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Measurement of the Exposure of Workers
to Pesticides*

WILLIAM F. DURHAM, Ph.D.' & HOMER R. WOLFE, B.S.2

There is not a single pesticide for which the interrelationships between occupational
exposure by different routes, the fate of the compound in the human body, and its clinical
effects are all adequately known.

Results of the direct measurement of exposure to pesticides may be used in evaluating
the relative hazard of different routes of exposure, different operational procedures, and
different protective devices. Results of the indirect measurement of exposure may be of use
for the same purpose; in addition, these indirect measures may be used in relating exposures
under observed conditions to clinical effects.

This paper describes and evaluates detailed procedures for the use of air samples, pads,
and washes in the direct measurement of the dermal and respiratory exposure of workers to
pesticides. Good methods are not available for measuring oral exposure. Any measure of
the absorption, storage, physiological effect, or excretion of a compound constitutes an
indirect indication of exposure to it.

The importance of insects as vectors of disease, as
pests, and as destroyers of crops has long been
recognized; and the necessity for their control has
led to the development of increasing numbers of new
pesticidal agents. There are some inevitable hazards
that accompany the use of these toxic materials.
Each year many deaths and many more illnesses, of
varying degrees of severity, are attributed to pesti-
cides. Some of the newer organic phosphorus com-
pounds, particularly parathion, and a few of the
chlorinated hydrocarbon materials, such as dieldrin,
have caused occupational poisoning. Such incidents
are usually the result of accident, use of the materials
in a careless manner, or neglect or inability of
workers to wear adequate protective clothing.

In order to evaluate the health hazard involved
when working with these toxic compounds, it has
been of value to determine the amount of exposure
that workers undergo while carrying out various
jobs related to the use of pesticides. A number of
methods have been developed for measuring the
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exposure of workers and others to these agents.
These methods may be divided conveniently into,
first, the direct methods of measurement and,
secondly, the indirect methods.
The direct methods involve the use of some

mechanism to trap the toxic material as it comes in
contact with the workman during his exposure
period. The amount of trapped toxicant, as deter-
mined by chemical analysis, bio-assay, or other
methods, is then a direct measure of the particular
exposure being measured. The indirect methods
involve the measurement of some effect of the
toxicant upon the exposed individual.
Although a number of papers on the exposure of

workers to insecticides during spray operations have
appeared in the technical literature, no discussion of
the various methods available or evaluation of their
efficiency has been published. There are three routes
of exposure to be considered: respiratory, dermal,
and oral. The present paper reviews in detail the
methods available for direct measurement of the
exposure of workers to pesticides and summarizes
the results obtained by the application of these
methods in specific situations. A less comprehensive
coverage is given to the indirect methods, since these
procedures are already more familiar to investigators
in this field.

1087 -75-



W. F. DURHAM & H. R. WOLFE

DIRECT METHODS

RESPIRATORY EXPOSURE

Respiratory exposure cannot be separated com-

pletely from oral or from dermal exposure in the
sense that some material retained on the mucous
membranes of the upper respiratory tract will be
absorbed through these membranes or swallowed
and made available for absorption by the gastro-
intestinal tract. However, the error is on the side of
greater safety if all inhaled material is assumed to
represent respiratory exposure, since most, if not all,
materials are absorbed more rapidly and more com-

pletely through the lungs than through the skin and,
for this and perhaps other reasons, are more toxic
by the respiratory route.

Estimation ofrespiratory exposurefrom air concentra-
tion

Respiratory exposure has been estimated most
commonly by measuring the concentration of the
toxicant in the air. This estimate is probably valid
for true gases or vapours, but when particulate mat-
ter is involved, the lack of homogeneity in the
atmospheric concentration leaves such a calculation
open to question. It is practically impossible to
duplicate mechanically the aerodynamics of inhala-
tion and exhalation through a pliable nostril. Gen-
erally the tidal character of respiratory air flow has
not been taken into account in taking air samples.
Frequently, even the relation of air velocity in the
intake of the sampler to air velocity (minimal, maxi-
mal, or average) in the nares has been ignored. The
fact that the nares are normally directed downwards
and cannot receive free-falling particles is usually
neglected.
The adequacy of estimates of respiratory exposure

