acute severe doses, not inhibiting cholinesterase) does not cause peripheral or
central nervous system adverse effect and clinical neurobehavioural effects are
unlikely (Clegg and van Gemert, 1999).

Whilst there is an absence of information relating to genotoxic effects of
chlorpyrifos in humans (Gaines, 1997), positive associations were observed
between risk of pediatric brain tumours and a variety of pesticides including
termite pesticides and flea collars (Davis et al., 1993). The findings of a followup population based case-control study of pediatric brain tumours in Los Angeles
highlighted an increased risk in prenatal exposure to flea/tick pesticides (Odds
ratio 1.7; 95% confidence interval 1.1-2.6).

Risks appeared to be primarily

confined to sprays/foggers rather than shampoos/dips, powders/dusts, and collars
(Pogoda and Preston-Martin, 1997).

In a case-control study of house hold

pesticides (Leiss and Savitz, 1995) reported pest strips as the most consistent
pesticide related to a variety of childhood cancers.

A review of studies of

childhood cancers (Daniels et al., 1997) found the parents use of pesticides is
associated with an increased risk of childhood cancer. Both studies that evaluated
exposure to no-pest strips during pregnancy or childhood reported an increased
risk of brain cancer (Leiss and Savitz, 1995, Davis et al., 1993). Five of nine
studies that evaluated occupational exposures and the risk of childhood leukemia
suggested a positive association (Daniels et al., 1997).

Paternal exposure to

pesticides for more than 1000 days nearly tripled the risk of childhood acute
nonlymphocytic leukemia (Buckley et al., 1989).
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The developing rat brain is effected by repeated low level exposure to chlorpyrifos
possibly caused by, amongst others, inhibition of brain acetylcholinesterase
(Eskenazi et al., 1999), chronic exposure (10% of LD50) results in higher mortality
compared to non exposed controls (Gomes et al., 1999), and indicates the
potential for mutagenicity (Patnaik and Tripathy, 1992).

Collectively these studies suggest an increase in risk of brain cancer, leukemia,
Wilms'tumor, Ewing'
s sarcoma, and germ cell tumors associated with paternal
occupational exposure to pesticides prior to and during pregnancy (Daniels et al.,
1997).

2.10 OCCUPATIONAL EXPOSURE ASSESSMENT
The association between workplace contaminants and health effect has been
recognised for centuries. In medieval times workers are depicted wearing crude
devices over their mouth and nose to reduce their exposure to heat and airborne
contaminants (Agricola, 1556).

Unfortunately in some developing countries

similarly ineffective methods of exposure control continue to be used (Takala,
2000). In Australia, employers are obliged to provide a workplace free from
hazards, and employees are obliged to follow employer’s instruction and conduct
their work in a safe manner, the principle known as the “duty of care”. To
facilitate the duty of care, a system of risk assessments, to identify, prioritise and
rectify health hazards is described in the occupational health and safety
regulations.

Where an individual’s health is “at risk” from exposure to
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organophosphates a system of health surveillance, monitoring of the blood
cholinesterase, must be provided to the employee (OSH Regulations, 1996).

The implementation of an effective control strategy for a hazardous substance
relies upon an assessment of exposure risk, considering amongst other factors, its
toxicity and details of actual workplace usage.

Whilst the toxicological

information is available and relevant to all users, the users’ exposure is not known
and the subject of this research.

Exposure assessment aims to quantify the

workers dose, and a variety of methods are available, for example to estimate the
quantity entering the body by a particular route; the amount of the substance in a
body fluid or tissue; an effect the substance has on a body tissue; observation of
the worker; or interviewing the worker.

In the absence of a singular method or standard for the assessment of occupational
pesticide exposure, the literature includes a variety of methods, their differences
and limitations accounting for the factors such as the workers tasks, assessment
and analytical equipment and number of samples available. Traditionally the
inhalation route of entry has been considered to be most influential on the
occupational dose to hazardous substances, however, the dermal route of entry has
long been recognised as more significant than inhalation in the case of
organophosphates such as chlorpyrifos (Schneider et al., 1999, Vercruysse et al.,
1999). Early techniques to collect pesticide exposure samples included using a
gauze pad in a respirator and a similar pad on the skin (Durham and Wolfe, 1962).
Although techniques of inhalation exposure assessment have developed to use
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sophisticated battery operated pumps, for example programmable and with on
board calibration and other advances, the usual techniques of dermal absorption
remain similar to those developed 40 years ago. New techniques such as using
fluorescent dyes in the pesticide and associated technology to quantify potential
exposure are useful additions to dermal exposure assessment.

2.10.1 Atmospheric monitoring
Estimation of a workers inhalation dose of an airborne substance can be achieved
by active or passive sampling (Standards Australia, 1987).

Ambient

concentrations of contaminant can also be quantified using direct read out
instruments. Assessment of airborne hazardous substances must account for the
variety of aerosol sizes created by the source (Wolf et al., 1999), and as
occupational exposure assessment collection devices are suitable for a limited
range of contaminant aerosol size, sampling strategy may be limited by decisions
of field work practicality, attempts to monitor all or a selection of aerosol sizes,
and the field workers understanding of the methodology (Findlay, 1995).

In active sampling a portable battery operated pump, usually worn on the belt, is
calibrated to draw air at a known rate via an appropriate tube, from a collection
device placed close to the operators mouth and nose, for example on the lapel of
clothing (Standards Australia, 1987). (Kennedy et al., 1994) describe a technique
based on this principle using a collection device comprising a glass tube
containing a synthetic medium (XAD-2) to absorb the chlorpyrifos. (Fenske and
Elkner, 1990) collected inhalable airborne chlorpyrifos samples on a 37 mm glass
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fibre filter held in an open face sample holder, with an additional cyclone
collector, to collect respirable particles.

This design resulted in loss of

chlorpyrifos due to volatisation of the sample during the 7 hour sampling period,
and was corrected by estimating the volatisation in the laboratory and correcting
the samples.

In passive sampling natural air movement take the contaminated air to a diffusive
membrane, behind which is a solution with a known absorption coefficient.
Contaminant is absorbed through the membrane, at a known rate into the solution,
which is subsequently quantified (Bukowski et al., 1996). No information was
found on a device to directly measure chlorpyrifos airborne aerosol concentration.

2.10.2 Dermal exposure assessment
In the occupational setting exposure assessment to organophosphates presents
some difficulties in the main derived from the ability and readiness of the
chemical to permeate the skin. Although it has been known for many years
dermal absorption (Meigs et al., 1951) of organophosphates contributes to the
total body dose (Kilian et al., 1970), the extent of this route of entry is less clear,
particularly of workers in the field. Pesticide solutions may have a variety of fates
when in contact with the skin; they may begin to evaporate, a fraction may
permeate the skin, some may be absorbed into clothing and remain in contact with
the skin, they may be washed or removed, or redeposit on skin with a different
permeation resistance (Schneider et al., 1999). In addition high concentrations of
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chlorpyrifos in contact with the skin may cause damage, such as blistering,
thereby altering the skin’s resistance (Shah et al., 1987).

Schneider (1999) identified dermal exposure assessment as crucial to the further
development of exposure assessment, however the varying techniques to quantify,
and terms used to describe dermal exposure results amongst researchers could
have hindered its evolution.

The paper summarised existing methodological

approaches to dermal exposure assessment, and importantly to the further
development of these techniques formulated a novel “conceptual model”,
including defining a series of terms and their relationships, with regard to the
concentration of contaminant. The authors describe the transport of contaminant
as “driven by the compartment concentration”. After this paper those conducting
research, developing dermal exposure techniques and reporting exposure
assessment may do so in common terms.

The conceptual model (Figure 5)

describes six “compartments” (source, air, surface contaminant layer, outer and
inner clothing contaminant layers and skin contaminant layer) and the “mass
transport processes” between them: emission being the transport of substance into
the air; deposition being the transport of contaminant from the air to surfaces;
resuspension or evaporation is the transport of contaminant from surfaces to the
air; transfer is the direct contact of surfaces and movement of contaminant
between them; removal is the transfer of material from the worker skin to a
surface; redistribution is the movement of contaminant between subcompartments;
decontamination is the deliberate removal of contaminant from the system and;
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penetration and permeation are the transport of contaminant through a rate
limiting layer, such as clothing.

There are a variety of strategies for the collection of a sample representing the
dermal exposure of a subject, frequently researchers report using several, to
improve their understanding of the exposure pattern.

In the patch technique an absorbing material such as surgical gauze or blotting
paper covered on one side with an impermeable layer, such as used on laboratory
work benches, is cut to known size and attached to the skin of the worker, in a
number of locations, such as knees, chest and arms, for a known time (Fenske,
1990, Vercruysse et al., 1999). Patches represent a larger part of the body surface
area and the mass of the pesticide on each body section can be estimated (Spear et
al., 1977, US EPA, 1987). The limitation of this approach is principally the
assumption that there is uniform deposition in the body section sampled. If for
example the patch is located in an area not representative of the body section there
is potential for under or over estimation of the pesticide over the whole clothing.
This may be particularly apparent if there is a spill or splash of the pesticide onto a
patch. To overcome this limitation the number of patches or percentage body
coverage is varied, 3%, 8% or 10% of the body to be covered (OECD, 1997).

In whole body dosimeter procedure the worker is provided with a new outer
clothing layer, identical where possible, to the normal clothing worn. Following
use, pesticide is extracted from the clothing or sections removed form the
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clothing, to derive an estimate of the potential dermal exposure. Other clothing
such as underwear may also be used as a dosimeter to derive a ratio of inner and
outer clothing pesticide levels to assess the penetration of the pesticide, patches
may also be used for this purpose (Chester, 1995, WHO, 1986a). This technique
is suited to be used in association with biological monitoring techniques to assess
the potential for exposure, and the protection the clothing offers, and the resultant
dose (OECD, 1997).

Assessment of hand exposure has been conducted; using a cotton glove as a
collection device under the normal protective gloves (Chester, 1995); collection of
hand washings, either a specific solution such as a solvent wash (Fenske and Lu,
1994, Fenske and Elkner, 1990) or normal soap and water contained in a bag
(Durham and Wolfe, 1962). Whilst it may be straight forward to provide a new
pair of gloves to a worker, the dosimeter gloves themselves may absorb and hold
the pesticide next to the skin of the worker differently to normal operating
procedures, and if in association with biological monitoring may disrupt the
normal pathway of pesticide to the skin (OECD, 1997). Hand washing may not
remove all the pesticide, and could interfere with the skin, however the suggestion
that as workers should wash their hands anyway, collecting these washings is
relatively straightforward (US EPA, 1987, OECD, 1997).

Highlighting the deposition of pesticide by adding a dye or fluorescing tracer
chemical to the pesticide solution and subsequent photographic techniques have
been developed to record the exposure pattern, and more recently to quantify
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exposure. The technical challenges to the development of these techniques are the
subject of ongoing research, and whilst they are of benefit due to the exposure
information they provide to the researcher and the subject who can view
photographs of the pesticide deposition, and their use is limited because of their
high cost (Fenske and Elkner, 1990, Fenske et al., 1986a, Fenske et al., 1986b,
Fenske and Birnbaum, 1997, Bierman et al., 1998, Roff, 1994). In another related
technique a panel of ten individuals was used to assess the fluorescence of
samples in relation to a series of calibration cards. This technique was effective
and resulted in a limit of detection of 0.02 µl of contamination (Kromhout et al.,
2000).

2.10.3 Biological and biological effect monitoring
Biological monitoring techniques are used to assess the dose of the contaminant in
the body by measuring the contaminant itself or its metabolites from a sample
sourced from the body e.g. blood or urine. Biological effect monitoring uses an
effect, or end point, in the body as indicative of the extent of the dose. Biological
monitoring techniques have an advantage over personal monitoring techniques, in
particular as an assessment is made of the actual dose, rather than an estimation of
the potential dose. In addition these techniques offer a rapid indication of the
body’s response to the contaminant. However the collection of biological samples
blood and urine requires the cooperation of the worker, for example if the
sampling regimes requires collection of all urine over a 24 hour period, and
sophisticated laboratory equipment, although some portable field equipment for
conducting specific analyses in blood are available.
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Monitoring the effect of exposure to organophosphates, including chlorpyrifos,
has generally involved the measurement of peripheral cholinesterase enzymes
which are inhibited by organophosphates, including red blood cell cholinesterase
and serum cholinesterase (Gage, 1955, Mason and Lewis, 1989). The inhibition
of these peripheral enzymes differs from that of those in the central nervous
system but monitoring of the peripheral enzymes is a useful marker of acute
toxicity (70% inhibition of serum cholinesterase is generally associated with
clinical effects) (Mutch et al., 1992). Neuropathy target esterase (NTE) activity
has also been monitored as an indicator of delayed polyneuropathy (Mutch et al.,
1992, Lotti et al., 1986). These biological effect monitoring methods may be
combined with biological and ambient markers of exposure to allow the
relationships between exposure, uptake and response to be investigated (Davis et
al., 1979, Nutley and Cocker, 1993).

Indication of acute exposure to chlorpyrifos and other organophosphates can be
conducted by determining cholinesterase levels in plasma and red blood cells
(Ellman et al., 1961), however due to considerable variability of enzyme activity
levels between individuals, baseline assessments should ideally be conducted.
However since neither plasma or red blood cell cholinesterase levels are adverse
effects these biological effects should not be the primary choice for risk
assessment (Carlock et al., 1999).

Association of acetylcholinesterase activity

and acute exposure is difficult, however as an indication of exposure, activity
below 75% of baseline level has been accepted as hazardous, the worker should be
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removed from organophosphate exposure, until levels recover. Activity levels
50% of ‘usual’ and below may be associated with poisoning symptoms, severe
poisoning at 30% (WHO, 1986b). The Australian National Occupational Health
and Safety Commission require a second sample and analysis if activity had
dropped by 20%. Alternatively using a ‘screening’ plasma cholinesterase activity
level of 550 nmol/min/ml (Dyer et al., 2001) describe a method capable of
assessing exposure without previous baseline measurements, although this method
was not compatible with red blood cell cholinesterase activity.
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Figure 5: Summary of the Schneider et al (1999) Conceptual model
Key: E=emission; Dp=deposition; L=resuspension or evaporation; T=transfer; R=removal;
Rd=redistribution; D=decontamination; P=penetration and permeation.
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3. METHOD

This chapter details the study protocol, a series of established exposure assessment
techniques, and recruitment of participants from pest management organisations
within a geographical area. The study comprised a series exposure assessment
techniques administered by the researcher during the application of pesticide at
the participants clients premises.

3.1 RECRUITMENT OF SUBJECTS
Preliminary research indicated a possibility that pest control companies and
pesticide applicators in Western Australia were unlikely to be positive towards
requests to participate in a study including techniques of health surveillance,
symptoms of exposure, work practices and behaviour assessments.

For this

reason the researcher included various measures, such as standardising the
telephone conversations, to improve the recruitment of participants were
integrated into the study.

The company name, license category and contact details of all licensed Western
Australian pest control companies were obtained from the Health Department
Pesticide Safety section. Since operators are located throughout the State, up to
approximately 3500 km from the City of Perth, for practical reasons only
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companies within approximately one hour drive from the City of Perth were
included in the study.

Recruitment commenced with a telephone call to the pest control company, and a
request made to speak to the manager, or other suitable person. A script was
devised to standardise the researcher ‘conversation’, in particular to ensure both a
consistent approach between potential participants and that sufficient information
was provided.

The script introduced the study, indicating its background,

independence and the confidential treatment of personal information to prevent
suspicion the call had an ulterior motive such as to market a product or service. If
the participant agreed to take part an appointment for the survey was arranged.
The appointment was for the researcher to conduct a series of exposure
assessment techniques, known as a survey. If not, supplementary information
such as an information sheet was offered.

On two occasions a pre-survey

information visit to the company was also arranged.

A record keeping system was devised to record the progress of the study,
including the outcome of each call, appointments to return or repeat calls, and
survey appointments. This system ensured, for example, that whenever possible
surveys in the same local area were conducted on the same day.

Murdoch

University human ethics committee approval was given for the study, and its
procedures followed throughout the study.
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3.2 STUDY POPULATION
Two recruitment sessions were completed approximately one year apart, in 1998
and 1999 using the current list of pest control operators. In each year there were
approximately 400 pest control operators in Western Australia with a full license
and 100 with a provisional license, although some of these individuals were not
active in the industry.

3.2.1 Industry response
The first recruitment session identified 102 companies; 6 of which participated in
the study; 25 used the synthetic pyrethroid bifenthrin instead of chlorpyrifos; 28
declined on the grounds that they were too busy; 16 declined because they were
not interested, 27 could not be contacted, had moved, or were no longer in the
industry. The second recruitment session identified 150 company names, however
11 of those were different trading names for the same company. Five companies
participated in the study; 24 used bifenthrin, 7 used Premis (a non
organophosphate) and 17 used another product or products instead of chlorpyrifos;
30 declined because they were too busy; 19 declined because they were not
interested, 37 could not be contacted, had moved, or were no longer in the
industry.

Of the eligible (i.e. contacted and found to be chlorpyrifos users) 104 of the 241
companies (combined first and second year) remained, 11 of which participated
(11 %). In the first year recruitment 50 companies were suitable to the study, 32
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% were not interested, 56 % were too busy, and 12 % participated. In the second
year 54 companies could have participated, however, 36 % were not interested, 56
% were too busy, and 9 % participated. Two companies took part both years and
one contributed 10 surveys to the study, although a variation in individuals and
application processes was included (Table 4).

3.2.2 Worker response
Twenty eight individuals volunteered to participate, four of which were surveyed
twice, resulting in 32 surveys. Table 5 and Table 6 show the details of the
recruitment of workers to each of the study’s exposure assessment techniques; 30
questionnaires were completed, 29 work practice checklists, 30 individuals had
personal air samples, skin patches, overalls, gloves and surface wipes, and 29
provided a blood sample, 29 a pre-application urine sample, and 28 a post
application urine sample.
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1
2
3
4
5
6&7
8
9
10
11
122
133
99
100
101 &
102
103
104 &105
106
107
108
109
110
111 &
112
113
114
115
1162

7
1
7
1
4
8
9
8
8
4
1
8
1
1
2
3
4
4
1
1
5
6
6

Chlorpyrifos
concentration
(%)

Under-floor

Postconstruction

Preconstruction

Company
number

Survey
Number

Table 4: Details of the company distribution and types of application included in the study

r

1

4

5

1
5
5
1

Notes
1
Worker recently completed under-floor spraying before survey
2
Worker completed both application types
3
Worker applied Premis under-floor, chlorpyrifos elsewhere
4
Prefabricated building, worker did not enter a confined space
5
Worker placed head and shoulders only through access doors

0.5
1.0
0.5
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
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1
1a2
2
3
4
5
6
72
8
9
105 (9)
11
12
135 (7)
99
100
101
1022
103
1045 (11)
1052
106
107
1085 (2)
109
110
111
1122
113
114
115
116

Notes:

1
2
3
4
5 (n)

2nd Urine

1st Urine

Blood
samples

Overall

Gloves

Surface
Wipes

Skin
patches

Air
sample

Work
practices

Survey
Number

Questionnaire

Table 5: Details of the recruitment of operators to the study assessment techniques.

1

3

4
1
1

4

4

4

4

Operator unable to produce a sample
Accompanied previous operator
Nurse unable to take sample
Operator declined
Duplicate of the individual in survey number n
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Table 6: Summary of recruitment of workers to each assessment technique

Assessment
technique
Questionnaire
Work practices
Air sample
Skin patches
Surface wipes
Gloves
Overall

Sample
(n)1
302
29
30
30
30
30
30

Application technique
Pre-construction
Post-construction
4
18
5
17
5
18
5
18 (17)
5
18 (16)
5
18 (16)
5 (4)
18 (16)

Under-floor
6
6
6 (5)
6
6
6
6

Notes: 128 surveys included all assessment techniques during one application,
including 4 workers surveyed twice.
2

Two workers, one a manager, the other a newly provisionally licensed
worker observed the application at a distance, and completed a
questionnaire only.
( ) In cases of samples missing the number indicates the actual number
analysed.

3.3 WORK PATTERNS AND PRACTICES
Pesticide operators apply the pesticide following a salesman visit to the clients’
premises when the type, extent and cost of the treatment are determined. Three
application procedures and associated equipment were identified; preconstruction, post construction and under-floor.

3.3.1 Pre-construction
Pesticide was applied onto the surface of a prepared building site with a sprinkling
rose held in one hand and pointed towards and at approximately 45o to the ground
and moved in sweeping arcs in front of the worker. An auto-dosing device
installed in the workers vehicle continuously mixed mains water and the
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concentrate from a 20 l drum to a predetermined concentration of 1%, at a rate
enabling an application of diluted pesticide of 5 l m-2, as specified in Australian
Standard AS 3660.1 (Standards Australia, 2000a).

The engineering control

provided by the automatic dosing system effectively reduced chemical handling,
although additional exposure may have occurred when handling the concentrate
drum.

3.3.2 Post-construction
Pesticide was sprayed onto the surface or injected into the ground around the
perimeter of a recently constructed or established building. Injection at a depth of
100 mm into the ground was achieved using a trigger operated probe, and at 300
mm horizontal intervals around the building perimeter, at a rate specified in
Australian Standards of 100 l m-3. Where necessary injection entry ‘ports’ were
drilled around the building perimeter.

Pesticide workers estimated the volume of pesticide required for the treatment and
diluted an adequate volume. Concentrate (e.g. 450 g l-1) was dispensed from the
manufacturer'
s container, usually a 20 l drum, to a measuring vessel.

The

chlorpyrifos concentrate was poured into the (200 to 300 l) tank installed on the
workers vehicle and made up to a mark with water. A petrol motor driven pump
(typically a four stroke 3 h.p. model) transferred the pesticide via a hose to the
worker who operated a pistol-grip trigger valve to commence application. The
standard pump for this task is a centrifugal type pumping a maximum of 500 l
min-1 at a maximum pressure of 600 kPa.
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In two cases a 0.5% chlorpyrifos solution was manually prepared instead of a 1%
solution. A known volume of the product was dispensed into a hand-held sprayer
and topped up with water. The tank was pressurised by hand pump and sprayed
by depressing a trigger on the application lance.

3.3.3 Under-floor
Buildings constructed on brick or concrete piers, i.e. with suspended floors,
require the pesticide to be applied to the ground surface, necessitating access to
the void below the floor. The restricted height of under-floor voids may require
the worker to crawl on hands-and-knees or flat on his stomach to reach all areas.
Since the perimeter of these buildings from ground level to floor level is usually
bricked or boarded up, the under-floor area is devoid of light and has restricted
ventilation.

Termite treatment consisted of three tasks; preparation included drilling of
injection ports or cutting access holes to the under-floor void, but not the direct
use of pesticides, although contact with contaminated surfaces was possible;
application included donning of personal protective equipment, dilution of the
concentrate, unraveling and storage of hoses, and the application itself; clean-up
occurred when application equipment was stored and included removing spills,
filling injection ports with bungs or concrete.
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3.4 STUDY PROTOCOL
The study comprised a series of measurements and data acquisition procedures
collectively known as a survey, conducted by the researcher at the location of a
pesticide treatment, the temporary place of work of the pest control worker. Each
survey was conducted for the duration of one chlorpyrifos treatment and
comprised dermal and inhalation exposure assessment, biological monitoring and
biological effects monitoring and questionnaires addressing worker behaviour,
work practices and health symptoms. Each survey had the potential to contribute
40 exposure assessment samples, results of 70 work practice and health symptoms
questions, 30 aspects of worker behaviour, photographs and comments from the
researcher.

Laboratory analysis of overalls, gloves, patches surface wipes

samples, and preparation of the red blood cells for analysis, were conducted by the
researcher. Due to financial reasons laboratory analysis of the urine and prepared
blood samples were conducted in Dr. Edwards laboratory in South Australia,
where these analyses were conducted routinely.

3.4.1 Information collection and ethics considerations
Before commencing the survey the researcher explained the protocol and provided
the participant with an information sheet. The information sheet described the
study and each of the procedures in particular how the participant would be
involved, for example by wearing a portable air sampling pump and collection
device, and submitting a urine sample.

The researcher highlighted the

confidential nature of the information collected.

The worker was given the
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opportunity to ask questions and asked to continue his work in the usual manner.
In some circumstances the equipment required for the assessment of exposure was
judged by the participant to be unacceptable, for example the portable air
sampling pump during access to confined areas, and the equipment was removed
and a record made of the variation. Some participants provided data for the study
on more than one occasion and requested that the questionnaire was not repeated.
To comply with human ethics committee approval a consent form was signed by
the researcher and participant indicating the participant was aware of the protocol
including an understanding of the information sheet, the confidential treatment of
personal information and results, consent to blood and urine samples, photographs
of his work and he may withdraw from the survey at anytime (Appendix 1).

3.4.2 Work practice and health symptoms questionnaire
Before the worker commenced equipment or site preparation a questionnaire
(Appendix 2) was administered by the researcher. The questionnaire (see Table 7
for sample questions) was based upon a format previously developed (Pisaniello
et al., 2000) and aimed to collect personal information (questions 1 to 4),
neuropsychological health information (questions 5 to 41), and work practices
information (questions 42 to 70). Personal information recorded was date of birth,
gender, years spent as a pest control operator, and grade of license. The health
section included indicators of well being including occurrence of hay fever,
asthma, reaction to insect bites, and head injury, and; secondly indicators of
neuropsychological symptoms of organophosphate exposure. Other factors which
may result in symptoms similar to chlorpyrifos exposure were also included, for
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example, traumatic head injury may result in neurological problems, therefore a
question inquiring whether the respondent had been hospitalised due to head
injury was included. A question related to skin numbness was included because
this symptom was included on the material safety data sheet for bifenthrin (FMC,
1994), a common alternative to chlorpyrifos. Analysis of the results from this
question may highlight exposure to mixtures of pesticide.

The incidence of

ineffective work practices were determined by questions related to skin and ocular
effects, since exposure as a result of ineffective control measures, poor work
practices may result in these symptoms which are otherwise unexpected. The
final question in this series was designed to identify over reporting or false
positive results, since blackouts are not associated with exposure to chlorpyrifos.
Responses to the health symptoms questions were recorded on the scale “never”,
“hardly ever”, “sometimes”, “often” and “very often” read out to the participant.
The “hardly ever” and “sometimes” responses were considered normal.
Responses to questions were coded and double entered to statistical software for
analysis. Results were considered individually, within a section or as an overall
questionnaire score.

The work practice section recorded a range of issues

concerned with the respondents use of control measures, including administrative
controls such as requirement for training, selection and use of personal protective
equipment, the frequency of spills, splashes and indicators of procedures of
decontamination.
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Table 7: Health status, neuropsychological symptoms and work practices questionnaire for
pesticide applicators.

Neuropsychological symptoms
Do you feel as though you'
re more tired than you should be, given
the amount of work that you'
ve done?
Sleep
Do you wake up often during the night?
Memory
Do you have trouble remembering things that happened or were
talked about recently?
Attention
Do you have difficulty in concentrating on what you are doing?
Psychomotor
Do you have trouble in doing up, or undoing buttons on your
slowness
clothing? Do you think that your movements have become less
precise?
Mood
Do you feel moody without any real reason? Do you think you
become easily irritable?
Central
nervous Do you feel that you have been more sensitive to smells?
system-like
Do you feel that you have been more sensitive to sounds?
symptoms
Do you have a strange taste in your mouth?
Fatigue

Accidental
exposure
Emergency
procedures
Personal
protective
equipment
Vehicle

Work practices
In the past six months, have you ever had a splash of the dilute
solution in your eyes or in your face?
In the past six months, have you ever had to change your socks
because of a spill or contamination?
If you have a spill or leak, what do you mainly use to clean it up?
Do you use a respirator ? If yes: Have you had sufficient training
on the use of respirators?
How often do you change your respirator cartridge?
How often is protective clothing washed?
Do you sometimes have meals in the vehicle cabin?
Do you store chemicals in the vehicle cabin?
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3.4.3 Work practices
During all tasks, whenever possible, the participants’ work practices were
observed and noted using a task and behavioural checklist, and occasionally
photographs were taken.

