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INTRODUCTION

Over the last few years, there has been a growing interest within
the farming community regarding possible health effects following
the use of sheep dip. 2As they become aware that others are
experiencing problems many farmers are voicing their complaints of

i1l health for the first time.

This, plus the knowledge that sheep dips are due for relicencing
and review, led us to undgrtake a survey with the following aime:

5 To look for evidence of personal eyposure and possible
absorption of major constituents of sheep dip, including sclvents
and phenols. The increasing availability of passive monitors nade
this possible, whereas in the past, cumbersome pumped eqguipment

was impractical for such an operation.
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2. To validate the measurement of urinaf? metabolites of specific
organophosphates (0Ps) with a view to its future use in the
routine detection and monitoring of OP absorpticn. The advantages
of this technigque would be that it is more direct and more
sensitive than the traditional cholinesterase estimation. It is

also non-invasive.

3. To take advantage of the availability of cholinesterase
‘inhikition detection badges. These provide a guick field
technigue for detecting personal OFP contamination, especially

during pest dip handling of flocks.

4. To address the need for correct and consistent guidance on
protective clothing suitable for sheep dipping. Investigation of
recent incidents had indicated that even the manufacturers

were issuing free eguipment of the incorrect standard.

5. To use some of the blood samples collected for other purposes
for phenotype research regarding individual differences in rates

of esterase activity,



organophosphates, being the active ingredient, have traditionally
been blamed for the symptoms reported feollowing dipping. OPs,
however are rarely formulated as pure compounds, but as a mixture
riers, emulsifiers, ete. It is possibkle that non=-specific
symptoms such as headaches, reported after using these products
may indeed be due to facters other than the 0OP.
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The syvnptoms described tend to fall into three mair
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those which could be consistent with exposure to solvents, phenols

i

or OPs. They are usually acute, experienced on the day or evening
of dipping and lasting, at most, only a couple of days. There

also have been anscdotal reports of delayved and long-term

synptomns
Hon~specific syvuptoms such as iatlgue and headache are ginmilar to

wing a long,; hard day‘s

ection.

Tdentifying the source of these symptome is further bedevilled by
the fact that the various chemicals present in the dips can often
produce similar symptoms. Examples of these are shown in the

following table

headache fatigue blurred vision

pyrethroids pyrethroids phenols

sclvents solvents OPs

phenols epichlorohydrin

glycol ethers thiram

CPs CPs

dizziness nausea szlivation

pyrethroids pyrethroids pyrethroids solvents
solvents solvents phenols phenols
phenols glycel ethers GPs epichloro-

glycol ethers OPs hydrin
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Oone of the most intriguing aspects of the problem is the fact that
some farmers aré affected and some are not. The answer to this
phencmenon is not simple and often the person with ostensibly the
greatest exposure is the least affected. Although working '
practices, protection worn and dipping sites do vary, these
differences do not fully explain the mystery.

Individual variation in response to exposure maf be due to genetic
factors which determine enzyme systems available to detoxify, or

even enhance effects of 0Ps and solvents.

Bacause of the cumulative effect of OPs, contamination from post

ip handling and use of other cholinesterase inhibiting substances
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on the farm and in the home, may be contributory fac

because clinical cholinergic effects

s
the inhibiting action of the 0P on nervous tissue cholinesterase.

As we are unable to measure nervous tissue cholinesterase we must
measure blood cholinesterase which appears to reflect those
present in the nervous system. This indirect method is the only
one recognized to estimate the hioclogical effécts of exposure to
CPs. Even in cases where classical cholinergic symptoms have been
exhibited, it has been reported that blood cholinesterase has
shown no significant change.! This method is therefore of
questionable value in confirming and gquantifying OF abscorption
after the use of sheep dip, especially as the toxicity of the OPs
used and the extent of exposure are of a lower magnitude than in

other areas of usage.
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BACKGROUND

Sheop Scab
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In the UK, sheep have traditionally been dipped to control a

rumber of ectoparasites, principally lice, keds, scab mites and

T

bhlowflies.

Sheep scab infection is & Notifiable Disease under the Sheep Scab
Order 1986, and causes severe distress to infected animals. The

scab mite, Psoroptes, can infect a variety of animals. Pgorgptes

ovis is specific to sheep. Adult mites lay eggs on the skin of
an

imal which hatch and mature to adults within 14 days. The
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mite feeds by scraping the skin, causing a
Ty

exuded serum dries to form scabs. The mites fesd on the fresh
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skin at the edge of the scab and spread outward from the initial

site of infection. If left untreated the entire body will be

Chemical Control

The scab mite was eradicated in the UK by 1852 through a programme
of controlled dipping, primarily using organochlorine based

products such as dieldrin and HCH (BHC). The mite reappeared in
1272 with the rvesult that a variety of compulsory sheep dipping

programmes have been instituted.

in 1984 due to
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Organcchlorine products were withdrawn from

concernn over residue levels in the meat and
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evelopment of
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alternative compounds capable of controlling the scab nite;
namely, the organocphospherus compounds diazinon and propetamphos
More recently a synthetic pyrethroid, flumethrin has become
available for use, | .

Sheep are alsc treated to contrel other =ctoparasites,; such as
blewfly, which is active during the summer. Such treatment can
expose operators to the OP compounds already menticned or to cther
mere potent OPs such as éﬁlar anvinpheos and chlerpyrifos.

Flumethrin does not control blowflies
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All dip formulations used to control sheep scab must be approved
by the Veterinary Medicines Directorate (VMD) of the Ministry of
Agriculture Fisheries and Fodd_{MAFF}t They are classified as
medicines under the Medicine Act 1968, not as pesticides, and are
not subject to statutory control under the Food and Environment

Protection Act.

0}

Control Application Method

For the purposes of sheep scab contrel the only approved method is
to plunge dip all sheep in a dip bath. Other delivery systems may
be used to control the other ectoparasites. These gystemg include
spraying, jetting and showering, which may result in greater

operator contamination.

The dip bath can either be & short swim, tub or swim-around ‘type.
The sheep may be introduced teo the dip either manually or by slip

wvay entry.
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For scab contrel the sheep must be fully immersed in the dip bath
Y , 5
th

for a minimum period of one minute, with the head and ears being

submerged at least cnce. This requires at least twe operators
one présenting and one dunking the sheep. It is necessary to
exercise restraint over the sheep to retain them in the dip. This
is often achieved with a pivoting qéte operated by a rope which

eventually gets saturated by the dip sclution.
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The method of introduction into the dip can vary from that of
gentle persuasicn to actually throwing the sheep from some
distance into the dip.

A metal or wooden "dipping stick" is used to submerge the shespis
head; however, some operators prefer to sinply push the head under
with their booted foot. Thie latter method guite often results in

total submersion of the operatorfs foot and leg.
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of the sheep are able to climb up the ramp out of the dip
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nto the draining pen but some of them, such as lambs, with heavy

Tk s

fleece, near-term pregnant ewes or animals in poor condition,
regquire manual assistance. The wet sheep stand in the draining
pen and shake off the surplus dip which often showers the
operator.

Dip Preparation and Renewal

The recommended procedure for preparing the dip is to £ill the
bath with a known guantity of water znd add the proportion of dip

concentrate detailed by the manufacturer.

OP is removed and ("stripped") from the bath at a rate which is
not proportional to the amount of water taken from the bath in the
sheep's fleece. The dip therefore is replenished by cone of four

systems, 'depending upon the manufacturer's instructions.

3 Water and concenirate are added at a cconstant rate by an

automatic metering system {(eg, Powerpack).
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periodic addition of concentrate after a specified number of

d
sheep have passed through (eg, Top Clip).
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drop by 106% then replenished
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L The pyrethroid dip is replenished at the ocrigina ilution,

Some dips require the addition of either phenolic disinfectant or
other bacteriocstats, such as thiram, to prevent post-dipping

a
ameness or to allow the dip toe be used on the following day.
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Once the dipping cperation has been completed, the dip may be
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enptied immediately either by sucking it out with a vacuum

or by bailing it out with a bucket. The dip may then be cleaned
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On other occasions, the dip is left 1

i
o

dipping period, in the belief that th ong period will aid the

natural breakdown of the product and decrease the environmental



Protective Clothing

Eecording to the manufacturers' recommendations, the only
protection reguired when handling the concentrate is that of
protective gloves and a faceshield. Further protection advocated
by some manufacturers when dealing with dilute dip or freshly
dipped animals varies, but generally invelves the use of

1

ib apron.
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wellington boots and & waterproo

In reality, the clothing worn varies from the minimum of jeans, T-
shirt and wellington boots to full protection, including gloves,
inmpermeable suits and airstream RPE. The boots, coats and

leggings worn are usually those used for normal work-wear.



SHEEP DIPF PORKULATIONS

ety of chemicals in
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Proprietary dip formulations contain a var
T

addition to the organcphosphorus or pyrethroid active ingredient.
Properties of some of these ingredients are as follows:

CREANCPHOEPHORUS COMPOUNDS

The property of organophosphorus compounds which makes them

effective as insecticides is their ability to inhibit the enzyne,

cholinesterase. Although the action of OP is identical in both
man and insects, selective toxicity exists due to differences in
the rate of detoxwification in man compared to insects.

Tnsects break down OPs relatively slowly compared to mammals. OFs
inhibit cholinesterase by forming a stable bond at an active site
of the enzyme, therefore blocking its ability to function.

The enzyme, cholinesterase, is an essential component in the
control of normal nerve impulse transmission, in that it breaks
downt the acetylcholine produced at nerve synapsas. If the
acetylicholine is not broken down, nerve impulses continue
unchecked., It is this continuous neurotransmission which produces
cholinergic effects which give rise to the signs and symptoms of
OP poisoning ~ abdominal cramps, vomiting, excessive salivation,
cold sweats, blurred vision, muscle twitching and tremors.

Clinical effects do not generally appear until plasma

o Pt NEY o TP 5 4=3 ba =g = Ty v 2O o~ F 7 | - -
cholinesterase activity has £ en te 30% of normal pre-—-eMposuxre
tiem Ty 2

values.

OPs are occupaticnally absorbed through the skin, eyes and

respiratory tract. Formulation as wel
=

t in progressive
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This occurs when repeated exposures occur within the
cholinesterase recovery period and may be the result of handling

contaminated clothing, dipped sheep; etc.

In addition teo the acute effects, Organcphosphorus Induced
Delayed Polyneurcpathy (OPIDP) has been recognized since the
1830s.

It is only recently that interest has been rekindled in this
vhenomenon. The signs and symptoms associated with this syndrome,
which appears 1-5 weeks after acute exposure to an 0P compound,
are those of a distal peripheral neuropathy. Reported symptons
include leg cramps, numbness and paraesthesiae, followed by
progressive leg weakness. The upper limbs may be similarly
affected.