based on air concentration values depends in part
upon how well the sampling device collects the same
spectrum of particle sizes as is picked up by the
nostrils in breathing. The midget impinger (Culver
et al., 1956) has been used for air sampling and has
been reported to duplicate reasonably well this
spectrum of particle sizes. The Greenburg-Smith
impinger (Hatch et al., 1932) has the advantage of
sampling a larger volume of air in a given time and
therefore improves sensitivity where the concentra-
tion of toxicant is low or the duration of a particular
exposure is brief. Caplan et al. (1956) compared the
Greenburg-Smith impinger and an all-glass fritted
absorber and found the absorber about four times as

efficient for measuring malathion aerosol as the
impinger.
A satisfactory method for collecting air samples

for determination of parathion content involves a
modified Greenburg-Smith impinger arrangement,
using three 500-ml impingers connected in series.
Ethyl alcohol is used as the solvent, with 250 ml in
the first impinger and 100 ml each in the second and
third. Although the efficiency of this arrangement
for removing parathion vapour is questionable, it is
quite effective at removing the particulate form. All
connexions should be of glass or synthetic rubber,
since natural rubber connexions give rise to an
interference in the chemical analysis. The glass
assembly can be prepared by bending and sealing
Pyrex glass ball joints, size 28/12, to 500-ml Green-
burg-Smith dust-sampling impingers. This arrange-
ment can be attached to a 12 inch x 22 inch (about
30.5 x 56 cm) plywood panel with adjustable clamps
to hold the glass parts and a 12 inch x 12 inch (about
30.5 x 30.5 cm) base used to hold the arrangement
upright. The ball joints themselves are lubricated
with silicone vacuum grease and held together with
clamps designed for the purpose.

While taking air samples to be used in calculating
respiratory exposure, the intake tube of the sampler
unit should be positioned so that the opening is
pointed downwards and is approximately at nose
level for a person of average height. The orientation
with regard to height is especially important when
taking samples indoors, where walls or ceilings are
being sprayed.

Suction may be provided by an electrical vacuum
pump or, for field use where electricity is not readily
available, by a hand-turned pump, a gasoline-engine-
driven pump, or a Venturi tube operated by com-
pressed carbon dioxide (Wolf et al., 1959). The flow
produced by a given pump in conjunction with a
particular sampling device may be calibrated in
advance to avoid the necessity of carrying a gas flow
meter into the field. In general, air flow rates of
from 0.5 to 2.5 cubic feet (14.2 to 70.8 litres) per
minute have been found most reliable when using
100-250 ml of solvent in the impingers. Meters are
necessary while using compressed gas and a Venturi
tube as a source of vacuum, because the flow of gas is
somewhat irregular.
When the primary objective in air sampling is

recovery of the vapour form of a compound, a
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FIG. 7

SINGLE UNIT RESPIRATOR

The filter pad used for dust is made by stapling 32 layers of surgical gauze to an alpha-cellulose respirator pad (shown partially
separated). This pad is held in place by the retaining ring, while the plastic funnel is attached by tape. The complete assembly
is shown at the lower left of the illustration.

different sampling method must be employed. Tests
of efficiency in removing parathion vapour were
conducted with traps utilizing glass wool, alumina
(80-200 mesh adsorption alumina), Florisil, and dry-
ice-acetone. These tests showed the alumina column
to be the most satisfactory. The alumina column not
only adsorbed a high percentage of the parathion but
also enabled the adsorbed parathion to be eluted
easily from the adsorbent by the use of acetone or
95% ethyl alcohol. The alumina column has also
been found to be satisfactory for trapping vapour of
y-BHC (Hornstein & Sullivan, 1953).

After determination of the concentration of
toxicant in the air, the respiratory exposure of
exposed individuals can be calculated by using an
assumed tidal volume and respiratory rate. The
average values for lung ventilation in man as given
by Spector (1956) are 444 litres per hour during rest,
1740 litres per hour during light work, and 3600 litres
per hour during heavy work. An even more accurate
calculation can be made if lung ventilation is actually
measured under the conditions of work being
studied.