The checklist provided an efficient and consistent

approach to collect work practice data. The pest controller was asked about the
type of treatment, the equipment to be used and processes to be undertaken.
Information, such as the name of the manufacturer and product, was noted from
the label of the pesticide. During the pesticide treatment details of the processes
of potential or actual exposure to the pesticide were noted. The effectiveness of
usage, general condition, manufacturer and model, expiry date, storage conditions
of respiratory protective equipment were recorded. Each vehicle was examined
inside and out noting its cleanliness and possible contamination, presence of
contaminated items in the cabin including respiratory and personal protective
equipment, housekeeping of equipment and pesticide products on the rear of the
vehicle. The presence, use, storage and disposal of rags, mops, brushes, sawdust,
sand or other equipment for splashes and spills was recorded. A note was made of
worker hygiene particularly washing hands and face before, during, after contact
with pesticide, contaminated equipment, food, drink, wiping their face or clothing
with gloved or contaminated hands.

The type and condition of their usual

clothing, such as protective gloves, footwear, hat and others were recorded.
Sources of contamination such as contaminated clothing or rags, storage vessels,
leaks, spills were noted whilst the worker continued working, and in other areas.
The incidence of accidental spills, splashes, the workers action and a probable
cause was noted. The storage adequacy and security, labeling and availability of
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chemical information on the vehicle were examined. Whilst the participant went
about his tasks a note of his chemical handling efficiency, frequency and type of
spills, system of work, methodology, and control of exposure. The participants
were asked about their training history, use of control measures and emergency
procedures.

3.4.4 Clothing
To determine the deposition of chlorpyrifos onto clothing a modified whole-body
approach (Pisaniello et al., 2000, OECD, 1997, Chester, 1995) was used. Before
commencing contact with chlorpyrifos the participant was asked to remove
existing external clothing and wear a new overall, supplied by the researcher
(Figure 6 and Figure 7). Various sizes of overall were available and the most
suitable size provided.

In instances where it was not practicable to remove

existing clothing or the participant declined, the type of visible clothing under the
new cotton overall was recorded. Thermal insulation of clothing in ‘clo’ units
(Cena and Clark, 1981) related to its thermal insulation was allocated to the
clothing worn during the survey. Following completion of all tasks that may have
contributed to deposition of chlorpyrifos onto the clothing the overall was
removed, and transferred into a labelled plastic bag and sealed. The time the
overall was worn was recorded. The researcher wore new latex surgical gloves
and used clean scissor-tongs to handle and manipulate the overall to avoid
contamination of the sample. The overall was stored in an ice chest until being
frozen at the laboratory until analysis. Analysis commenced with the removal of
sections of the overall from 24 predetermined locations; 12 from the front of the
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overall and 12 from the back of the overall; chest: left and right; abdomen: left
and right; upper arm: left and right; lower arm: left and right; upper leg: left and
right; lower leg: left and right (Figure 8). The sections were removed using a
scalpel whose blade was rinsed twice in pesticide grade toluene after each cut.
The weight of chlorpyrifos per overall section was indicative of the deposition on
a larger area of the overall (Spear et al., 1977). Sections from the overall were
placed in cleaned sealed glass containers, a known volume of toluene was added,
and the sample was shaken on a shaking table. Analysis of a known portion of the
extract was conducted using the gas chromatography procedure described by
Kennedy et al., 1994.

3.4.5 Gloves
To determine the chlorpyrifos deposition onto the hands (OECD, 1997, Chester,
1995) a new pair of one-size-fits-all cotton gloves was provided (Figure 6 and
Figure 7). The worker was asked to wear the cotton gloves next to their skin and
their usual protective gloves, if any, over the top. The type and any obvious visual
defects of gloves in addition to the study gloves were recorded. Participants were
provided with additional cotton gloves on request, for example when the cotton
gloves became saturated. Following completion of all tasks which may have
contributed to deposition of chlorpyrifos, each glove was removed and transferred
into a labelled plastic bag, which was then sealed and stored in an ice chest until
being frozen at the laboratory until analysis. The researcher wore new latex
surgical gloves and used clean scissor-tongs to handle and manipulate the sample
to avoid contamination. The time the gloves were worn was recorded. Each
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glove was analysed whole using a solvent extraction procedure (Kennedy et al.,
1994), to determine weight (µg) of chlorpyrifos.

3.4.6 Patches
An assessment of the effectiveness of clothing as a barrier to the permeation of
chlorpyrifos was achieved by attaching squares of blotting paper with a plastic
backing layer to the workers’ skin using medical tape, before commencing use of
chlorpyrifos. The exposed area of the patch was 10 cm by 10 cm. The squares
were located on the workers’ chest, left and right upper arm, left and right lower
arm and, left and right lower leg (Figure 9 and Figure 10). Following completion
of all tasks that may have contributed to deposition of chlorpyrifos, each patch
was removed and transferred into a labelled plastic bag, which was then sealed.
The time the skin patches were attached was recorded. The skin patches were
stored in an ice chest until being frozen at the laboratory until analysis. Each skin
patch was analysed whole, using a solvent extraction procedure (Kennedy et al.,
1994), and the total weight (µg) of chlorpyrifos reported. The researcher wore
new latex surgical gloves and used clean scissor-tongs to handle and manipulate
the patches to avoid contamination.

3.4.7 Inhalation
An organic vapour sorbent (OVS) tube (Figure 11) contained in a protective
holder was placed in the workers breathing zone and connected to a calibrated
portable battery operated sampling pump (Figure 12). The pump calibration was
checked after the survey. Sampling time was the period from commencement of
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chlorpyrifos preparation and application and finished at the end of the site and
equipment clean up. The ambient air temperature (oC) was recorded during the
survey. Samples were stored in an icebox until being frozen until analysis at the
laboratory using a solvent extraction procedure (Kennedy et al., 1994).

3.4.8 Surface wipes
An indication of surfaces contamination was obtained by surfaces wipes using 5
by 6 cm dry cotton pads pressed firmly onto and moved over the surface. Three
surfaces were wiped; the worker’s forehead, an area from immediately above the
eyebrows to the hairline; the vehicle gear-stick knob or handle; and the perimeter
of the vehicle steering wheel. The surface wipes were stored in an ice chest until
being frozen at the laboratory until analysis. The researcher wore new latex
surgical gloves and used clean scissor-tongs to handle and manipulate the wipes,
to avoid contamination. Analysis of the whole wipe was by solvent extraction and
a chromatography procedure (Kennedy et al., 1994).

3.4.9 Urinary metabolites
Two urine samples were requested from the participant, one before commencing
work with chlorpyrifos and the second after all tasks had been completed
following the application. The urine samples were packed in an icebox before
being frozen at the laboratory until analysis. The chlorpyrifos metabolite 3,5,6trichloro-2-pyridinol (TCP) and alkyl phosphates were determined in a selection
of urine samples. TCP was determined using a derivitisation gas chromatography
electron capture detector method, in the laboratory of Dr. Edwards, at Flinders
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University. Alkyl phosphates were determined in the laboratory of Mr. Robert
Geyer, WorkCover, New South Wales. The limit of detection of TCP was 0.0005
mol l-1, and results were expressed as a concentration in relation to the standard
creatinine (µg g-1 creatinine).

3.4.10 Biomarkers
Blood samples were taken following the workers final task at the survey site. A
registered nurse, experienced in phlebotomy, collected the survey blood samples,
so as to avoid difficulties with blood sampling. Two samples of blood were
collected, each at least 20 ml, by venepuncture (Figure 13). One sample was
collected into a heparinised tube, eliminating blood clotting, and the other into a
tube with no additive, allowing blood clotting. Samples were stored in an ice box
until being transported to the laboratory for analysis.

3.4.11 Erythrocyte acetylcholinesterase
Erythrocytes were pelleted by centrifugation and washed twice in phosphate
buffered saline, and were ruptured by freeze/thaw and dilution in an equal volume
0.2 M phosphate buffer, pH 8.0. Cells were stored at -70 οC overnight before
analysis of AChE (Ellman et al., 1961) using acetylthiocholine as substrate, in the
laboratory of Dr. Edwards, at Flinders University. Activity was expressed as
nmol min-1 mg Hb-1.
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3.4.12 Serum cholinesterase
Serum cholinesterase was measured where the disappearance of benzoylcholine
substrate was measured at 240 nm (Kalow and Lindsay, 1961). Data were
expressed as the concentration of benzoylcholine hydrolysed per minute per ml of
serum (nmol minute-1 ml-1). Incubations including dibucaine, 40 µm, and sodium
fluoride, 200 µm, were used to define the enzyme phenotype of individual
samples. Analysis was conducted in the laboratory of Dr. Edwards, at Flinders
University.

3.5 ANALYSIS OF RESULTS
3.5.1 Overalls and skin patches
Overall section and skin patch results were expressed as chlorpyrifos deposited
per square centimetre of sample.

Overall contributions were summed

proportionally to the area of the body section represented (Spear et al., 1977). The
final quantity represented total µg chlorpyrifos deposited on overalls. A rate of
chlorpyrifos deposition (mg-1 cm-1 hr-1) on overall section and patches was
derived.

3.5.2 Gloves and surface wipes
The weight of chlorpyrifos on each glove and its contribution to the total body
deposition of chlorpyrifos was calculated (Spear et al., 1977).

The mean

deposition of chlorpyrifos was obtained for the wipes as two wipes, one after the
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other, were used to collect the wipe samples.

The cumulative weight of

chlorpyrifos from each surface was calculated.

3.5.3 Inhalation exposure sample
The concentration of chlorpyrifos in the volume of air sampled was calculated
from the analytical weight of chlorpyrifos in the tube and the volume of air
sampled during the survey. The time weighted average inhalation exposure was
calculated from the sample duration and expected daily duration of exposure.

3.5.4 Estimated daily exposure
An estimation of the daily amount of chlorpyrifos deposited was calculated based
on the time spent applying chlorpyrifos during the survey and the participants
indication of the total number of pesticide application hours per day, from the
questionnaire.

Figure 6: A new pair of cotton overalls and gloves was provided for each worker.
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Figure 7: Photograph of worker wearing sampling equipment

Photograph of a worker (identity of worker and vehicle removed) wearing the
supplied overall, gloves and air sampling device, following application of
chlorpyrifos. The air sampling tube in its protective holder is on the workers left
shoulder. A cigarette is in the worker’s left hand, the injection probe is in his
right. Deposition marks are evident on his knees, abdomen and glove.
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frc

flc

flu

frua

frla

fra

fla

frul

flul

frll

abbreviation
fla
flc
flla
flll
flua
flul
fra
frc
frla
frll
frua
frul

brc

flla

flll

definition
front left abdomen
front left chest
front left lower arm
front left lower leg
front left upper arm
front left upper leg
front right abdomen
front right chest
front right lower arm
front right lower leg
front right upper arm
front right upper leg

blc

brua

brla

blua

bra

bla

brul

blul

brll

blla

blll

abbreviation
bla
blc
blla
blll
blua
blul
bra
brc
brla
brll
brua
brul

definition
back left abdomen
back left chest
back left lower arm
back left lower leg
back left upper arm
back left upper leg
back right abdomen
back right chest
back right lower arm
back right lower leg
back right upper arm
back right upper leg

Figure 8: Diagram with legend showing the position of the sections removed from the overall.
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Figure 9: Location of the plastic-backed paper patches used to collect deposited chlorpyrifos,
taped to the participant’s skin at 7 locations indicated by the grey square.
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Figure 10: Photograph of a worker showing the position of arm skin patches

This worker is examining the extent of termite damage to a wooden verandah to
determine an appropriate application method. Chlorpyrifos was used shortly after
the inspection, whilst the worker wore the sampling equipment, including an
overall, gloves and an air sample pump. Additional patches were applied on the
workers chest and legs (Figure 9).

Figure 11: Photograph of the protective holder and glass OVS sampling tube

The protective red caps are placed on each end following sampling.
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Figure 12: Photograph of a portable sampling pump, connecting tube, protective holder and
glass OVS sampling tube.

Figure 13: Photograph of blood sampling equipment

Photograph showing the components of the blood sampling system; evacuated
sterilised glass test tube, yellow plastic needle holder, needle, and needle
container. Two samples were taken, one into a tube with heparin additive, and
one

without

heparin.
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4. RESULTS

This chapter describes the results of the study; the health symptoms and work
practice questionnaire administered to the pest control operators at the location of
the application, behavioural observations of the pest controller during the
application of pesticide, assessments of the pest controller’s inhalation and dermal
exposure during the pesticide application, and analyses of biological samples.

4.1 QUESTIONNAIRE
The questionnaire was administered to 29 pest controllers who conducted a
pesticide application, and one supervisor who did not apply chlorpyrifos
(Appendix 3). It comprised three sections; person information; health experience
and symptoms; and work practices.

4.1.1 Personal information
The median age of the study participants was 32 (range 23 to 60) years. The
median age of provisionally licensed participants was 29 (range 23 to 42) years,
and the median age for fully licensed participants was 38 (range 25 to 60) years.
All participants were male. Their experience as a pest controller ranged from 3
weeks to 31 years, median of 8 (range 1 to 30) years for the fully licensed
workers, and a median of 3 months in the group of provisionally licensed workers.
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Twenty three percent had a provisional license, i.e. 1 year or less experience, the
remainder a full license

4.1.2 Health information
The incidence of smoking was 48% (n=14) amongst the pesticide operators, 28%
(n=8) had never smoked and 24% (n=7) used to smoke. Smoking between 1 and
9 cigarettes per day was the most common (43%) number of cigarettes smoked
per day. Questions referring to the workers’ respiratory health indicated 48%
(n=14) had never had hay fever, 38% (n=11) had hay fever in the past, and 14%
(n=4) did suffer from hay fever. Fewer workers (7%, n=2) suffered from asthma
or had had it in the past (7%, n=2), the majority (86%, n=25) had never had
asthma. One worker had been hospitalised because of a serious head injury.
Serious head injuries may lead to symptoms similar to the central nervous systems
symptoms associated with high doses of organophosphate pesticides.

Responses to the questions with a Likert scale (Never, Hardly ever, Sometimes,
Often, Very often) option were assessed to be normal if a “Hardly ever” or
“Sometimes” response was given, and significant if the “Often” or “Very often”
response was given. Thirty one questions collected data regarding indicators of
symptoms (questions 10 to 41), 10 questions (questions 10, 11, 12 13, 18, 19, 31,
32, 33, 39) received one or more “Often” responses and 4 questions (questions 10,
11, 12, 13) received a “Very Often” response. All other questions were responded
with either “Never”, Hardly Ever” or “Sometimes”. Three questions (questions
15, 26, 27) received 90% or more answers with the “Never” response, 13
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questions (questions 16, 17, 22, 23, 26, 27, 28, 29, 30, 33, 34, 35, 36) received 76
to 89% “Never” responses, and 11 questions (questions 14, 18, 21, 23, 25, 31, 32,
37, 38, 39, 40) had between 51 and 75% “Never” responses. The questions
(34,25) referring to numbness of the skin, a possible indication of relatively high
exposure to bifenthrin, were also negative. The majority of questions therefore
did not detect symptoms of exposure, or, the level workers were exposed to did
not result in symptoms the worker was aware of, if any symptoms at all. The
questions which detected significant response of “Often” were concerned with
undue tiredness, often waking in the night, remembering recent conversations, rereading a newspaper article because of poor memory, feeling moody without
reason, being easily irritable, loss of sensitivity to smells, loss of sensitivity to
sounds, taste in the mouth, and occurrence of blurred vision. Only the first 4,
respectively, had the “Very often” response. Undue tiredness was reported by
14% (n=4), which is not a symptom solely attributable to chlorpyrifos exposure,
often waking in the night by 21% (n=6) also may not be due solely to pesticide
exposure, difficultly remembering recent conversations was reported by 2 workers
(7%), having to re-read a newspaper article due to poor memory also by 2 workers
(7%).

No one worker reported “Often” or “Very often” for all 4 of these

questions, however 1 worker (Identification number 100) reported significant
responses to 3 questions (question 10, 11, 12). The question “Do you have
blackouts at work? Yes or No” to assess over reporting of symptoms was
answered 100% “No”.
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4.1.3 Work practices
Of the two chemicals registered to eradicate termites, chlorpyrifos and bifenthrin,
44% (n=13) used both chlorpyrifos and bifenthrin, and 52% (n=15) used just
chlorpyrifos. Most workers (86%, n=25) applied pesticide at both commercial
and domestic premises, the remainder (n=4) applied pesticides at just domestic
premises. The worker estimated the amount of time spent applying pesticide.
There was a variation up to 11.5 hours (n=1) per day, the median was 3.5 hours,
and 1 worker indicated only “it varies”. The median quantity of termiticide used
was 11 l per week (range 0.2 to 500 l). Approximately 50% (n=15) of workers
indicated they thought they need more education about the hazards associated
with the use of termiticides, 4 of these were provisionally licensed, the remainder
fully licensed.

These responses indicate 50% of fully licensed and 50% of

provisionally licensed workers “believed” they needed more education about the
use of the hazards associated with the termiticides they used.

Ninety three percent (n = 27) of participants responded that they wash their hands
immediately after each job, the remainder only when their hands were “dirty”;
58% (n = 17) that they had a spill of the concentrate once a week or more, 7% (n =
2) assessed they have had a spill of more than about half a litre of the concentrate
within the last 6 months, 74% (n = 20) responded they have had a spill or splash
of the dilute solution in their eyes in the last 6 months, 90% (n = 26) had a splash
on their boots in the last 6 months.
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Spills which required medical attention were not reported by any worker, however
in the “past six months” 10% reported they had to change their socks because of a
spill, and 7% had a spill of the concentrate, 70% had a spill of the dilute solution
in their eyes and 90% on their boots. Boots were cleaned daily by 30% of
workers, weekly by 40%, and less than once a month by 25%. Two workers
indicated their boots were not required to be cleaned. All workers reported to use
a respirator, 90% reported they had sufficient training in using it, 40% changed
their respirator weekly, 50 % monthly and 10% every three months. Gloves were
reported to be routinely worn by 90% of workers. Reusable gloves were used by
75% of workers, and were washed weekly by 60%, monthly by nearly 30%, and
one worker never washed his gloves. Overalls were worn routinely by over 90%
of workers, 75% had a spare pair in their vehicle, and 55% of workers changed
into normal clothing at the end of a job. Protective clothing was washed weekly
by 55% of workers, at the end of the day by 20% of workers and less frequently
than weekly by the remainder. No workers reported their employers provided for
washing of their protective clothing. Forty one percent of workers responded that
they sometimes smoke in the vehicle cabin, and one worker stored chemicals in
the vehicle cabin. Meals were sometimes eaten in the vehicle cabin by over 80%
of workers.

4.2 WORKER EXPOSURE OBSERVATIONS
Behavioural observations (Appendix 4) indicated workers used similar equipment
but there was considerable variation in their application techniques. The majority
of workers used one or two bulk liquid tanks with a capacity of approximately 200
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l each, in which to dilute the pesticide concentrate, a petrol engine powered pump,
hoses, reels and spray equipment. Alternatively, an automatic dosing system,
which provided a rapid setup and operation, was used by operators applying the
pesticide at construction sites. The automatic system removed the necessity for
manual dilution of the concentrate, however relied on periodic calibration and a
supply of the concentrate at a known concentration. The worker connected the
system to a mains water supply and unrolled the hoses to the area to be treated.

None of the pesticide operators were observed to conduct a housekeeping or
safety check of their pesticide application equipment or their personal protective
equipment, nor followed any check list, written work regime, consulted data
sheets, or indicated any pre-start check of their work equipment had been
conducted.

Observation records indicated 26% (n = 7) washed their hands during and/or after
the use of chlorpyrifos, 52% (n = 14) wore appropriate gloves, 33% (n = 9) were
noticed to wipe their face with a hand or sleeve, 73% (n = 20) wore respiratory
protection (all were half face masks), during times when chlorpyrifos was being
used, and 78% (n = 21) had a spill or splash of chlorpyrifos at some time during
the task.

Regulations specify that pesticides must be diluted on site rather than be
transported on public roads. On several occasions the tanks contained pesticide
on arrival at the clients premises. At the commencement of one survey the vehicle
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mounted the kerb to enter the client’s property and pesticide splashed out of the
tank onto the tray of the utility vehicle and onto the driveway. On inspection the
equipment on the vehicle was poorly stowed and in a contaminated state, with
used wipes, rags stored with clothing and hand tools.

Approximately half of the workers measured the concentrated accurately, the
remainder used an approximately quantity. The concentrate should be transferred
directly to the dilution tanks, to avoid contamination of equipment. One worker
informed the researcher that he knew he should not decant and mix the
concentrate in the manner observed, but it was how he found it easiest. Not all
workers used gloves or the correct gloves when handling the concentrated
pesticide.

Riggers gloves, a glove designed for physical protection, were

frequently used.

The process of pesticide application whilst straight forward included close contact
with the pesticide in its diluted forms, and thus presented opportunities for the
worker to be exposed. Amongst the causes for unnecessary exposure during
application were rushing through the job particularly towards the end, spills and
splashes, unprotected contact with contaminated equipment or surfaces. In many
cases worker practice led to an increase in exposure, which may have been
prevented by increasing the awareness of the worker to the hazards of the
pesticide. Some operators worked methodically and carefully, remaining aware of
the sources of contamination.
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The following summaries, from the survey observations, highlight the variety of
exposure possibilities, and methods to control exposure (Appendix 4).

Survey 1: Sprayed above head without protective equipment
This worker (number 1), without gloves or a respirator used hand-held spraying
equipment and sprayed above his head.

It is likely he received increased

exposure. This worker also was tasked with showing a provisionally licensed
worker how to conduct an application.

Survey 2: Poor storage of equipment
The house keeping of the vehicle used by worker number 2 was poor; there was
contaminated soil in the cab, protective equipment stored on the seats. The
worker became contaminated during the use of chlorpyrifos and continued work
with various pieces of equipment, including a mobile phone.

Whilst the

application of pesticide appeared to be efficient, the contamination and poor
storage of items is likely to have increased exposure.

Survey 3: Careful minimisation of exposure
This pesticide worker (number 3) was new to the business and appeared to be
aware of the inhalation and dermal routes of entry, and methods to minimise
exposure. His vehicle and equipment was well maintained and stored efficiently.
His method of application minimised exposure by careful consideration of body
position and wind direction.
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Survey 4: New worker with poor practice
The pesticide worker (number 4) had recently started using chlorpyrifos.
Although he indicated he had adequate knowledge he said his gloves were
contaminated inside, he did not wear adequate personal protective equipment or
any respiratory protective equipment, and had a poor application technique that
resulted in contamination and unnecessary exposure. Some equipment leaked
diluted pesticide. He indicated he only wore respiratory protective equipment
when the weather was hot and there was no wind.

Survey 5: Poor attitude to hazards
This worker (number 5) was exposed to unnecessarily due in particular to repeated
use of contaminated rags without adequate skin protection, poor state of his boots,
respiratory protective equipment in a dirty and poor state and a disregard of the
hazards of the chemical. The worker admitted to use of recreational drugs to
forget about his work.

Survey 6: New worker
This worker (number 6) was a recent provisionally licensed worker, previously in
the army. He worked carefully, his personal protective equipment and respiratory
protective equipment were well maintained and used effectively.

Poor

containment of contaminated equipment on the vehicle may have increased
exposure.
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Survey 7: Poor use of protective equipment
The worker (number 7) used adequate personal protective equipment and
respiratory protective equipment, however, its maintenance was poor, possibly
resulting in exposure. Contaminated clothing was stored in the vehicle cabin near
food, possibly resulting in contamination of food and clean items.

Survey 8: Spill of 100 litres
The worker (number 8) took care to wear his mask and appropriate gloves during
mixing, and the mask cartridges were reportedly changed weekly. However, no
mask was worn during the application process or during the clean up of an
approximately 100 litres of spilt pesticide, which occurred when a tap on a tank
failed. Due to the spill exposure was increased.

Survey 9: Good awareness of hazards
The workers (numbers 9 and 10) were aware of the hazards and inhalation route of
entry of chlorpyrifos, but were not aware of the dermal route of entry. This
prompted an interest in finding out about the chemicals they use. The workers
used appropriate personal protective equipment and respiratory protective
equipment.

Survey 10:Rushing job results in spills
There were pesticide spills in many areas, the worker (number 11) was in a rush to
get the job done and he cut corners to achieve a quick finish. There was an
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uncomfortable smell of pesticide. His exposure was increased by poor use of
personal protective equipment in particular from contamination on his hands and
gloves, and by lowering his head down a manhole whilst spraying under floor,
without respiratory protective equipment. The worker had detailed knowledge of
malpractice in the industry.

Survey 11: Increased inhalation exposure
During application the worker (number 12) increased his exposure because of
poor positioning relative to the wind. During clean up the contaminated hose
rubbed against the workers legs. The vehicle was disorganised and contaminated
due to the worker not cleaning his hands/gloves after contacting the pesticide.

Survey 12: Poor storage of protective equipment
The worker (number 13) increased his exposure due to poor hygiene practices
including storage of clothing, handling practices resulting in splashes and
contamination of protective clothing. The worker removed his gloves whilst
repairing contaminated equipment.

Survey 13: Auto dosing equipment reduces exposure
This worker (number 99) appeared to be experienced, methodical and efficient.
The use of auto dosing equipment appeared to reduce risk of exposure, for
example by limiting spills and splashes.
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Survey 14: Surface contamination
The task involved (worker 100) crawling under the floor of the building and
spraying.

The worker contaminated his hands when setting the auto-dosing

equipment. Although there was air movement under the floor, the worker was in
close proximity to the recently sprayed areas and the spray itself for the duration
of the treatment, resulting in contact with the dilute pesticide.

Survey 15: Contamination from bulk liquid tanks
These workers (numbers 101 and 102) exposed themselves unnecessarily on
several occasions, for example by wiping their faces on their sleeves, because of
the warm temperature of the day. They had contaminated clothing and equipment
on the vehicle, and one worker commented that there was considerable
contamination inside the cab. The vehicle was leaking liquid on entry to the
property.

There was improper use of personal protective equipment and

respiratory protective equipment.

The author was not able to make observations of worker number 103 during
application since the building occupier refused access.

Survey 16: Poor Understanding of hazards
This property presented the worker (number 104 and 105) with several challenges,
in particular the under-floor area, described as a maze, which required
comprehensive spraying of pesticide. The workers attitude towards the pesticide
was poor and lacked awareness and concern of the hazards.

Several spills
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occurred including inside the house, in bedrooms. The worker indicated that he
knew he was not following the approved procedures and made up his own. An
increased exposure resulted from tasks including unavoidable contact under the
floor, from this and previous applications, and poor selection and use of personal
protective equipment. The worker indicated that the training and examination
system is flawed, with everyone passing, even if it means getting hints about the
questions in the exam.

Survey 17: Poor perception of risk
This worker’s (number 106) attitude regarding the hazards of the chemical was
poor, resulting in limited efforts to control exposure with personal protective
equipment and effective operating systems. His statement that he does not need
gloves because he is careful, that he does not need training because he has been
doing the job for a long time were contradicted by splashes to his uncovered skin.
The worker stated that his manager does not supply the personal protective
equipment, which is likely to explain some of the deficiencies of the control of
exposure.

Survey 18: Auto-dosing reduces exposure
This application, by worker number 107, of pesticide, using an auto-dosing
system, to the building site was a quick process. The worker wore effective
personal protective equipment and respiratory protective equipment. Exposure
from over-spray onto the lower legs and shoes was apparent.
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Survey 19: Auto-dosing
The worker (number 108) used auto-dosing equipment, and the application
process was rapid.

Exposure during application appeared to be adequately

controlled, the worker wore effective personal protective equipment and
respiratory protective equipment. The vehicle and storage of equipment was poor.

Survey 20: Nozzle to mouth
This worker (number 109) increased his exposure notably by sitting on a recently
sprayed area of the ground and ate his lunch, without washing his hands; when the
nozzle blocked up during the application the worker put the nozzle up to his face
and blew hard through the nozzle and wearing highly contaminated gloves;
smoking a cigarette, without washing his hands. He indicated he had bronchitis,
that he has lost some of the power in his legs, and has a bit of a stumble, he had
cramps in his legs about 7 years ago but indicated this was to do with cycling, his
tongue gets a bit tacky, he blushes, and his eyesight is getting poorer. This worker
had been a pesticide applicator for 30 years and made the comment “The chemical
has no effect on me, the booze has more effect”. The worker’s attitude towards
the pesticide was poor resulting in some practices likely to increase exposure.