For OPIDP to occur, an enzyme, NTE (Neuropathy Target Esterase or
Neurotoxic Esterase) present in nervous tissuve, lymphocytes and
other tissues must be inhibited by the OP. This& inhibition can
result in the formation of a stable non-reactive form of the
enzyme. All reported cases have been due to ingestion of large

guantities of concentrated chemical.



Chemical Name:0,0~-diethyl 0-2-iscoprepvi-6-methylpyvrimidin
~4~y1 phosphorothioate

Structure:
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CHS
In its pure form, this compound iz a colourless ligquid with a low
vapour pressure (1.4 x 10 %mmHg at 20°C) and relatively low
toxicity An Occupational Exposurs Standard {CES) of ¢.1 mg/m3

(8 hr TW%} applies.

Diazinon is a relatively unstable preduct. It is broken down in
the presence of UV light teo form dioxeodiazinon, hydroxydiazinon
and other biclogically active products. In -the presence of water
it is hydrolysed and will produce traces of moncthio~-TEPP, a more
active cholinesterase inhibitor. Storage of diazinon over a long
period also allows it to oxidize to dioxodiazinon.

i

In addition to its use diazinon is present in

pede

n sheep di
various pesticides and veterinary medl ines.

stabolism in man

Diazinon is probably metabolised by the cytechrome P450 system.

Metabolism occurs initially to diethylthiophosphate (DETP)Y ther

to diethylphosphate (DEP). Both these products can be detected

n urine and provide a teool for biclogical menitoring.
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Propetanphos

Chemical Name: Isopropyl'3—[ethylaminc{methoxy)phosphinothioyloxy]

isocrotonatce

Strueture:

M CH;
/C=CHCOOCH

CH,

Propetamphos is a colourless oil with a low vapour pressure (27.7

3 10" %mmHg at 20°C) and relatively low toxicity. This compound is
stable to UV light, during storage and relatively stable in
soluticn

Metabolism

Development studies have shown that propetamphos is metabolized by
oxidation and that the major excretion product is probably exhaled
CO,. It is unlikely, therefore, that a stable metabolite is

available in the urine for the purposes of biological monitoring.
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PYRETHROIDS

Pyrethroids are synthetic pyrethrins which are less toxic than the

natural pyrethrins. They have a very low vapour pressure.

the only non-CP approved active ingredient for scab
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control, is a pyrethroid.

Blthough it is stated that there is no significant absorption
through the skin, one 'study has shown that dermal absorption due
to skin contamination whilst spraying can lead to acute
intoxication.?® Pyrethroids are absorbed and distributed

hroughout the body and are rapidly metabolized and detoxified by

cfF

sterase action. OPs can inhibit their degradation and as a

n
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esult increase their toxicity producing CHS stimulation.

H

Pyrethroids produce both leocal and systemic effects. The most
common are these of facial sensations such as numbness, itching,
“burning, tingling and warmth, due to an excitation of sensory
nerve endings. Systemic effects are headache, fatigue, dizziness,

nausea and salivation.



INDUSTRIAL EOLVENTS

All the dips used in the survey contained either Shellsol R,
Solvesso 150, Solvesso 200, or medium oil. These primarily
comprise a mixture of aliphatic hydrocarbeons in the C1i-Cl3 range.
The disinfectant of both Deosan and Diazadip contains 8.5% of
kerosene in addition to the othér solvents. Kerosene contains C8-
C16 hydrocarbons plus small fractions of aromatic compounds

{xylenes) and of saturated rings (naphthalenesj). .

These solvents are sold as performance products based upon their
physical properties so have no precise chemical analysis; for
instance;, Shellscl R comprises C1i-C132 in the boiling range of

2059~-270°C with a flash point of 80°C.

h

Small amounts of contaminants may be present. Because of their

~

high volatility compounds C9 and below will form no more than 0.2

~ 1% of the mixture.

The lipophilic character of these chemicals allows them to be
readily absorbed through the skin. Metasboliswm appears to be

carried cut 5y cytochrome P450.

The cytochrome P450 system appears . to be the major metabolizer of
not only aliphatic hydrocarbons, but also other constituents of
the dips, such as phenols and OPs and is responsible for the
metabolism of certain drugs such as paracetamol. It would seenm,
therefore, that this system in particular is being bombarded by
the chemicals present in these mixtures, together with common
drugs which may be used for headaches (following exposure to the

dips!)



GLYCOL, FETHERS

at least 3 of the dips used in the survey (Ccopers Powerpack

. . : U 5 - s s R T R
Winter Dip, Ciba Ceigy Top Clip, Bayer Diazadip) contain a glycol




EPTCHLORHYDRIN

Structure:
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Two of the dips used in this survey (Diazadip and Decsan) contain

this solvent.

it is highly volatile with a vapour pressure of 13 mm Hg at 20 C,

and has an OES of 2 ppm (8 hr TWA) which is under review.

This compound is readily absorbed through intact skin and by

inhalation; it also penetrates rubber and leather.

and

n

It is highly toxic, causing possible long term health effect
is an animal carcinogen. In addition, it is corrosive, strongly
irritant and a skin sensitizer. Inhalation causes coughing,

shortness of breath and pulmonary cedema. A vapour level of 100

ppm produces eye irritation. It is a CNS depressant.
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211 the dips nsed during the survey (including the non-0OP dip)
contained some form of these related chemicals. Although they can

derived either from petroleum or coal tar, those appearing as

be
constituents in sheep dip are coal tar in origin.

Phenol has a vapour pressure of 0.35 mm Hg at 25°C and cresol

il

vapour pressure of 0.1-0.24 mm Hg at 25°C. The odour threshold

for phenel is 5 ppn.

Phenols and cresols are readily absorbed through intact skin and

is are extremely toxic; both phenols and
hr TWAY.

by inhalation. Phen
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cresols have an assigned OES of

& are noted mainly for acute systemic effects through skin

Fhenol
absorption following significant exposure, which can be severe.

They are corrosive and highly irritant producing burns and other
irritant symptoms such as gastric burning, sore threat and

shortness of breath. Other reported effects are watery eyes and

blurred vision, increased salivation and non-specific symptons
such as headache, drowsiness and dizziness. Cresols produce

similar effects but to a lesser degree.
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THIRAM (tetramethylithiuram disulphide)

Thiram is used as a bacteriostat for twe dips, to which it may ke

added as z powder in a soluble sachet.

The ethyl form of this chemical is used as a pharmaceutical
disulfiram) to discourage the use of alcochel. Much of the
ilable information on the ef Fuct of thiram is based upon the

a
effects of disulfiram, although thiram is 10 times more toxic.

Disulfiram's use as an anti-alccholic treatment is based on the
fact that it blocks the metabolism of alcohol, resulting in the
accunmulation of acetaldehyde, which, in turn, produces unpleazant

effects such as violent flushing, dyspnoea, headache, .

paipitations, tachycardia, nausea and vomiting.
Non=-specific symptoms such as drowsiness, unpleasant taste, mild
gastrointestinal disturbances and orthostatic hypotension are

recognized side effects occurring at the beginning of treatme
with this drug; ie, effects of the disulfiram without alcchol.

Thiram is a severe irritant tc mucous membranes, a mild skin
irritant and a potent skin sensitizer. '

ITts towicity is increased in the presence of fat sclvents, which
promote absorption. |

A warning is given with Thiram, that if alcohol is ingested
within 72 hours of absorption, severe nausea and vomiting may
occur.

Disulfiram, however, is eliminated from the body at a very slow
rate and it may be detected in body fluids up to 7 days.
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Recruitment
A reguest for volunteers for this survey was published in a

newsletter distributed by a lccal ARgricultural Cooperative. This

o

brought only two initial replies, a surprisingly small response

b
|

compared to the large number of people expres ssing concern over t
issue. A policy of pyramid recruitment was undertaken, as a

result 43 “velunteers!" were cbtained, representing 25 dipping
! i =

sites.

The first concer:

e

was that the survey population would be biased

because the majority of people coming £

naving had symptoms in the past. This, in fact, was not the case.
g d

Many of the volunteers cccperated because they wanted to helh

colleagues who had expe rlencea problems.

A mecond concern was that everyone would view the HSE team in its
normal enforcement role and medify work practices accordingly.

£

There was no evidence that this occurred.

We visited all participants prior to the dip to explain the aims
and practical aspects of the survey. We completed questicnnaires
covering normal dipping practice, sheep handling in the months
prior to the survey and 0P preducts used on the farm and in the

ome . We



In 3 cases, blocd samples were taken before the dipping operaticn

for the estimation of:
{1}y baseline cholinesterase
(2) other enzyme systems (esterases)

using EDTAR and plain tubes respectively.
r

In all the othe olunteers, OP exposure during the preceding 60

t.r'l

day period ceuld not definitely be ruled out. This was due to the
uge of OPs (either pesticides or veterin nary medicines) and regular
handling of sheep dipped during the summer months, mainly to
protect against blowfly strike. Irn these cases retraspective

a
baseline samples were taken in January/February 1991.

Post exposure blcod samples were taken at the end of dipping for
the estimation of (1) cholinesterase, (2) cther esterases and (2)
solvents.

Urine

Urine samples were collected for the estimaticn of OF metabolites

(dialkylphosphates) and phenols.

It
-

pre and post dip - each day of dipping

2. post dip handling of sheep
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Envirommental Honitoring
Atmospheric

Tenax passive samplers were worn by each operator, clipped to the
lapel next to the breathing zone. A fresh monitor was worn each
al

These were analysed for volatile products -
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The atmospheric presence of OPs was not monitored as previous

studies had reported none present.

Surface Contamination

Cholinesterase inhibition detection badges were used as a sinmple

field method to detect the presence of OPs on skin, inside

protective clothing and on fleece. They were alsc used during
handling of sheep in the months following . dipping when the

following procedures were carried cut - drenching (oral
administration of veterinary medicine}, \cCClnqtlng docking

(shearing arcund the tail area), scanning, shearing and lambing.

In come cases, the badge tests were paralleled by guantitative
!

her gauze patches or the garment itself.
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laboratory analysis of ei
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Pip Sampies

nd after the dip.
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ntration of dip chemical at the end of

the pericd, thus creating a greater hazard to the operato
Laboratory technigues for analysis of biclogical and environmental
"samples are listed in Appendiy 1.

Ghservation
We initially intended teo utilize a large team to carry cut this

survey. This proved impractical because of factors =such as
geographical distribution of sites and the nesed for c

and flexibility te adapt t
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and dates. Ultimately a Leam of two people visited
the sites {either together or independently) for the purposes of
personal observation of the site, weather conditions, dipping

practices, and significant incidents.