Direct measurement ofrespiratory exposure
A different approach to the estimation of respir-

atory exposure (Batchelor & Walker, 1954) enables
the subject himself to provide the air flow, thereby
avoiding several complications mentioned above.
The method involves determination of the amount of

toxicant deposited on the outer absorbent or filter
pads of the respirator worn by the subject, during an
accurately-timed period of exposure. If a properly
fitting face-piece is used, all inhaled air must pass
through the pads so that total volume does not have
to be measured or estimated. By restricting the size
of the aperture through which the air must flow
before it reaches the respirator pad, it would appear
possible to reproduce quite well the aerodynamics of
the air flow through the nostrils themselves. Edson1
has provided a metal snout to protect the respirator
pad from direct spray impact. Though he does not
describe the snout, it apparently did not serve as a
restrictive aperture.
The present authors, after working with several

preliminary designs (double-unit respirators, glass
funnels, etc.), selected a single-unit respirator and a
modified plastic funnel for giving protection from
direct spray impact and also for restricting the size
of the aperture. The stem of the funnel is shortened
and plugged with cork, and two holes, 12 mm in
diameter and 6 mm apart, are drilled midway
between the base and the apex. The modified funnel
has approximately the same greatest diameter as the
threaded retaining ring of the respirator, to which it
is taped securely with the holes directed downwards
during use. Fig. 1 shows an expanded view of the

1 Edson, E. F. (1956) Unpublished report of the Medical
Department, Fison's Pest Control Ltd.
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TABLE 1

RETENTION BY RESPIRATOR FILTER PADS OF PARATHION BORNE ON AIR STREAMS OF INDICATED VOLUME AND
VELOCITY PASSING THROUGH BUBBLERS CONTAINING THE INDICATED FORMULATION OF PARATHION

Parathion source Parathion found

Aioue Air velocity
Trial No. (Abicfeevm (cubic feet Trap Fraction

Formulation g/100 ml water pcul | | retained on
I (MAg) 2 (MAg) test pad

1 25 % Water- 0.120 8.45 0.352 58.1 trace - a > 92.1
wettable powder

2 0.120 14.20 0.592 83.2 trace - a > 94.3

3 0.120 32.40 0.661 147.7 9.0 trace > 91.3

4 0.340 63.00 0.656 266.0 15.5 16.4 b > 89.3

5 45 % Emulsion 0.068 14.50 0.604 32.9 trace - a > 86.8
concentrate

6 0.068 30.50 0.953 41.3 trace - a > 89.2

7 0.350 32.20 0.671 49.7 10.0 trace > 76.8

8 1 % Dust 8.50 0.654 53.5 trace > 91.5

9 1450 0.604 364.5 7.4 c 98.0

a Second trap was combined with first for analysis.
b Reddish colour obtained, indicating questionable determination.
c Value obtained was below experimental limit of chemical method.

equipment and a detail of the assembly as worn.
Material deposited on the inside surface of the
funnel, as well as material deposited on the pad, is
removed by a suitable solvent and measured.
The necessity of using some sort of cover to

prevent impingement on to the respirator pad has
been shown in studies of workers using dinitro-
ortho-secondary-butylphenol (DNOSBP).' Analysis
of 16 uncovered respirator pad samples showed an
exposure of 0.47 mg per hour. Concurrently, a
group of ten samples was collected from respirators
that were worn loosely over the face and plugged to
prevent air flow through the filter. Analysis of these
pads showed an exposure of 0.36 mg per hour. These
results indicate that, using an uncovered respirator,
about 75% of the apparent respiratory exposure was
actually due to impingement.

Respirators that are equipped with only filter pads
for the purpose of measuring toxic materials should
not, of course, be used even for short periods of
time as a replacement for respirators equipped with
chemical cartridges under conditions where exposure
without the cartridges would be even slightly hazard-

1 Wolfe, H. R., Durham, W. F. & Batchelor, G. S.
Manuscript in preparation.

ous to the wearer. In such cases, the cartridge type
of respirator should be worn, and the measurement
of toxic material should be taken from filter pads
installed in front of the cartridge and behind the
plastic funnel.