Survey 21: Rushing at end of task
This worker (number 110) was careful and controlled his exposure effectively,
until nearing the end of the treatment when his haste resulted in an increase in
spills and errors, likely leading to an increase in exposure. The worker’s half face
mask cartridges were 3 years old.
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Survey 22: Poor workmanship
This experienced worker (number 111) offered a detailed history of one episode in
his career when he had been found guilty and fined $3000 for using a
concentration of pesticide which was too high. He indicated he though this was
unjust. The client was hospitalised and the pet dog died. This worker indicated a
poor knowledge of the risk and hazards associated with chlorpyrifos, and
remarked he did not need to wear gloves and a mask except in confined areas; the
pesticide is not that dangerous and that “you can drink 1.5 litres of the diluted
pesticide” without harm; was training the other worker who was on a provisional
license and had only been a pesticide applicator for 4 weeks. The fully licensed
worker complained of aching left arm with “pins and needles”. He sprayed the
whole external property with an unknown concentration of pesticide, which
included children’s toys and equipment. One of the worker’s respirators was 2
years old; the provisionally licensed operator did not own a respirator.

The provisionally licensed worker (number 112) indicated he puts a great deal of
trust in the authorities, which allow the pesticide to be used in the first place. He
suggested it is not easy to become a pesticide applicator.

Survey 23: Rushing increased exposure
The worker (number 113) worked at a quick pace, the equipment in the vehicle
was set up to allow the worker to apply the pesticide with minimal interruptions.
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The worker’s use of his overalls, mask and gloves were poor resulting in an
increased risk of exposure.

Survey 24: Under floor exposure
This worker (number 114) conducted the pesticide treatment efficiently and
thoroughly. Even so, the worker increased his exposure by wiping his face, and
the tasks conducted under the house were likely to be relatively high risk.

Survey 25: Poor use of the concentrate
The worker (number 115) treated the property efficiently, without major spills,
however his use of personal protective equipment was inadequate particularly
when using the concentrate.

Survey 26: Poor knowledge of Personal Protective Equipment
This worker (number 116) was sometimes untidy and inefficient resulting in
increased exposure, for him and for others visiting places where he has recently
sprayed. He had incorrect knowledge about the use personal protective equipment
and respiratory protective equipment, resulting in unnecessary exposure.

4.3 DEPOSITION ON OVERALL
Following the preparation, application and clean-up processes workers overalls
appearance varied, usually in association with the type of application completed
and the duration of the application process. Workers who had completed a preconstruction treatment generally had clean overalls but frequently damp or wet on
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the lower legs. Post-construction applications involve the workers spraying over a
larger area for a longer duration, and overalls were sometimes soiled or damp.
Workers who had sprayed under the floor of a building were often filthy when
exiting the under floor void, their were clothes often damp and covered in sand
and dirt.

The range of results (Table 8) indicated the workers who applied

chlorpyrifos under the floor were exposed to more of the pesticide on their overall.

The estimated mean weight of chlorpyrifos deposited on the whole overall after 8
hours of preconstruction application was 67 mg (SD = 44 mg), post construction
application resulted in 99 mg (SD = 105 mg) deposition and under floor
application resulted in 152 mg (SD = 75 mg) deposition. The overall leg sections
of all three application categories received the highest chlorpyrifos deposition,
accounting for approximately half of the chlorpyrifos on the overall (Table 9).
Approximately two thirds of leg deposition occurred on the lower leg section, one
third on the upper leg section. Deposition on the workers arms accounted a mean
of for 15% of overall deposition (lower arms 7%, upper arms 9%) during preconstruction application, for 17% (14% lower arm, 3% upper arm) during post
construction application, and 26% (15% upper arms, 11% lower arms) during
under-floor application. Workers applying chlorpyrifos to pre-construction sites
had 25% of the total overall deposition on their abdomen and 8% on their chest,
post construction workers had 17% of total deposition on their abdomen and 6%
on their chest, and workers under-floor had 21% deposited on their abdomen, and
8% deposition on their chest. The non-uniform deposition on clothing provides
priority for action to reduce potential dermal absorption.

For example,
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approximately 75% of deposition occurred on the legs and abdomen of preconstruction workers, indicating efforts to prevent dermal absorption in this area
will have a significant effect on total absorption. These quantities indicate the
necessity for effective dermal protection and potential for accumulation on
clothing.

Contaminated clothing is likely to lead to contamination of other

surfaces.

There was not an observable change in the practice of workers in higher
temperatures, and no significant relationship between the amount (total clo) of
workers clothing and the ambient temperature.

Anecdotally however some

workers indicated they reduced their clothing for example to just shorts and a Tshirt in the summer months.

4.4 DEPOSITION ON GLOVES
Eighty six percent of workers wore protective gloves over the supplied cotton
gloves, most frequently PVC (62 %), but also rubber (10 %), cloth and leather (10
%), latex surgical. Only one worker used latex surgical gloves and chlorpyrifos
was not detected on the cotton gloves under them. This is possibly due to the
provisional licensed worker being particularly careful to minimise his exposure.
Chlorpyrifos was detected on all other cotton glove samples. The total (left and
right gloves combined) chlorpyrifos on gloves was between 0.2 to 73 mg, mean
11 mg. Deposition of chlorpyrifos on cotton gloves (total of left and right) (Table
10) below rubber gloves was a mean of 1.6 mg hr-1, below PVC gloves was a
mean of 9.0 mg hr-1, and below riggers or leather gloves was a mean of 22.4 mg
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hr-1. Workers who did not wear protective gloves had a total (combined left and
right glove) deposition rate of 7.0 mg hr-1. The rate of deposition to cotton gloves
was higher in under-floor applications (mean = 13.0 mg.hr-1, SD = 17.1 mg.hr-1)
than pre construction sites (mean = 8.8 mg.hr-1, SD = 13.6 mg.hr-1) and post
construction

(mean = 7.8 mg.hr-1, SD = 19.7 mg.hr-1).

The deposition of

chlorpyrifos on cotton gloves indicates the use of protective gloves does not
totally prevent dermal exposure on the hands. The cause of the contamination
evidenced by deposition on the cotton gloves is likely the choice of gloves, i.e.
riggers and leather gloves are not impermeable, in fact may act as a reservoir;
work practices for example handling of the chemical result in splashes or
immersion; gloves are poorly maintained and often old.

Workers lacked

awareness of the limitations of their gloves.

4.5 DEPOSITION ON PATCHES
The rates of deposition of chlorpyrifos to the skin patches varied between the
categories of application.

The relatively short duration pre-construction

application resulted in mean deposition rate of 0.5 µg cm-2 hr-1 (SD = 0.9 µg cm-2
hr-1), the highest skin patch deposition on occurring on the on the lower legs
(mean = 0.97 µg cm-2 hr-1, SD = 1.58 µg cm-2 hr-1). The deposition rate onto skin
patches in under-floor applications was a mean 0.4 µg cm-2 hr-1 (SD = 1.0 µg cm-2
hr-1), the highest rate occurring on the arms (mean = 0.53 µg cm-2 hr-1, SD = 1.26
µg cm-2 hr-1). Post construction application workers’ deposition to skin patches
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mean 0.17 µg cm-2 hr-1, (SD = 0.44 µg cm-2 hr-1), the highest deposition occurred
on their arms (mean = 0.1 µg cm-2 hr-1, SD = 0.3 µg cm-2 hr-1).

The relationship between the clothing deposition rates and the skin patch
deposition rates (Table 13) gave an indication of permeation of chlorpyrifos
through clothing. A protection factor, the relationship between the these two
parameters indicated workers had a mean of 75 (SD = 411) times less on their skin
patch than overall, although this protection was highly variable. The effect of
previously worn clothing with an accumulation of chlorpyrifos is not known.

4.6 INHALATION EXPOSURE
Analysis of inhalation exposure data for all workers (n=26) showed a lognormal
distribution using the W-test (W-test = 0.935), after removal of the two non
detected results. The highest air concentrations (Table 14) in the worker breathing
zone were during under-floor application (median level = 40.5 µg m-3). When
extrapolated to a daily exposure this level is equivalent to approximately 25% of
the health based exposure limit. The highest exposure level when extrapolated to
a working day (191 µg m-3) was approximately equal to the health based exposure
limit. This worker commented the mist had affected his eyes and he showed
minor signs of exposure. The pre-construction application median level was 13
µg m-3 representing 7% of the health based limit, and post construction median
level was 1.29 µg m-3 representing 0.7 % of the health based limit. The worker
exposure to chlorpyrifos vapour during post construction application related to
ambient air temperature showed a relationship (p<0.05, R2 = 0.31).

This
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relationship may have implications for the control of inhalation exposure since the
ambient temperature during application in warmers climates may result in higher
inhalation dose than elsewhere.

4.7 SURFACE DEPOSITION
Deposition of chlorpyrifos on the forehead of workers varied between none
detected and 93 µg, with a mean of 13 µg (SD = 20 µg). On the steering wheel of
workers vehicles chlorpyrifos ranged from none detected to 11 µg, with a mean of
3 µg (SD = 3 µg). The workers vehicle gear stick knob had a mean deposition of
chlorpyrifos 3 µg (SD = 8 µg), and range none detected to 39 µg. The vehicles
with high deposition rates on each of the surfaces also had high levels in other
measurements.

As a whole the results indicate a generally poor personal hygiene regimem,
evident in the self reported questionnaire and in the quantitative results. The issue
of infrequent maintenance and cleaning of protective equipment is particularly
relevant since the dermal assessment in this study is based in one application
whereas clothing may not be clean, either by replacement or laundering for
several applications.

Therefore the levels reported here are in most cases

underestimates of the chlorpyrifos on clothing. The re-deposition of chlorpyrifos
from clothing to skin or other surfaces is also likely to be higher than shown here.
The potential of the accumulated chlorpyrifos on clothing to increase inhalation
dose is not known. The accumulation of chlorpyrifos on clothing is potentially a
significant source for dermal absorption and further work to assess the levels of
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chlorpyrifos on workers usual clothing should be considered, as a contribution to
low-level long term exposure.

4.8 URINARY METABOLITES
Samples collected before the pesticide workers commenced the preparation for
application of chlorpyrifos are compared to those taken following the application
and clean-up (Table 15). Urinary TCP was higher in post-application compared to
pre-application samples in 3 (n=19, 16%) workers’ results. Urinary DEP was
higher in post-application compared to pre-application samples in 5 (n=6, 83%)
workers’ results, excluding 2 samples which were none detected for pre and post
application samples. Urinary DETP was higher in post-application compared to
pre-application samples in 5 (n=6, 83%) workers’ results, excluding 2 samples
which were none detected for pre and post application samples. The same 2
samples results were none detected for both pre and post application samples.

4.9 BIOMARKERS
The linear correlations between SChE and EAChE and the amount of chlorpyrifos
deposited on the overalls of workers were not significant, although Pearson r
showed a significant correlation between SChE and chlorpyrifos deposited
(p<0.004).

There was a significant positive correlation between TCP post-

application and the estimated load of chlorpyrifos on overalls (Pearson r=0.922,
p=0.026), but there was no correlation between TCP and either SChE or EAChE.
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µg cm-2 hour-1) of chlorpyrifos on sections removed from workers
Table 8: Deposition rate (µ
overalls

Application type
Pre-construction
Post construction
Under floor
1

Samples
(n)
3
18
6

n>0

Range1

Median

3
17
6

0.1-1.6
0.1-2.8
0.2-2.3

0.8
0.7
1.5

75th
percentile
1.2
1.1
1.9

95th
percentile
1.5
2.6
2.2

Range (minimum-maximum) of samples with results greater than zero or none
detected.
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Table 9: Deposition of chlorpyrifos on overalls.

Worker

Overall section (µg cm-2 hr-1 )
Max
Median
Mean
Rate section3

Pre-construction application

1
2
3

2.42 flul
0.41 fla
2.70 brll

Post construction application

Total
overall
(µg)1

Estimated
daily total
(mg) 2

0.52
0.13
0.47

0.81
0.14
0.79

3005
468
22187

96
16
89

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

0.87
14.82
0.07
18.49
2.14
0.66
0.65
2.26
3.03
9.04
2.90
13.48
4.89
3.88
35.29
15.04
0.59

frll
flll
frll
flll
flul
flll
brla
frll
flla
frll
blla
frul
frll
frll
fla
bla
frll

0.05
0.39
0.01
0.57
0.04
0.06
0.03
0.22
0.35
0.40
0.00
0.87
0.34
0.59
0.56
1.16
0.03

0.12
1.06
0.01
1.70
0.19
0.13
0.08
0.43
0.57
1.60
0.36
2.76
0.77
0.83
2.64
2.26
0.10

477
8850
284
5722
16328
9140
3303
7841
17928
20986
6015
49624
44433
9287
49094
29424
4987

12
110
1
172
26
14
8
43
56
183
30
335
85
87
277
244
14

21
22
23
24
25
26
27

1.64
8.83
6.79
8.90
5.27
15.73
18.41

fla
flll
frll
frll
brla
flua
bra

0.14
0.34
0.49
0.02
2.33
0.86
0.64

0.25
1.45
1.18
1.11
2.31
1.99
1.54

4157
20835
16896
8895
118070
22287
233203

25
154
129
122
262
218
155

Under floor application

1

Sum of chlorpyrifos deposited on whole garment, using proportional body
surface area formula (Spear et al., 1977).
2

Total overall deposition of chlorpyrifos based on workers estimated hours spent
applying chlorpyrifos per day.
3

See Figure 8 for definitions
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Table 10: Deposition rate of chlorpyrifos (mg hour-1) on cotton gloves worn under protective
gloves (if any)

Samples n > 0
Range1
Median
75th
95th
(n)
percentile percentile
Pre-construction
4
4
1.9-29.3
2.1
9.0
25.2
Post construction
17
16
0.12-86.1
2.4
4.8
32.9
Under floor
6
6
1.1-46.7
8.0
11.4
38.2
1
Range (minimum-maximum) of samples with results greater than zero or none
detected.
Application type

µg cm-2 hour-1) of chlorpyrifos on patches attached to the skin of
Table 11: Deposition rate (µ
workers

Application type

Samples
(n)
Pre-construction
28
Post construction
121
Under floor
41
1
Range (minimum-maximum)
detected.

75th
95th
percentile
percentile
28
0.01-4.68
0.17
0.42
1.37
84
0.01-2.65
0.03
0.12
0.53
35
0.01-4.36
0.06
0.15
3.11
of samples with results greater than zero or none

n>0

Range1

Median

Table 12: Percentage penetration1 of chlorpyrifos through clothing (all application types)

Body position
Chest
Left upper arm
Left lower arm
Right upper arm
Right lower arm
Left lower leg
Right lower leg
1

2

Samples
(n)
27
24
25
26
27
27
25

(

n>0

Range2

Median

24
21
24
19
24
23
21

0.2-404
1.4-1060
0.4-845
1.4-343
1.4-1489
1.1-78
0.26-264

12.9
18.1
48.1
18.2
28.3
4.5
3.7

Penetration rate (%) = Skin patch deposition rate
Coverall section deposition rate

75th
percentile
27.4
99.6
236.9
107.5
75.9
15.5
6.5

95th
percentile
294.7
212.2
734.6
237.3
259.7
71.5
59.5

) *100

Range (minimum-maximum) of samples with results greater than zero or none
detected.
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Table 13: Comparison of total deposition1 (mg hr-1) on overalls and skin patches

Application type

Samples
(n)

n>0

Range2

Median

75th
percentile

95th
percentile

Pre-construction
overall
3
3
2.0-22.9
12.0
17.5
skin patches
4
4
0.5-14.5
3.7
8.4
Post construction
overall
18
18
0.2-41.9
8.8
15.5
35.7
skin patches
18
14
0.2-8.3
0.4
1.3
3.8
Under floor
overall
6
6
3.2-32.8
19.3
25.3
31.4
skin patches
6
5
0.3-7.0
0.8
4.3
6.6
1
Proportional body part calculation as from Spear et al (1977).
2
Range (minimum-maximum) of samples with results greater than zero or none
detected.

Table 14: Pesticide applicator breathing-zone chlorpyrifos concentrations (µ
µg m-3)

Application type

Samples
(n)

Range1

Median

75th
percentile

95th
percentile

GM

Pre-construction
Sample TWA
4
5.8-41.5
21.6
38.1
40.8
20.7
8 hour TWA
4
0.2-1.2
0.8
0.9
1.1
0.6
Daily exposure2
4
2.3-25.9
13.0
23.8
25.5
8.0
Post construction
Sample TWA
17
0.7-58.3
3.3
5.7
49.4
4.4
8 hour TWA
17
0.1-16.9
0.9
1.5
8.7
0.8
Daily exposure2
17
0.2-18.2
1.3
2.2
13.1
1.7
Under floor
Sample TWA
5
17.1-219
40.0
205.9
216.4
60.4
8 hour TWA
5
0.9-32.6
8.9
21.9
30.5
7.5
Daily exposure2
5
6.4-191.6
57.6
77.2
168.7
34.2
1
Range of samples with results greater than zero/none detected (All samples > 0)
2
Total exposure based on estimated hours spent applying pesticide per day.
TWA = Time weighted average
GM = Geometric Mean
GSD = Geometric Standard Deviation

GSD

3.0
2.4
3.7
3.9
4.2
3.0
3.8
4.3
4.3
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Table 15: Urinary metabolite values for pesticide workers

Urinary 3,5,6 TCP2
Pre-application
Post-application
Urinary DEP3
Pre-application
Post-application

Samples
(n)

n>0

Range1

Median

75th
percentile

95th
percentile

19
19

13
13

40-1145
30-1008

230
208

281
282

724
691

8
8

6
6

234-1954
380-1647

328
685

503
1365

1604
1622

Urinary DETP4
8
6
43-685
146
204
565
Pre-application
Post-application
8
6
86-655
223
315
577
1
Range (minimum-maximum) of samples with results greater than zero or none
detected.
2
µg g-1 creatinine 3,5,6-trichloro-2-pyridinol
3
ppb diethylphosphate
4
ppb diethyl-thiophosphate

Table 16: Biomarker values for pesticide workers

75th
95th
percentile
percentile
SChE2
16
16
87-894
493
700
850
EAChE3
13
13
29-47
35
39
43
1
Range (minimum-maximum) of samples with results greater than zero or none
detected.
2
nmol min-1 ml-1
3
nmol min-1 mg Hb-1
Samples (n)

n>0

Range1

Median
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5. DISCUSSION

5.1 SUMMARY
This study surveyed 10 percent of the pesticide workers in the metropolitan area
who use chlorpyrifos. The total number of licenced chlorpyrifos workers who
have recently applied chlorpyrifos varies with customer demand, and use of
alternative chemicals. The number of organisations who took part in the survey
was approximately 11 percent, although the total number of separate organisations
was often difficult to determine due to the common practice of multiple names for
one organisation, most likely to gain a marketplace advantage. The study has
shown the potential exposure of pesticide operators during the use of chlorpyrifos
is predominantly via the dermal route, as shown in Table 13, in particular hands
and lower legs, shown in Table 9, and controls of their inhalation and dermal
exposures were frequently ineffective, as shown in sections 4.3 and 4.4. The
inadequacy of exposure control led to relatively high levels of exposure. All
workers in this study conducted their work without inspecting their equipment, or
indicating they had previously inspected their equipment, and a high proportion of
the workers experienced exposure via spills and splashes to their skin and
clothing, as described in section 4.1.3. Since exposure to chlorpyrifos generally
lacked adequate control, as described in section paragraph 4.2, a systematic
review of effective methods to control exposure, preferably a team-based
approach aiming to develop and implement industry best practices is required.
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Presently the health surveillance system requiring blood cholinesterase levels to
be measured is not wholly suitable for an industry, comprising many small
organisations, who have a poor understanding of their exposure to chlorpyrifos or
how to control it, shown in section 4.1.3 and appendix 4 (e.g. question 47). The
methods to assess worker potential skin exposure were effective although labour
intensive and intrusive to workers, although some workers were interested in
health and safety issues and the results of these risk assessments. As a tool for
assessing perception, attitude and improvements to the existing system the
questionnaire was effective.

These findings will be useful to assist the

development of improvements to the exposure assessment and control strategies
for this and similar compounds. As systems are developed and adopted by the
industry, a program of ongoing health surveillance will show a reduction in
worker exposure. Licensing of PCO’s should be competency based, following
recognised training systems, as described in section 2.3.

5.2 RECRUITMENT
This section comments on the preparation of a targeted approach for the
recruitments, and the attitude of those contacted to participate and the effect the
information collected during recruitment had on the remainder of the study.

5.2.1 Governmental review
Initial discussion with industry bodies raised a series of points indicating the
sensitive nature of this study. Companies and operators were concerned that
chlorpyrifos may be banned following negative research outcomes (National

106
Registration Authority, 2000).

Studies similar to this were associated with

consumer complaint investigations by health authorities. As with many small to
medium sized enterprises many pest management companies have not
implemented health and safety programs. Some suggested that an association
with a health and safety study might make them vulnerable to action from health
authorities. The quality of workmanship and malpractice in this industry has been
reviewed (Department of Local Government, 1999) resulting in a proposal for
change. These factors may explain the low participation rate, and offer indicators
to develop a strategy to increase participation of pest control companies and
operators in future research.

The governmental review of the regulation of pesticide operators (Department of
Local Government, 1999) confirmed consumer and industry concerns of
malpractice and unethical behaviour in the industry. Evidence was included to
show, for example, that less than the prescribed amount of pesticide was applied
by some organisations to increase profits. Although this study was not designed
to comment on the quality of workmanship such as quantity of pesticide used,
operators who under-dosed their pesticide solution or knowingly adopted poor
practice may be reluctant to volunteer for a project in which they are required
work in front of a third party. Initial contact with potential participants responded
for example by stressing the importance of the project both for the individual and
for the industry, provided guarantees of anonominity, and options to decline from
a part of the project on request. This indicator of the culture of the industry shows
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the need of a structured and targeted approach to make improvements to the
industry in Western Australia.

5.2.2 Professional bodies
Officers from the Health Department (Western Australia) Pesticide Safety Section
indicated the industry is difficult to approach and small companies involved in
pesticide spraying, particularly owner-operators, i.e. self-employed, in their
experience do not invite or encourage external agencies’ attention. Indeed some
operators actively avoid contact with these Officers, possibly as the Health
Department licenses workers and monitors licensees, for example not attending
appointments to discuss licensing issues. The research was given the support of
the Health Department and companies encouraged to participate in an open letter
from the Manager of the Pesticide Safety Section. Additionally the study received
the written support of the pest control industry professional body, the Australian
Environmental Pest Managers Association. Their President however indicated the
industry comprised many small companies whose poor attitude towards health and
safety was likely to result in a low success rate when recruiting companies to the
research.

These two organisations are influential on the pest management

industry, one group aiming to represent the industry, the other advising and
licensing the operators. A program targeting the training and licensing of the
industry will benefit from a close cooperation between these organisations.
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5.2.3 Manufacturers and suppliers
Shortly after introducing the project to several pesticide application companies the
researcher was contacted and visited by a representative of a major manufacturer
and their sales agent. The organisation was interested in the purpose of the
project, and enquired in detail about the predicted effects of the research,
particularly whether it was a threat to their business, for example by
recommending the banning of chlorpyrifos. Shortly afterwards the researcher was
informed a complaint from someone who could not be named had been made
regarding the project. It was reported the project was providing advice concerning
the specification of pesticide to clients, a process requiring a license.

The

complaint had been made to government department, who in turn informed the
complainant the researcher has their support and the complaint was not taken
further.

The author found in the Yellow Pages and subsequently contacted a chemical
supply company employing 5 people that had recently commenced formulating a
termiticide had implemented a health surveillance system and engineering control
measures which appeared appropriate and exceeded their regulatory requirements.
Only 2 or 3 workers were involved in the handling of chlorpyrifos but they were
well briefed on the hazards and risk controls appropriate to their tasks. Obtaining
the formulation approval required extensive research on the part of the company,
to which they had complied. The Australian Pesticides and Veterinary Medicines
Authority (APVMA) (formerly The National Registration Authority) role is to
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evaluate, register and regulate pesticides and veterinary products. A chemical
must be thoroughly tested and the impartial assessment it is given ensures the
chemical can be used safely and effectively. Although the APVMA considers risk
and exposure assessment submissions and literature in its reviews of new and
existing registered products there is no responsibility for manufacturers to ensure
these procedures are actually followed.

Whilst to some manufacturers, suppliers and their clients, health and safety
systems appear a departure from profitable business, others have designed and
implemented effective systems enabling them to be licenced to undertake medium
to high risk work. In this manner a health and safety management system is a
responsible and in some cases obligatory requirement for business, creating a
market edge and subsequent business benefit. The aim of “product stewardship”
is for all parties potentially impacted by a product, such as a pesticide or other
hazardous chemical, to take responsibility to minimise the impact.

Many

manufacturers of hazardous chemicals have seen product stewardship as an
opportunity to learn in detail the requirements of their clients and therefore
increase their profitability. Potential clients, exercising their right of choice, are
more likely to purchase a product that responds more closely to their needs, its
impact on end users and others, and also indirect impacts such as its packaging,
disposal and by-products of wastage. In some industries, such as pesticide or
hazardous substance manufacture product stewardship has progressed to the point
where the manufacturer or supplier assesses their clients’ capability of using,
storing and disposing of the product to their standards. Without obtaining and
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implementing the required systems for the proper use of the product the supplier
will not sell the product to the client.

The additional initial costs to the

manufacturer and the users are off set by improvements in the relationship
between the two parties, improvements in the use of the product and a reduction in
impact of the product on its users or their clients. In the case of pesticides the end
user may be licensed pesticide operator, however, his client, the building owner
benefits by having an improved service, and therefore is more likely to choose the
same supplier again. Although product stewardship is a valued service and one
the manufacturers are proud to display in their information, its appears to be
underdeveloped in the business of manufacture, supply and use of chlorpyrifos in
Western Australia.

5.2.4 Business owners
Discussions with a business owner of a pest management company, with
experience in the chemical and non-chemical management of termites, indicated
the pest controllers themselves are frequently poorly educated and from a lower
socio-economic group, with an attitude that they do not want to know too much
about the pesticide because they use it every day, it could be harming them, and
they do not have any other options to make a living. In addition since they are
often paid per job, and to complete as many jobs in a day as possible there is
widespread use of illegal practices and short cuts, such as not wearing
cumbersome personal protective equipment in particular during the summer, when
the ambient temperature exceeds 40oC.

Skills in risk perception are crucial for

the effective control of the effects of chlorpyrifos and other hazardous substances,
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since unless there is a consistent understanding of the potential impact of a task,
appropriate controls may not be chosen. Simple risk assessment skills together
with the professional knowledge of the PCO are sufficient to challenge the way
the PCO usually works.

5.3 PARTICIPATION
During telephone recruitment the most common responses were negative towards
taking part in the project, most often “too busy”, and secondly “not interested”, as
described in section 3.2.1. Whenever possible further information was obtained
from those returning a negative response.

Those ‘not interested’ generally

appeared to be of the opinion they had adequate knowledge of the health and
safety aspects of their job. Fifty percent of participants indicated, in the question
47 of the questionnaire, they needed further information about the hazards of the
pesticides they use. Several respondents were not interested in taking part in the
surveys but were interested in the results, possibly indicating the survey methods
were not acceptable, for example by being too intrusive. These respondents were
frequently suspicious of the motive of the research, and in some instances were
abusive. In many of the “too busy” cases the PCO, frequently a self-employed
person relied on clients leaving messages on answering machines, which were
replied to in the evening, indicating the likely genuine nature of the “too busy”
response.

Possible bias of the study due to selection and participation of only organisations
who practice good health and safety exposure control and compliance to good
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practice (compliant group) was somewhat counteracted by the outcome of the
study, which identified generic discrepancies.

If two groups of pest control

companies exist, and this study only included the compliant group, the
suggestions for improvement are also applicable to non-participants as they have a
greater need for improvement. If this study only considered the worse case
organisations, i.e. the non- compliant group, then improvements suggested will be
straight forward for non-participants to implement or demonstrate compliance.