Follow Up

during the dipping or lat



OP expcsure is measured by the inhibition of plasma and red blood

cell (rbe} cholinesterase. Diazinon and propetamphos mainly

affect plasma cholinesterase, propetamphos being the more active.

Inhibition is determined in the individual by comparing

cholinesterase levels before and after OP exposure. Pre-exyposure
¥

levels, however, can only be determined if there has been no

contact with OP products in the preceding 60 days.

Blood cholinesteracse estimastions were carried out in 39 of the 43
volunteers. All the results fell within the predicted range for a
normal peopulation; ie, plasma cheolinesterase was greater than 162
dal/L and red bload cell c¢helinesterase greater than 97 hU/L for
all subjectes. '

Determining individual baselines for all but a few of the subjects
presented difficulties. Residual OP persists in the fleece for
some time after dipping and acts as a potential source of re-
exposure during the normal handling of sheep; also, the farmerfs:
intermittent use of other compounds containing 0OPs calls into
guestion how often one actually achieves a true baseline

measurement.

Cholinesterase levels vary in individuals. This intra-individual
variation, together with the degree of precision achieved in our
laboratory, allow an individualfs plasma cholinesterase to vary up
to 15%, and 10% in the case of red blood cell cholinesterase
before the change can be considered significant.? In a populaticn
of 30-40 it is to be expected that cne or two subjects will appear

t the extremes of these rangesz.

w

Plasma Cholinesterase

Pre and post dip exposure estimations were carried out on 37
e it L
subjects 30 of whom demonstrated decreased plasma levels.



ificant except for one subject who showed a

s |

He experienced no svmptoms of 1ll health

Red hleod cell cholinegterase -

30 subjects, red blood cell cholinesterase levels we
in the post exposure samples than in the *pre-dip" or
retrospective baseline samples. Two of these were at significant

levels, ie, 12% and 13%, but in the reverse direction. There is

"

no cbviocus ewplanation for this apparent trend; however, it i

i}

ed that when red blood cell cholinesterase levels are
depressed, a rebound phenomenon 1s triggered during recovery,
whereby the red blood cell cholinesterase often overshoots its

normal level. It is also true that red blood cell cholinesterase

Q

takes longer to recover than plasma cholinesterase.
These higher post dip samples therefore, may reflect a rebound

-ecovery from an exposure during the summer. This would not be

l""‘

apparent in the baseline measurement as 34 of the 37

determinations were made retrospectively in Jan/Feb.

There were no reports from any of the participants in the survey
of OP linked symptoms. This would be expected from these

cholinesterase results. Although low plasma and red -bloced cell

population are shown in Table 1.



CHOLINESTERASE CHOLINESTERASE
PLASMA RBC PLASMA RBC
PRE POST & TDPRE POST % | ° PRE DPOST PRE POST $%
CODE dal/L hU /L {CODE dali/L hU/L
B1 250 247 97 155 164 106| B2 290 288 09 154 1 107
¢ 447 427 95 148 156 105| D 314 328 104 150 159 106
E 272 236 86 154 162 105| F 249 364 104 175 176 100
61 271 283 103 176 169 96| G2 295 283 96 157 162 103
@3 354 202 85 177 161 90l H1 316 313 99 183 184 100
Ha 174 161 92 180 208 113| m3 286 266 93 162 169 104
X1 301 297 98 159 174 . 108] X2 234 228 97 178 180 101
31 263 269 102 160 157 98| J2 206 274 92 158 159 100
K 292 301 103 170 179 108| L1 273 251 82 172 180 110
£3 312 295 95 162 179 109] L4 251 230 92 171 189 110
w1 276 262 97 165 172 .104| M2 272 262 96 170 166 97
N1 284 236 83 144 161 110] N2 308 299 97 154 157 101
01 281 249 88 196 201 10zl 02z 255 238 93 151 160 106G
P2 251 221 92 166 157 1065| P3 338 369 91 183 194 105
01 273 273 100 156 163 104] Q2 290 284 S7 165 167 101
R1 357 3s0 98 167 171 107| R2 287 252 87 177 186 105
S2 301 284 94 164 183 2| 315 294 93 176 184 104
Y 227 213 94 152 159 1041 v 321 317 99 155 159 102
Wi 268 279 104 158 168 65

% —~ POST DIP READING AS A PERCENTAGE OF BASELINE

hanqes in cholinesterase

Plasna Plasma Bbe Rbc

Decrease Increase Decrease Increases
Total Kumber 30 g 2 30
Significant i - - 2

Significant change Plasma > 15%
Significant change Rbc > 10%
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Urinary bDialkyiphosphates

Part of the survey was designed to validate the use of urinary

1 phosphates for monitoring OF absorption. The survey was
P 1%

3 4 -
L 3¢ o 30 5
1

(3

Ky
1 advanced before it became apparent that there was no Known
rable metabolite of propetamphos. BAs 40% of the dips used i:

the survey contained propetamphos as the active ingredient, this

il

n the number of dialkyl-

st

resulted in a significant reduction

el

pheosphate analyses.

abor

el

tory mttenpited to measure free
¥ P

i

s an alternative, the

‘propetamphos in the uri

o
L
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his analysis poses several

o

ET

difficulties:

ot

.  Propetamphos is broken down readily by factors such as

a high urinar? pH.
2. A relatively high absorption of propetamphosz is probably
‘necessary before it can be detected in the urine.

1. ‘The potential for specimen contamination camnet be ignored.

HETABOLISHE OF DIAZIHOR

DHAZINON DIOXODIAZINGN
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CHLCH,0

Diethylphosphate

DEP



> and DEP detected in the survey were 10 times

The levels cf DET
lower thean those reported in American studies, when ne symptoms

occurred.

The exact excretion times of dialkylphosphates are unknown. Where
dipping cccurred over several days, sometines with short gaps in
between, it was possible to collect serial pre and post urines for
analysis. We were limited by having to rely on random samples
taken at the end of the dipping day. In cases where serial
sdmples were collected, some of them represented 24 hour specimens
(£irst morning voids on day following exposure) and some
represented 48 hour speciméns. Although inpractical under field

2

onditions, the ideal situation would have been to analyse

& .

wur, and even better, 48 hour total collections.

i

In a study carried out on orchard workers exposed to azinphos-

excreted 40% or

beest

m

methyl, it was shown that 13 out ©of 17 worker
less of their total metabdlites_in the morning void (totals
varying from 5-80%).° This indicated the unreliability of partial
or random sampling and demonstrated only a weak correlation
hetween the exposure and the 24 hour urinary output. A much
stronger correlation was found for the 48 hour output, possibly
due to a reduced effect of individual variation. It has been
suggested, therefore, that a 48 hour total urine collection is &
minimum requirement for estimating total dermal absorption of

organophosphates.

The dialkylphosphate results in some cases did not accord with the
observation of dipping practice. Some people who appeared to be
exposed to a greater extent recorded no DETP in their urine
samples whilst others, exposed to a much lower degree demonstrated

e due to the limitations of

o

detectable DETP. These tesults may

i
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randon sampling or an insufficient interv

exposure and collection of the sanmple.



Diazinon was used by 24 participants. No DETP was detected in the
urine of 8 subjects whose samples were collected not mere than 8
hours after the first exposure. This may be due either to the
sanpling method or may represent slow metaholisers of OPs in one
subject in this group the plasma cholinesterase level fell 15%
following the dip, but resulted in no symptoms. Eight of the
remaining 16 diazinon users either dipped over several days, had
cleaned the dip con the day before dipping, or were contract
dippers with serial exposure. Precise information regarding the

time intervals batween exposure and sample collection is not

available on

the remaining & subjects in this group.

Iin 4 casges DETP levels were relatively high compared to the
remainder of the group, although still at a level considered
insignificant.

Two of these were related (father and son). The father dipped,
but was well protected, whilst the son gathered and assisted in

introducing the sheep inte the qu.

A third was a contractor who had close contact with wet sheep to

Although

move them down the ramp from the elevated draining pen.

he wore gloves for dipping the palm of one was torn.

DEP was detected in samples from only three subjects.

Two were a husband and wife who used a dip formulation not used by

any other person in the survey (Diazadip). In both these subjects

the level of DEP detected was higher than the DETP; the hushand

had however discarded summer dip from the bath some days before

the dipping.

The third subject had also cleaned the dip several days before

dipping, but used old dip concentrate to make up the dip. It is

possible therefore that during storage some diazinon had oxidized

to another derivative, dioxodiazinon, which is capable of being
etabolized directly to DEP.

Information on the age of the dip cecncentrates used by other

participants in this survey is not available at present but

warrants further investigation

The factors determining the rate of metabolism of DETP tTo DET are
unknown and could be time or dose dependsant or indeed depsendent

upon specific esterase activity
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Urinary Propetamphos

The urines of 19 users of propetamphos were analysed for free

propetamphos. It was detected in 2 of these.

One of the cases where it was not detected, a borderline fall of
plasma chelinesterase (17%) occurred although he reported no

symptoms.

Blood Sclvents/Urinary Fhencls
No blood solvenits were detected in any ¢f the subjects.

All urinary phenols were within normal linits taking into account

endogenous sources and dietary influences.

Tenaix

In practical terms the use of Tenax passive sampling tubes is
ideal as they require no technical expertise and do not interfere
with normal working practices., Their use in this survey to
determine the presence of atmospheric solvents and phenocls does
however lead to some reservations. The results contained the

following unexplained discrepancies.

Subject Bl was a contractor operating a mobile dip based on

=t

an articulated lorry. It had sclid sides reaching a helight
of 1.5 m, resulting in a very enclosed werk site. 1In this

-

situation we would have expected to detect significant levels

i

B

of solvent; in fact, only very low levels were feound (0.3 ppn

aromatic and 0.7 ppm aliphatic).
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High solvent readings were anticipated on the basis that the

operator complained of classical symptoms of solvent

e¥posure, both during this dipping period and on previous
occasions. These included headaches, alcohol intolerance and
complaints of feeling constantly "high" throughout the

dipping seasorn. Skin absorption was also considered as &
possible significant route, especially as biclogical
monitoring showed that this man had absorbed provetanphos

from the dip, probabkly via the skin.

f

ing 'is

A further factor which makes this particular case puzgz

the fact that in spite of the clinical history, no solvents
were found in the blood. This estimaticn however, also

{D

tenax tube

The possibility that this person is demonstrating an

o

idiosyncratic reaction to the substances to which he is

Lite
o

exposed on & daily hasis cannot be ruled cut, nor is

£
8]
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possible to ignore the role of esterases in breaking
sclvents and their potential to be inhibited by OPs.

Subjects H1;H3; These operators were working in an
atmosphere in which the odour of phenocols was strong and
extremely irritant, also experienced by the survey team.