Tests have been conducted to determine whether
or not the filter pads used for measuring respiratory
exposure were an efficient trap for parathion. A
measured quantity of air was drawn at a known rate
through a closed system containing three elements:
a source of parathion (water-wettable powder in
water, water emulsion, or a 1%. parathion dust), the
test filter pad, and two alumina traps (described
above) to retain any parathion vapour passing
through the test pad. The latter two elements were
analysed for parathion content by the method of
Averell & Norris (1948). The air velocity was set at
about 0.6 cubic feet (17.0 litres) per minute to
approximate the inspiration rate of normal breath-
ing. The results of these tests are presented in
Table 1.

It is apparent that the filter pads were quite
efficient in retaining the parathion vapour. The
retention by the pads varied from > 77%/ to > 98%Y
with a mean of > 90%°. Quantities of parathion less
than 5 ,ug cannot be measured accurately and are
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reported as " trace." However, these amounts are
considered to be 5 fig in calculating the parathion-
retaining efficiency of the pad. There is some indica-
tion that parathion vapour from dust and water-
wettable powder formulations may be retained on
the pad somewhat better than that from emulsifiable
concentrate formulations. These results indicate that
under conditions of testing normally encountered in
field use the filter pads can be relied upon to be about
905/ efficient in removing parathion from the air.

Respirator filter pads made of alpha-cellulose
were used to measure exposure to liquid sprays. For
measuring exposure to dusts, pads were made by
pressing 32 thicknesses of surgical gauze tightly
together and cutting the gauze to the same size as a
respirator pad. Then, this round piece of gauze was
stapled to an alpha-cellulose respirator pad. When
placing this pad unit in the respirator, the gauze side
must face outwards, so that it will trap the dust
particles. The main purpose of the alpha-cellulose
pad is to hold the gauze in position. Care must be
taken in removing the pads from the respirator after
exposure, in order to prevent loss of dust.

Before either cellulose or gauze filter pads are
used, they should be pre-extracted with the selected
solvent to remove any soluble material that might
interfere with the chemical analysis. To recover the
toxicant after exposure, the entire filter pad is placed
in a Soxhlet extractor for extraction in preparation
for chemical analysis. The total amount of toxicant
recovered from the pad (single-unit) or pads (double-
unit respirator) is considered the amount to which
the worker was exposed by the respiratory route
during the exposure period. The amount of toxicant
received per hour or per working-day by this route
can then be calculated.

Alpha-cellulose respirator pads containing print-
ing were found to be unsatisfactory even after
extraction, because the ink interfered with chemical
analysis. Certain respirators are provided with pads
made of a fluffy material, possibly of synthetic com-
position. These pads also were found to interfere
with the analysis of parathion, apparently because of
their oil content. If plain unprinted respirator pads
cannot be obtained, they can be cut from alpha-
cellulose sheets.
When using the methods described above for

calculating respiratory exposure, it should be kept
in mind that the values obtained will relate to the
amount of toxicant that is taken in through the nares
and not necessarily the amount that actually enters
the lungs.

DERMAL EXPOSURE

Direct methods for measuring the potential dermal
exposure of workers have been developed. Although
the methods of measurement appear to be quite
accurate, there is probably a greater disparity
between exposure and absorption for the dermal
than for the respiratory or oral routes. Further, the
degree of disparity must vary widely for different
compounds.

Estimation ofdermal exposure from air concentration

Edson (op. cit.) has provided a table for conversion
of air concentration values to surface contamination
rates at various wind velocities. The table is based
on the assumption that the surface retains all spray
particles approaching it at right angles. The table
was used by Edson to show that, for various aero-
dynamic reasons, the surface contamination that he
observed was, in the absence of splashing, much less
than would be predicted on the basis of the assump-
tion used. Even if more realistic assumptions were
made, the prediction of dermal exposure from air
concentration would be difficult because the many
different surfaces and movements involved would
create an extremely complicated aerodynamic situa-
tion.
The physical behaviour of an aerosol is determined

by the size of its particles. The size of the particles,
in turn, is determined by the nozzle, the spraying
pressure, and the characteristics of the material
being applied. Within the range of emulsions and
solutions used as insecticides, it is the nozzle and
pressure that are important. However, in connexion
with water-wettable powders, it is the fineness to
which the powder itself is ground that limits the size
of the smallest poison-bearing particles that reach
the sprayman. Mere passage through the sprayer
will not make the powder finer, though it may
separate particles that would otherwise adhere.
Microscopic study of water-wettable spray particles
collected on carbon-coated slides attached to the
brim of a sprayman's hat showed that:

(a) Some water-wettable powder particles are
moist but not surrounded by water droplets at the
time they reach the sprayman. This is shown by the
relative size of the crater and by the manner in which
the particles pick up carbon as they roll over the
surface.