The design of the recruitment strategy of future projects involving this or similar
groups of workers should consider providing a clear benefit to the worker. Whilst
there was unanimous support for the project from governmental and industry
bodies, and an appeal made to the individuals philanthropic nature, this did not
appear adequate to justify participation. Whilst providing a monetary incentive to
participate was considered for this project, the increase in costs was prohibitive.
If an adequate monetary reward were offered there is a possibility the recruitment
rate would increase. Alternatively, mandatory participation as part of a licensing
or training requirement, or manufacturer or other sponsorship could be employed.

5.4 WORK PATTERNS
Preparation and application of pesticide to established properties comprises the
mixing of a known volume of concentrate in a known volume of water, and using
a petrol driven pump to spray or inject the pesticide where required. Whilst the
task is straight forward to describe, variations in particular of operator behaviour
significantly contributed to their exposure and dose, as shown by the exposure
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assessment summaries (Appendix 4).

Since the equipment is functionally

designed i.e. a petrol driven pump, dilution tanks, hose and injection probe, it
provides little protection from the chemical hazard therefore the safety behaviour
of the worker, including for example his use of protective equipment and
compliance to best practice, is a primary control of exposure. These behaviours
are susceptible to a variety of compromising stimuli, such as the worker may be
under stress to complete the tasks quickly, so the exposure control is easily
compromised.

Innovative equipment to control exposure at pre-construction sites was used by
one organisation, their vehicles were equipped with a device to measure the
concentrate and provide the worker with the diluted pesticide on demand (e.g.:
worker 113).

The organisation benefited because of the equipments rapid

deployment and storage in the vehicle, its preset and therefore known usage of the
concentrate. The operator was not required to measure the concentrate, thereby
eliminating a high exposure risk task.

However, even when the risk of the

preparation of the pesticide had been reduced, the behaviour of the operator
during its application remained important, for example spraying or spilling the
diluted concentrate on clothing. This process does allow the organisation to
modify the concentration, for example by altering either the concentration of the
source concentrate, or altering the settings of the equipment, although neither of
these scenarios was observed. This equipment would be equally effective at other
than pre-construction applications, and would remove the majority of contact with
the concentrate, although additional pressure may be required in some
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applications. In addition it removes the need for mixing vessels on vehicles and
associated hazards of storage and disposal of unused pesticide.

Reduction in exposure has been obtained using another system of pesticide
application, by pumping the pesticide solution through a series of preinstalled subsurface perforated pipes. Whilst the application method was not included in this
study the concept of the operator pumping premixed pesticide to such a system
appears a useful exposure reduction method, compared to manual application.

5.5 STUDY PROTOCOL
Whilst the routes of entry of organophosphates including chlorpyrifos are well
understood, the proportion each contributes to the total dose in Australian
pesticide workers was not known before this study. It was anticipated that the
findings of the project would illustrate a range of pesticide applicator work
patterns and give an insight into health effects of exposure. In addition, the survey
results would assist the design of recommendations for health surveillance,
monitoring and exposure control, in line with hazardous substance legislation.

To account for an expected low participation rate a thorough investigation of
exposure to chlorpyrifos of each participant, via each route of entry, secondary
sources and utilising personal, environmental and biological monitoring,
behavioural observations and others was designed. The study protocol comprised
a series of techniques when used together would provide a detailed understanding

115
of the operators exposure patterns, their probable causes, an indication of dose,
knowledge and attitude towards the chemical.

Participant acceptability was

incorporated into the study design, techniques were required to be quickly and
easily initiated, unobtrusive, unlikely to slow the operators work, and if the
operator indicated a preference to withdraw his consent for one technique the
others could continue to be used without major disruption. Table 5 shows the
results of the recruitment of each worker to the study assessment techniques, 4
participants declined to take part in one study technique.

Assessment tools such as questionnaires, behavioural observations in association
with measurement or estimation of exposure provide data that in combination
enables a risk to be derived. Outcomes of risk assessment include prioritising
action to reduce exposure that approaches, equals or exceeds levels accepted to
have a negative health outcome receive a higher priority for action. Action is
specific to the circumstances of the exposure, but generally follows the structure
of the control hierarchy. The behavioural observation of tasks were successful for
the determination of workers relative risk, in particular as the subjects observed
had a relatively poor understanding of dermal exposure control, thus signs of
exposure such as discoloured white overalls, wiping their face with a
contaminated sleeve provided useful information.

Simple peer review or

observation followed up by a review of practices is a powerful behavioural safety
tool and would benefit the development of these tasks.
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Estimation of the potential dose may also be a useful measurement particularly if
biological specimens are inconvenient or undesired. Assessment of the potential
dermal dose may be estimated by one of several ‘surrogate skin’, tracer or
washing techniques (Fenske and Elkner, 1990). Whilst these techniques do not
give the investigator knowledge of the amount of hazardous substance in the
body, the information is valuable to determine the ‘relative’ risk of dermal
exposures, the effectiveness of administrative controls, personal hygiene and
personal protective equipment. In combination measurements of exposure such as
determination of a specific metabolite in a blood or urine sample compared with
potential exposure technique such as surrogate skin, observation and inhalation
assessment could provide a useful indication of actual versus potential dermal
exposure, together with behavioural risk. Thus a risk assessment of this type,
although complex, would provide the investigator with knowledge of the possible
sources of exposure, the interaction of the worker with the sources, potential
interaction of the worker with the sources, potential exposure and indicators of
actual exposure. Indicators of this combination of potential exposure tools would
be beneficial such as a wipe of forehead or steering wheel, simply to indicate the
presence of chlorpyrifos in places other than intended. Air monitoring devices
capable of taking an indicative air contaminant sample concentration have been in
use for decades, the most basic, using a simple bellows pump to introduce air
through a colourmetric tube, which changes colour relative to the air concentration
(Cherrie et al., 2000).
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Standardised exposure measurement techniques where competently conducted
aim to produce comparable data. Historical data in association with toxicological
information, reports of ill health and in some cases the socio-economic impact of
an exposure limit enable an exposure level set below that which harm is known to
occur in the “general” population, and in some cases to which industry can
comply. Comparison of exposure levels in a specific workplace to levels at which
harm is known to occur is a powerful method to assess risks. For this reason
several hundred industrial chemicals have been allocated exposure limits to ensure
workers are not exposed to levels likely to cause health effects, thus the exposure
standard is indicative of the harm they have the potential to cause to users. Health
based limits of exposure were formulated to indicate the level of harm from
inhaled substances, frequently as other routes of entry to the human body were
difficult to assess. In some cases, for example, organophosphate pesticides, the
total dose is known to be significantly affected by the quantity of pesticide
absorbed through the skin, and unusually the inhalation dose is less important. In
the absence of an equivalent to the inhalation exposure standard assessment of
dose via the dermal route of entry alternative risk assessment techniques have
developed.

The health effects at various dermal doses have rarely been

established. The difficulties in assessing the dermally absorbed component of the
dose, together with an evaluation of the possible limits of exposure via the dermal
route present complex issues (Saltzman, 1988, National Research Council, 1978,
Bos et al., 1998).
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Few models exist for the prediction of dermal exposure in non-specific situations.
However, the advent of the conceptual model of dermal exposure is likely to lead
to the development of systems enabling predictions to be made, based on
background studies such as the present. In the meantime, it appears prediction of
exposure may be achieved by collection of detailed information concerning the
task and behaviour of the worker, using a questionnaire and observation record
such as included in this study.

5.6 EXPOSURE ASSESSMENT
The majority of operators indicated they regularly have a spill of the concentrate,
three quarters reported they have had chlorpyrifos in their eyes, one third were
observed to wipe their face whilst using chlorpyrifos and approximately half were
not wearing satisfactory gloves (Appendix 4, questions 48 to 52).

This

widespread self reporting of malpractice and observed incidents indicated an
acceptance of these occurrences as part of the job. Operators generally were not
aware that cumulative effects of relatively small incidents might have a substantial
effect, shown for example by the low frequency of laundering gloves and overall
(Appendix 4, question 59). They were therefore less careful to avoid spills and
other contamination incidents.

Together with a lack of interpretation of the

potential outcome, operators may be exposed to chlorpyrifos at a higher level than
perceived by themselves. The probable root cause is the demand by consumers
for a low priced service (Department of Local Government, 1999) and
expectations of higher productivity by the companies, for example operators
working long hours to complete more pesticide applications.

Reduction in
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expenditure for consumables such as overalls and gloves, and on regular
maintenance of equipment, for example shown by the results of questions 58, 59
and 62, and observations during application such as Figure 7, is likely to lead to
an increase in chemical exposure.

Reduction in the toxicity of the chemicals used, improvements in the over spray
control system of the application equipment and an increase of awareness of the
operators to the hazards and risks of the chemicals they use are methods by which
exposures are controlled. Such initiatives are likely to be isolated attempts unless
the industry decides exposure to hazardous chemicals is too high or lack control,
and a health and safety management system is a requirement for a license. Health
and safety management system comprise frameworks including risk assessment
and hazard management, as detailed in Australian Standards.

5.6.1 Questionnaire
The questionnaire provided the study with personal and demographic information;
a summary of exposure patterns and worker history, attitudes and perception of
risk and a summary of self reported symptoms. Checks of over reporting and
false positives were negative.

In South Australia a separate survey, coordinated by Dr’s Pisaniello and Edwards,
using the same questionnaire was posted to all the State’s licensed pest control
companies, for distribution to their workers; 35 were returned. In addition Dr’s
Pisaniello and Edwards defined a control group (n=58) comprising workers from
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the maintenance staff of the Royal Adelaide Hospital and Flinders Medical Centre
of South Australia who completed the questionnaire, modified only by the
removal of the section concerned with pesticide usage and exposure patterns
(Pisaniello et al., 2000). The results from the South Australian questionnaire
control group were applicable to the West Australian sample group. Comparison
of exposed West Australian and South Australian workers to the controls indicates
with the exceptions of an increased smoking habit and hay fever incidence
compared to the controls all self reported symptoms were not significantly
different (p<0.05, two tailed test). In addition the quantity of pesticide used was
not a determining factor for the self reported symptoms.

The questionnaire

section concerned with symptoms of exposure did not detect health effects in the
pesticide workers significantly different to the controls, although several questions
such as tiredness, waking in the night and poor memory were reported as “often”,
although the cause could not be determined to be pesticide exposure. Some
workers commented they had symptoms such as numbness or pins and needles,
however, these were not detected by the questionnaire. Other researchers have
commented a lack of association between symptoms and exposure due to
insensitivity of their questionnaire, insufficient sample size or design bias
(Maizlish et al., 1987). Questionnaires and behavioural tests sensitive to specific
functions, notably psychological function have been widely used where
exposures, such as chronic exposure are below the detection of other assessment
mechanisms. Whilst a single test may not be sensitive to a specific function, its
contribution to a battery of tests increases the specificy of the final assessment.
These psychological assessment techniques are not wholly suitable for use in the
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field, since they are necessarily time consuming, require interviewee
concentration without interruption and in some cases additional physiological
specialised equipment, such to measure nerve transmission and reaction times
(Ecobichon, 1999). Whilst their use may be limited to medical centres or research
centres, and frequently have been designed for specific compounds these
assessment techniques provide an alternative for the detection of neurological or
behavioural symptoms as a result of pesticide exposure.

The (West Australian) questionnaire highlighted a perceived lack of knowledge of
operators to chlorpyrifos.

Whilst it could be expected a high proportion of

provisionally licensed workers reported their need for further education, since
they are still learning the trade, being less than one year in the industry, 50% of
fully licensed operators responded likewise. Presently, fully licensed operators
are not required to undergo any further training or education once they have their
license, following their first year in the industry. The participants in this study
had a median of 8 years experience as a fully licensed pesticide operator.
Operators may have feedback from the Health Department, however, this is
generally a reactive system, responding to consumer complaints. Two issues
crucial to the continual development of the industry’s health and safety system are
undermined by this policy, firstly operators develop their own way of conducting
their work, as seen by the observations in the study, without feedback or update of
their systems, and secondly these same operators are the teachers of the
provisionally licensed operators, the fully licensed professionals of the future. It
is not surprising that this system together with the highly competitive nature of the
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industry has neglected the development of an industry based health and safety
culture.

Small businesses and in particular those associated with hazardous

chemical use or other relative high risk industries are specific targets for the
implementation of health and safety systems, in Europe and the United States. In
Western Australia the revision of the training and licensing systems of pesticide
operators has been under review for several years.

The questionnaire data most closely related to the actual worker exposure pattern
data evident by task observations and analysis of exposure samples was the
number of spills and splashes, availability of respirators and personal protective
equipment. Notably however, there was a mismatch of information from the
questionnaire and observations regarding the use of the respiratory and personal
protective equipment. Respiratory protective equipment was frequently in poor
condition, stored inappropriately, for example with contaminated equipment, and
with an incorrect or out of date cartridge. In some circumstances, for example if
an operator assumes protection, they may take additional risks assuming their dose
is minimised by the respirator, or in ignorance of the capability of the respirator
conduct work in an workplace, such as under a floor, where the atmospheric
concentration is potentially equal to or exceeding the health based exposure limit.
Operators reported their respiratory and personal protective equipment slowed
them down, in particular during the summer months, and when accessing under
floor and above ceiling spaces. Application of chlorpyrifos in these situations is
likely to create unavoidable contamination of surfaces and a rapid increase in the
atmospheric concentration. Ineffective use or absence of protective equipment in
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these situations, whether willful or not, indicates a severe misunderstanding of the
hazards of the substance. The initial training of pesticide workers must explicitly
demonstrate using a competency based system, the hazards and risk reduction
techniques appropriate for the minimisation of exposure. At regular periods for
example every 1 to 2 years pesticide operators should undergo refresher training
as a condition of their license. Those tasked with the training of provisionally
licensed operators should be required to undergo additional training to ensure they
provide an appropriate standard of training.

The employer is required, by the Occupational Safety and Health Act, to provide a
workplace free from hazards, although it appears in general, the attitude of these
workers and organisations is that they can continue work without fear of
prosecution, contradicting the spirit of this enabling legislation. Several workers
indicated to the researcher they conducted their work in the knowledge they were
not following conditions of their license, for example by driving on the public
roads with a tank of dilute pesticide, poorly maintained equipment, incorrect
concentrate measuring and dilution. One worker (worker number 111) admitted
to being fined as he was found to have used too high a concentration of pesticide,
resulting in his client becoming ill and her pet dog dying. This operator spoke
about the low hazard of the chemical, the fact he could drink 1.5 litres and be
“OK”, although he claimed to have some health problems of his own, his
respirator cartridge was 2 years old, and he finished his pesticide application by
spraying all surfaces of the clients medium sized property, including a children’s
play area, with the diluted remnants of the tanks on his vehicle. In addition this
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operator was instructing a provisionally licensed operator, who had only 4 weeks
experience, and although keen to learn did not have a respirator. The operators
themselves, employers and industry are acting irresponsibly towards themselves
and their workers. Unless there is a change in emphasis, from high productivity
towards improving awareness and the control of occupational exposure, those
presently exposed, will continue to be exposed, possibly to levels of chlorpyrifos
injurious to health.

Whilst this study has shown a potential for relatively high levels of exposure to
chlorpyrifos, the questionnaire used did not detect adverse symptoms.

The

questionnaire was designed to detect symptoms of exposure, however, it appears
these symptoms may also be associated with the normal human condition such as
ageing; not specific to chlorpyrifos; or symptoms may only occur following
extreme exposure. Workers, who indicated during other parts of the survey that
they had some symptoms possibly associated with pesticide exposure, did not
appear to respond similarly during the questionnaire, although appropriate
questions were included.

The development and use of a test battery to detect adverse psychological
symptoms of exposure to termiticide chlorpyrifos could provide the pesticide
industry with an assessment tool capable of predicting the onset of adverse health
effects.

A sensitive questionnaire, selectively using existing test batteries,

possibly with additional specific tests for the industry, designed as a preemployment and during employment assessment tool could provide baseline and
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ongoing assessment of health as part of a licensing system. In the absence of
ongoing data concerning occupational exposure to chlorpyrifos or other hazardous
substance exposure in Australia, such a questionnaire could assist the management
of worker and industry groups. The difficulties with low participation rates in
Western and South Australia are potentially indicative of a poor attitude and lack
of health and safety culture described by other parts of the questionnaire.

5.6.2 Inhalation exposure
Inhalation exposure occurred following pressurised spraying creating a finely
divided aerosol, and evaporation of the pesticide from surfaces, although
chlorpyrifos has a relatively low vapour pressure, the high surface area to volume
ratio results in a vapour. High airborne concentrations of the vapour occurred,
although sampling time was relatively short, in particular when the operator
applied the pesticide under floor. Occupational exposure by inhalation was lower,
a maximum of 25% of the occupational exposure standard for the pre-construction
and post construction applications. Exposure assessment data from the breathing
zone collection devices was log normally distributed.

A relationship between ambient temperature and inhalation exposure was shown
to be significant. Although a small sample size, this finding is not unexpected.
The implication of increased inhalation exposure in higher temperatures, together
with unsatisfactory selection, use, maintenance and storage of respiratory
protective equipment, is a situation likely to increase workers inhalation exposure.
During the summer months the maximum ambient temperatures in the Perth
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metropolitan area is around 40oC, whilst inland and northern temperatures may be
in the high 40 oC’s and even 50 oC. Temperatures in confined spaces, particularly
uninsulated roof spaces may be 15 to 20 oC above ambient. Workers tasked with
the application of pesticide in these high temperatures may decide their comfort is
a higher priority to the protection against the pesticide.

Several operators

indicated they would have worn shorts and a T-shirt instead of the full overall
provided as part of the survey, and would continue this practice on warm days.
Observation of workers during the survey on warm days showed them to wipe
their faces on the overalls, possibly contaminating their skin.

Creation of a

working procedure to minimise the occupational exposure, in confined areas and
in high ambient temperature conditions is likely to present difficulties introducing
fatigue and heat strain as well as chlorpyrifos inhalation exposure.

The

application of chlorpyrifos in these severe conditions is therefore not
recommended.

A holistic approach to the management of hazards and the

physical capability of individuals to conduct this work must be considered.

Spraying of several hundred litres of chlorpyrifos under the floor of a building,
with negligible airflow, where there is only enough room to lay down is a medium
to high risk occupation. Several operators indicated they refused to carry out this
work, instead preferring to either send in someone else, an unfortunate and
inconsiderate control measure, or cut a series of manholes in the floor of the
house, an improved exposure control, although possibly not giving the pesticide
coverage required. One operator (worker number 104) appeared to be slightly
influenced by his exposure to the pesticide, his exposure over the sample period
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was approximately equal (95%) to the occupational exposure limit. Another
operator with similar exposure did not demonstrate these symptoms. There were
no systems in place for this individual’s exposure to be assessed or for action to be
taken, beyond personal protective equipment, to reduce his exposure, or to assist
the worker in an emergency situation. The individual exposed commented that he
would be all right in a few minutes, after which he continued with his normal
duties. Since many houses in Western Australia are constructed with wooden
frames and suspended floors there will be a requirement for many years for the
application of pesticide under the floors of these houses. Effort to reduce exposure
of the operators, particularly in confined spaces where the risk of over exposure is
high, is a high priority for the industry. The most effective control is likely to be
the use of a substitute pesticide, less hazardous to health, such as the nonorganophosphate Premis. Innovative alternative application techniques, such as
use of a reticulation system are required to reduce exposure, or physical
characteristics of the pesticide, for example replacement of the liquid form with a
pellet form.

During observation at several applications (e.g. worker 104), the researcher had to
retreat from the premises because of the nauseating smell of the pesticide.
Interestingly the workers themselves appeared to be less sensitive to the smell of
the pesticide. The use of the odour as an indicator of exposure may not be
applicable in this case, however, the lack of sensitivity to the pesticide smell could
result in over use of the pesticide. In applications under floor, the suspended floor
allows the permeation of the vapour into the living space of the residents. In most
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cases the pesticide operator opened all doors and windows to the property during
application, however, the smell particularly when splashes and spills occurred
were uncomfortable. The risk to residents of houses sprayed with chlorpyrifos is
the subject of research and has resulted in recent action to phase out the use of
chlorpyrifos over several years for certain applications.

5.6.3 Potential dermal exposure
The observed work practices inevitably led to skin contact with the pesticide,
either directly or as a result of deposition on another surface, in particular in
confined areas.

A lack of good house keeping practice resulted in many

secondary sources, highlighted by the chlorpyrifos in the cab of vehicles, and on
the forehead of the workers themselves.

The concentration of pesticide is the most significant contributor to dermally
absorbed dose (Cherrie and Robertson, 1995). Work conducted with the pesticide
concentrate, for example to dilute to the usage concentration, was inconsistent
between workers.

Several workers admitted to cutting corners during the

measurement of the concentrate and spills and splashes of the concentrate
occurred (31% have a spill of the concentrate weekly, question 48) and
observations supported these reports; the poor the use of control measures; the
deposition of pesticide on surrogate skin sample collection devices and the self
reported incidence of concentrate spills. In several cases the quantity of material
deposited on the hands of the operators was measured in milligrams, several
orders of magnitude higher than the quantities found on surfaces or in other
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samples, potentially leading to a significant dermal exposure.

However, an

exposure of this type is unlikely to be highlighted with the existing health
surveillance system.

The health surveillance system is primarily to react to

extreme exposures, rather than educate and assist the PCO'
s to reduce their
exposures. In the absence of a safety system based on risk assessment the health
surveillance system will remain reactive. Appropriate health surveillance is an
important component of a safety management system in an industry using
organophosphates, however, in the present system it is almost the entire system,
and somewhat unenforced. This negative approach reduces the control the worker
has on his exposure, and is likely to be amongst the cause of the industry’s
workers in Western Australia being in their present state, illustrated by public
reports of widespread malpractice, and this study which has found unacceptably
poor work practices. Whilst increased enforcement of minimum standards is
possibly not suitable to all industries, in this case enforcement of a new system
may be appropriate to commence a paradigm shift, towards a modern approach to
health and safety management, as an integrated component of business
management.

5.6.4 Gloves indicative of requirement for increased exposure control
Whilst the protection given by the gloves was not directly assessed, since gloves
may have been contaminated before being worn, the rate of deposition has been
estimated at between 1.6 mg hr-1 for rubber gloves, 9.0 mg hr-1 for PVC gloves
and 22.4 mg hr-1 for riggers gloves. In comparison those who did not wear
protective gloves over the study’s cotton gloves had a deposition rate of 7.0mghr-1
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strongly indicating the possibility gloves are acting as a reservoir of pesticide that
is permeating to the surrogate skin. Chlorpyrifos in contact with skin may also
change its permeation, by causing irritation and blistering. The combination of
poor house keeping, misuse or ineffective control of the concentrate during
decanting, incorrect selection of gloves in particular fabric gloves and a lack of
awareness of the limitations of these gloves and their maintenance will lead
pesticide operators to unnecessary exposure. Analysis of the gloves provided an
illustration of the absence of systems to ensure these controls were effective.
Gloves, such as riggers gloves, were highly contaminated by previous applications
and did not provide an adequate protection against the penetrating liquid pesticide.
PVC gloves provided increased protection, although chlorpyrifos was detected
inside these gloves as well, possibly because they had been previously worn, were
not washed or were in a poor condition. Being a manual trade the effective use of
gloves is essential for the control of exposure to chlorpyrifos. An increase in the
awareness of the limitations of gloves may provide workers with the information
they require to increase their protection, possibly facilitated by gloves suppliers.
The pesticide operator is highly vulnerable to absorption of pesticide via the skin
on the hands leading to increased exposure. Other industries using manual labour
also concentrate on hand injury prevention, putting in place line of fire prevention
strategies where physical energy is the major hazard, likewise chemical handling
industries provide barriers to skin contact. Understanding risk taking behavioural
is important for the ongoing development of safety performance, such as reduction
in injuries, illness and disease. The cause of incidents is frequently a combination
of effects, including poorly designed and/or implemented systems, and worker
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behaviour. A health and safety culture, comprising values and beliefs of the
organisation and its workers, its systems and worker behaviour, are the focus for
improvements. It is appropriate that although the symptoms of hand injury or
exposure via the hands vary between industries, it is not the harm to the individual
or the detail of the incident which will provide a systematic control strategy, it is
the design of method to modify behaviour of manual workers to reduce the
incidence of hand physical injury or pesticide exposure. A behavioural approach
to the reduction of dermal exposure is necessary, in addition to the chemical
substitution and engineering controls also required, since the former will provide
the framework for the organisation and individual to control exposure to a range
of hazards. A systematic and industry wide approach to safe working as a normal
part of a profitable business is required, encompassing concepts including risk
perception, risk assessment, innovation and control strategies.

5.6.5 Overalls
The overalls provided a useful indication of the contamination pattern of the
chlorpyrifos on the workers. Over spray during the application of the pesticide to
pre construction sites was the cause of high levels of deposition to the lower legs
of the applicators. The method of application, being simply a large rose, fed from
a pressurised system provided ample opportunity for the operator to spray his feet
and lower legs. On clean up operators handled the hose that beforehand was in
contact with the ground, and was possibly contaminated. Under floor applications
used a of similar process, with the additional potential dermal exposure as the
operator was forced to lie down on the ground.

The pattern of exposure
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highlighted from the analysis of squares of fabric removed from the overalls is a
useful indicator to the individual worker of his exposure.

Workers indicated during the questionnaire (93%) they routinely used overalls
during the application of pesticide, half (55%) change out of their overall after a
job and half (55%) wash their overalls once a week, the remainder more
frequently, and all are washed at home, possibly exposing others at the workers
home. This, combined with the high incidence of spills and splashes, and the
results of the monitoring indicate the workers are exposed to a secondary source
of chlorpyrifos from their clothing, which like the gloves, appear to act as a
reservoir of exposure, from which they cannot remove themselves. In addition
changes in workers odour sensitivity and a poorly developed risk perception
increase risk of exposure. Normal washing cycles for clothing may be ineffective
at clearing the pesticide form the material, leading to an accumulated quantity on
the clothing. The limitation of using washable materials in the control of dermal
exposure therefore appears to be that the material if not completely washed of
contaminant, it will become a source itself, therefore not providing the individual
with the protection he requires. Unless a system for the industrial laundering of
PCO’s clothing can be implemented by employers, it may be preferable from an
exposure reduction point of view, to utilise disposable impermeable overalls, or
identify materials that can be thoroughly cleaned in a domestic washing machine
(Laughlin, 1993, Clothier, 2000).
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The exposure pattern shown by the sections removed from the overalls indicates
common deposition on the lower legs. Additional protection, for example using
impermeable clothing on the lower legs, and feedback to workers of their potential
exposure may address behavioural aspects of their exposure. Other researchers
have made progress with the use of fluorescent dyes or other techniques initially
to indicate exposure patterns, and more recently the (semi) quantification of
exposure patterns (Cherrie et al., 2000, Fenske, 1993, Roff, 1994). The impact of
showing a pesticide worker the deposition of pesticide using a photograph of
fluorescing areas on his body where deposition has occurred could be a powerful
education tool, more so than the chemical analysis of overall sections, as used in
this study. Whilst this technology has not been used in Western Australia, further
work in the control of dermal exposure to chemicals including pesticides,
particularly those manually sprayed or injected would benefit from these
techniques.

Behaviour modification of those operators who indicated they

believed they needed to know more about the hazards associated with termiticides
(52%) may occur if they had access to information concerning their actual
exposure. The information provided by these systems may provide the operator
with an adequate understanding of his exposure pattern for him to make efforts to
control his exposure. This is presently not a possibility with the cholinesterase
health surveillance monitoring which neither informs the workers about actual
exposure, or the tasks which contributed to his exposure. Alternative feedback,
such as by providing regular urine samples for the determination or chlorpyrifos
metabolites could provide this feedback.

134
The presence of chlorpyrifos and other previously applied pesticides was also
likely. Investigation of the potential occupational exposure to pesticides already
applied, for example banned substances, and such as organochlorines is suggested.

Operators who injected the pesticide into the ground were exposed when the
pressure of the injection forced the pesticide out of the injection hole, frequently
creating a small puddle of excess which was potential exposure onto shoes, or
more likely if the operator wiped up with a hand held rag. These exposure
pathways should be further investigated, for example the analysis of pesticide on
the shoes and sock of workers.

It was evident there was a general lack of control of dermal exposure, ranging
from lack of awareness of the hazardous properties of chlorpyrifos to willing
disregard of its properties. Only one operator reduced his exposure in a careful
and deliberate manner, for example the use of disposable gloves, and standing up
wind of the vapour.