Analysis of the sampler revealed no phenolic compounds to be

. L5 1170 PRL TV, BN DS, 7. Sy S SR e TS S
; ile samplels decteCied o phencis at THls

)

Subjects X1;X
site which was very shelitered and smelt
The atmosphere was so irritant that both the

a
the cobserver were coughing during the latter part of the

“esults for H1;H2:¥1 and 2 contrast sharply with another

ing coperation conducted at a much more open, windy site, using
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Subjects N1;N2; This dipping operation was conducted inside
a shed. No contaminaticn was detected by the samplers.
Although there was no noticeable odour around the dip the
observers independently reported feelings of unnatural
tiredness and throat irritation.

The farmers themselves did not complain of sympteoms on this
occasion, although they had been affected during the summer

i

b
7

L}

Subjects P1;P2; These 2 operators spent the majority of
their time gathering sheep, and spent ninimal time near the
well exposed dip site. The tenax analysis, nevertheless,

showed the presence of:

(ii} ketones, which, according to the manufacturers,
are not dip constituents. Ketones are present in
agricultural pesticide formulations. On this particular
farm the dip was stored with pesticides. It is possible
that the ketones collected by the sampler were

present in the atmosphere of the store.

Subject P3; This man performed the actual dipping on the
site where P1 and P2 were working. His tenax analysis showed
the presence of glycol ethers. Although a glycol ether is
present in this dip formulation, the 3 named in the analysis

are not.



We have discussed the analytical and sampling technigues with both

the laboratory scientists carrying out the analyses and the

manufacturers of the eguipment used (Perkin Elmer}. There are, to

date, unresslved differences of opinion with regard te the

adsorbent material and gas chromatography celumns used. If

agreement is not reached before, a collection of-duplicate samples

2t the proposed summer dip could allow compariscon of the diffevent

techniques advocated. This may alsec resolve some of the apparent
5

inconsistencies between clinical history, observations and

In retrospect, due to the dilutional factors created by monitoring
air, it may have been advantageous to use pumpe ed
equipment, particularly as we were looking for high molecular

weight materials over a relatively short period of time.

L.ow levels of atmospheric contamination can only be analysed semi-
guantitatively using thermal desorption techniques. This

because the errors may be as much as 50%.



TENAX RESULTS

CODE SOLVENT SOLVENT
NO PHENOL PHENOL SUBSTANCES DETECTED
CGODE PPM
B1 D1 0.3 Aromatic hydrocarbons
Q.7 Aliphatic hydrocarbons
X2 D2 %] Toluene
L4 D3 0.1 ¥ylene
Li D4 0.1 ¥vlene
Ri D5 0.4 . Isoprcpanol
P23 D6 0.1 Hydrocarbon
E3 D7 1.0 ., Glycol ethers
0.04 Toluene
4.0 Cresylic acid
P2 D& 10 Toluene
0«3 Methylethylketone
0.1 Methylisobutylketone
Pl . 09 0.3 Toluene
52 D10 0.05 )
2.2 ) Low C hydrocarbon
K D11 0.1 Aylene & toluene
0.1 Aliphatic hydrocarbons
U Di2 4.0 Cresylic acid
Q2 Diz 0.2 Toluene & xylene
02 D14 L. Toiluens
1 D15 0.2 Toluene & uylene

21 D16 g.2 Toluene



blood. The activity of two enzymes which metabolise the OPs
3 os were measured. These OPs are believed
nattern of metabolism similar teo diazinon and

5 a
propetamphos. Individuals were then categorised into slow, medium

<

or fast metabolisers of paraoxon.

'+ is known from previous studies that approximately 50% cf the

B
population are slow metabolisers of paraoxon. Results in the

survey accord witl

into this category there was nc corr
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of cholinesterase and urinary diall
iz only, however, at doses ressulti
or cholinergic symptoms, that such a relationship would be

demonstrable. The doses encountered in the survey were much lower

than these levels.
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The dips were made up following the manufacturers’

]

e

recommendations. Samples of dip taken before dipping started
showed wide variation. ©One possible reasocn for this was
inadequate mixing of the dip before the sample was takén. If the

sample had been collected after the passage of one or two sheep, a

more representative sample may have been achieved.

Sanples taken at the end of the dipping day were expected to vary
but to be above a minimum concentration. The replenishment rate
cf the dip is set to maintain the active ingredient at a level

which ensures sufficient residual activity in the fleece. Rgain,

concentrations varied and fell below the minimunm.

Although the method of sampling was consistent throughout the

survey no attempt was made to sample in accordance with MAFF
procedures,
The results are summarised in the following takle:
Target Actual Target Actual
PRODUCT Conc Conc Minimum Minimum
(Range) Conc Conc (Range)
ppm ppm , ppm Ppm
Top Clip ;
Gold Shield 400 116-~2¢64 100 113-286
Bayexr
Diazadip 400 241 100 . 168
Coopers
Powerpack 250 i66 100 104
Winter
Youngs
Ectomoert 320 74~148 125 44-62
Dip
Youngs
Jason 280 111-18% 125 20~42
Winter Dip
Youngs .
Summer Dip 320 149 1258 61




HECOMMENDATTONS

L
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4

The desion of some dips, particularlv the older swim through
type, could be modified to ensure that the forcing pen is
separated from the dip. We noted several instances where the
dipper almost fell inte the dip as a result of sheep escaping
from the pen and trying to run past the dip.

Several operators experienced difficulty in reading the
instructions on the tin as a conseguence of both print size
and spillage or rust on the outside of the tin. It would be
beneficial if, in addition to the instructions printed on the
tin, a separate water resistant card containing identical
information was supplied by the manufacturer. This also

would reduce the need to handls contaminated tins

Some manufacturers also supply protective clothing "free®
with their dip pack {(gloves and/or apronj). In our experienc
217

pplied do not provide the regquired protecticn.
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Tf with all the resources available to them, a major chemical
company proves unable to select appropriate protective
eguipment, what hope is there for an end-user? Manufacturers
must make clear, specific recommendations for protective
clothing; the use of bland, standard phrases such as "use

protective gloves" is totally inadequate.
concentrate, it would be helpful if all manufacturers adopted
this pelicy.

25 litre containers should be

d
improved to reduce the "glug" factor which causes splashing.

The intreduction by one manufacturer of a system to
automatically meter the dip concentrate during replenishment
has obvious benefits for the operator The process could b

to enable the dip to be made up



Other manufacturers should be actively encouraged to develop

similar systems.

Because diazincn gradually breaks down to other products
during storage, it is advisable to use a fresh supply of
concentrate for each dipping period. This is, however, not a

practical option, as the dip is expensive and rarely packaged

in volumes matching the reguirements for smaller flocks.

Toc ensure even distribution of the dip concentrate throughout
the dip bath, the water-concentrate mixture is invariably
stirred with the dipping stick before dipping starts.

Because most dipping sticks have wooden handles, dip is

o
o
ot

absorbed along virtually the entire length of the handle
vepresents an immediate source of contamination for the
oper. I1f the stick is used

n this way it should be rinsed
solution would be to

i i
off before further use. & hetter
utilize a metal handled dipping stick which will not absorb

dip and can be more easily decontaminated.

Splashing to the lower body could be reduced for all dip
types by the installation of a solid barrier betwsen the
dipper and the dip bath, which could take the form of =z
sheeted hurdle. ©Qther advantages would be that the dipper
would be less likely to overbalance and fall into the dip and
it weculd prevent the bocoted foot being used in lieu of a
dipping stick. The barrier should not be permanently fixed
but hinged at one end to allow it to be released and noved
guickly aside should emergency aid be required by an animal

in the dip.

Dips are generally filled and replenished from a natural farm

43

supply; however, when supply is limited, river wat

used., River or stream water carries the risk of

=
mn
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=
leptospirosis particularly if =d to wash out eys zplash
or open wounds and therefore should not ke used for

purpose.
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Most operatore claimed to have a supply of running water at
the dip. In many cases this was a hosepipe, either connected

directly to an automatic delivery system or submerged in the

dip. We recommend that an independent supply be brought to
the dip to ensure that clean water is always avazlable.
Uncovered water tanks near the dip are not suitable

The results from our cholinesterase inhibition detection
badges demonstrated that 0P contamination of the skin was
ffectively removed by washing with soap and water. This
reinforces the importance of rinsing off skin contamination
when it cccurs Quring dipping and during post-dip handling

operations.

on pre-dip interview, several farmers volunteered inf
regarding occasions' when they had received eye splash

e
whilst dipping (as opposed teo measuring the concentrat

el.
During the actual survey we witnessed aeveral eye splashes
causing extreme pain and irritation. esplte this, most

operators simply wiped their eye with their sleeve and

carried on, even if water was available.

The presence of highly irritant substances such as phenols
and epichlorhydrin in the dips and the propensity for eye

absorption of other constituents, such i
appropriate facilities for eye washing to be availablie.

3 4 -
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Farmers should be advised regarding both the importance and

b

correct use of this facilit

A major frustration and source of contamination
mobile dip operator is the reluctance of the sheep to leave
the vehicle after dipping due to the steepness of the exit

ramp. These ramps could either be lengthened

i
more gradual descent or additional battens added to provide
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The design of mobile dipping systems results 1in cperators
working in relatively enclosed spaces, the sides of these
vehicles being constructed eof sheet metal. Tc¢ prevent the
build-up of vapour, additional wventilation should be

provided. This could be achieved by either replacing some of

-this so0lid sheeting with weldmesh or by installing suitable

exhaust ventilation. Wherever possible the vehicle should be
parked on an open exposed site. Adeguate ventilation is

particularly important in the case of mobile dippers as they
drive their vehicles back to base after a long dav's dipping,

sometimes long distances.

The comments concerning ventilation are egually valid for
anyone dipping inside a shed. The scope for installing a
fixed ventilation system is much greater here than in the

mobile situation. Because of the large area involved a

e
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dilution system, rather than = captive system wol

preferable.'

New dipping facilities should be constructed, as far as
poséible on open sites which allew the prevailing wind to
disperse vapours away from the operators.

Disposal of spent dip and cleaning the dipping bath are
significant sources of expesure. In sclution, diazinon
degrades into cother products. It is probably better,
therefore, to dispose of the dip from the bath on completion
of the dipping operation. Retention until the next dipping
period would increase cperator exposure to any breakdown

products present.



Personal Protection

I The use of cholinesterase inhibition badges showed that
normal splashing readily penetrates single layers of
clothing ~ f(shirt, trousers) whilst two layers appear to
resist penetration. These results were confirmed by gauze
patch estimations
Badge tests were negative on skin protected by wellington

hoots.

These tests were alsc negative on the inside surface of
leggings.
Tests on an apron 12 weeks after dipping gave a positive

reading. The apron had, however, heen

the intervening period.