(b) The particles are usually single and not aggre-
gated when they reach the sprayman.
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FIG. 2

PATTERN MADE BY WATER-WETTABLE SPRAY PARTICLES ON CARBON-COVERED SLICE

Highly magnifled.

(c) Apparently, some droplets of water that reach
the sprayman do not carry particles of water-wet-
table powders, as indicated by empty craters on the
carbon surface.

(d) The particles have only a small momentum, as

judged by the feeble imprints they make on striking
a soft film of carbon.
A typical microscopic field is shown in Fig. 2. The

behaviour of the particles is of interest in considering
the exposure of spraymen. Many of the insecticide-
bearing particles are too large to inhale. It appears

that many particles that reach dry skin may not
adhere firmly enough to remain very long.

There is reason to believe that the amount of
insecticide carried by a particle of water-wettable
powder or a droplet of emulsion or solution is pro-
portional to the size of the particle. It follows that
there is a special interest in protecting workers from
the larger particles, which carry the greatest amount
of poison.

Direct measurement of dermal exposure using spray-
absorbent or dust-retaining materials

One method for the direct measurement of dermal
exposure involves placing absorbent pads at various
points on the worker's body and allowing him to go
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about his usual spray operations for a measured
period of time, usually one or more complete spray
cycles. Then, the pads are removed and carried to
the laboratory, where the toxicant is extracted.
Chemical analysis indicates the exposure of the
various body parts sampled.
Pads made from alpha-cellulose have been used

for the studies with sprays, while pads for dust have
been made from surgical gauze. Pads of alpha-
cellulose, 4 inches (10.2 cm) square, were cut from
the large sheets obtained from the manufacturer.
Gauze pads of the same size were prepared by
stapling together 32 thicknesses of surgical gauze.
The gauze pads were backed by a single sheet of
white filter paper and bound with masking tape on
all four edges. Gauze pads this size, after being
bound with tape, measure approximately 41/2 inches
(11.4 cm) on each edge, and are bound so that an
area of gauze approximately 21/2 inches (6.4 cm) on
each edge is left exposed on one side.
The alpha-cellulose pads are absorptive and yet

do not generally become soaked with spray during
exposure. Similarly, the operator's skin does not
ordinarily get wet to the point of run-off; so it is
assumed in this connexion that both pads and skin
retain all the spray that impinges on them.

Fletcher et al. (1959) explored the use of pads
impregnated with lanolin in studying the dieldrin
exposure of spraymen. They pointed out that it was
possible to argue that non-greasy pads placed next
to the skin do not simulate the slightly greasy surface
of the skin, and hence the average pick-up recorded
would be too low. Their lanolin-impregnated pads
did not prove satisfactory, however. The lanolin
interfered with the chemical determination, resulting
in a very high blank value. The skin absorbed lanolin
from the pads in varying degrees depending on the
amount of sweating that occurred where the pads
were attached, causing the blank value to vary from
one part of the body to another. Fletcher and his
co-workers thus concluded that for use in measuring
exposure plain pads were preferable to lanolin-
impregnated ones.

Laboratory tests with known quantities of dust
indicated that surgical gauze pads prepared as noted
above retained approximately 90%. of the dust
applied to them even though they were held in an
inverted position and shaken in a mechanical shaker
after exposure. It is nevertheless advisable to handle
the dust pads carefully after exposure so that trapped
dust particles will not be lost. Furthermore, pads
are not effective in some situations; for example, not

only the dust but the pads themselves may be lost
if they are attached to pilots in small, open aircraft.