5.6.6 Ingestion
Chlorpyrifos is efficiently absorbed into the system via ingestion, however
ingestion of sufficient chlorpyrifos to cause an acute reaction is unlikely in an
occupational environment. However, ingestion of a low dose via contaminated
hand to mouth contact and by poor practice was observed on several occasions. In
one instance the worker blew contaminant from a used nozzle, which caused
deposition of chlorpyrifos on his face. Ingestion was also indicated when hands
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were taken to the mouth, for example during eating and smoking.

A high

proportion of workers smoked (48%) or were ex smokers (28%). In addition half
(45%) workers did not change from their overalls following a job, providing a
source from hand contamination and subsequent contamination of the mouth.
Two thirds of workers had a splash of the dilute pesticide onto their face or eyes in
the previous 6 months, also providing an ingestion route of entry. The level of
hand cleanliness was generally poor, and whilst workers indicated in the
questionnaire they washed their hands regularly, in practice observations showed
them to wash their hands less regularly than they reported. This study has shown
workers had chlorpyrifos on their hands and on the surfaces in their vehicles,
which combined with poor practice, housekeeping and cleanliness increase the
likelihood of ingestion of the substance. An increase in awareness of surface
deposition of chlorpyrifos leading to ingestion is an important action for exposure
control.

5.6.7 Biological monitoring of exposure
In addition to samples taken in this study a collaborative biological monitoring
study of pesticide workers in South Australia took place and included controls,
and referenced controls obtained in a United Kingdom study in 1992.

For

financial reasons biological samples from the current study were prepared to allow
transportation, for example separation by centrifuge and freezing or chemical
preparation and analysed in South Australia, as described in section 3.4.11. The
logistics and time delay imposed by sending the samples interstate were
inconvenient, and also limited the opportunity to determine NTE and Sister
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Chromatid Exchange (SCE), a marker of chemical induced genotoxicity, in the
Western Australian samples due to instability of the labile enzyme NTE, and the
requirement to place the lymphocytes in nutrient after sampling.

The

development of a Western Australian facility to determine these indicators of
exposure would be required to progress this aspect of the research, or use of a
suitable field monitoring kit.

Developments in the determination of genetic

effects of chemical exposure may offer a new methods to assess effect of exposure
to chemicals, although animal toxicity research indicates chlorpyrifos does not
induce DNA damage (Lodovici et al., 1997, Lodovici et al., 1994, Gollapudi et al.,
1995).

Serum cholinesterase activity reduction is correlated with a reduction in acetyl
cholinesterase, for example 70% reduction is associated with clinical symptoms of
exposure (Mutch et al., 1992).

Analysis of Western Australian and South

Australian pesticide workers serum cholinesterase activity was significantly lower
(52%) of the South Australian controls, indicating serum cholinesterase activity is
a sensitive indicator of chlorpyrifos exposure in the pesticide workers in this
study.

The accepted method to determine change in serum cholinesterase activity is to
conduct baseline analysis at sometime before initial chlorpyrifos exposure
followed by a repeat post chlorpyrifos exposure determination. Whilst this study
did not collect pre-exposure serum cholinesterase activity levels, the expected
range of serum cholinesterase activity follows the normal distribution in a

137
population. By following a procedure using the normal distribution of results; the
mean serum cholinesterase activity in controls was 853 nmol min-1ml-1, with a
standard deviation of 224, resulting in 10% of the control population with serum
cholinesterase activity less than or equal to 556 nmol min-1ml-1. In the pest
controller group 72% of workers are below the 556 nmol min-1ml-1 level
indicating their activity is equal to or below 10% of the control group.

By

implication, 10% of the population of workers with activity below 556 nmol min1

ml-1 would have been incorrectly identified as having significantly reduced serum

cholinesterase activity, so this level could be most suitably used to trigger further
investigation (Pisaniello et al., 2000). This novel approach may provide a useful
alternative to the existing health surveillance system (Dyer et al., 2001).

Whilst EAChE has been used by others (Abou-Donia and Lapadula, 1990) as an
indicator of AChE, in this study it was not a sensitive indicator of pesticide
operator exposure to chlorpyrifos in relation to the control group exposure.

The range of levels of urinary metabolites in the samples clearly showed an
exposure to chlorpyrifos in the workers, since these breakdown products are
specific to the pesticide. Work practices and use of control measures appeared to
have an affect on the urinary metabolites, indicating the work practices observed
during the study were somewhat representative of work practices in the preceding
days. The urinary metabolites represented the exposure to chlorpyrifos over a
relatively short period in comparison to the blood enzyme activities, as the halflife of TCP for example is 27 hours. The urinary metabolite levels therefore
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represented the cumulative exposure over a short period.

The levels of

metabolites in the urine did not significantly vary between pre and post
chlorpyrifos application, however, if a worker has highly variable exposure the
urinary metabolites may not provide adequate definition of this exposure pattern.

Since the half-life of these metabolites is relatively short there is an opportunity, if
this techniques was used as health surveillance, for workers to remove themselves
for a period of a day or two from the chlorpyrifos and receive a lower
measurement. As an indicator of exposure however, the sample collection for the
determination of these metabolites is easier than the blood samples, and results
appear to be more closely related to exposure patterns observed during this study.
This technique for assessing exposure may overall be more appropriate to assess
worker exposure than the blood sample techniques, although the acceptable level
of exposure requires determination.

5.7 CONCLUSION
This study of volunteer pesticide workers has determined occupational exposure
to chlorpyrifos by using a combination of assessment tools, including observation
of the worker practices, atmospheric monitoring, biological monitoring and a
questionnaire concerned with behaviours and attitudes of the pesticide workers.
The study has published information regarding the occupational exposure of
pesticide workers to chlorpyrifos in Western Australia, and collaborated with a
study in another Australian State, to provide a source of data for the progression
of the control of exposure of pesticide workers to chlorpyrifos.
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The literature has shown a substantial body of knowledge concerning chlorpyrifos
composition and toxicity, particularly to animals.

The literature concerning

occupational exposure to chlorpyrifos is frequently limited to occupations other
than termiticide workers, and rarely includes Australian workers in this industry.
This lack of information relevant to Australian termiticide users is ironically
indicative of the poor state of health and safety systems and their lack of
implementation in the organisations that have taken part in this study. This study
has shown a widespread misunderstanding of chlorpyrifos amongst its users,
unnecessarily high exposures, ineffective systems to provide health surveillance or
basic risk assessment or exposure assessment information, employer negligence to
provide a safe workplace and an education and enforcement system that requires
review.

The methods used to assess exposure provided comprehensive data concerning
exposure and cause of exposure.

The combination of exposure assessment

methods have provided additional information, for example regarding the
permeation of chlorpyrifos through fabric, although in doing so, possible
absorbency of chlorpyrifos inhibited the dermal absorption of the skin. The
selection of appropriate monitoring techniques for exposure assessment to
pesticide may be enhanced by this study, such as those proposed in the
recommendations section 5.7.
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The occupational exposure assessment to chemicals with a dermal absorption
property is the subject of international research, for example, the defining of a
common series of terminology describing the dermal exposure pathway is a
relatively recent work. There are a number of works specifying the techniques for
occupational exposure assessment, arising from national and international bodies,
although these techniques are the subject of ongoing development.
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6. CONCLUSIONS

1. Worker exposure to chlorpyrifos is closely related to the tasks undertaken.
Under floor tasks appear to increase inhalation and dermal exposure.

2. Inhalation exposures during under floor applications may equal or exceed
health based limits.

3. Dermal exposure is dominated by the deposition of chlorpyrifos on the
hands and lower legs of the workers.

4. Deposition of chlorpyrifos on gloves (mean rate of 9 mg hr-1), frequently
of inappropriate material, creates a reservoir of the chemical, which
contributes to the total dose received.

5. Deposition of chlorpyrifos on overalls, particularly on the lower legs
(mean rate of 14 mg hr-1) presents relatively high risk of exposure,
significantly contributing to the overall dose.

6. Several workers (n=3) were observed to ingest chlorpyrifos during their
tasks, by eating with contaminated hands, smoking with contaminated
hands or placing contaminated equipment to their mouths.
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7. The control strategies for personal exposure are primarily concerned with
inhalation control, however, in the majority of surveys in this study,
respiratory protection was inadequate due to its usage, maintenance or
storage.

8. The engineering control of exposure provided by the auto-dosing system is
a highly effective control of exposure system, as well as a mechanism to
increase productivity by being quick and easy to deploy and store. Other
effective systems such as reticulation systems are likely to reduce
exposure. Substitution with less harmful chemicals is the preferred option.

9. There is an absence of health and safety systems or understanding of the
benefits of these systems such as risk assessments, pre-start checks that are
common in other industries using hazardous chemicals.

10. The current health surveillance system in Western Australia is an
ineffective method assist workers to control their chlorpyrifos exposure.

11. Insufficient enforcement of high work practice standards, a condition of
workers professional licence has contributed to complacency and
unnecessary exposure of workers to chlorpyrifos.

12. Dermal exposure assessment techniques such as patches attached to the
skin were intrusive.
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13. The questionnaire was useful to highlight worker knowledge and work
practice information, however, it was insensitive to highlight symptoms of
exposure.

14. Approximately half of workers (52%) indicated they would benefit from
further information about chlorpyrifos.

Observations of, for example,

work practices, methods of exposure control and housekeeping indicated
all workers would benefit from additional education.

15. The current system of licensing does not provide for ongoing refresher
training during the workers career, possibly leading to development of
poor practices and may subsequently be passed onto the next generation of
provisionally licensed operators.
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7. RECOMMENDATIONS

This study of pesticide workers exposure to chlorpyrifos has highlighted several
areas of improvement, and areas to improve the understanding of exposure
patterns, ultimately to reduce the effect of the chemical on its users.

7.1 CULTURAL CHANGE
There is a fundamental need for the lead bodies in this industry to recognise and
commence change, from avoidance and compliance based systems to proactive
systems which value its workers, clients, and suppliers. Until then it is likely the
industry, because it comprises so many small companies, will continue to operate
as found by this study, that is without systems or at best local or ad hoc systems to
reduce the risk to health of its workers and continually improve its service. A
cultural change starts with the management of the pesticide organisations, industry
groups and manufacturers. These individuals and committees require education in
positive effect sound health and safety systems will have on their business. Most
individuals contacted by this study had no concept of the benefit of including
health and safety systems in their business. This first recommendation is targeted
at the leaders in the industry, however, governmental agencies, in particular the
licensing agencies, manufacturers and professional bodies must support this
initiative, by providing useful strategy, information and resource for these
organisations.
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Many Australian and international industries already include a safety culture as
the norm, and these organisations are consistently the most profitable in the world.
Behavioural-based safety systems as good management practice are well
developed and have an extraordinary result on high risk industries, including
mining and chemical synthesis.

Agencies such as the NOHSC, OSHA and

European Union have developed and continue to research mechanisms for the
implementation of health and safety in small and medium sized enterprises. The
pesticide industry in Western Australia can benefit from these initiatives.

7.2 EDUCATION AND LICENCING
The pesticide applicators themselves have clearly indicated a discrepancy in the
education and licensing system, both by suggesting they would benefit from
additional information and by their generally poor work practices. This study
recommends modification to these systems to ensure the licensing of persons to
use these hazardous substances is capable of ensuring competency and
consistency of work practices, which meet a standard.

The existing system of short courses to provide a theoretical basis for the
application of pesticides is useful, however, it is only partially meets the new
persons training needs. The remainder of the training is conducted away from the
standardised environment of a centralised teaching system, in the workplace with
a practitioner. Whilst this system is based on sound theory and ensures new
workers have a period under the guidance of an experienced worker, the quality of
the teacher is potentially highly variable. In some instances the trainees are
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treated as cheap labour and given high risk tasks, and in all cases follow the
direction of the experienced pesticide applicator possibly without reference to a
best practice system. In this learning environment operators may be taught bad
habits as the norm, at the start of their career. Since there is no requirement for
updates of training or for development of professional techniques as part of the
licensing process, no feedback system exists to improve performance.

This study recommends that as part of the licensing system, all pesticide
applicators attend annual refresher training, are assessed annually on their
competence to apply chlorpyrifos, their equipment particularly vehicles and
chemical storage facilities are thoroughly inspected. Organisations who decide to
train provisionally licensed pesticide applicators must be required to ensure their
systems meet best practice and those tasked with training meet an auditable
workplace training standard.

As an indication of compliance to these or

equivalent systems the general public should be able to gain knowledge of an
organisations commitment to these standards.

7.3 HEALTH SYSTEMS
Whilst the health surveillance of workers exposed to organophosphates is
worthwhile, an increase in the benefit of the worker is required.

Presently

individuals may be reluctant to attend for health surveillance since the system is
largely reactive, the only option following a high result is to stop work, and in the
absence of detailed feedback the individual may not know what specifically has
caused the effect, since the reading may have occurred because of consistently
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high exposure, periodic high exposure or a one off high exposure. In addition the
medical practitioners who are required to interpret the findings of the health
surveillance may not have a well developed understanding of their options for
assisting the worker.

This study recommends the adoption of a fitness for work system for pesticide
workers, including health surveillance system, medical assessments and health
promotion, healthy lifestyle, components. The health surveillance system should
have a two-fold structure based on a workers requirement to retain a license; a
mandatory annual blood SChE, questionnaire, physical demands medical, with the
results of these followed up by a health and safety practitioner or where necessary
a medical practitioner; and secondly a random urinary metabolite (TCP or alkyl
phosphate) determination.

Instead of the health surveillance program being compliance based, that is to catch
people out, it should be educationally based, that is to provide workers with
adequate information to modify their work practices, and backed up with a
compliance system. For example workers could expect to be asked to provide a
urine sample at a random interval on site on a quarterly basis, or, a maximum of 4
times a year.

Whilst participation should be mandatory, as a licensing

requirement, penalties for high exposures such as being removed from the
workforce should be used only as a last resort, for example in cases of negligence.
High exposures from the urinary metabolites should trigger a risk assessment of
the workers practices, similar to that included in this study.

The medical
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component should include a questionnaire test battery, designed to be
administered prior to the medical examination, and sensitive enough to highlight
abnormalities arising from chlorpyrifos exposure. In addition workers should be
required to undertake a physical demands medical appropriate to their role, for
example their capability to conduct physical work in a confined area, to work at
heights, to work in high temperatures and to manually handle items. Medicals
should also be used to highlight diabetes risk, cholesterol and potential for heart or
circulatory problems. The healthy lifestyle and health promotions component of
the fitness for work system should include assistance for those with smoking,
alcohol and other drugs issues, and also included should be targeted information
on issues including personal noise exposure control and heat strain. These systems
need to be coordinated, by an organisation such as the national professional body,
the health department or third party. Inclusion of the pesticide workers in the
design and implementation of these new systems is fundamental to its success, for
example by providing safety representatives with additional roles, in association
with experts from professions including medical, occupational health and safety,
health promotion and equipment and chemical manufacturers and suppliers.

The existing health department officers should be provided with the additional
role as an external auditor of these new systems, for example to the Australian
Standards concerned with health and safety systems, risk management and
pesticide application. Officers or equivalent should provide a mechanism for the
sharing of information between organisations, and subsequent development of
best practice and performance targets for inclusion into the training programs.
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These initiatives are likely to result in increase in expenditure, and the initial
response from organisations will most likely be to increase the price to the
consumer, an unpopular result, and a possible root cause of the present situation.
However, with governmental support and recognition of their importance by the
industry, initiatives such as a standardised costing model for consumers, a code of
practice for pesticide management companies, collaboration with the professional
bodies and change in the role and action of the enforcing agencies the
improvements will enable the industry to develop in this area.

7.4 SAFETY MANAGEMENT SYSTEM
An effective safety management system is fundamental to the implementation of
the recommendations of this study. In addition a safety management system will
provide systematic method to improve the business. Many of governmental safety
initiatives are free, however, training and implementation of the systems require
time and are therefore an additional cost. The industry bodies must firstly provide
all employers and employees with an indication of the benefit of the
recommendations and then the mechanism to implement it.

1. New operators should be given an understanding of systems such as the
Australian Standards concerned with safety management systems and risk
management during their training. Presently they are introduced to the
fundamentals of running a pesticide application business, with little about
the safety management systems.
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2. This study recommends the implementation of written safety management
systems, their effective implementation and ongoing auditing, for all
pesticide application organisations, using chlorpyrifos or any other
hazardous substance or toxic active ingredient. The aim of the safety
management system is to provide a mechanism to ensure a workplace free
from hazards, and therefore procedures such as selection, use, maintenance
and storage of personal and respiratory protective equipment can assist the
operators in the control of exposure; daily vehicle and equipment
inspections would may also have a significant effect on exposure, reducing
the likelihood of spills and contamination.

7.5 PRODUCT STEWARDSHIP
Manufacturers and suppliers have an obligatory duty of care to their clients. If
these organisations supply chlorpyrifos knowingly to organisations who have been
demonstrated by this and other studies to expose their employees, members of the
public and the environment to unnecessary quantities of the substance, action to
improve the situation is required. This study recommends that:

1. Manufacturers and suppliers of hazardous chemicals such as chlorpyrifos
are required to demonstrate they act responsibility to ensure they supply
their products to organisations capable of effective use, minimising risk to
employees, the public and the environment. This study recommends that
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penalties should apply if a manufacturer or supplier supply chlorpyrifos to
organisations without a demonstrable capability to effectively manage all
aspects of its transport, storage, use and disposal.

2. Manufacturers and suppliers of chlorpyrifos should include, in their
product costs, a product stewardship initiative, to ensure their product is
handled, used and disposed of to the highest standards.

8. APPENDICES
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APPENDIX 1: INFORMATION SHEET AND
CONSENT FORM
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INFORMATION SHEET
WHAT?
This is an invitation to participate in a study of the termite control
chemicals used by pest control companies in Western Australia. In particular we are
interested in chlorpyrifos (often known as Dursban). We have permission from the
management of your organisation to ask for your cooperation in this project, but you are
under no obligation to participate if you do not want to and you are free to withdraw at
any time.
WHY?
The research currently being carried out in this company and other
Australian pest control companies will enable us to better understand the chemical
chlorpyrifos. An independent report will be produced after we have analysed the
samples. If you are interested a summary can be forwarded to you. As we have different
buildings, climate and soils to other countries and Australian states it is very important we
understand what happens here. To ensure we collect the right information we need the
help of pest control operators like you.
HOW?
When you carry out your application of chlorpyrifos, some samples will
be taken, and some questions will be asked about the way you do your job. The samples
we take should be from as normal a working day as possible, we do not need or want you
to change the way you normally do things. Unless you want a report of the findings sent
to you we will not need to record you name.
Here is more detail about the survey:
Questionnaire
Air Samples
Wipe Samples
Overalls
Blood Sample
Urine
Notes

Before you start the job, a series of questions, taking about ten minutes
about you and your profession.
While you apply the chlorpyrifos a simple pump, attached to your belt
takes an air sample.
Your skin will be carefully wiped using cotton to see how much gets
onto your hands and face.
We will give you an overall and gloves to wear during the application,
and will take them back after you have finished.
A small sample of blood will be taken by a nurse.
We need two samples of urine, one from the morning, one from the
afternoon/evening.
Information about the type of house, chemical, time and so on will be
recorded.

WHEN?

The survey will take place during one day when you use Chlorpyrifos.

WHO?

Marcus Cattani will be conducting the survey, under the supervision of
A/Prof. Kris Cena at Murdoch University. A nurse will accompany
Marcus to take a blood sample. If you would like more information,
please do not hesitate to make contact with either researcher. Marcus can
be contacted on 0411 275 265. Kris Cena can be contacted on 9360
2883.
THANK YOU VERY MUCH FOR YOUR TIME
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CONSENT FORM
See also Information Sheet
1.

I ……………………………………….. (please print) hereby consent
to take part in the research project entitled:
Chlorpyrifos exposure survey

2.

I acknowledge that I have read the Information Sheet.

3.

I have had the project, so far as it affects me, fully explained to my
satisfaction by the research worker, Marcus Cattani. Any questions
I have asked have been answered to my satisfaction. I agree to
take part in this activity.

4.

I consent to allowing a blood sample, urine sample and
photographs to be taken during this project.

5.

I have been informed that, while information gained during the study
may be published, I will not be identified and my personal results
will not be divulged.

6.

I understand that I am free to withdraw from the project at any time.

....................................................................
(Signed Participant)

DATE..................................

SIGNED ........................................................

DATE..................................

(Signed Researcher)
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APPENDIX 2. QUESTIONNAIRE
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PART A: PERSONAL INFORMATION
PLEASE TICK THE APPROPRIATE BOX

1. DATE OF BIRTH

day

month

year

2. SEX
male
female
3. How long have you been working as a pest control operator?
months

years

4. What grade of pest control licence do you hold ?
…………………………………………………………………....................
PART B : HEALTH

5. Do you smoke?
Ex Smoker

Current Smoker

Never smoked

If you are a current smoker, how many cigarettes per day do you
smoke?
1-9

10 - 20

more than 20

6. Do you suffer from hay fever?
Yes

No, but had it in the past

Never had hay fever

7. Do you get a more severe reaction than other people to insect
bites?
Yes

No

Not sure

8. Do you suffer from asthma?
Yes

No, but had it in the past

Never had asthma

Not sure
9.
Have you ever had a serious head injury which required
hospitalisation?
Yes

No
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10. Do you feel as though you're more tired than you should be,
given the amount of work that
you've done ?
never

hardly ever

sometimes

often

very often

often

very often

11. Do you wake up often during the night?
never

hardly ever

sometimes

12. Do you have trouble remembering things that happened or were
talked about recently?
never

hardly ever

sometimes

often

very often

13. If you read a newspaper article, do you often have to go back to
the start of the article because you have forgotten what you have
read?
never

hardly ever

sometimes

often

very often

14. Do you have difficulty in concentrating on what you are doing?
never

hardly ever

sometimes

often

very often

15. Do you have trouble in doing up, or undoing buttons on your
clothing?
never

hardly ever

sometimes

often

very often

16. Do you think that your movements have become less precise?
never

hardly ever

sometimes

often

very often

17. Do you feel that you have become less sure-footed when you
walk?
never

hardly ever

sometimes

often

very often

18. Do you feel moody without any real reason?
never

hardly ever

sometimes

often

very often

19. Do you think you become easily irritable?
never

hardly ever

sometimes

often

very often
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20. Do you suffer from headaches?
never

hardly ever

sometimes

often

very often

21. Do you lose your appetite (for no obvious reason)?
never

hardly ever

sometimes

often

very often

22. Do you feel nausea, with or without vomiting (for no obvious
reason)?
never

hardly ever

sometimes

often

very often

23. Do you experience bouts of diarrhoea (for no obvious reason)?
never

hardly ever

sometimes

often

very often

24. Do you experience tingling in your fingers?
never

hardly ever

sometimes

often

very often

25. Do you get numbing, burning or tingling of the skin which usually
subsides within 12 hours?
never

hardly ever

sometimes

often

very often

26. When you grasp an object, do you feel your grip is not as strong
as it used to be?
never

hardly ever

sometimes

often

very often

27. Do you feel a sensation of weakness in your arms?
never

hardly ever

sometimes

often

very often

often

very often

28. Do you experience tingling in your legs?
never

hardly ever

sometimes

29. When lying down, do you experience cramps in your calves
(lower legs)?
never

hardly ever

sometimes

often

very often

often

very often

30. Do you feel weakness in your legs?
never

hardly ever

sometimes
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31. Do you feel that you have been more sensitive to smells?
never

hardly ever

sometimes

often

very often

32. Do you feel that you have been more sensitive to sounds?
never

hardly ever

sometimes

often

very often

33. Do you have a strange taste in your mouth?
never

hardly ever

sometimes

often

very often

34. Do you have strange sensations on your face or numbness on
part of your face?
never

hardly ever

sometimes

often

very often

35. Do you think that you have had sexual difficulties recently?
never

hardly ever

sometimes

often

very often

36. Do you experience an increase in skin flushing or redness?
never

hardly ever

sometimes

often

very often

37. During the past year have you had dermatitis or skin irritation?
never

hardly ever

sometimes

often

very often

38. During the past year have you had eye irritation?
never

hardly ever

sometimes

often

very often

39. During the past year have you had blurred vision?
never

hardly ever

sometimes

often

very often

often

very often

40. Do you feel drowsy at work?
never

hardly ever

sometimes

41. Do you have blackouts at work?

Yes

No

161
PART C : WORK PRACTICES

42.

What termiticides do you use?

(a) Chlorpyrifos (Dursban etc.) only
(b) Bifenthrin (Biflex) only
(c) Both Chlorpyrifos and Bifenthrin
Which one do you use the most ?
Chlorpyrifos

Bifenthrin

(d) Neither Chlorpyrifos nor Bifenthrin

→

end of questionnaire.

Other/s (please specify)
.............................…………………………………………….......................
43.

Which of the following applies to you ?

Commercial application only
Domestic application only
Both commercial and domestic
44.

What type of application do you mainly use?

Foundation pre-treat
post construction slab
post construction crawlspace
Other
(e.g.
reticulation
system)
................................................................................................
45. Approximately how many hours per day do you spend on the
application of termiticides ?
46. What quantity of termiticide do you use per week?
………….. Litres of concentrated pesticide per week
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47.

Do you believe that you need more education about the
hazards associated with the use of these termiticides?
Yes

No

48. How often have you had splashes or spills of the concentrated
termiticide in the past six months?
more than once a week
fortnight
months

about once a week

about once a month

about once a

about once every three

about once every six months

never

49. In the past six months, have you ever had a splash of the dilute
solution in your eyes or in your face?
Yes

No

50. In the past six months, have you ever had a splash of the dilute
solution on your boots?
Yes

No

51. In the past six months, have you ever had to change your socks
because of a spill or contamination?
Yes

No

52. In the past six months, have you had a major spill (more than
500 mls) of the concentrated termiticide?
Yes

No

53. If you have a spill or leak, what do you mainly use to clean it up?
Mop
Rag
Hose
Other(specify).......................................

it

off

54. Are you expected to decontaminate or dispose of items used for
cleaning up, at the end of the day.?
Yes

No
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55. Do you have any special storage facilities for contaminated rags,
mops etc.?
Yes

No

If yes, please indicate where the storage facility is:
..............................................................................................................
56. Have you ever had a splash or spill of termiticide that required
first aid or medical treatment?
Yes

No

If yes, please specify what the active ingredient was and how
the splash or spill occurred?
………………………………………………………….............
57. How often do you wash your hands, face and other exposed
areas?
immediately after each job

at the end the day

when

obviously dirty
58. Do you use a respirator ?
Yes
No
If yes, have you had sufficient training on the use of respirators?
Yes

No

How often do you change your respirator cartridge?
About once a week

About once a month

About once every

three months
59. Do you routinely wear gloves?

Yes

No

If yes, how often do you change your gloves?
About once a week

About once a month

About once every 3 months
If you use re-usable gloves, please specify how often you wash
them.
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About once a week
months
60.