When dipping,
be appropriate

%1
S

sed when lambing in

the following items of protective clothing may
o s

1. Wellinglton Boots
2. Perscnal Clothing (shirt and trousers} covered by:

i) waterproof leggings (polyurethane on nylon)

with a short fisherman's smock worn over the shirt

OR 1ii} overall (boiler suit} and apron
The use of leggings are probably more effective than an
apron, particularly if the operator has to enter the draining
pen, as they protect the entire leg. Bib and brace type
leggings would provide better protection as they reach chest

rather than waist height.

311 waterproof pretective clothing shou
during use and washed at the end of the

1d rinsed regularly

he

-
QaEy
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A face shield is recommended by manufacturers when handling
the dip coricentrate. Some cperators tried to dip while
wearing a face shield because they had experienced eye
splashes of dilute material. They found that vapour from the

dip collected behind the visor so discontinued the practice.

s advisable and, whilst there

W

Eye protection is recognised

t

D

o

is resistanc wearing goggles, the use of chemical safety
spectacles is a practical alternative. We have already

mentioned the need for suitable eye washing facilities.

The manufacturers of sheep dip recommend the use of
"protective gloves" but do not specify the tvpeL Gloves made
of nitrile material resist penetration by petroleum
distillate type solvents better than gloves made of either
butyl rubber or neoprene. When tested against phenol in
solution, neoprene and butyl rubber gloves provide greater
protection. It is because of -its greater resistance to
solvent penetration that nitrile is recommended by glove
manufacturers for use with sheep dip. Thicker nitrile will
give greater protection, but there will come a peint at which

flexibility will be compromised.

The protection afforded by gloves 1s dependent not only on
their being made of the correct material, but alsc on their
correct use; ie, being rinsed off after use, intsrnal
contaminaticn being avoided and being discarded- when damaged

or their recommended life is exceedad.
The majority of farmers use gloves, usually of the incorrect
type, when handling the concentrate. The gloves arse then put

down near the dip until they are required for the nex

o

addition of concentrate, offering ideal conditions for
ontamination. It may be preferable
but the container and measuring device rinsed with clean

watar and hands washed after addition of the concentrate,



During dipping, the hands do not appear to become nore
contaminated than other parts of the body. They are more

likely to be washed at intervals, hence there would seem to

ol
p...m

be no need to wear gleoves during the dipping cpera:l

o
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wooden handled dipping stick is used.

absorption for the remainder of the day,

four operators wore respiratory protection. Gf these two

wore disposable preformed masks (3M Farmer's Lung Mask) and
rs

=

two powered helmets (Racal Airstream).

In most circumstances this type of protection is not

necessary. Atmospheric monitoring results show that

luticnal factors at open sites should be sufficient to

o)
e

isperse the vapours present arcund the dip. At enclosed

Q.

sites (mokile and covered dips) the prcoblem should be tackled

at source.

Disposable masks, of the type worn, are insffective against
volatile products. Tests on one mask showed it to be

contaminated with GP, possibly as a result of splashing.

ct as an additional source of
ntamination. The only disposable mask which may provide
some protection is one containing activated charcoal. This

type is however recognised as heing difficult to breathe
=

through and therefore unsuitable for he:
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The powered helmets worn were fitted with activated charceal
filters. These are recommended only as "odour filters for
non-hazardous substances below the GESY. One of the
operators commented that he could detect odours even when a
new filter had been fitted, indicating breakthrough, and that
on occcasions he felt unwell after dipping (battery pack fully

charged) . .



Future Investigations

T We recommend that the summer dip 1991 be used to follow-up

the survey for the following reasons:
(i) The majority of people complaining of symptoms

state that they experience them at this tine.

ii) The atmosphere will contain a greater

o1
concentration of volatile substances.

(iii) oOther 0OPs; for example, chlorfenvinphos, will
be used. This compound is more volatile than
either diazinon or propetamphcs. It is absorbed

iz slowly released creating

{(iv) Different delivery systems may be used which result in

greater operator exposure.
2% We propose the following strategy:

(i} To use the same population as that used for the autunn
study.

{11} Urine samples for dialkylphosphate measurements to be
collected from diazinon and chlorfenvinphos users at

. (a) the end of the dipping day

(b)Y 24 hours after the post dip sample
() 48 hours after the post dip sample
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(iv)
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Atmospheric monitoring for volatiles using:

(a) static tenax at dip

{b) pumped and passive personal sémplers in parallel
at same sites (exposed and enclosed) '

(e} 1f appropriate, to use alternative adsorbent
materials, or different gas chromatographvy

columns

Blood sampling ﬁay be carried out to test for the
presence of solvents and to analyse for spécific
esterases which may determine the rate of metabolism
of the OPs in use.

Cholinesterase estimations are not proposed.

o determine the presence of breakdown products cof

3

diazinon in dips which have remained in the bath since

the previcus dip; in partially used tins of

cconcentrate

To review bulk dilutions using recognised sampling

techniques at appropriate intervals.

Tc use the opportunity to discuss the feasibility and
effectiveness of protective clothing recommendations
with individuals and assess the provision of evewash

facilities.



CONCLUSTONS
Environmental monitoring demonstrated low levels of atmospheric

contamination neayr dipping baths
Wone of the resulis of biological monitering were in the

u
significant range.

The fact that ne dramatic results were forthcoming does not
indicate the absence of a problem, rather that the cause is mere

complex than originally envisaged.

This survey hae carried out the basic work reguired in order tc
set targets for the future. It has also enabled new laboratory
technigues, eg. dialkylphosphate estimations €0 be tested under
field conditions and facilitates further work on esterase

phenotyping.

The fact that exposure to OPs during dipping occurs at a
relatively low level makes monitoring much more difficult. The

limitations of certain technigues have been illustrated.

This report highlights other factors which may contribute to the

symptoms reported by sheep dip users,

It has been inferred that problems asscciated with the use of
cheep dip chemicals are encountered only in the Scuth West of

England. Reports of ill-health, however, are distributed

throughout th@ country. Certain factions of the farming industry

aré convinced that compulsory dipping for sheep scab will cease 1

the near future. Whether or ncot this proves to be the case, sheep
1

will continue to be dipped for other purposes as well as

reactively when a scab ocutbreak occurs.

in use. This, would, in fact, g¢ive rise to the demand for
stronger, more petent dips, which will demand stronger, more



APPENDTY 1

TABORATORY METHODE

References are given for published methods where appropriate, in

other cases a resumee is given.
| e Riood Cholinesterase

Lewis P E;, Lowing R K, Compertz D. Antomated discrete
kinetic method for erythrocyte acetylcholinesterase and
plasma chelinesterase. Clinical Chemistry (1981) 27,

926<929.
2. Serum Esterase Activities
Three specific esterases were analysed:
(1) Serum carboxytesterase
Sterri 8 H, Fonnum F, Johnsen B A. A radiochemical
assay method for carboxylesterase, and comparison
of enzyme activity towards the substrates methyl

[1-1%C] butyrate and 4 - nitrcphenyl butvrate.

Biochem Pharmacol (1985} 34 (i5), 2772-85.
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Serum Paraosxonase

ﬂ
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W H ¢ Technical Document
Organophosphorus Pesticides: An Epidemioclogical Study.
World Health Organisation. Copenhagen, 1%87

(Env Health series no 22), 103-107
(iii) Serum chlorpyrifos-oxonase

Furlong C E, Richter R J, Seidel 8 L, Motulsky & G.
Role of genetic pelymorphism of human plasma
paraoxonase/arylesterase in hydrolysis of the
insecticide metabolites chlorpyrifos oxon and paraoxon.
) 4 2
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Blood Solvents

Soclvents were released from the blood =amples
using Tenax tubes. These were analysed using
description, capillery cas chromatography and
detector.

uations were performed by extraction -~ an
a

capiLlarw gas chromatoography ionis
etric detectors.

Tenax Passive Samplers

Wright M D. A dual capillary column system ic
analysis of workp e contaminants by thermal
Analytical Proceedings (1987) 24, 309-311

Branchflower W J, J T G

propetamphos and in sheep's

(1987) 112, 1761-

alvsis
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Richard € Ames et al, Protecting Agricultural Applic
from Over—Exposure to Cholinesterase-Inhibiting Paestides:
Perspectives from the California Programme. J S0C Occup ¥
{1989} 312, 85-92.

Guidance Wote MS 17 from the Health and Safety Executive,
Biological Monitoring of workers exposed tToO organc-phosphorus

pesticidazs.

‘shuyang Chen et al, An epidemiclogical study on occupational
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APPERDIX £,
CODE

K,

e

5
e

PRODUCT
NAME

BAYTICOL
FLUEMETEIIN

SAMPLE
DESCRIPTION

PRE DIP DAY 1
POST DIP DAY I
PRE DIP DAY 2
POST DEP DAY 2
PAOST DIP

BAYTICOL
FLUMETHEIN

YOUNGS
SUMMER
FROPETAMFPHDE

YOUNGS
SITMMEE
PROPETAMIHOS

COOFERS
POWERPACK
WINTER

DIAZINON

TOR Gl
GOLD SHIELD
PHAZINON

PREBIP DAY 1
POST DIP DAY 1
PRE DIP DAY 2
POST BIP DAY 2
POST DIF

PLE DIP DAY 1
FRE TP

POST DIP

PRE [P

POST DEP
POST DIP (MID}
1 BASELINE
FINAL

PHRE DIP

POST P
FINAL

POST DIP

BE. BASELINE

PRE DIP IXAY 1
POST DIP BAY 1
PHE BIF DAT 2
POST DIP DAY 2
FiNaL

PGST DIP

POST DIF

K. BASELINT

ar

CHOLINEET SRASE

FLASKA

REC

it
dall/L | Lioreg

247 27 18
50 15

PRE DIP
POST DIFP
FiNAL

POST DIP
POST DIP

R. BASELINE

JASON WINTER

PRE DIiF DAY 1

COOPER BORDER FOST DIF DAY !