Before being made into pads or bag liners, all
alpha-cellulose, surgical gauze, and filter paper
should be pre-extracted using the same solvent to be
used later at the analysis stage. However, as indi-
cated above for respirator pads, such extraction is
not always adequate to remove inks and oils; so pads
bearing these materials should not be used.
The pads are attached to various parts of the

operator's body or clothing by means of two strips
of pressure-sensitive masking tape one inch (2.5 cm)
wide. About one-half of the width of the tape covers
the edges of the pad and the other portion of the tape
sticks to the clothing or skin. Considerable varia-
tion was noted in the adhesive quality of various
brands of tape. Some were not sufficiently adhesive
to stick to waterproof rubberized clothing while
others were so sticky that it was painful to remove
them from the skin. Some, however, proved satis-
factory.
Exposure pads can be used over or under clothing

and on almost any portion of the body. The routine
test, however, involves a total of ten pads. The pads
are attached in the following locations: at the front
of the legs just below the knees, front of the thighs,
back of the forearms, top of the shoulders, back of
the neck (upper edge of the collar), and upper chest
on or near the jugular notch. The latter two are
placed as close to the exposed neck as possible.
Dermal exposure in the mouth-nose area can be

checked, using a pad held in place by rubber bands,
stretching from binder clips on each side of the pad
to the ears. Also, strips or bands of alpha-cellulose
can be fastened around the head, forearm, leg, or
other body part in order to determine more com-
pletely the over-all exposure of irregular areas. This
device can be used around the leg just above the
shoe to determine if spray material drifts up under
the trouser.

If the subject's clothing appears to be excessively
contaminated, it is advisable to staple a piece of
glazed powder paper to the back of the pad to
prevent contamination from the clothing. The
paper is removed before extraction.
At the completion of an exposure period, the pads

are removed from the worker, the tape pulled from
the edges of the pads, and each pad placed in a
waxed-paper sandwich bag between the folds of a
piece of qualitative white filter paper. Then the
sandwich bag is labelled with a glass-marking pencil,
the top is folded over and stapled closed, and the bag
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is placed in a container for transport to the labor-
atory.

This procedure cannot be done very quickly.
When working in the field with operators of spray
or dust machines, it is important that their work
should not be slowed too much if one wishes to
maintain continued co-operation. Therefore, in
practice, the pads are removed from the operator as

quickly as possible; and, as each pad is removed, it
is placed in a compartmented box. A corrugated
paper carton made for 12 one-pint (about 0.5-1)
wide-mouthed glass canning jars is satisfactory. The
individual compartments are spaced approxi-
mately 33/4 inches (9.5 cm) apart, allowing room for
the pad to be placed on edge diagonally across the
compartment space so as to prevent cross-contamina-
tion between the box and that portion of the pad to
be analysed. The compartments are labelled for the
portions of the body to which the pads are attached.
After the sprayman has returned to his work, the
pads can be inserted in the bags and labelled.

In making measurements of exposure to operators
of spray or dust machines, care is used to ensure that
each exposure period includes one complete cycle
or more of spray or dust application. Each cycle
ordinarily includes the following operations: loading
the toxicant into the dispersing machine, proceeding
to the spraying or dusting site, application of the
material, and returning to the loading site. The
exposure period is timed so that the amount of
exposure the operator is subjected to in an hour or a

working-day can be calculated.
In the laboratory, the double layer of filter paper

and the exposed pad are removed from the bag and
a square area 2 inches (5.1 cm) on the edge is cut
from the centre using a paper trimmer. This practice
removes areas around the edge of the pad where
there may be bits of tape or contamination from
handling. In the case of dust exposure pads, this
procedure removes the border tape that holds the
gauze and backing together. Then, the 4-square-
inch (25.8-cm2) section of pad and filter paper is
placed in a Soxhlet apparatus for extraction. The
total amount of toxicant determined in the extract is
a measure of the exposure on the 4-square-inch test
area of the body part involved.
The amount of pesticide that comes into contact

with unprotected skin areas of spray operators can

then be calculated. Usually, it is assumed that the
average minimum clothing worn includes shoes,
socks, long trousers, a short-sleeved open-necked
shirt, and no hat, no respirator, and no gloves. It