About once a month

About once every 3

Never

Do you routinely wear overalls while carrying out termiticide
applications ?
Yes

No

61. Do you change into normal clothing immediately at the end of
each job?
Yes

No

62. How often is protective clothing washed?
at the end of the day
about twice a week

about every second day
once a week

63. Who washes your work clothes?
Spouse or partner

Employer

Self

64. Do you have a spare pair of overalls in the vehicle in case of a
spill?
Yes

No

65. Do you change into clean clothes after a spill?
Yes

No

66. How often are your boots cleaned?
Once a day
About once a month

About once a week
Less than once a month
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67. Who cleans your boots?
Spouse or partner

Employer

Self

Not required to be cleaned
68. Do you sometimes have meals in the vehicle cabin?
Yes

No

69. Do you sometimes smoke in the vehicle cabin?
Yes

No

70. Do you store chemicals in the vehicle cabin?
Yes

No

166

APPENDIX 3: RESULTS OF HEALTH
SYMPTOMS AND WORK PRACTICES
QUESTIONNAIRE
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Results from the health status, neuropsychological symptoms and work practices
questionnaire for 7 provisionally licensed and 22 fully licensed pesticide
applicators: neuropsychological symptoms

Question 1. Date of Birth
The dates of birth have been converted to age of participant at time of the survey.
Age
20 to 24
25 to 29
30 to 34
35 to 39
40 to 44
45 to 49
50 to 54
55 to 60
Median

Frequency
overall
1
11
4
2
3
4
1
3
32

Frequency fully
licensed
0
6
4
2
2
4
1
3
37.5

Frequency provisionally
licensed
1
5
0
0
1
0
0
0
28

Percentage
frequency fully
licensed
100
0

Percentage frequency
provisionally licensed

Question 2. Gender

Male
Female

Percentage
frequency
overall
100
0

100
0

Question 3: How long have you been working as a pest control operator?
Years
0 to 0.5
0.6 to 1
1.1 to 5
6 to 10
11 to 14
15 to 20
21 to 25
26 to 30
Median

Frequency
overall
6
2
8
6
1
3
1
2
5.0

Frequency fully
licensed
0
0
8
6
1
3
1
2
7.6

Frequency provisionally
licensed
6
2
0
0
0
0
0
0
0.3
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Question 4: What grade of pest control license do you hold ?
Full
Provisional

Frequency
21
8

Question 5: Do you smoke?
Frequency
Percentage

Current smoker
14
48

Ex smoker
8
28

Never smoked
7
24

If you are a current smoker, how many cigarettes per day do you smoke?
Frequency
Percentage

zero
4
29

1 to 9
6
43

10 to 20
3
10

more than 20
1
7

Question 6: Do you suffer from hay fever?
Yes
Frequency
Percentage

4
14

No, but had it in the
past
11
38

Never had hay fever
14
48

Question 7: Do you get a more severe reaction than other people to insect bites?
Yes
Frequency
Percentage

6
21

No, but had it in the
past
20
69

Not sure
3
10

Question 8: Do you suffer from asthma?
Yes
Frequency
Percentage

2
7

No, but had it
in the past
2
7

Never had
asthma
25
86

Not sure
0
0
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Question 9: Have you ever had a serious head injury which required
hospitalisation?
Frequency
Percentage

Yes
1
3

No
28
97

10. Do you feel as though you'
re more tired
than you should be, given the amount of work
that you'
ve done?
11. Do you wake up often during the night?

7
7
11
3
(24) (24) (38) (10)

Very often

Often

Sometimes

Hardly ever

Question

Never

Questions 10 to 40:

1
(3)

10
5
8
3
3
(35) (17) (28) (10) (10)
12. Do you have trouble remembering things 14
6
7
1
1
that happened or were talked about recently?
(48) (21) (24) (3) (3)
13. If you read a newspaper article, do you 17
1
9
1
1
often have to go back to the start of the article (59) (3) (31) (3) (3)
because you have forgotten what you have
read?
14. Do you have difficulty in concentrating on 15
7
7
0
0
what you are doing?
(52) (24) (24) (0) (0)
15. Do you have trouble in doing up, or 28
0
1
0
0
undoing buttons on your clothing?
(97) (0) (3) (0) (0)
16. Do you think that your movements have 24
3
2
0
0
become less precise?
(83) (10) (7) (0) (0)
17. Do you feel that you have become less 23
0
6
0
0
sure-footed when you walk?
(79) (0) (21) (0) (0)
18. Do you feel moody without any real 15
3
9
2
0
reason?
(52) (10) (31) (7) (0)
19. Do you think you become easily irritable?
10
6
10
3
0
(34) (21) (35) (10) (0)
20. Do you suffer from headaches?
9
7
13
0
0
(31) (24) (45) (0) (0)
21. Do you lose your appetite (for no obvious 20
3
6
0
0
reason)?
(69) (10) (21) (0) (0)
22. Do you feel nausea, with or without 23
4
2
0
0
vomiting (for no obvious reason)?
(79) (14) (7) (0) (0)
23. Do you experience bouts of diarrhoea (for 19
6
3
0
0
no obvious reason)?
(66) (21) (10) (0) (0)
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24. Do you experience tingling in your fingers?

23
3
3
0
(79) (10) (10) (0)
25. Do you get numbing, burning or tingling of 19
3
3
0
the skin which usually subsides within 12 (76) (12) (12) (0)
hours?
26. When you grasp an object, do you feel your 27
0
2
0
grip is not as strong as it used to be?
(93) (0) (7) (0)
27. Do you feel a sensation of weakness in your 24
1
4
0
arms?
(83) (3) (14) (0)
28. Do you experience tingling in your legs?
27
0
2
0
(93) (0) (7) (0)
29. When lying down, do you experience 22
0
7
0
cramps in your calves (lower legs)?
(76) (0) (24) (0)
30. Do you feel weakness in your legs?
25
1
3
0
(86) (3) (10) (0)
31. Do you feel that you have been more 19
3
5
2
sensitive to smells?
(66) (10) (17) (7)
32. Do you feel that you have been more 19
4
3
3
sensitive to sounds?
(66) (14) (10) (20)
33. Do you have a strange taste in your mouth?
22
1
5
1
(76) (3) (17) (3)
34. Do you have strange sensations on your 22
1
6
0
face or numbness on part of your face?
(76) (3) (21) (0)
35. Do you think that you have had sexual 25
1
3
0
difficulties recently?
(86) (3) (10) (0)
36. Do you experience an increase in skin 22
3
4
0
flushing or redness?
(76) (10) (14) (0)
37. During the past year have you had 18
3
6
0
dermatitis or skin irritation?
(62) (10) (21) (0)
38. During the past year have you had eye 20
1
8
0
irritation?
(69) (3) (28) (0)
39. During the past year have you had blurred 20
2
6
1
vision?
(69) (7) (21) (3)
40: Do you feel drowsy at work?
15
5
9
0
(52) (17) (31) (0)
(xx) represents the percentage of responses
Question 41: Do you have blackouts at work?
Frequency
Percentage

Yes
0
0

Question 42. What termiticides do you use?

No
29
100

0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
0
(0)
2
(7)
0
(0)
0
(0)
0
(0)
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Frequency
Percentage

Chlorpyrifos
(Dursban etc.)
only
Yes
No
15
5

Bifenthrin (Biflex)
only
Yes
1

Both Chlorpyrifos
and Bifenthrin

No
25

Yes
13

No
16

Which one do you use the most ?
Chlorpyrifos

Bifenthrin

23
79

6
21

Frequency
Percentage

Neither Chlorpyrifos
nor Bifenthrin
0
100

Question 43. Which of the following applies to you ?

Frequency
Percentage

Commercial
application only
0
0

Domestic application
only
4
14

Both commercial and
domestic
25
86

Question 44. What type of application do you mainly use?
Foundation
pre-treat
Frequency
Percentage

9
17

Post
construction
slab
20
38

Post
construction
crawlspace
20
38

Other (e.g.
reticulation
system)
3
7
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Question 45. Approximately how many hours per day do you spend on the
application of termiticides?
Hours
0
1
2
3
4
5
6
7
8
9
10 +
varies

Frequency
1
2
5
4
8
2
0
1
1
1
1
1

Percentage
4
7
17
14
28
7
0
4
4
4
4
4

Question 46. What quantity of termiticide do you use per week?
Litres
0 to 10
11 to 20
21 to 30
31 to 40
41 to 50
51 to 100
101 to 150
151 to 200
200 +
varies

Frequency
13
4
1
0
0
2
1
2
5
1

Percentage
45
14
4
0
0
7
4
7
17
4

Question 47. Do you believe that you need more education about the hazards
associated with the use of these termiticides?
Frequency
Percentage

Yes
15
52

No
14
48
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Question 48: How often have you had splashes or spills of the concentrated
termiticide in the past six months?

Frequency
Percentage

more
than
once a
week

about
once a
week

about
once a
fortnight

about
once a
month

9
31

1
4

3
10

4
14

about
once
every
three
months
4
14

about
once
every
six
months
0
0

never

8
28

Question 49: In the past six months, have you ever had a splash of the dilute
solution in your eyes or in your face?
Frequency
Percentage

Yes
20
69

No
10
31

Question 50: In the past six months, have you ever had a splash of the dilute
solution on your boots?
Frequency
Percentage

Yes
26
90

No
3
10

Question 51: In the past six months, have you ever had to change your socks
because of a spill or contamination?
Frequency
Percentage

Yes
3
10

No
26
90

Question 52: In the past six months, have you had a major spill (more than 500
mls) of the concentrated termiticide?
Frequency
Percentage

Yes
2
7

No
27
93
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Question 53: If you have a spill or leak, what do you mainly use to clean it up?
Frequency
Percentage

Mop
0
0

Rag
13
45

Hose it off
7
24

Other
9
31

Question 54: Are you expected to decontaminate or dispose of items used for
cleaning up, at the end of the day?
Frequency
Percentage

Yes
25
86

No
4
14

Question 55: Do you have any special storage facilities for contaminated rags,
mops etc.?
Frequency
Percentage

Yes
19
66

No
10
34

If yes, please indicate where the storage facility is:
Question 56: Have you ever had a splash or spill of termiticide that required first
aid or medical treatment?
Frequency
Percentage

Yes
0
0

No
29
100

If yes, please specify what the active ingredient was and how the splash or spill
occurred?
Question 57: How often do you wash your hands, face and other exposed areas?

Frequency
Percentage

immediately after
each job
27
93

at the end the day

when obviously dirty

0
0

2
7
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Question 58: Do you use a respirator ?
Yes
29
100

Frequency
Percentage

No
0
0

If yes, have you had sufficient training on the use of respirators?
Yes
27
93

Frequency
Percentage

No
2
7

How often do you change your respirator cartridge?

Frequency
Percentage

About once a
week
11
38

About once a month
13
45

About once every
three months
3 +2
17

Question 59: Do you routinely wear gloves?
Yes
27
93

Frequency
Percentage

No
2
7

If yes, how often do you change your gloves?

Frequency
Percentage

About once a
week
0
0

About once a month
12
63

About once every
three months
7
37

If you use re-usable gloves, please specify how often you wash them.

Frequency
Percentage

About once
a week

About once a
month

3
14

13
59

About once
every 3
months
6
27

Never
0
0
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Question 60: Do you routinely wear overalls while carrying out termiticide
applications ?
Yes
27
93

Frequency
Percentage

No
2
7

Question 61: Do you change into normal clothing immediately at the end of each
job?
Yes
16
55

Frequency
Percentage

No
13
45

Question 62: How often is protective clothing washed?
at the end of
the day
Frequency
6
Percentage
21

about every
second day
3
10

about twice a
week
4
14

once a week
16
55

Question 63: Who washes your work clothes?
Frequency
Percentage

Spouse or partner
7
25

Employer
0
0

Self
21
75

Question 64: Do you have a spare pair of overalls in the vehicle in case of a spill?
Frequency
Percentage

Yes
22
76

No
7
24

Question 65: Do you change into clean clothes after a spill?
Frequency
Percentage

Yes
26
84

No
5
16
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Question 66: How often are your boots cleaned?
Once a day
Frequency
Percentage

9
32

About once a
week
11
39

About once a
month
1
4

Less than once a
month
7
25

Employer

Self

0
0

26
90

Not required to be
cleaned
2
7

Question 67: Who cleans your boots?

Frequency
Percentage

Spouse or
partner
1
4

Question 68: Do you sometimes have meals in the vehicle cabin?
Frequency
Percentage

Yes
24
83

No
5
17

Question 69: Do you sometimes smoke in the vehicle cabin?
Frequency
Percentage

Yes
12
41

No
17
59

Question 70: Do you store chemicals in the vehicle cabin?
Frequency
Percentage

Yes
1
4

No
28
96
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APPENDIX 4: WORKER EXPOSURE
ASSESSMENTS SUMMARIES
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Results of exposure assessment for worker number 1
Date: 14th September 1999 at 1100
Weather: 19oC, breeze and raining.
Building type and reason for visit
Survey took place at a large single storey commercial property. The pesticide
operator inspected the property for infestation and determined a treatment for ants
and cockroaches.
Risk assessment
1. Preparation
The concentrate was measured into a plastic jug and topped up with water, to
make 0.5% solution. The diluted pesticide was transferred to a hand held pump
pressurised spraying container. The excess pesticide was thrown onto the ground
in the car park. The empty jug was flicked to remove the excess. No gloves were
used and the workers hands were contaminated. A half face mask was used
during preparation.
2. Application
Pump nozzle was opened by hand, without gloves. No respirator was used. The
worker sprayed the perimeter of the building and up a wall at over head level.
Spray was observed at ground level.
3. Clean-up
Excess pressure was released from the vessel. Equipment placed in the vehicle.
4. Equipment
New appearance, neat and tidy small panel van, no compartments.
Spills wiped up with a rag, without gloves on.
Locked vehicle when spraying
5. Personal protective equipment
Gloves: not worn. Respirator: during mixing only. Boots: New leather work
boots.
6. Conclusion
Unnecessary dermal (hand) exposure from concentrate during mixing, without
gloves; and inhalation during overhead spraying. This worker had a provisionally
licensed worker with him watching how to do the job.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
2.17
0.07
1.08

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.12
1448.08
724.04

Gloves
Left
Right

µg hour
nd
366.24

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.00
0.00
0.00

Surface wipes
Forehead wipe

0.00

Steering wheel
Gear-stick

0.00
0.00

µg
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Results of exposure assessment for worker number 2
Date: 15th September 1999 at 1130

Weather: not known

Building type and reason for visit
Survey took place at a recently constructed single storey residential property. The
pesticide operator injected pesticide around the perimeter of the property.
Risk assessment
1. Preparation
The hoses were wound from the vehicle and placed in position near the property.
3.3 l of Protector 450 g l-1 mixed into the dilution tank on the vehicle, and mains
water added.
2. Application
The pesticide operator used an injection rod to inject pesticide at approximately 30
cm intervals around the perimeter of the building. Rubber gloves and respirator
were worn.
3. Clean-up
Hoses and equipment wound back into vehicle. One ungloved hand was used to
guide hoses onto reel and became contaminated. This hand contaminated other
equipment. The other hand was gloved, although the material appeared to be
contaminated.
4. Equipment
Vehicle cabin very dirty, soil over the floor and seats, papers and tools scattered.
Respirator stored on front seat. Lid off the dilution tank. Wet weather clothing
thrown on top of dilution tanks. Clothing soiled, with odour of chlorpyrifos.
Gloves contaminated with pesticide and worker touched many items in vehicle
with gloves. Containers not secured in rear of vehicle (storage compartment).
Approximately 100 l of chlorpyrifos stored in 20 l drums. Worker swung nozzle
overhead to untangle hose. Worker used mobile phone with contaminated,
unwashed hands.
5. Personal protective equipment
Gloves: worn most of time, contaminated. Respirator: worn, stored incorrectly.
Boots: Satisfactory condition leather boots. Clothing: Not clean, appeared to
have been worn previously. Stored with other equipment in contaminated area of
vehicle.
6. Conclusion
Although the worker appeared to conduct the application in a satisfactory manner,
unnecessary exposure occurred from poor housekeeping and containment of
pesticide on contaminated equipment.
PPE was misused and stored
inappropriately.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
2.59
0.12
1.29

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

1.06
13701.0
6850.5

Gloves
Left
Right

µg hour
1151.4
1346.0

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.82
8289.4
4144.7

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
5.96
5.20
4.34
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Results of exposure assessment for worker number 3
Date: 17th September 1999 at 1315

Weather: 22o, slight breeze.

Building type and reason for visit
Survey took place at a private hospital. The pesticide operator inspected the
perimeter of the property and sprayed pesticide around the outside perimeter of
the property and adjacent grounds where necessary.
Risk assessment
1. Preparation
The pesticide operator, wearing disposable latex gloves, measured an amount of
“Empire” to a plastic jug, on the tail gate of the vehicle. The plastic jug was
rinsed with water and washings added to a large spraying vessel, which was then
topped up with water. A half face mask was worn during the entire process.
2. Application
The pesticide operator adjusted the nozzle by hand (with gloves) and with his
body well away from the pump sprayed pesticide downwind of himself. Some
odour at commencement of spraying. The spray vessel was refilled twice in a
careful and considered manner.
3. Clean-up
The equipment was emptied, and stored in an appropriate place in the vehicle.
Gloves were placed in a disposal bag, and the mask was placed in the
manufacturer’s plastic box in the rear of the vehicle.
4. Equipment
Worker planned to install central locking on vehicle to avoid touching handles.
Vehicle full of equipment stored in plastic containers, appeared to be well looked
after. Vehicle with twin roof ventilation system
5. Personal protective equipment
Gloves: latex disposable worn all of time. Respirator: half face mask worn all of
the time, stored correctly. Boots: Good condition leather boots. Clothing: Clean.
6. Conclusion
This pesticide worker was new (several months) to the business and was appeared
to be aware of the inhalation and dermal routes of entry, and methods to minimise
exposure. His vehicle and equipment was well maintained and stored efficiently.
His method of application minimised exposure by careful consideration of body
position and wind direction.
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µg m-3
nd
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Coverall
Mean deposition (µg cm-2 hr-1)
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Gloves
Left
Right

µg hour
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Skin patches
Mean deposition (µg cm-2 hr-1)
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Est. Wtd total (µg 8 hr TWA)

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
0.00
0.00
0.00

0.01
162.5
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Results of exposure assessment for worker number 4
Date: 21st September 1999 at 0850

Weather: 15o, wet and raining.

Building type and reason for visit
Survey took place at recently constructed residential property.
Risk assessment
1. Preparation
The worker had prepared for the pesticide application before the researchers
arrived at the site.
2. Application
The pesticide was ‘generously’ and sloppily poured into trenches, created using
the probe. Many splashes off walls and ground. High odour level during
application. Only PPE was gloves and boots. Worker indicated he had only
recently (3 days ago) started using chlorpyrifos, and liked to keep up to date with
information, but he “knows most of it all”.
3. Clean-up
Wound up hoses and loaded into back of van. Did not wash hands.
4. Equipment
Vehicle tidy though well used. Vehicle cabin tidy, Esky with food stored on seat.
Auto dosing equipment on vehicle. Five drums, each 20 l, on top of one another
in vehicle. Nozzle dribbled pesticide even when trigger shut.
5. Personal protective equipment
The worker informed that he only wears RPE when it is hot and there is no wind,
which he perceived as contributors to high risk. Gloves: two days old, “there will
be chemical on the inside”. Respirator: not worn during treatment. Boots:
Shoes worn-leather but intact, older lace up suede boots . Clothing: Tidy, slightly
soiled, probably worn previously.
6. Conclusion
The pesticide worker had recently started using chlorpyrifos. Although he
indicated he had adequate knowledge he said his gloves were contaminated inside,
he did not wear adequate PPE nor any RPE, and had a sloppy application which
resulted in contamination and unnecessary exposure.
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Sample TWA
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nd
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Coverall
Mean deposition (µg cm-2 hr-1)
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Est. Wtd total (µg 8 hr TWA)

1.70
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Gloves
Left
Right

µg hour
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Est. Wtd total (µg 8 hr TWA)
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2.07
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Results of exposure assessment for worker number 5
Date: 22nd September 1999 at 0900

Weather: 20o, sunny and still.

Building type and reason for visit
The survey took place at a single storey brick and tile, suspended floor residential
property. The property was empty and vacant and was to be treated prior to reoccupancy.
Risk assessment
The worker indicated that he knew a fair amount about the hazards of the
chemical, but is not interested, chooses not to think about it. He takes recreational
drugs and said he “likes to get off my face to forget about it”. Said he has a keen
sense of smell.
1. Preparation
A solution of pesticide had been prepared. Manholes were cut in corners of rooms
using a circular saw. Holes were drilled around the concrete verandah.
2. Application
A short nozzle spray was used under-floor. Worker lay on the floor and sprayed
with torso through the manhole, due to inadequate clearance at front of house. At
rear of house the worker entered the under-floor area and sprayed. A closed and
confined under-floor area, with no ventilation. Injection lance used to apply
pesticide through holes on verandah.
Frequent spills from equipment,
wiped/smeared with rags.
3. Clean-up
Wound up hoses and used rages to wipe excess on floors and verandah. Rages
thrown in back of vehicle. Rinsed face and hands with water from garden tap.
4. Equipment
Vehicle an old, dirty, rusty tray back utility. Equipment tidy. (Highly)
contaminated rags picked up, used often, and stored loosely on rear of vehicle.
Plastic and metal mixing (?) vessels loosely stowed on rear of vehicle. Equipment
leaked when not in use. Two 20 l drums on vehicle in locked box.
5. Personal protective equipment
Gloves: Wore leather gloves, contaminated, during application and cleanup, not
preparation. Respirator: twin (brown) cartridge worn during application underfloor, very dirty mask, kept on front seat of vehicle. Boots: Intact but well worn.
Worker indicated his boots were regularly contaminated and not cleaned “if you
swabbed my boots it would kill you”. Clothing: wore shorts (only) under
coverall. Regularly wiped face on overall sleeve. Usual coverall soiled.
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6. Conclusion
This worker was exposed to unnecessarily due in particular to repeated use of
contaminated rags without adequate dermal protection, RPE in a dirty and poor
state and an attitude which resulted in a disregard to the hazards of the chemical.
This worker’s attitude, use of recreational drugs possibly whilst at work, poor use
of control measures and under-floor application are an unacceptable combination.
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Results of exposure assessment for worker number 6
Date: 22nd September 1999 at 1215

Weather: 20o, sunny.

Building type and reason for visit
The survey took place at a two level residential, concrete slab, brick and tile
property. The property had signs (destroyed or compromised wood) of termite
damage in several rooms. The two workers (this worker and number 7) had
commenced the application, by injection, and were approximately half way
through the job when the survey commenced. The occupants waited for the
workers to finish before entering the property.
Risk assessment
1. Preparation
Preparation was not viewed.
2. Application
The pesticide was injected using a probe, approximately 1 metre, and trigger. One
foot was used to push the probe into the pre-drilled hole. The probe was pulled
out of the hole and a rag dragged with a foot cleaned up any excess. High odour
level inside house; all doors and windows open.
3. Clean-up
Hoses wound up and placed on vehicle.
4. Equipment
Good condition utility vehicle. Untidy tray; soiled rags, mixing containers and
some contaminated tools.
Belongings scattered in front of vehicle.
“Chlorpyrifos” sign on vehicle
5. Personal protective equipment
Gloves: PVC elbow length used throughout application. Respirator: Half face
mask with a single cartridge, worn throughout application. Boots: New enclosed
leather boots Clothing: Clean.
6. Conclusion
This worker was a recent provisionally licensed worker, previously in the army.
He worked carefully, his PPE and RPE were well maintained and used effectively.
Poor containment of contaminated equipment on the vehicle increased likelihood
of exposure.
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Results of exposure assessment for worker number 7
Date: 22nd September 1999 at 1215

Weather: 20o, sunny.

Building type and reason for visit
The survey took place at a two level residential, concrete slab, brick and tile
property. The property had signs (destroyed or compromised wood) of termite
damage in several rooms. The two workers (this worker and number 6) had
commenced the application, by injection, and were approximately half way
through the job when the survey commenced. The occupants waited for the
workers to finish before entering the property.
Risk assessment
1. Preparation
Preparation was not viewed.
2. Application
The pesticide was injected using a probe, approximately 1 metre, and trigger. One
foot was used to push the probe into the pre-drilled hole. The probe was pulled
out of the hole and a rag dragged with a foot cleaned up any excess. High odour
level inside house; all doors and windows open. The worker wore ear muffs, RPE
and gloves.
3. Clean-up
Hoses wound up and placed on vehicle.
4. Equipment
Good condition utility vehicle. Untidy tray; soiled rags, mixing containers and
some contaminated tools. Dirty clothes in vehicle, next to lunch box.
“Chlorpyrifos” sign on vehicle. Chemicals fitted into tight space, although not
secured.
5. Personal protective equipment
Gloves: Well used PVC elbow length used throughout application. Respirator:
Half face mask with a single cartridge, worn throughout application. Filter and
mask dirty. Boots: Intact but stained with splash marks. Clothing: Dirty clothing
worn under coverall, had been worn several times.
6. Conclusion
The worker used adequate RPE and PPE, however, its maintenance was poor,
possibly resulting in unnecessary exposure. Contaminated clothing was stored in
the vehicle cabin near food, possibly resulting in contamination of food and clean
items.
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Results of exposure assessment for worker number 8
Date: 23rd September 1999 at 1000

Weather: 23o, slight breeze.

Building type and reason for visit
The survey took place at a single storey residential, concrete slab, brick and tile
property. The property had evidence of termite damage in some rooms, and a full
treatment to eradicate existing termites and prevent further damage.
Risk assessment
1. Preparation
Injection holes were drilled into the concrete floor inside the property. The
worker wore hearing protection, he remarked he’s “going deaf”.
2. Application
The worker, wearing RPE, made two mixes of pesticide, which were injected into
the holes and also applied into small trenched dug with the probe around the
perimeter of the property. Little or no excess from holes during injection, small
spills from injector were not wiped up. Worker stopped for a cigarette without
washing hands.
During application there was a leak due to a tap on one of the tanks opening into a
small tank rather than the larger tank as expected. Between 50 and 100 l of
diluted pesticide was spilt on the driveway. The worker called his manager to
inform and request sand and lime. He spread sand from the property over the
spill. A co-worker arrived in 10 minutes with one bucket of sand. Additional
sand was taken from the property to cover the spill. The manager arrived and
assisted the worker to empty the vehicle which was thoroughly contaminated with
pesticide, and spread absorber onto wet areas. The manager described teething
problems with the vehicle. The sand would be swept up and taken to a special
land fill area, designated by Dept. Environmental Protection. Lime would be
spread over the spill area to neutralise the spill. The manager was concerned the
worker was OK, and indicated if there was a major spill he would need special
attention.
3. Clean-up
Equipment was stored back onto the vehicle.
4. Equipment
Equipment and vehicle appeared to be new, well designed and tidy. Cabin untidy
and clean towels present. Wet rag stored in rear of vehicle.
5. Personal protective equipment
Gloves: Heavy rubber gloves. Respirator: Half face mask with twin cartridges,
worn during mixing, not during application. Stored on front seat of vehicle.
Boots: Leather boots, worn but intact. Clothing: Clean, worker wiped face on
sleeve.
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6. Conclusion
The worker took care to wear his mask during mixing, and the cartridges were
reportedly changed weekly. However, no mask was worn during the application
or spill processes. Due to the spill exposure was increased. The teething
problems of the equipment had a dramatic effect of the individuals exposure. It
was not determined how the manager would detect whether additional action was
required following exposure during a spill.
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Results of exposure assessment for worker number 9
Date: 23rd September 1999 at 1400

Weather: 23o, sunny.

Building type and reason for visit
The survey took place at a residential, suspended floor property. The property had
been extended and extensively modified. The workers (2) had already started the
pesticide application, which also included an application at the neighbouring
property.
Risk assessment
1. Preparation
Drilling injection holes in side the house, and used hearing protection.
2. Application
Chlorpyrifos was sprayed under the house and injected through a concrete slab
extension. Spill and splashes occurred when pesticide rebounded off the external
wall. Trainee worker being shown what to do.
3. Clean-up
Hoses wound up and placed on vehicle.
4. Equipment
Vehicle cabin clean. Used rags on floor in back of vehicle. Handwritten
“Chlorpyrifos” label on vehicle. Few equipment leaks which worker control using
a hand held rag. Unlocked cabinet on vehicle contained chemicals, and school
children walking by.
5. Personal protective equipment
Gloves: PVC elbow length used when injecting. Respirator: Half face mask
with two (P2 and A2) cartridges, worn throughout application. Stored on top of
vehicle when not being used. Boots: Clothing: Worker wiped face on sleeves.
Worker mentioned he washes his clothes separately because of the smell.
6. Additional information
Workers commented the training received was inadequate since there were no
practical skills training included. Workers suggested both pesticide usage skills
and others skills such as carpentry are required. Workers commented there was
not enough to do with safety, or the chemicals they used. For example they did
not know what was in the chemicals or what harm the chemicals could cause to
the workers and the person who lives in the house. The workers knew about LD50
test but did not know about skin exposure. There was some confusion about what
skin exposure was and how it contributes to the dose.
7. Conclusion
The workers were aware of some hazards, but not the dermal route of entry of
chlorpyrifos, and were interested in finding out about the chemicals they use.
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1.54
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Results of exposure assessment for worker number 10
Date: 24th September 1999 at 0930

Weather: 25o, sunny.