PROPETAMFPHOS

TOF CLIP
GOLD 3H1EL
DLAZING

N

TOP CLI?
GOLD SHIELY
DLAZINGN

e e i o

PRE DIP DAY 2
TOST DIF DAY 2

POST SHEAH DAY
POST SHEAR DAY

POST DIP
FikWAL

R. BASELINE
CLEANING

PEL NP

R. BASELINE

PRE Dii
PGST DIP
FINAL

FOST DIF

. BASELINE

PLE DI
EOST DIP
FINAL

POST P
POST DIP
n

BAS

1PN

= B3

103

hees
AR

UL [ base

203 198
264 iz

168

176

108

s

108

o

Py

nMold

ND

WD

S5

WD

WL

I

KD
Nix
NIx
NIy
Wi
i)

DETP DEp
HELE shial
Fmbiol mMol
crent crend

1D
NI
(RF
34

Wiz
NI
NI
ND

Ni¥

Wi
M

T

K HD
WL ND
NE KD
MY NI
KL D

NI
]

ND

KD
i ]
WD

ND
H

ND
WD
i
HL

HD

FiTs
- W
af B N

ND
ND
NI B
R NP

T
INE

FYMPTOMS

EROTECTIVE
evormine

RFE

PAGE 1,
| SIGMNIFICAKT
INCIDENT

THIRST ! W suoked pipe
GLIEY conutently
WFL
A
HONE Wi ATRSTREAM| none
i CHARCGAL
TINGLING MOUTE WPL TILTER | moniter under oot
AWND TORGUE WPT plug disconnetied
B8 Tom helmeat
‘FELT RaD® Wi leaning over
WPL anclased dip
CORSTANT Fren (1T wetd
HEADACEES
TOKSTANT "HIGH marker sproy - B2
HOWE Wi THoTs
WEL
WEE
BS
NONE i
I a3l
1 WL
L WEC
{ 26,07
{ i
i |
WO WH
S
F5C)
w I_.-L
WP
NOHE handled dipped
WPL sheep, Added
NONR dip eoncentrate
by milk bottle
rinsed in dip
NONE
Wi eye splash x 2
t wil wooden hwndie
|
|
| |
i |
1 i
| 1
= g
WH i e
] e ]
| WL H
1
! WPD |
i
| | |
' NONE | wh | !
i [TRIES i



APPENDIX 4. | | i PT# DETP | PAGE
1 ]

EOPT. PRODUCT Wbl Mol uMel|  SYMPTOMS  PROTECIIVE KT E SIGNIFICANT

B WAME THING INCIDENT

Mol AnMel

g .-%{!i' o '-rv_ . N N3 il NOGNT. ] Wk .]';rmiua.é‘:d gathering
GOLD SIHELD g B30 R Gi '

DIAZINOY FiNAL N
POST DIP 302 #5 it o
FOET 1P WEC
R, BASELINE 354 177

G TOQF CLIP PRE BIP NI WD N NOWD we O
GOLI SHIELD POST DI ¥D WD ND WIL
DIAZINON POST DIP WP

FOST DIP s 158

i} TOP CLIP PRE DIF DAY 1 N Kh NI IMMED - NONE Wi tnp retrieved Trom dip
GOLD SHIELD POSKIIP DAY KD Wi KD| LATER: NASAL A Rifficulty with gloves
T DIAZINGN FINAL ND Nb ND| CONGESTION handling wei sheep
14 ab 8 100 ASTHMA 2 MONTHR irritant atmosphere
315 i85 ' POST DIPPING washed hands In
contaminuted fank

POET TP -3

R. BASELIKE

Hz TOP CLAP PRE-TIANDLING NIy BN ND *
GOLD SHIELD FINAL ND  ND ND
DIAZINGN PHE-TANDLING w4 82 180 133
POST HANDLING 161 s
73 TOP CLIFP FORT DiF ND I Wi NONE W handiing wat sheep

GOLD SHIELD  FINAL D ND  ND
PIAZINGHN POET DIF o3 16He 104
R. BASELINE 182

Al TOP CLIP PRE CLEANING _ ND ND NP 4
GOLD SEIELD POST CLEANING ND ND WG
DIAZINGN FAE DIP LAY s ND 7 ND HONE WEB tenax in pockes

POST DIP DAY 1 N1 il NI first thing
PRE DIP PAY 2 ND 22 KD fighed out hose
POST PIP DAY 2 D 24 NP irritant atmosphere
FINAL % N ND NI
POST DIP DAY 1 287 i 174 e
R. BASELINE i) 159

x2 TOF CLIP FRE DIF DAY 1 Rit] D KD HONE WE E3ls irritant atmospliers
GOLD SHIELD FOUST DIP BAY L N} 80 KD GL coughing
DIAZIHON PRE DIP DAY 2 KD 81 ND A
POST DIF DAY 2 KD 42 ik
FINAL ND D KD
POST RIP DAY 1 228 AT 80 101
B. BASELINE 234 178

g1 TOP CLIP PRE DI B ND HD NONE WB
GOLD SHIEE_.B FOET DIP N G nn WPL
DIAZINGN FINAL wD WD N3
POST DIF 4 102 157 e

R, BASELING 283 166

J2 TOP CLIP PRE DIP i3] ND NBR NONE | W
GOLD SHIRLD POST DIY nn jd sl ND WPL
DIAZINON FiNAL N ND D
GOLD SHIELD POST TIP Ng 34 HD GL drain in pen

- DIAZINCI PRE IMF ; [+ 52 NI WPL face & eves spiashed .
POST DIF i i4 ND tors giove (B i)
POST DIP HH 17 108 E .
FINAL NB D
R, BASELINE | ez 130

&
o<
=

LL ECTOMORT PREDIF DAY | |
PROPETAMPEGS POST DIP DAY ! N ND ND ht3 from gip
PRE DIP DAY NI D ND
FOST DIP DAY 2 NI W :«m;
FIHAL NE Wi W
POST DIP 0 S B0 i g
I, BASTLINE 274 1Te

helped L shoep




APPERIMA 4,

CODE
[

1A

PROTUCT
HAME

SAMFLE
BESCRIPTION

5
1

CHOLINESTERASH

PLASMA | RBC
45U B basd LU/L §s busg

FTP T

niall

IETE
nhfal

PEP
it
kol

crest

E¥NMPTOMS

ECTOMORT

PROPETAMP

HOS

ECTOMORT
PROPRTAMPLIUE

BECTOMORTY

PROPETAMPIGS

PREDIP DAY 1
POST DIP DAY 3
PRE BIP DAY 2
POST BIP DAY &

PREDIP DAY 1
FOST DIF DAY 1
PHE DIF DAY 2
POST DiP DAY 2
FiNAL

POET DIP

sy

HLOBASELINL
PRE DIP BAY |
FOST P DAY T
MEBpAY 2
POST DIP DA
TINAL

FOST PP

B. BASELINL

285 a3 Y (O
163 5 163

230 L

31

en

TOPFCLIP
GOLD SHIELD
DIAZINGN

PEE DID
POST DIP
PRE DIP
FOET DI

Hi

TOP CLIP
GULD AFIELE
DIAZINGN

LCTOMORT

PROPETAMPHUOS

POST DiF

PRE DI
TGST DiF
FIHAL
POST DIF
R. 3ASEL

ECTOMORT

FPROPETAMPHOI

PRE DIP
POST DIP
FINAL

POST DIP

. BASEILIND

[a 1]

i

DIAZADIP
DIAZINOH

DIAZADIP
DIAZINGN

TGP CLIP
GOLD SH
DIAZINOHN

TOP CLIP
GOLD SHIEL
DIAZINON

PRE DIF BAY 1
POST DIP DAY L
YRE DI¥ DAY 2
PGST DIP DAY 2
FIHAL

POST DIF

H. BASELINE
PRE LIF DAY |
FOST DIP DAY |
PRE DIP DAY 2
POST DIP DAY 2
FIxNAL

POST BIP

T AETETRTE

PRE DIP DAY |
POST [P DAY 1
PRE DIP DAY 2
POST DIP DAY 2
PEE DIP DAY 1
POST NP DAY |
PRE DIF DAY 2
POST DIP DAY 2
PHE DOCKING
POST l)(li_"ll-lll‘-:l H

FINAIL

T Dii?

™

BASELINE

270 87 185 104
262 172
278 a8 (¥E at
6% a6
1
1
]
|
238 =5 1€ e iell
284 144

248 03 41
308

201 02

iR

i
208 D3 (Tl SRS
i 151
rRy 19 57 I
451 H

Jraldal
creat
Rt
Wi i5H 1]
N} ND
wila HE

ND
32
K3
Wiy
KD

NI
NB
N
ND
5§

NI
ND
KD
Wit

KD
D
Hix
NB
i

SOHE THROAT

HONE

WD
NI
LG
Ni¥

N2

HD
NI
ND
H

£

]
(33

B

Rl
WD

ND
HD

WD
ND
MD

(e
8L

&

SORE TEROAT

4

PAGE

PROTECYIVE, RTE SHANIFICANT
CLOTRING IHCIDENT

Wi
WiL

W

Wi
WEL

Wi

WE  GLIC)

WPL
ALCY

Pl
113

Wi
WEL
Es

WE
GL{CH
WEL

B3

WB

bleading dog bite

left hand  Sbric
plaster - no ploves
trelpad LTt slicep

fromdip

none

1ifring wooden gate
puliing out wet
shizep

ifiting weoden gals
pulling out wel
‘sheep

hiandled wel sanimels

sontandnsted siies,
dip ares?

hendled wat sheep

seTlaminated atmos.
Sip sren?

‘SORE THROAT

NONE

WEC

WPL

=]

b &
-

WE
WL

wit

G



APPENIHX 4.

CODE PRODUCT | CHOLINES .q_f.l'.!i‘._.‘-':i'.
Vo HAME \GMA |
o F ll”‘,_té t'r'__*‘L__'l."l
i TOP CUIP TP DAYT |
SOL0 FHIRLE FOST DIF BAY | I Hily
DIAZINGN PREIHP DAY 2 ND
POET DIE DAY £ ND
FINAL Nz
POST DIP S 81 it 105
E. BASELINE 384 1E8
Q1 COOPERS BOEDERPRE DIF DAY ND
PROPETAMPHGS POST DIP. DAY § ND
PRE BIP TAY 2 NI
FOST DIP DAY 2 W
PHE DIP DAY & KL
POST DIP BAY 3 N
FINAL KD
POST DIP 27 160 163 104
" H. BASELINE R 146 i
(7 CONPERS BORDERPRE DIF DAY | {  ®D»
PROPETAMPHOS POST DIF DAY | ND
PRE DIP DAY 2 ' ND
FRE DIF BAY 5 Kb
FOST DIF DAY 8 LG
FINAL WD
POST DIP 284 s 167 101
R. BASELINE 20 165
Ei JAEON SUMMER FPRE DIP DAY 1 Nh
TROPHTAMEROS POST BIP DAY 1 & T
PRE DIF DAY 2 ND
POST DIF DAY 2 ' MDY
PRE DIP DAY 2 : D
FOST DIP DAY & D
FRE DIP DAY ¢ KD
POST BIF DAY 4 K1)
POST DIE CETTET R S T 11 &
FINAL .
1. BASELINE 457 160
EZ JASONS SUMMER PRE DIP DAY ) ND
PRHOFETAMPHOS ZOST DIP DAY 1 M
PRE DIE DAY ¢ ND
POST DIP DAY £ ND
PRE DIP DAY & ND
PFOST PIP DAY 3 ND
FRE DIF DAY 4 WD
POST DIE DAY 4 13551
FINAL ND
POST BIP 252 87 186 03
R, BASELI_NE 287 177
=i BCTOMORT PHE CLEAR NI
PROPETAMPIGS POST CLEAN . WD
JASONS WINIER PRE DIF DAY | ND
PROPETAMPHOS FOST DIF DAY 1 ND
TRE PP hay ¢ W
POST DIP DAY 2 | ND
PRE THIPDAY 3 ND
POST DIP DAY 3 L WD