is, of course, realized that this is an empirical
estimate and that some spraymen wear more and
some wear less protection. Many spraymen wear a
hat, gloves, and a light protective jacket. Less
commonly, workers wear a respirator. The surface
areas of the usually unclothed body parts are deter-
mined using Berkow's method (Berkow, 1931). The
areas of the body parts most commonly involved are:
face, 0.70 square feet (0.065 m2); hands, 0.88 square
feet (0.082 m2); forearms, 1.30 square feet (0.121 m2);
back of neck, 0.12 square feet (0.011Im2); and front
of neck and " V " of chest, 0.16 square feet (0.015 m2).
The total exposure is the sum of the dermal

exposure of the usually unclothed body parts and the
respiratory exposure. The total calculated exposure
expressed as mg per kg can be compared with dosage
levels that produce different degrees of injury in
experimental animals. However, precise animal data
are often lacking for respiratory toxicity. In this
event, a weighting factor should be used to take into
account the more rapid and more complete absorp-
tion of respiratory as compared with dermal doses
of toxicant. A factor of 10 has been adopted empiri-
cally for this purpose.

Calculations are usually made on the basis of an
eight-hour working-day.
One shortcoming of the pad technique is the

necessary assumption that the pad area is represen-
tative of the entire body part being measured. A
procedure which has been found useful, particularly
for uneven body surfaces, involves the use of knit
white cotton garments that cover the study area
during exposure. Gloves have been used for measur-
ing exposure of the hands, T-shirts (short-sleeved
undershirts) for upper body exposure (particularly
for estimating the amount of toxicant that pene-
trates outer clothing), socks for foot exposure
(particularly for determining the amount of pesticide
that penetrates the shoes when one walks in wet cover
crops in recently sprayed areas), and socks with the
feet cut off for measuring exposure around the fore-
arms, lower legs, and ankles. Occasionally, a gar-
ment may have to be cut off the subject to avoid
contamination by some part of the body over which
it would normally be slipped in the process of
removal. This is nearly always the case with the
T-shirt. The upper portion of a sock being used as a
measuring device on the arm can be installed or
removed over the normally contaminated hand by first
placing a plastic bag over the hand and slipping the
sleeve over it. Uncut or resewn garments can be
laundered and re-used after extraction of toxicant.
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Direct measurement of dermal exposure using swabs
and liquid rinses
Another method of measuring skin contamination

with toxic sprays or dusts involves swabbing or
rinsing the skin with a solvent that will remove the
toxicant and then analysing the rinse solution. As
pointed out in detail below, this method appears to
give a somewhat more accurate measure of dermal
exposure than the procedures described above,
especially where hands and other irregular areas are
involved.
For the swabbing technique, two eight-ply 4 x 4-

inch (10.2 x 10.2 cm) pre-extracted surgical gauze
sponges are placed together and folded twice to form
a 2 x 2-inch (5.1 x 5.1 cm) square, which is stapled
near the folded edge. The swabs that are to be used
in swabbing a given area are placed in a jar and
saturated with 95%/ ethyl alcohol. The jar is sealed
ready for use in the field. The inside of the jar lid is
covered with aluminium foil to prevent erosion of
the original liner. Each swab is grasped at the
stapled edge with forceps, the excess alcohol is
squeezed off against the inside of the jar, and the
area of skin to be checked is swabbed, using the
forceps as a handle to rub the cloth with light pres-
sure back and forth over the area. After the last
swab has been placed back in the jar, the jar is
labelled and returned to the laboratory for analysis.
A single washing with such a swab was found to

be insufficient to remove all the toxicant, particularly
under field conditions of fairly heavy exposure. In
an experiment involving 21 sets of swabbings for
removal of parathion from the back of the arms and
hands of spraymen, it was determined that the use of
four swabs on an area the size of the back of the
hand, or the back of one-half the length of the fore-
arm, at the rate of 25 strokes with each swab re-
moved an average of 91 %Y of the total amount of
parathion recovered with the six separate swabs used
in the test. The amount of parathion found on the
fifth swab was near or below the lower limit of the
sensitivity of the test in most cases. Therefore, four
swabs were considered adequate to remove 90°/ of
the toxicant. An obvious precaution is that the skin
to be tested must be cleaned before the exposure
period begins. This is done by swabbing the test
area before exposure in the same manner as that
used after exposure.
Use of the swab method for estimating contamina-