Building type and reason for visit
The survey took place at a two residential units. The buildings were concrete slab,
brick and tile construction. The treatment was routine preventative application of
chlorpyrifos. The worker (also worker 9) wore a half face mask with a single
cartridge. The survey equipment was attached and activated by the researcher,
and the worker continued the process without the researcher present.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
3.37
1.08
1.69

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.57
6984.9
3492.5

Gloves
Left

µg hour
17931.9

Skin patches
Mean deposition (µg cm-2 hr-1)

0.07

Right

1717.4

Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

759.7
379.8

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
10.46
3.65
1.16
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Results of exposure assessment for worker number 11
Date: 24th September 1999 at 0945

Weather: 25o, sunny.

Building type and reason for visit
The survey took place at a single storey residential suspended floor property. The
pesticide treatment included an under-floor spraying and injection into concrete
around the perimeter of the property.
Risk assessment
1. Preparation
Worker cut access points in the floor, and drilled holes through concrete floors
where required.
2. Application
The worker wore gloves but no mask to mix the concentrate to the dilution
required (1%). He used a hand operated valve around the perimeter of the house,
and contaminated his hands in doing so. The worker put his head down the
manhole to spray under the floor. There was a high odour level, in particular
where the pesticide had been spilt. Spills occurred in many areas where the
operator had injected or the equipment (hoses, nozzle) had leaked. The smell
inside the house from the under-floor spraying was high. The remainder pesticide
was used to treat an bull ant infested tree in the garden. Clothing, in particular
gloves became soiled and saturated. This operator was a quick worker, who
indicated he wanted to get out as soon as possible, the quality of the job appeared
to be relatively unimportant, he indicated what he had done will do.
3. Clean-up
Gloves and respirator removed, and used hands to wind up hose. The worker
rinsed his hands and smoked a cigar. Strong smell after completing the treatment,
resulting in the researchers coughing when away from the building.
4. Equipment
Vehicle dirty and untidy. Spills all over vehicle. Dilution tank appeared intact.
Cabin: dirty cloth seats, clothes and other items including lunchbox, empty drinks.
cans and cigarette boxes. Rear tray of vehicle disorganised with rags, brushes,
buckets not secured. Petrol pump old and rusty. Large storage boxes unlocked
and unsecured.
5. Personal protective equipment
Gloves: Pig skin gloves were saturated during the spraying parts of the job.
Hands and nails were dirty. Respirator: Half face mask with a single filter. The
worker indicated he does not like using a mask. The skin on his face had several
sores/abrasions and appeared irritated by the mask. Boots: Leather, old, with
many splash marks. Clothing: Outer clothing was dirty. Wore just singlet and
trousers under coverall. Baseball hat.

202
6. Additional information
This worker indicated that some companies do not use an active ingredient
(chlorpyrifos) when spraying to cut costs. One company charges $2.84 per metre
and the chemical itself costs $2.54 per metre. Companies do not put down as
much pesticide as they should. Some workers are told not to put in as much
pesticide as they should. He has been told to spray using the solution in the tanks,
and not to ask questions about its contents. He suspected the tank contained water
only. He indicated the pre-construction industry was particularly known for this
type of malpractice.
7. Conclusion
There were pesticide spills in many areas, the worker was in a rush to get the job
done and he cut corners to achieve a quick finish. His exposure was increased by
poor use of PPE in particular from contamination on his hands. The workers
detailed knowledge of malpractice in the industry was informative.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
205.92
32.60
77.22

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

1.45
19233.0
7212.4

Gloves
Left
Right

µg hour
1601.5
10942.8

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

1.22
6968.7
2613.3

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
17.58
2.69
0.00
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Results of exposure assessment for worker number 12
Date: 29th September 1999 at 1245

Weather: Warm with breeze.

Building type and reason for visit
The survey took place at two locations. The first treatment was a small (4 m by 4
m) pre construction spraying, for an extension on a residential property. The
second treatment was at a recently constructed property.
Risk assessment
1. Preparation
The tank on the vehicle already had 200 litres premixed. The worker unwound
the hoses from the vehicle and sprayed/injected the property.
2. Application
Application created spray drift which increased the deposition of pesticide onto
the workers clothing. Worker attempted to stay out of wind when possible. The
injector was inserted well below the surface, resulting in less excess.
3. Clean-up
The worker removed his respirator with contaminated gloves. The hoses dragged
against his legs and body when being wound into the vehicle. Worker did not
wash hands after treatment.
4. Equipment
Older style vehicle, dirty, disorganised and untidy inside. Rags thrown into back
of vehicle. 160 l of chlorpyrifos in drums in vehicle. Containers labelled, vehicle
did not have a sign.
5. Personal protective equipment
Gloves: PVC elbow length. Respirator: Half face mask, stored on the front seat
of the vehicle, although the worker remarked he should put it in the box.
Appeared old and dirty. Handled with contaminated hands/gloves. Boots: Old
leather boots, leather cracking in places. Clothing: Appeared to be worn
previously, although in good condition. Became contaminated during clean up.
6. Conclusion
During application the worker increased his exposure because of poor positioning
relative to the wind. During clean up the contaminated hose rubbed against the
workers legs. The vehicle was disorganised and contaminated due to the worker
not cleaning his hands/gloves after contacting the pesticide.
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Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
6.21
0.71
2.33

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

1.60
22893.8
8585.2

Gloves
Left
Right

µg hour
902.2
1051.7

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.44
6372.6
2389.7

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
23.44
3.52
14.51
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Results of exposure assessment for worker number 13
Date: 6th October 1999 at 1245

Weather: 19o, raining.

Building type and reason for visit
The survey took place at a brick and tile, suspended floor, residential property.
The pesticide treatment included injecting chlorpyrifos in exterior areas and
spraying Premis in the under-floor areas. The property occupants were present in
side the house during treatment.
Risk assessment
1. Preparation
Drilled holes around perimeter of property.
2. Application
Premis was sprayed under the floor. Chemicals made up in 200 l tank on rear of
vehicle. Chlorpyrifos was injected into pre-drilled holes and a rag was dragged
with a foot over the holes to clear up the excess. Rags used without gloves during
work inside whilst using Premis. Washed hands and face after sub-floor spraying,
and drilling, prior to using chlorpyrifos. Needed to replace a washer on spraying
equipment whilst using chlorpyrifos, and did so without gloves on. Wiped face on
sleeve, and adjusted spectacles with contaminated gloves.
3. Clean-up
Wound up the hoses, with gloves on. Injection holes were filed. Did not wash
hands after application. Splashed face with pesticide during cleanup, milky fluid
on spectacles.
4. Equipment
Vehicle tidy tray; items stored in locked cupboards. Cabin filled with paperwork,
and coffee flask. Clothes and gloves, well worn, thrown on top of tool. Rags
thrown in back of vehicle. Concentrate stored in locked box on back of vehicle.
Chlorpyrifos sign on vehicle. Did not flush hose between two chemicals. Left
contaminated equipment on wet weather clothing.
5. Personal protective equipment
Gloves: Long PVC gloves worn except when changing washer. Respirator: Half
face mask with single cartridge, worn for chemical application only. Boots: Well
worn, stained, dry looking leather, not recently cleaned. 2 shoes pairs stored, one
with steel toe caps, as normal shoes wear out too quickly due to under floor
access. Clothing: Dirty overalls. Wore cap on head. Clothing stored together in
storage box; untidy.
6. Conclusion
Premis was used in exactly the same way as Chlorpyrifos. The worker increased
his exposure due to poor hygiene practices including storage of clothing, handling
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practices resulting in splashes and contamination of protective clothing, and
removal of gloves when handling contaminated equipment.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
4.71
0.62
1.18

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

1.18
16091.9
4022.9

Gloves
Left
Right

µg hour
1048.1
1367.9

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.29
2348.6
587.1

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
49.75
1.37
0.00
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Results of exposure assessment for worker number 99
Date: 16th October 1997 at 0930

Weather: 19o, raining.

Building type and reason for visit
The survey took place at a brick and tile, concrete base, residential property.
Termite activity was evident for example in the skirting boards in some rooms.
Risk assessment
1. Preparation
Drilled holes through the concrete base and paving around the house. A shallow
trench was dug around the flower beds.
2. Application
Auto-dosing equipment used to dilute concentrate. Worker injected into the predrilled holes, and alternative lance/nozzle used for flower bed. Some overflow
from injection holes, small spills on floors.
3. Clean-up
Stowing of hoses and drilling equipment.
4. Equipment
Auto-dosing equipment installed on vehicle.
5. Personal protective equipment
Gloves:. Respirator: Half face mask with twin cartridges, particle filter and gas
filter. Took mask on and off to talk. Worker replaces filters after 8 hours. Boots:
Training/gym shoes. Clothing: Baseball hat.
6. Conclusion
This worker appeared to be experienced, methodical and efficient. Use of auto
dosing equipment reduces risk of spills and splashes.
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
3.26
0.78
1.22

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

nd
nd
nd

Gloves
Left
Right

µg hour
45.5
72.9

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

nd
nd
nd

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
0.86
0.00
0.00
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Results of exposure assessment for worker number 100
Date: 22nd January 1998 at 1130

Weather: Warm, sunny, light wind.

Building type and reason for visit
This survey took place at a school. The treatment required due to severe termite
activity in the flooring of a prefabricated teaching building. The building was
originally on the ground, but had been raised up on four courses of brick. The
wood, which appears flaky, damage is all around the wooden floor supports of the
floor.
Risk assessment
1. Preparation
The worker dug underneath the floor to determine the damage. On viewing the
damage he indicated although severe was typical termite damage. Although
restricted access due to limited height (30 cm) under the floor, the lack of ground
to floor perimeter resulted in air movement under the building.
2. Application
Auto-dosing equipment used to dilute concentrate. Worker contaminated his
hands when using the auto-dosing equipment dial. Worker, whilst on stomach,
sprayed the area under the floor of the building. Worker was in close proximity to
the spray during spraying. Worker indicated there is nothing he can do about
stopping the material getting on himself, which occurs regularly. In particular
when spraying above his head, e.g. during spider treatment he gets the pesticide in
his face. Although he has not had a medically treated incident, it has been close.
3. Clean-up
Stowing of hoses and drilling equipment.
4. Equipment
Auto-dosing equipment installed on vehicle. Vehicle untidy.
5. Personal protective equipment
Gloves: Elbow length PVC. Respirator: Half face mask with single cartridge,
gas (A1) filter installed. Workers said the filter was about 6 days old and ready
for changing. Clothing: Baseball hat.
6. Conclusion
The task involved crawling under the floor of the building and spraying.
Although there was air movement under the floor, the worker was in close
proximity to the recently sprayed areas and the spray itself for the duration of the
treatment,
resulting
in
contact
with
the
dilute
pesticide.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
17.08
0.85
8.54

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

1.11
15248.7
7624.4

Gloves
Left
Right

µg hour
598.9
1137.1

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.01
75.6
37.8

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
1.87
0.21
0.19
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Results of exposure assessment for worker number 101
Date: 30th January 1998 at 0800

Weather: 30oC, hot.

Building type and reason for visit
The survey took place at a brick and tile, concrete base, residential property.
Termite activity had been identified on the property. Two workers conducted the
pesticide treatment (101 and 102).
Risk assessment
1. Preparation
Drilled holes through the concrete base around the house.
2. Application
As one worker drilled the injection holes, the other injected the pesticide.
Workers wiped their faces, due to high ambient temperature causing sweating,
during application. Workers flicked injector on foot. Worker took mask off with
contaminated hand and had a drink, touching face. Workers did not wash hands
after application.
3. Clean-up
Equipment placed into rear of vehicle, without decontamination or cleaning. PPE
removed and thrown into vehicle cabin.
4. Equipment
Worker commented the vehicle cab was “probably more contaminated inside than
out”. Liquid seen spilling from tank when vehicle entered property. Poor labeling
on vehicle; faded sign indicating Bifenthrin, although Chlorpyrifos being used.
5. Personal protective equipment
Respirator: Only worker 102 used a mask whilst injecting, a half face mask with
combined particle (P2) and gas (AB) filter. Worker 102 indicated the filter is due
for a change, which will be done “shortly”. Worker not aware of storage or
maintenance requirements of mask. 2 masks stored on vehicle seat. Other mask
was a old style, with out of date and poor condition filters. Boots: Stained and
contaminated. Clothing: Overalls repetitively worn. Stored in orange bin.
6. Conclusion
These workers exposed themselves unnecessarily on several occasions,
contaminated clothing and equipment on the vehicle, did not label their vehicle
correctly.
The vehicle was leaking liquid on entry to the property.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
2.20
0.30
2.20

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.36
3799.5
3799.5

Gloves
Left
Right

µg hour
No sample
No sample

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.04
413.8
413.8

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
No sample
No sample
No sample
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Results of exposure assessment for worker number 102

2.78 0.02 0.00
0.00

0.01
0.00

0.66
0.00

6.85

0.00

13.4

4.34

0.01 1.15

1.05 0.00

13.3 0.00

0.00

0.22

0.00

1.24

1.75

0.70

0.01

0.00

1.05

4.22

13.3

Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
0.69
0.07
0.77

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

2.76
41936.5
47178.5

Gloves
Left
Right

µg hour
No sample
No sample

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.01
162.8
183.2

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
No sample
No sample
No sample
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Results of exposure assessment for worker number 103
Date: 2nd February 1998 at 0930

Weather: 26oC, breeze.

Building type and reason for visit
The survey took place at a residential single storey, brick and tile, concrete
foundation property. The researchers were refused access to the property by the
occupant.
Risk assessment
1. Preparation
Drilling injections holes around the property. Worker was tidy and methodical in
his work.
2. Application
The mixing of the pesticide was conducted by the pump, and the wore a respirator.
The workers up spills immediately, and wiped the tank when full. Wore mask
when mixing chlorpyrifos.
3. Clean-up
Equipment stowed on vehicle.
4. Equipment
Tidy vehicle. Rags used to wipe over tank.
5. Personal protective equipment
Gloves: Rubber gloves, worn for the duration of mixing and applying.
Respirator: Half face mask, when mixing and applying. Stored in container in
vehicle cabin. Boots:. Training/gym shoes (with air holes). Clothing: Overall
stored in back of van. Hat worn.
6. Conclusion
The researchers were not given access to the property during application.
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Results of exposure assessment for worker number 104
Date: 6th February 1998 at 1000

Weather: 26oC, breeze.

Building type and reason for visit
The survey took place at a residential single storey, weather board and tile,
suspended floor property. The house had been previously treated however
ineffectively as the property was severely infested with active termites throughout.
This treatment was being conducted without charge because of previous
ineffective treatments. In several rooms there was visual evidence of termite
damage. Termites had destroyed most of the wooden fascia boards on the outside
of the house, they had entered the roof area, the under-floor area and other
wooden structures and fittings. The base of a cardboard box placed in the living
room for 2 days was eaten by termites which came up through the floor, leaving a
‘scar’ where the varnish on the floor had been eaten too. During the treatment two
of the workers colleagues assisted, including his manager, and comments to the
effect that this was one of the worst infestations they had seen.
Risk assessment
1. Preparation
The worker accessed the under-floor area for observation. The under-floor area
was confined and comprised a “maze” of walls rather than pillars, requiring
extensive spraying. No mask worn.
2. Application
The worker mixed the pesticide without gloves or a mask. He used a bucket to
measure the pesticide, poured the concentrate into the dilution tank, and washed
the bucket out afterwards. He indicated he stores chemicals on the vehicle
overnight. He used 2 nozzles during the application, one for fine droplets and one
for heavy droplets. The worker admitted to cutting corners, and making up his
own procedures rather than following recommended procedures. The spraying
caused the workers eyes to be effected. Worker frequently wiped face and
forehead during mixing and application with gloves on. Many spills inside house,
e.g. in children’s bedroom.
3. Clean-up
Not observed.
4. Equipment
Vehicle cabin and rear tray untidy. Hoses appeared intact, spills were from
leaking nozzle and careless application. Bucket (one only) in rear of vehicle was
used for measuring concentrate and left on side in rear of vehicle. The vehicle and
house smelt strongly of chlorpyrifos. Researchers had a runny nose and “funny
taste” in mouth during this survey. Approximately 200 l concentrate stored on
vehicle. The vehicle was labelled with a chlorpyrifos poison sign. Food and drink
containers in cabin with mask and drilling equipment.
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5. Personal protective equipment
Gloves: Riggers gloves, worker indicated he prefers these because they absorb the
sweat, which PVC does not. Respirator: Half face mask. Boots: Running shoes
(with air holes). Clothing: Overalls became wet with moisture/pesticide.
6. Additional information
The worker indicated “anyone can become a pest control operator”. The entry
requirements; a 4 day short course, comprising 3 days of lecturing, half a day for
revision and half day exam. Hints are given about what to expect in the exam,
form lecturers and the Health Dept. People that fail are allowed to resit. The
“boss” has not done a resit as with many older pest control operators or people in
the industry for a long time, however, they are still licensed. “Too easy to get a
licence. Licence people at the Health Department are idiots. They should be
trained on the job. You don’t learn anything at school.”
“People still splosh materials around and believe chemicals such as Dieldrin,
Heptachlor etc are ok”.
“The mask is the hardest thing to wear.”
7. Conclusion
This property presented the worker with several challenges, in particular the
under-floor area which required comprehensive spraying of pesticide. The
workers attitude towards the pesticide was poor and lacked awareness and concern
of the hazards. An increased exposure resulted from tasks including unavoidable
contact under the floor, from this and previous applications, and poor selection
and use of personal protective equipment.
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Legend
chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
40.05
8.93
57.57

Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

2.31
32797.4
47146.3

Gloves
Left
Right

µg hour
561.1
7493.9

Skin patches
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
Est. Wtd total (µg 8 hr TWA)

0.65
5365.4
7712.8

Surface wipes
Forehead wipe
Steering wheel
Gear-stick

µg
19.31
10.54
2.97
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Results of exposure assessment for worker number 106
Date: 9th February 1998 at 0830

Weather: 33oC, low breeze.

Building type and reason for visit
The survey took place at a residential single storey, brick and tile, suspended floor
property. The treatment was required due to termite infestation in the floor boards
of the property, in particular on the front part of the house.
Risk assessment
1. Preparation
The worker assessed the termite damage and pulled up the floor boards of the
affected areas. He uncovered trap doors in the floors of each room. This worker
was a large man and access to the under floor areas was not possible for him. In
some cases there appeared to be inadequate space for easy access, however, in
some rooms access would have been possible for an average build person. The
worker wiped his face with his sleeve.
2. Application
The mixing of pesticide was conducted without gloves or respirator. The lid of
the dilution tank was replaced without gloves. The worker lay on his stomach
with his head down the trap doors and sprayed using a jet of pesticide to reach in
accessible parts of the under-floor void. The worker also sprayed whilst on his
hands and knees spraying below the boards he was on. This appeared to be likely
to result in the worker spraying himself. The worker did not wash his hands.
Pesticide hit the floor and splashed on the workers face, and he wiped it off with
his overall sleeve. Worker sprayed inside house for only 10 minutes.
3. Clean-up
The trap doors were closed and the equipment stowed on vehicle.
4. Equipment
Vehicle tray tidy. Dilution tank already half full on arrival at property. Strong
smell post application. No labelling on vehicle.
5. Personal protective equipment
Gloves: Worker indicated he does not need gloves because he is really careful and
does not usually spill pesticide on his hands. Respirator: Half face mask with
class “L” particulate and organic vapour filter. Marked with a date (expiry) 5
years previous to survey date. Boots:. Running shoes. Clothing: Worker
indicated he does not always wear overalls.
6. Additional information
The worker indicated as he had been a pesticide applicator for 30 years he does
not need training, but a youngster might need it.
The worker had a cigarette during the mixing procedure (no protective gloves).
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The worker indicated that his manager will not buy the personal protective
equipment he requires.
7. Conclusion
This worker’s attitude regarding the hazards of the chemical were poor, resulting
in limited efforts to control exposure with personal protective equipment and
effective operating systems. His statement that he does not need gloves because
he is careful, that he does not need training because he has been doing the job for
a long time were contradicted by splashes to his uncovered skin and his unusual
stance during application. Importantly the worker stated that his manager does
not supply the personal protective equipment, which is likely to explain some of
the deficiencies of the control of exposure.
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Results of exposure assessment for worker number 107
Date: 10th February 1998 at 1050

Weather: 33oC, breeze.

Building type and reason for visit
The survey took place at a building site approximately 8 m by 12 m, of prepared
sand.
Risk assessment
1. Preparation
Unraveling the hoses and connecting the auto dosing equipment to the mains
water supply.
2. Application
Using a large spraying rose, the worker walked across the building site applying
the pesticide to the sand. His gloves and soles of boots become wet.
3. Clean-up
Gloves were saturated when taking off the mask.
4. Equipment
Autodosing equipment.
5. Personal protective equipment
Gloves: Elbow length PVC gloves. Respirator: Half face mask with a single
cartridge. Stored in the vehicle cabin. Boots: Boots worn. Clothing: Overall.
6. Conclusion
The application of pesticide to the building site was a quick process. Exposure
from over-spray onto the lower legs and shoes was apparent.
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Results of exposure assessment for worker number 108
Date: 10th February 1998 at 1200

Weather: 38oC, breeze.

Building type and reason for visit
The survey took place at a building site 210 m2 of prepared sand.
Risk assessment
1. Preparation
Unraveling the hoses and connecting the auto dosing equipment to the mains
water supply.
2. Application
Using a large spraying rose, the worker walked across the building site applying
the pesticide to the sand. The worker kept the hose away from his body. On some
occasions he did lean over the spray.
3. Clean-up
Handled contaminated hose and equipment with gloves on.
4. Equipment
Autodosing equipment installed on vehicle. Inside vehicle (panel van) was untidy
and dirty. Concentrate stored in rear of vehicle.
5. Personal protective equipment
Gloves: gloves worn. Respirator: Half face mask. Boots: Boots, intact.
Clothing: Overall.
6. Conclusion
Exposure during application appeared to be adequately controlled. The vehicle
and storage of equipment was poor.
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Results of exposure assessment for worker number 109
Date: 12th February 1998 at 0800

Weather: 31oC, windy.

Building type and reason for visit
The survey took place at a residential property during a full treatment.
Risk assessment
1. Preparation
The worker thoroughly inspected the building and the surrounding grounds for
termite activity. The worker lifted bricks and paving rather than drilling them,
wherever possible. Other areas were drilled. He indicated this would ensure the
pesticide penetrated the ground more effectively. The preparation of the property
for application took over 2 hours.
2. Application
The worker used high pressure spraying of pesticide to dig into the ground,
saturating the perimeter of the building. The worker needed to change the nozzle
on the spraying lance, and did so without gloves, and hr spilt diluted pesticide on
his hands. The high pressure spraying resulted in pesticide splashing off the
building walls onto the worker, on one occasion into his eye. The worker spent
much of the application time bent over the spraying area. As he pulled the nozzle
out of the ground the pressurise pesticide hit the building wall and rebounded,
frequently contaminating the worker. This process continued for over 2 hours.
Worker did not wear his respirator at all times during application.
3. Clean-up
The worker placed corks into injection holes, replaced bricks and paving, without
mask or gloves. many of this paving were contaminated from over-spray. Hoses
reeled back into vehicle.
4. Equipment
Purpose designed pesticide applicators vehicle, clean and tidy on the outside,
inside well throughout storage facilities for equipment. Well contained equipment
on vehicle. Hose leaked and created spills. The vehicle was clearly labeled with
pesticide warning information.
5. Personal protective equipment
Gloves: The worker took the (dosimeter) gloves on and off a number of times
during the survey (times recorded), often when he needed to make adjustments to
equipment. He launders his gloves daily, and indicated he is very concerned
about the pesticide getting through. This information was contradicted on several
occasions when the worker handled obviously contaminated equipment without
gloves. Respirator: Half face mask, with an A1 P2 filter, marked issued 8.7.96
(i.e. 18 months old). Worker indicated he uses the same mask for everything, that
it is a nuisance as it slips, and he sometimes can smell the pesticide through the

227
mask. Clothing: The worker became visibly drenched around front of legs. He
commented that his overalls are usually covered in pesticide. Wore a hat.
6. Additional information
The worker sat on a recently sprayed area of the ground and ate his lunch. The
nozzle blocked up during the application and the worker put the nozzle up to his
face and blew hard through the nozzle, wearing highly contaminated gloves whilst
doing so. The worker had a cigarette, without washing his hands. He removed his
protective gloves and mask and smoked. His hands clearly touched his face. The
worker coughed frequently during the survey, approximately every 1 to 2 minutes.
He indicated he had bronchitis, that he has lost some of the power in his legs, and
has a bit of a stumble, he had cramps in his legs about 7 years ago but indicated
this was to do with cycling, his tongue gets a bit tacky, he blushes, and his
eyesight is getting poorer. None of these symptoms were attributed to his use of
pesticides, and his questionnaire results where insignificant in these matters. This
worker had been a pesticide applicator for 30 years and made the comment “The
chemical has no effect on me, the booze has more effect”.
7. Conclusion
This thorough treatment took over 6 hours, and in this time the worker
unnecessarily increased his inhalation exposure, dermal exposure and introduced
ingestion of the pesticide. The worker’s attitude towards the pesticide was poor
resulting in some unacceptable practices. The list of symptoms the worker
discussed were also listed in the questionnaire, however, his responses were not
significant.
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Results of exposure assessment for worker number 110
Date: 12th February 1998 at 0900

Weather: 31oC, breeze.

Building type and reason for visit
The survey took place at a residential property, requiring a full treatment.
Risk assessment
1. Preparation
Inspection conducted around the property. Drilling of injection holes around the
perimeter of the building.
2. Application
The pesticide was mixed at the site and sprayed for approximately 20 minutes.
Spills occurred in the areas which were injected, and from the injector equipment.
The worker began to rush at the end of the job resulting in many spills. Sprayed
relatively large quantities of pesticide at end of the job, including overhead, and
increase risk of contamination, spills and exposure. The son of the elderly
residents took his parents out of the building indicating “sometimes these
chemicals can have an effect on you”.
3. Clean-up
Not observed
4. Equipment
Vehicle cabin clean. Rear tray of vehicle dirty, but organised. “Poison” label not
specifying what chemical.
5. Personal protective equipment
Gloves: Stored on the tray next to the tanks of chlorpyrifos. Respirator: Half
face mask, issued February 1995 (3 years old). Stored on the tray next to the
tanks of chlorpyrifos. Boots: Basketball shoes worn. Small amount on shoes.
Clothing: Wore a hat, removed hat prior to removing gloves.
6. Additional information
The worker showed the researchers the quotation and additional information for
this treatment. The information “Member of Pest Control Research and Training
Institute of Australia” was included. This organisation could not be traced. The
worker did not know what it meant. The workers manager arrived and chatted to
the researchers. This was not usual practice.
7. Conclusion
This worker was careful and controlled his exposure effectively, until nearing the
end of the treatment when his haste resulted in an increase in exposure and errors.
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Results of exposure assessment for worker number 111
Date: 13th February 1998 at 0900

Weather: 34oC, still.