1
D

nitel |

Sbfel - Smdiol;

el

i itz
NI N
M D
M ES iian)

NI 5D
NI ND
ND ND
WD ND
NI ND
Rz ND
N NI
HiF NI
NE 13
Nb ND
o b Kb
KD RD
NI ND

MY WD
NIy ND
N WD

2 XD
NI WD

ND

ND N
WD ND
NP §bD
18] iy
NI KD
W NI

KDy
MO
ND

RD
HD

i Nix
NIk i3]
NI NP
KD wD

ND NDi
=

THIRSTY

NONE

NGNE

NONE

| ws

| su@
| we

i

|

WH
GLIC)
WL

WEC

aldled dipiped shoep
haol full of €ip

resouad wel lamb
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CODE  PROTUCT
No.  HAME

BAMI'LI
DESCRIFTION

CHOLINESTERABR

 FELARGE |
AL b asq

52 JABONE WINTER

PROPETAMPHEGS

DEGSAN
DIALINON

PROFPETAMPHOS
FPOWERPAZK W
DIAZINON

v TOF CLIP
GOLD SHIELD

O

Wi

JASON W.I.

FROPLTAMPHSD

m

PRE DIP DAY 1
PRE DIP DAY 2
POST DIP DAY 2
PRE BIP DAY 3
POST DIF DAY 3
FINAL

POST DIP

. RASELINE
PRE DIP

PRE DIP DAY §
POST DIF DAY i
FRE DIP DAY 2
FOST PIP DAY 2
POST DIP
FINAL

H. BASELINE

PREDIPDAY }
FOST DIF DAY 1
FRE DIF DAY 2
POST DIP DAY 2
FINAL

POST DIF

B. BASELINE
PREDIP DAY 1
POST DIP DAY 1
PRE BIP DAY 2
POST DI DAY 2
FOST DIF

E. BASELINE

PRE DIP BAY 1
POST DIF DAY 1
PRE DIP DAY 2
POST DIP DAY 2
POST DIP DAY 3
FINAL

POST DIP

E. BASELINTE

YTOUNGS
JASON WINTER
PHOGTETAMPHOS

PRE DIP DAY 2
FOST DIP DAY 2
PRE DIF DAY 3
POST RIP DAY 2

g4

B3
164

s
T

5 23 184
s G
213 g4 159
227 182

27% 104 168
288 158

HE

¥L pin

PIP DETP

inMol/  ndot

Aokl
creat

Wiz
NE
KD
Wi

D
D
I
HD

HD i

HFPE

PAGLE 0,
GRIFICANT

HCIBERT

per
Mol EYmMPTOME  PROVECTIVE
Fantol CLOTHING
Creat : =
T w1 we
N | WL
1n WPC

KD
ND
Nt

NONE WE

WPt
WP

KD

R

2 uD
nND 4 ND HONE,
KD XD HD

M
Hp

ND

ML ND
ND r:
ND 58
W 37
np &7
D B
D ND
ND N
ND Wi
ND ND

PROTECTIVE CLOTHING

A - Apron

B -

Boiler suit

- Fuee shicld

KD WB
i GLT)
22 2301
24
NI (25]
ND | WEL
WD

NI»

ND i

WD |

i
£
t
_________ S e AU [T P
ND NONE Wi
ND WPL

WE - ingron haots
WPC Wateyprool cos

WEPL - Waterproaf Leggings

ATRSTREAM
CHARCOAL

FILTER

hosing down pfter

a4ldine oif nrotectinyg
dig eff protaction

erttiehing prior o

hiteait=d






e

Lata) ki
No.

LB

Ga

n2

H3

Xz

NIMK G

PAGH 1.

DETP DEF
PROIGCT SAMFLE DATE OF nMoel nMolPROTECTIVE EEE BIF biP PEN WEATHER SICGNIFICANT
MAME DESCHIFTION SAMPLE /mMol /mMol) CLOTIEING TYTE POSITION IRCIDENT
i el b creat. derent] . onooe oo B o i s e it s
COGPERS FRE DIP DAY D | 240880  HD  ND v ser o os0 A windy dropped dipping
POWERPACE TOGST DIP DAY 1 2450800 ML N GL{E) heevy showers stich - metal
WINTER PRE BIP DAY 2 ARG WD ND WFL SUTIRY. Warm dip cleaned betwesn
DLAZINON POET DIP BAY 2 2H/08/00 ND N WPC final urine & blood
FINAL 08/61/81 NI HT sample {(26.9)
TOP CLIp PERE nip T4/10/80 ML Wi Wi SES (0] u cool fine
GOLD SHIELD POST I G410/ 2 NI GLE) slight broese
DIAZINON FINAL 15/01/81 ND ND| FR{C)
POST DIP 4/10/50 WPL
FOST DIP [ ES ] W
TOF CLIP CLEANING O5/10400 t
GOLD SHIELD PRE BIP 8810/00 2 WE SET 50 U windy cold ave splash x 2
ERON POST DIP OF O/ 4 st wooden hundle
POET DI UO10/96
FiNaL Gh/OL/GL NIx N1x
TOP CLIP PRE DiIp L sy WD WD Wi gvercast broesy TIom
GOLD SHIELD POST DIP 17107040 i3 Wi WPL
DIAZINON FIHAL 210100 RR ND WPC
TOPR CLIF PRE INP 17040 NI D W5 SET 26 n Gvarcdst hreoezy none
. GOLD SHIELD FOST LiP 171080 WD WO WPL
DAZINGN FINAL 21/0131 EViR] R WPC
TOP CLiP PRE DIP 1716780 b ) N a2t SET £O i1 nvertest hreezy nrolenged gathering
GOLL SHIELY POST DIY 1VA0BG NIy K Gl
PLAZINGN FINAL 2L/01/01 ND ND Fs
POST DI | BTG WEL
POST NIP | 111080 Wre
TOP CLIP PRE THE 17/10/80 KD Wi Wi nioie
GOLD SHIELD POST DIP pErFa R Tl wD Mid WEL
MAZINGON POST DIT 17/106/380 WPC
TQP CLIP PRE DIP DAY ) 178G KD ND WEH 1S EQ 8 intermittent drizule] tap refrieved from dip
GOLD SHIELD: POST PIP DAY! 17/08/50 WD ND| A breeze cifficulty with glovas
DIAZINON FINAL 15/12/20 ND HE handling wet sheep
irritant atimosphere
wished hands in
contaminated tank
TGP CLIP PRE-HANDLING 17/08/80 NI ND
GOLD SHIELL FIHAL 1012700 KD il
DIAZIHON PRE-HANDLING L7aaman
POST HANDLING 1871 2/G0
TP CLIP POST DIY 1708/ ND KD Wi Ms 50 & inernmittent drizule | handling wet sheep
GOLD SHIFLG FINAL PRAT/ET ND Hir hreeze
DIAZINON POST DIP TN
E. BASELINE 18/0101
TOP CLIP FRE CLEAI‘;'ING S0 ND NE
GOLD SHIELD | POST CLEANING Eo NI+
DIAZINON PHE DIP DAY § 10 1 Wi Wi MI i wanax in pockar
POST IHE LAY | IR PR 30 iNEF i et tiing
PRE DIP DAY 20 | 12/18/50 b1 ND | fished out hose
POST DIE DAY 2 i 12/50/060) 24 NB | irritantaimosphere
FINAL | 150101 KB ND
S L ___.____._:L_A._A._._____.____________‘_..i._..._ L e I e
™R CLIP PRE DIP DAY ! l 1 EI0B0 Nb h'I}i Wi H M M5 & U ecslm overcast mild] irritantatmosplere
"GOLD SHIELD POST DIF DAY 1 LG50 (H¢] .’\"!.!- Gl |
IMAZINOGK PRE PIP DAY 2 1200700 a1 NI A l
POSTDIF LAY 2 | 12/10ma 12 KD
FINAL 1Al fdh] ND
TOP CLIP FRE DiP HIERIE T ND WE 50 b ool ove
GOLD SHIELD POST LHP 01RO 4 WL zoIGae B |
DIAZINON FINAL ND I
|




AFPENDIX 5.

DEP
CODE  PROPUCT SAMPLE | DATEOF nMol aMolPROTECTIVE LD E DI BIP PEN  WEATMER |
NAME DESCRIPY! | _SAMPLE /mMol /imMoll CLOTHING | TWPEPOSITION N 1
TOE CLIP PRE DI 16/10;80 ND  ND|  Wh [ s 50§ eosl aver }
GOLD SHIELD POST DIF 040 MDD ORD| WEL |
DIAZINON FINAL HAAGLS ND KD
K FOP CLIP PRE DIF 19/16/90 Np|  WwB SET s gitficulty empiying
GOLD SAIELD POST DIF 12710480 t) NB GL drain in pen
DIAZINON  PRE DIP O1/11/80 12 Np| Wil face & eyes splashed
POST BIP 0111490 14 NB : torn glove (B patia)
FINAL 51/02/81  MD

X1 TOP CLIP PRE DIP 24/00/00 ND ND|WB  GL(C) N = clear cold lifting wooden gate
GOLD SHIELD POST LiP 24700490 1T . NDPg(cy WwPL vulling ont wel
DIAZINGH PRE PIP 2L/08/80 Bs AlC

TOF CLIP FERE DIP 2470580 WD NI W £ wooden gete
GOLD SHIELD POST DIP 2a0RBG id ND WEL | milling out wet

DIAZINON FRE DIP 24008 BS i

01 DIAZADIP PRE DIP DAY 1 25/08/R0 D WD Wi RaM |
DIAZINGN POST DIP DAY ! | 28/03/50 3 NB|. WEL |
PRE DIP DAY 2 2040R/30 i 0 wre o - i RS wet
|
[
1}

sUNY Wari

POST DIP DAY £ E6/08,/00 U E id
FIHAL 14/01/91 i) ND

oz DIAZADIF FRE DIiF. DAY 1 2HAO8DT ND Hix WD [ Mg SUnnY Warm fifled boot
DIAZINGN POST DIP IPAY 1 2800780 1 f WPL ] with dip
PRE DIP DAY 2 28/08/80 g 13 | et
POST DIF DAY 2 | 28/00/0 2 18 {

FINAL 14501781 HD KD
___________________________________________________ e R 5, |\ N PO o -\ S
Bl TOP CLiP PRE DIP DAY ] ; 1610060 7 KD ¥ O 4]
GOLD SHIELD POST DIF DAY 1 | 18/10/00 4 ND WPL
DIALINON FREDIP DAY 2 | 1771000 7 Np | hegyyshowers
POST DIFP DAY 2 19080 g ND overeast windy

P2 TOP CLIP PRE DIP DAY 1 1O/ 10080 ND ND Wh SESRE a < SUNLY wWarm
GOLD SHIELD POST DIP LAY ) 16/10/00 NDp KD WFL
DIAZINON FHE DIP DAY 2 17/10/90 4 Nb WpPC

POST DIP DAY 2 1T/18580 G KD
PRE DOCKING 19750480 2 ND overcast windy T
POST DOCEING 101080 11 N hipavy showers
FINAL 21701401 NI} WD

P3 TOP CLIP FRE DMP DAY 1 16/10/80 Wi NIy wi SESE (2] C
GOLD SHIELD POST DIP DAY ) 18/10/80C NI NB| GL{C)
DIAZINOW PRE DIP DAY 2 17/10/80 WD Kp|  FsC) ) hemvy showers

POST DIF DAY 2 17/16/00 N3 ND WPL svercast windy
FINAL 21/01/0L Ny Wiy WEC

1 DEOSAN PRE DIP 24/09/00 HD NI

BIAZINOM FRE DIP DAY 2 05/10/90 11 Nix B R AIRSTREAM SES o B Tine i hasing dovwn afioy
POST DIP DAY ] B5/30/00 o MER GL CHARCOAL g teking off proteciion
PHE DIF DAY & LERTR S “ ND WEL FILTER !
POST DIP DAY £ O3/ 100 4 YD wWre |

FINAL 01/02/61 2 D

¥ TOF CLIB PREDIF DAY I 27/00/50 7 NIy Wi nS 5 8 frosty warm cear

GOLD SHIELD POST PIP DAY ! 27/08/80 58 18 GLIC} | ) !

DIAZINON PREE DIP DAY 7 28108/80) 37 221. NWEBL | 1
. FOST DIF DAY : | 2Rmpe0 67 M ! 5 ]

PROTECTIVE CLOTHING DIF POSITION FEN

A - Apron Wi - Wellingten boots . Coversd 8L - L € - Cyasswind

BS - Boller suit WPC - Waterproal énat 0 - Dpen S50 - femi-open D - Dawnwind

FS-- shiedd WEL - Waterproof leggings 5 - Sheltered U - flpwind

i - Gioves ) - Eguipment worn when

bnndling eoncenirate only
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APPENDIX 6.

PAGE }

CODRE PROI T-:A?-i-i"l.l-', BATE OF ‘.'-'TF!I"!i-"_l";'E-:i':'T‘]'l"'i-f mp I5ifP PN | WEATHER SIGNTFICANT
Ei MAMIE -~ DESCRIPTION ! MPLE sMel/L| CLOTUING | TYPE POSITION . N— INCIDENT
B YO PRE DIP DAY | | 247980 ND| |
BRE DIP GAALO/00 35 Wh SES c ]I v erad leaning oves
PROPETAMPHOES FOST DIP (1471080 NI WFL 5 J OVETCIST enciosed dip
PRE DIP 15/10/50 ND|WEC (It wet) g 5| winedy
POST DIP 15/10480 N I
ez YOUNGS FRE DIT 153000 N WEB SES 3 b heavy showers nens
| suMMER FOST DIP 151080 ND|  wPL windy
PROPETAMFPOOS FINAL 1501501 WEC
POST DIP LEA1 /g0 BE
E JASON WINTER PRE DIP DAY L 2GR0 ND W SET S0 Fine handied dipped
COOFPER BORDER BOST DIF DAY 1 2/00/80 RE WPL sheep
PROPETAMPHOE PRE DIP DAYZ (A1 0280) NI ME 2 8 avercest ealm sdded din concentrain
POET DI BAY 2 Gi 10080 Wiy by mils hottle
FOST SHEAHR DAY ¥ FRA1 2080 T ringed in dip
POST SHEAR DAY | 17412490 NI
FINAL 1172/58 N_D.
LI ECTOMORT PEE DIP DAY 1 . 2375040 ND wB M 5 U conl overeast halped lift shaap
PROFETAMPRGS POST DIP DAY L 23/10/80 ND 1S from dip
PRE DIP DAY 2 24410780 ND
POST DaF DAY 2 E4/10080 NI
FINAL 8481 WD
S . O S — A S S — (— B
L2 ECTOM :3_1{'}' PRE DIF DAY 1 23410/80 !~.-‘EL~F WR MS & i | conl ovorcast
FPROPETAMPHOS POST DIP BAY ) 23410040 NI WL
PREDIP DAY 2 24410080 foah] Wi i
POST DIP DAY 2 24/10/85 WD E
—mdata B T A S S S S U S | S —— L.._._ — o -—. - Lesmecstctnnansrsnncnn s pepdtas st bma it s by
L3 ECTOMORT FARE DIF DAY | 2310490 ND wB LS = i oversast cool bleeding dog Lite
PROPETAMPEOR FOST DIP DAY 1 i 23/10:80 M taft hand - fabric
PRE NP DAY 2 [ 241090 NI | plaster - po gloves
POST DIP bAY 2. 244310/00 NI 3 helped 1 sheen
FINAL 18/01/9) Nb ! fram dip
14 ECTOMORT PRE DIP DAY 1 2E/10/80 NE WEB MS b 4 overcast cool none
PROPETAMPHOS POST DIE DAY 1 23/10/.90 ND WPL [
PRE DIP DAY 2 24710/80 D WrC
POST DIP DAY 2 2471050 Wi
FINAL 18/01/281 NI .
3| ECTOMORT PRE DIP 15/8/80 Np| WE SES & g indoors liands & forearins
FROPETAMPHOS POST DiF 184500 NB|  GLIC) imnersed
FIMAL 15/03/91 ND WPL handled wet animals
FOST DIP 1848500 S conteaminated atmog.
15/01/01 | dip ares?
N ECTOMORT PRE BIP 1878780 o]
PROPETAMPHOS POST DIV 18/4/80 NI} comaminated atmaos.
FINAL 15:01/01 NI Gip ares?
ol COOPERS BORDER  PRE DIE DAY dR 000 ¥D WH ME & g fitte calm andlod Hypped sheey
PROPETAMPHOS POST DEF DAY 1 0811090 M | beran fitll of Gip
PRE DIP DAY 2 TR 14/80 ND | oversast eabm
POST DIP DAY 2 101080 NI i
PRE DIP DAY S 11nmn NDj
POST DIP DAY 3 11/10/00 NI i
FINAL 1543181 08 1 !
e e R s A — - ’ s eipiincr . s S
Qe COOPERS BORDER | PRE DIP DAY ! G5/ 1000 WD Wi e 5 5 | Lme calm
PROPETAMPHOS POST DIP DAY ! G800 i | {
FPRE DI FaY 2 Tiesnn KD overcast eainl
PRE DIP DAY 3 PN NI i
POST DIP DAY 4 1/ 16
FIWaT. I 44 5 N
|




APDENDEX 4 B PAGE 2,
GODE PRODRICT SAMPLE DATE OF PTPIPROTECTIVE| DLP nip PER WEATIHER SIGMNIFICANT
DESCRIPTION i SAKPLE r.}'_f olfL (‘EE‘_.‘IEI_; r-]C T'L’PF_;__ d_l_-‘:')S}TIOQI IHCIDENT

THMER PREDIP DAY X i 4080 ND R SES (2] 17 ovarcgst shuwery

JASON 51
PROPETAMPIIOS POST DEP DAY ] ! FA/B00 N GLIC) breeze from west
PRE BIF DAY 2 25/6/80 N WPL
POST DIF DAY 2 25/8/80 HD
PRE BIP DAY piTesr ND
POST DIP DAY 3 2W/9/90 WD
PRE BIP PAY 4 Q3110/80 Mix
POST DIP DAY 4 0EA10/00 WD
FiNAL 11/02/81 ND

1144 JASONS SUMMER PREDIP DAY 1 24/9/00 ND Wi SES O i overcasi showars
PROFETAMPHOE POST DIPF DAY 1 2/8/00 ND Lirecze frem wesl

PRE DIP DAY 2 25/8/90 Wi

- LLFatie] =KD

POST DIP B/

PRE DIP DAY 3 i ML
POSTDIP BAY 3 | 20/8/30 KD

PREDIP DAY 4 [ 14180 ND
FOST DIP DAY 4 /0140 ND
FINAL novel/pl WD

3 ECTOMOET PRE CLEAN ZAAE0 NI
PROFETAMPHOS POST CLEAN 3074700 ND
JASONS WINTER PREDIP DAY | 2479760 NI wWE MS s D aversast rescued wet lamb
PROPETAMPHOSE FGST DIF DAY ) 2470780 WO GLC) Yght breezs

PHE DIP DAY 2 0110/00 NI wPL

POST DIP DAY 2 S1/16/80 kp, wrc |
PRE DIE DAY 3 0L/10/80 ND ! i
POST P DAY 4 (eSS TV HY jog !
S e A
50 JASORS WINTER PRE DIF BAY 1 | 71840 D W oy 5 uo|
i H
i

PROPETAMPHOS  PRE DIP DAY 2 G1/10/80 Np|  wrL
POST DIP DAY 2 g10/0 KBl WEC ,
PRE DIP DAY 3 04100 ND
FOSTDIP DAY 5 | 0441040 ND
FiNal 2101701 ND

U PCTOMORT PRE LiP BAY L 2R/8/80 HD wa M5 crutching privr ¢
PROFPETAMPHOS POST DIP DAY | 287880 NI dipping
POWERFPACK W TEE DI DAY & 03/10/80
DIAZINON POST DIP DAY 2 (153/1 6/80

FINA 0n/01/81

Wi FASON W.D. PREDIP DAY 1 10/10/80 ND wa MS 80 D oyvereast
PROFETAMPHGS . POST DIP DAY 1 wnaesn ND WL

PRE DIP DAY 2 /1070 NB | fize
POST DIP DAY 2 15/10400 ND |

POST L DAY 8 VEO8EG ] |

VINAL 14411781 ND |
w2 YOUNGE PRE DIF DAY £ ND wak o ME i 2] ayareest notie
JASON WINTER POST DIP.DAY 2 ND| WL '
PROPETAMPHOS PEE DIP DAY 3 15/10/00 N e
i
DIE DAY 3 | 157i0/90 Nl
DIP POSITION

C - Covered
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