Building type and reason for visit
The survey took place at a residential, brick and tile, concrete foundation property.
Termites were active in the rear garden shed, and the possibility of movement into
the house resulted in the requirement for a full treatment. Two workers (111 and
112) conducted the treatment.
Risk assessment
1. Preparation
The perimeter of the building was drilled with injection holes by one worker. The
other worker inspected the property, and treated the roof space with a pyrethrin
fogger, then used Arsenic Trioxide in a puffer on the wooden supports of the shed,
which had active termites.
2. Application
Once the drilling had been completed the first worker injected diluted chlorpyrifos
into the injection holes. He did not wear a mask or gloves. Once the 1%
chlorpyrifos solution was not required, the workers further diluted the solution to
(approximately) half its concentration by adding water from a hose and using the
graduations on the side of the tank, and sprayed the front and rear lawns,
driveway, flowerbeds, and back yard. There was a strong smell of the pesticide.
3. Clean-up
The injection holes were filled with putty, without gloves, and used an obviously
contaminated rag to wipe up the over spray.
4. Equipment
The vehicle was untidy, rags and equipment thrown in the back of the vehicle.
The injector and trigger mechanism leaked, leaving spills. Food and drink in
vehicle cabin. No labelling or signage on vehicle. Two large tanks on vehicle,
with small amount of pesticide on arrival at property.
5. Personal protective equipment
Gloves: One worker removed his gloves and washed his hand to have food. One
worker used contaminated rags without gloves. Only used when handling the
concentrate. Respirator: Half face mask, in vehicle, not worn. Expiry date 1996
(2 years old). One worker indicated he only wears a respirator in confined areas
of spraying. Will change only when he smells the pesticide or a test smell through
the mask. The provisionally licensed worker did not own a mask. Boots: One
wore boots, the other running shoes. Clothing: One worker indicated he does not
wear overall all the time. Stored in cabin and in vehicle tray. One worker only
wore a hat.
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6. Additional information
The more experienced worker
• had been found guilty and fined $3000 for using a concentration of pesticide
which was too high. The client was hospitalised and the pet dog died. The
Health Dept. took air, carpet and soil samples.
• indicated he did not need to wear gloves and a mask except in confined areas.
• indicated that the pesticide is not that dangerous and that “you” can drink 1.5
litres of the diluted pesticide without harm.
• was training the other worker who was on a provisional licence and had only
been worker as a pesticide applicator for 4 weeks.
• has aching left arm with “pins and needles”
• sprayed the whole external property with an unknown concentration of
pesticide. The garden had children’s toys and equipment on the lawns which
were sprayed.
The provisionally licensed worker indicated he puts a great deal of trust in the
authorities which allow the pesticide to be used in the first place. He suggested it
is not easy to become a pesticide applicator.
7. Conclusion
The fully licensed worker had developed his own ideas, rules and procedures for
the pesticide, some of which resulted in poor practice, and training to the
provisionally licensed worker. This workers attitude and knowledge of the
pesticide had already resulted in action being taken against his practices, however,
he continued to work in this way and was responsible for training another new
worker.
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Results of exposure assessment for worker number 112
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Results of exposure assessment for worker number 113
Date: 16th February 1998 at 1130

Weather: 37oC, breeze.

Building type and reason for visit
The survey took place at a building site of prepared sand.
Risk assessment
1. Preparation
Unraveling the hoses and connecting the auto dosing equipment to the mains
water supply.
2. Application
Applied pesticide to the prepared site using a large rose nozzle. The worker
sprayed away from his body. The worker wore gloves and a mask. He spayed
over the hose which was subsequently handled without gloves. The treatment was
completed quickly, and the worker ready to go to the next job.
3. Clean-up
Reeled up hoses, without wearing gloves.
4. Equipment
The workers vehicle was untidy. The hoses appears to be intact. Only slight
smell during application. No labelling on vehicle.
5. Personal protective equipment
Gloves: Rubber gloves. Respirator: Half face mask, which he “changes
frequently”. Boots: Intact, with splashes. Clothing: This worker usually wore
his overalls as trousers, tying the upper part of the overall around his waist. His
usual overalls were clean. The worker wore a hat and glasses.
6. Conclusion
The worker worked a quick pace, the equipment in the vehicle was set up to allow
the worker to apply the pesticide with minimal interruptions. The worker use of
his overalls, mask and gloves were poor resulting in an increased risk of
unnecessary exposure.
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Results of exposure assessment for worker number 114
Date: 17th February 1998 at 0700

Weather: 28oC, still.

Building type and reason for visit
The survey took place at a residential, brick and tile property, with some areas of
suspended floors, and others on a concrete pad. The treatment was required as
there was termite activity throughout the building.
Risk assessment
1. Preparation
The worker inspected the house and decided the most appropriate places to cut
access holes in the floors of the rooms. Holes were drilled through concrete areas.
This took approximately 2 hours.
2. Application
The worker poured the concentrate into a beaker and then into the tank. Water
was added via a hose to the appropriate graduation on the tank. The worker wore
gloves and a mask, and appeared to be careful and efficient. A spraying nozzle
was used to spray under the house and an injection lance to inject the pesticide
around the perimeter of the house. Access under the house was restricted. The
worker wiped his face with his sleeve. The application was carefully planned and
conducted, the worker attempting to use the pesticide efficiently.
3. Clean-up
Re-storage of the hoses, injectors in their compartments on the vehicle.
4. Equipment
The vehicle was in good condition, well organised and designed for pesticide
applicators. Drum of chlorpyrifos stored in a locked and clearly labelled
compartment in the vehicle.
5. Personal protective equipment
Respirator: A half face mask with 2 cartridges. Worn during all use of
chlorpyrifos. Boots: Boots worn. Clothing: Usual clothing in an overall. He has
2 sets of overalls, washed once a week. Stored in vehicle cabin.
6. Conclusion
This worker conducted the pesticide treatment efficiently and thoroughly. Even
so, the worker increased his exposure in a minor manner by wiping his face, and
the task he conducted under the house is likely to be relatively high risk.
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Results of exposure assessment for worker number 115
Date: 27th February 1998 at 0800

Weather: 32oC, breeze.

Building type and reason for visit
The survey was conducted at a residential property, due to termites beneath the
concrete and wooden floor boards.
Risk assessment
1. Preparation
The worker drilled injection holes around the perimeter of the house, wearing
hearing protection.
2. Application
The concentrate was measured using a measuring container, and was diluted by
adding the concentrate to water in the tank. No mask or gloves were worn. The
diluted pesticide was injected into the injection holes. The worker washed his
hands at the end of the job, and used a rag to dry them. Spills over the tops of the
drilled holes.
3. Clean-up
Replaced equipment in the vehicle.
4. Equipment
The vehicle was tidy and organised. A strong smell of chlorpyrifos came from the
vehicle when the storage locked compartment was opened. Labelling on the
concentrate drums was satisfactory, but not in the compartment where the
concentrate was stored.
5. Personal protective equipment
Gloves: Gloves were worn. Respirator: Half face mask with one cartridge. The
respirator was stored in a manufacturer’s box, although the lid was removed. The
respirator was supplied by the workers company. Boots: Leather steel toes
capped boots. Clothing: Usually the worker wears his own overalls, for most
jobs. The usual overalls appeared to be clean.
6. Conclusion
The worker treated the property efficiently, without major spills, however his use
of personal protective equipment was inadequate particularly when using the
concentrate.
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Results of exposure assessment for worker number 116
Date: 4th March 1998 at 0800

Weather: 27oC, still.

Building type and reason for visit
This worker carried out three pesticide applications to recently constructed
properties (1 and 2) and finally to a construction site. The worker completed each
quickly and moved on to the next.
Risk assessment
1. Preparation
Unraveling the hoses and connecting the auto dosing equipment to the mains
water supply.
2. Application
The first 2 jobs the worker injected the pesticide whilst digging a trench with the
end of the injection lance. The 3rd job the worker sprayed the pesticide to the
surface of prepared sand, where concrete was to be poured. The worker sprayed
the pesticide away from his body at most times. The hose was dragged through
some areas that had been sprayed. The worker wore gloves. The worker did not
wash his hands. Puddles of chemical were present were too much pesticide had
been applied, and the worker did not clear them up. Hoses become contaminated
as the were dragged through recently treated areas.
3. Clean-up
The hoses were reeled in with the leaking injector attached, leaving a trail of
pesticide across the work sites.
4. Equipment
The vehicle cabin and rear of the vehicle was dirty and untidy. Rags were stored
in the back of the vehicle. Contaminated equipment was seen in the vehicle
including hand tools. The injector equipment and the dilution tank leaked. No
labelling.
5. Personal protective equipment
Gloves: PVC gloves worn during each application. Respirator: Half face mask.
The worker suggested that he did not need to wear a mask when applying the
pesticide into the trenches around recently constructed properties, but he does
need to wear it during under floor, roof, or preconstruction treatments. Boots:
Boots were worn during the applications. A pair of shoes had spills on them.
Clothing: Overalls become wet during the survey. Usual overalls stored near the
dilution tank.
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6. Conclusion
This worker was sometimes untidy and inefficient resulting in increased exposure,
for him and for others visiting places where he has recently sprayed. He had
incorrect knowledge about the use of PPE and RPE, which resulted in exposure.
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chlorpyrifos deposition on coverall, µg cm-2 hr-1
chlorpyrifos deposition on skin patches, µg cm-2 hr-1
Inhalation
Sample TWA
8 hour TWA
Extrapolated 8 hour TWA

µg m-3
5.73
1.49
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Coverall
Mean deposition (µg cm-2 hr-1)
Weighted total (µg hr-1)
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11093.9
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Gloves
Left
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Skin patches
Mean deposition (µg cm-2 hr-1)
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Surface wipes
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Gear-stick
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1.

ABSTRACT

Occupational exposures to chlorpyrifos were measured by collection of
atmospheric, dermal and biological samples during application of the termiticide.
Breathing zone samples were collected on SKC Inc. OVS Sorbent tube (Cat. No.
226-58). Chlorpyrifos was extracted and quantified from; cotton gloves; cotton
overalls; absorbent paper pads 10cm2 taped on to the skin and cotton wipe
samples, from the forehead, vehicle steering wheel and gear stick. One urine
sample was obtained from the subject prior to exposure and a second afterwards.
Two blood samples were taken after completing the property treatment, one
collected into a Vacutainer tube with heparin, one without heparin. A seventyquestion questionnaire in three sections; personal information, health symptoms
and working practices was developed and completed before commencing the
property treatment.
Air, dermal wipe, respirator surface wipe, urine samples and a questionnaire
assessed subjects'exposure to bifenthrin. Airborne samples were collected in the
subject breathing-zone on activated charcoal adsorption tubes (SKC Cat No. 22601). Dermal exposure to bifenthrin was monitored at the end of the air sampling
period by swabbing the forehead using a cotton pad. The same technique was
used to collect a sample from the internal surface of a rubber respirator when
worn. Subjects were asked to provide three urine samples, one from the morning
prior to exposure, one as near as possible to the end of the workday and lastly one
2 to 6 hours after finishing work (Smith, 1997).
2. INTRODUCTION
Subterranean termites cause extensive damage to structural timbers in Australia
and other countries each year. Termite control pesticides, termiticides, such as
chlorpyrifos and bifenthrin are applied by licensed Pest Control Operatives
(PCO'
s) in a liquid emulsion to an existing property or to a property under
construction. To be effective the PCO must saturate all surfaces likely to be used
as access points by termites to wooden parts of the property, usually resulting in
approximately 200 litres of emulsion being sprayed or injected onto or into the
soil.
In addition to breathing the spray during the treatment, chlorpyrifos and bifenthrin
can be absorbed into the body via the skin, for example when crawling on treated
ground under a floor, wearing clothing saturated with chemical or clothing such as
shorts and a sleeveless shirt which provide very limited protection. Observations
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have shown ingestion may also be a route of entry, for example when blowing
through an injector spray nozzle to clear an obstruction.
The health consequences of the widespread use of termiticides have not been fully
investigated in Australia. The survey methods presented in this paper have been
developed to determine the occupational exposure to termiticides and if there are
corresponding health effects.
3. CHLORPYRIFOS
Chlorpyrifos
(diethyl
3,5,6-trichloro-2-pyridyl
phosphorothionate)
an
organophosphate termiticide, has been used as a replacement for the successful
but environmentally unacceptable organochlorine termiticides phased out in 1995.
Organophosphate pesticides inhibit cholinesterase (ChE) enzymes responsible for
the metabolism of acetylcholine (Richardson 1995), essential for nervous tissue
function in humans and insects (Dow Elanco 1992). Toxicological information
for chlorpyrifos indicates a moderate toxicity to humans (Hodgeson and Block
1986), over exposure resulting in a range of effects on the central nervous,
cardiovascular and respiratory systems (OHS Inc., 1986). The limit of
occupational exposure is 0.2 mg/m3 TWA with a skin notation (OHS Inc., 1986),
although the rate of dermal absorption is lower than other organophosphates
(Hayes, 1990).
4. BIFENTHRIN
Bifenthrin is a synthetic pyrethroid that has been used as a foliar insecticide,
active against a wide range of pests. The action of pyrethroids is potent in insects
but generally have low toxicity in mammals. Bifenthrin may be fatal if
swallowed, and harmful when inhaled, or absorbed through the skin, and can
cause moderate eye irritation (FMC, 1994). Although pyrethroids are considered
to be largely free of inhibitory effects on cholinesterase enzymes, there are
suggestions that this may not be true of bifenthrin at high exposures. In addition,
some pyrethroids have recently been seen to demonstrate some genotoxic effects.
The level of exposure to bifenthrin may also be influenced by the specific work
practices adopted in its application. Because of poor soil penetration, the
application rates of bifenthrin may be altered, or detergents may be included in
formulations to improve wettability. These factors may either increase exposure
rates or alter dermal penetration rates.
5. EXPOSURE STRATEGY & MONITORING
Pest control companies were invited to take part in the survey. A range of pest
control companies' services such as a full property treatment, infestation
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treatment, property re-treatment and pre construction treatment were included.
Full property treatment of an infested property with suspended floors could be
considered to be the highest exposure potential since the PCO may have to spray
in a confined space for a considerable time, such as two hours, to complete the
treatment. Pre-construction treatments involve the application of the termiticide
to the prepared base for a concrete slab and may have less exposure since the task
takes place in the open air.
Monitoring techniques were standard methods reported in the literature and
specified by governmental, other organisations or investigators. Whilst the
general techniques for exposure monitoring of the two termiticides are similar
some technical and other differences are indicated in the descriptions below.
Shortly after arrival at a property the PCO prepared the ground or other surface for
treatment; digging a trench around the property, drilling holes at equal intervals
through concrete inside and/or outside the property or cutting access holes in
floorboards. The pesticide is prepared by mixing water to a known quantity of the
concentrate, alternatively some PCO'
s were equipped with a dosing instrument
which added a known quantity of concentrate to water as required, rather than
making up a tank of solution. Usually a pump driven by a petrol motor pumped
the solution to the PCO via a rubber hose. Various attachments at the end of the
hose allowed the PCO to select a spray nozzle of various aerosol sizes or a
ground-injecting nozzle.
Unless the PCO prepared the pesticide before preparing the ground, the sampling
period commenced shortly before the pesticide concentrate was handled.
Regulations prevent the PCO preparing and travelling with the solution before
arrival at a property although observations indicated this was not complied with in
every case.
5.1 Air Sampling
Ambient air sampling was conducted to determine the inhalation dose of pesticide
during the application of the pesticide (Kennedy et al., 1994). Sampling was
conducted in the breathing zone of the PCO using portable sampling pumps at a
known flow rate (Chester, 1995) and sorbent tubes; for chlorpyrifos SKC Inc.
OVS sorbent tubes catalogue number 226-58 were used, for bifenthrin SKC Inc.
activated charcoal tubes catalogue number 226-01 were used.
5.2 Dermal sampling (Chlorpyrifos only)
Dermal sampling aimed to determine the potential contamination of the subjects'
skin. The "Patch Method" and "Variant of whole body dosimeter method for use
with concurrent biological monitoring" methods were used (World Health
Organisation 1986; Chester 1995; Popendorf and Selim 1995).
The Patch Method involved taping 10cm2 absorbent paper squares (Whatmans
Benchkote Plus), to the skin of the subject for the duration of the pesticide
preparation, application and clean-up tasks. Nine patches were used; lower legs,
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upper legs, lower arms, upper arms and centre chest. Quantification of the
chlorpyrifos on the patches indicates the permeation of the pesticide through the
clothing, useful to compare to the biological monitoring results that represent the
dose from all routes of entry, and the air sampling results.
The second method ("Variant of…") replaces the PCO'
s usual outer piece of
clothing, frequently an overall, with a new cotton or cotton/polyester overall
supplied by the investigator. In addition lightweight cotton gloves were also
provided to the PCO to wear under their protective gloves. Chlorpyrifos was
quantified on sections of the overall and gloves to indicate the quantity potentially
available to dermal absorption over the majority of the body.
5.3 Wipe sampling
Dermal exposure to bifenthrin was monitored by obtaining dermal wipe samples
at the end of the air sampling period when the charcoal absorption tubes were
collected. Pure cotton facial tissues were moistened with 5ml 1% Extran
detergent solution were used to swab an area of skin on the subjects forehead. An
area of approximately 40cm2 was swabbed in the same manner for each subject ie
4 passes over the skin. In addition, where subjects used a respirator, the inner
rubber surface was swabbed in exactly the same method as the forehead sample
(Smith, 1997).
Wipe samples were taken using pure cotton wool facial pads of the chlorpyrifos
PCO'
s forehead (Chester, 1995), vehicle steering wheel and gear stick.
5.4 Urine sampling
Urine samples were taken on the day of pesticide treatment to a regime based on
human urinary excretion profiles (Woollen, 1993) to measure pesticide
metabolites. Three samples were collected from the PCO'
s exposed to bifenthrin;
one in the morning before exposure; one immediately after exposure and the last 2
to 6 hours after exposure. Two samples were collected from PCO'
s exposed to
chlorpyrifos; one before exposure commenced and one afterwards approximately
hour after exposure ceased.
5.5 Blood sampling
Samples were obtained by venepuncture into heparinised and non-heparinised
tubes. Serum was analysed for cholinesterase activity and white blood cells and
red cell pellets obtained from whole blood. These were analysed for lymphocyte
neurotoxic target esterase (NTE) and erythrocyte acetylcholinesterase
respectively.
5.6 Questionnaire
A questionnaire was developed which ascertained health symptoms experiences
and working practices experienced of PCO'
s. The questionnaire comprised three
sections:
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1. Personal information. This included questions on the workers'date of birth,
grade of pest control license held, and the number of years working as pest
control operator. There were four questions in this section including:
"How long have you been working as a pest control operator?"
2. Health Symptoms Experienced. This included questions in relation to central
nervous system symptoms; memory, co-ordination of movements, tingling in
fingers and legs, weakness in arms and legs, headaches, nausea, increase in
skin flushing or redness, dermatitis, sensitivity to sounds and smells, eye
irritation, feeling drowsy. There were 35 questions in this section including:
"Do you suffer from asthma?"
"Do you feel as though you'
re more tired than you should be given the amount
of work you have done?"
"Do you trouble in doing up, or undoing buttons on your clothing?"
3. Work practices. This included questions relating to various occupational
health and safety issues such as the use and decontamination of personal
protective equipment/clothing, splashes or spills, the concentration and type of
termiticide they used. There were 28 questions in this section including:
"In the past six months, have you ever had a splash of the dilute solution in
your eyes or in your face?"
"Do you have any special storage facilities for contaminanted rags, mops etc?"
"Do you sometimes have meals in the vehicle cabin?"
A questionnaire was also developed for a control group of workers outside of the
pest control industry, as such the questions related to the health symptoms in the
PCO questionnaire but omitted questions relating to work practices.
5.7
Observations
Observations of the PCO aimed to identify exposure pathways of the pesticide
during the preparation, application and clean up tasks.
REFERENCES
Chester, G. (1995). Revised guidance document for the conduct of field studies of
exposure to pesticides in use. Methods of pesticide exposure assessment. P. B. e.
a. Curry. New York, Plenum Press: 179-215.
Dow Elanco (1992). Chlorpyrifos. Oregon, Extension Toxicology Network.
FMC (1994). Biflex Tc Termiticide, FMC Inc.
Hayes, W. J. (1990). Classes of Pesticides. N.Y., Academic Press Inc.,.
Hodgeson, M. J. and G. D. Block (1986). “Organophosphate poisoning in office
workers.” J. Occup. Med 28(6): 434-437.

250

Kennedy, E. R., M. T. Abell, et al. (1994). “A sampling and analytical method for
the simultaneous determination of multiple organophosphorous pesticides in air.”
Am. Ind. Hyg. Asso. J. 55(12): 1172-1177.
OHS Inc. (1986). Material Safety Data Sheet for Chlorpyrifos. Secaucus, N.J.,
Occupational Health Services Inc.
Popendorf, W. and M. Selim (1995). “Exposures while applying commercial
disinfectants.” Am. Ind. Hyg. Assoc. J. 56(11): 1111-1120.
Richardson, R. J. (1995). “Assessment of the neurotoxic potential of chlorpyrifos
relative to other organophosphorus compounds: a critical review of the literature.”
J Toxicol Environ Health 44(2): 135-65.
Smith, P. A. (1997). Measuring Occupational Exposure to Bifenthrin.
Environmental Health Unit, Flinders University of South Australia.
Woollen, B. H. (1993). “Biological monitoring for pesticide exposure.” Annals of
Occupational Hygiene 37(5): 525-540.
World Health Organisation (1986). “Field surveys of exposure to pesticides
standard protocol.” Toxicology Letters 33: 223-235.

251

252
Risk perception and practice of pest control operators using chlorpyrifos
Marcus Cattani, CIH, M.Sc. Curtin University and Murdoch University, Western
Australia.
Krzysztof Cena, Ph.D, DSc. Murdoch University, Western Australia.
John Edwards, B.Sc(Hons), Ph.D. Flinders University, South Australia.
Dino Pisaniello, B.Sc(Hons), Ph.D., M.P.H. Adelaide University, South
Australia.
Abstract
A questionnaire survey addressing health symptoms and work practices, and task
observations of 31 pest control operators using chlorpyrifos was conducted in
Western Australia. All operators reported to wash their hands when “dirty” or
following a job; 58% spilt the concentrate at least once a week, 74% had recently
spilt/splashed diluted chlorpyrifos in their eyes and 90% on their boots; 52%
believed they would benefit from more education concerning chlorpyrifos. No
significant adverse health symptoms were reported. Behavioural assessments
showed that all operators were in practice exposed to chlorpyrifos; only 26% were
observed to wash their hands, 78% had a spill or splash and 48% wore
inappropriate or no gloves. A discrepancy therefore exists between operators
perception of risk and their actual exposure which requires addressing. Since
training usually only occurs for licensing purposes and more recently trained
operators worked more cautiously, additional and on going training is suggested.

INTRODUCTION
The organophosphate chlorpyrifos is registered in Australia for a variety of
domestic, commercial and agricultural uses, including as a termiticide.
Chlorpyrifos is moderately toxic with potential to cause neurotoxic symptoms,
such as dizziness, nausea and muscle spasm at high doses and death in extreme
cases1, 2. Chlorpyrifos exposure may occur via inhalation, ingestion or skin
absorption(Fenske and Elkner, 1990), all routes of entry to the body are possible
during occupational use of the chemical. Although little has been published
regarding pest control operator occupational exposure to chlorpyrifos in Australia,
elsewhere levels are generally below health based limits(Burns et al., 1998,
Fenske and Elkner, 1990, Leidy et al., 1991).
Before being licenced to use concentrations of the pesticide suitable for the
eradication of termites, operators must attend a training course which includes
occupational health and safety issues. Following completion of the short course a
provisional license is granted, and for the first 30 days the operators work under
the supervision of an operator with a full license. Additional training must be
completed in the first year, after which the operator may apply for a full license.
No further training is required after the full license is granted. The toxic potential
of organophosphates such as chlorpyrifos present operators with difficulties when
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limiting their exposure, for example when spraying in confined or restricted
spaces.

METHODS
West Australian pest control companies (n = 150) were contacted by telephone
and asked to participate in a study concerned with occupational health and safety
issues related to chlorpyrifos, by allowing the researchers to survey their operators
on site. A purpose designed questionnaire(Pisaniello et al., 2000) was used to
collect demographic, health symptoms and work practice information, and was
administered before the operator started work with chlorpyrifos. Behavioural
observations, including housekeeping practices and use of personal protective
equipment, were recorded during operators’ usual work.

RESULTS
Thirty one surveys were conducted, 28 surveys included both field observations
and the questionnaire, one survey resulted in only the questionnaire, and two
surveys consisted of only observations.
The operators'experience ranged from 3 weeks to 31 years (mean of 8 years, S.D.
of 9). Seven operators (23%) had a provisional license, i.e. 1 year or less
experience. Behavioural observations of the operators indicated wide variation in
pesticide application techniques, but using similar equipment; one or two 200 litre
tanks in which to dilute the pesticide concentrate, a petrol engine powered pump,
hoses, reels and spray equipment. An automatic dosing system was used by
several operators rather than a dilution vessel.
None of the pesticide operators were observed to conduct a safety check of their
pesticide application equipment or their personal protective equipment, nor
followed any check list or written work regime. Observation records indicated
26% (n = 7) washed their hands during and/or after the use of chlorpyrifos, 52%
(n = 14) wore appropriate gloves, 33% (n = 9) were noticed to wipe their face with
a hand or sleeve, 73% (n = 20) wore respiratory protection (all were half face
masks), during times when chlorpyrifos was being used, and 78% (n = 21) had a
spill or splash of chlorpyrifos at some time during the task.
Ninety three percent (n = 27) of operators responded in the questionnaire that they
wash their hands immediately after each job, the remainder only when their hands
were “dirty”; 58% (n = 17) that they had a spill of the concentrate once a week or
more, 7% (n = 2) assessed they have had a spill of more than about half a litre of
the concentrate within the last 6 months, 74% (n = 20) responded they have had a
spill or splash of the dilute solution in their eyes in the last 6 months, 90% (n =
26) had a splash on their boots in the last 6 months. Fifty two percent (n = 15) of
operators recognised they would benefit from more education associated with the
hazards of chlorpyrifos.
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DISCUSSION
Industry perception of occupational health and safety

Initial discussion with industry bodies raised a series of points indicating the
sensitive nature of this study. Companies and operators were concerned that
chlorpyrifos may be banned following negative research outcomes(National
Registration Authority, 2000). Studies similar to this were associated with
consumer complaint investigations by health authorities. As with many small to
medium sized enterprises health and safety programs have not been implemented
by many pest management companies. Some suggested that an association with a
health and safety study may make them vulnerable to possible action from health
authorities. The quality of workmanship and malpractice in this industry has been
reviewed(Department of Local Government, 1999) resulting in a proposal for
change. The above notes may explain the low participation rate, and may suggest
ways to develop a strategy to increase participation of pest control companies and
operators in future research.
Operator perception

The majority of operators indicated they regularly have a spill of the concentrate,
three quarters reported they have had chlorpyrifos in their eyes, one third were
observed to wipe their face whilst using chlorpyrifos and approximately half were
not wearing satisfactory gloves. This widespread self reporting of obvious safety
malpractice and observed incidents indicated an acceptance of these occurrences
as part of the job. Operators generally were not aware that cumulative effects of
relatively small incidents may have a substantial effect. They were therefore less
careful to avoid spills and other contamination incidents. Together with a lack of
interpretation of the potential outcome, operators may be exposed to chlorpyrifos
at a higher level than perceived by themselves. The probable root cause is the
demand by consumers for a low priced service(Department of Local Government,
1999) and expectations of higher productivity by the companies resulting in hasty
work by the operators.
Cultural change

Until operators use automatic dosing systems and other innovations to engineer
out hazards, reliance will be focussed on the administrative controls; training and
licensing, quality control, advice and enforcement.
Operators have the general knowledge of the chemicals they use, but there is a
discrepancy between their perception of risk and their actual risk, resulting in
behaviour likely to increase their dose. To improve this situation cultural and
behavioural changes are a requirement. Assuming the companies included in this
survey are representative of the industry, these changes may be difficult as
permanent modification of operator behaviour requires a positive cultural
adjustment. Behavioural change includes an ongoing commitment to occupational
health and safety from management, implementation of a safety culture by
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management and operators and an effective management system(Labram, 1999).
The findings of this paper suggest that the majority of companies surveyed require
this cultural change.
Reviews of the training program for Australian pest control operators have been
conducted(National Occupational Health and Safety Commission, 1996, National
Environmental Health Forum, 1999) but have yet to be implemented in Western
Australia. The technical training of operators makes existing operators teach the
adepts of the profession. This system has benefits in as much as the people
carrying out the pesticide treatments show new operators how to work. However,
pest control operators may not be effective teachers and they are also likely to
pass on bad habits. A new training system may be more effective if it is an
integral part of sound occupational health and safety management such as
described by Australian Standard 4804. Unless a holistic approach is taken to
change the culture of the industry, represented by these 31 companies, there is an
increased risk of exposure to this substance which is unnecessary and
unacceptable.

CONCLUSIONS
1.
2.
3.

The majority of operators observed applying chlorpyrifos in Western
Australia were regularly exposed to varying quantities of the pesticide,
resulting in a cumulative dose.
Generally the individual perception was that various incidents of exposure
were unlikely to cause health effects, subsequently action to reduce that
exposure was not perceived as required.
Half of the operators suggested and this survey indicated that additional
training and education in the risks and hazards of chlorpyrifos use would
be beneficial.
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