tion of the hands is not entirely satisfactory. It is not
easy to swab correctly between the fingers and
around the fingernails. With the number of swabs

that must be used to ensure adequate recovery of the
toxicant, the procedure is time-consuming and there-
fore unpopular with the working subjects.
The solution to these problems appears to be the

use of polyethylene bags containing a suitable
solvent for washing the toxicant from the hands. The
hand to be checked is inserted into a bag containing
a given amount of solvent; and, while the open end
of the bag is held tightly around the arm or wrist to
prevent leakage, the thumb and fingers are rubbed
against one another and against the palm. Then the
hand and bag are shaken vigorously about fifty
times. For measuring parathion exposure by this
technique, 95°/ ethyl alcohol has been found to be a
satisfactory solvent. The person whose hand is being
checked is asked to cup his hand slightly and hold his
fingers a short distance apart during most of the
shaking operation. This allows thorough rinsing
around the fingers. Occasionally, the thumb and
fingers should be rubbed against one another and
against the palm to help loosen adhering material
and thus increase efficiency of the washing process.
The usual area checked is from just above the wrist
to the tips of the fingers. This is the area usually
exposed when long sleeves are worn. Bags that are
most suitable for this purpose are made of poly-
ethylene tubing (thickness of material 0.0015 P.E.)
7 inches (17.8 cm) wide. The tubing is cut off in
16-inch (40.6 cm) lengths, and one end of each piece
is sealed with a heat-seal roller, to form a bag.

Bags made with seams down the sides have not
been satisfactory because the large amount of heat-
sealed seam allows a greater chance of weak spots,
resulting in leaks. The bags can be re-used if they
are turned inside out and rinsed thoroughly with
alcohol; however, the cost of alcohol and the time
involved in cleaning more than offset the cost of
bags so that re-use is not economical.
The rinse unit is prepared for field use by first

pouring 200 ml of 95%4 ethyl alcohol into a bag and
then twisting the upper part of the bag to make an
airtight seal. The twisted portion is held tight with
a clip. The bag is then placed in a pint (about 0.5 1)
wide-mouthed canning jar and the lid screwed tightly
in place. The jar lid unit (made up of a lid and
retaining ring) is held together by placing a 2-inch
(5.1 cm) piece of masking tape across the ring and
lid when they are in place on the jar. This one-
piece top facilitates installation and removal of the
bag. The tape is also used as a place to label the
sample. After the rinse operation, the bag top is
again twisted closed, the clip fastened in place, and
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TABLE 2
REMOVAL OF PARATHION FROM HANDS BY MEANS OF

BAG RINSE

Percentage of extract-
able parathion a re-Amount of Nt stsf Value moved by

I rinse | 2 rinses

Range 77 to 90 89 to 96
Light 10

Mean ± SE b 81.9 ± 0.8 92.7
i

0.7

Range 81 to 94 94 to 98
Medium 18

Mean + SE 89.6 ± 0.6 96.9 ± 0.2

Range 79 to 94 95 to 98
Heavy 8

Mean ± SE 88.1 ± 2.0 96.6 + 0.4

Total or Range 77 to 94 89 to 98
mean Mean ± SE 84.4 ± 0.9 95.6 ± 0.4

a The amount removed by 3 rinses is considered to represent
100%.

b Standard error of the mean.

the bag placed back in the jar ready for transport to
the laboratory for analysis.
As with the swabbing technique, a single bag

rinse was found to be insufficient to remove all the
recoverable toxicant. An experiment involving 36
sets of bag rinses was conducted to determine how
many rinsings were necessary to remove the para-
thion from the hands of spray operators immediately
following a period of spraying in orchards. Pre-
liminary tests had shown that the amount of para-
thion recovered in the third rinse was usually less
than 5%/ of the total recovered, and each succeeding
rinse recovered progressively smaller amounts. In
Table 2 is shown the percentage of toxicant removed
by one and by two rinses immediately following
exposure. In this table, the amount of paratbion
removed by three rinses is considered to represent
100%. One rinse removed from 77% to 94%o with
a mean of 84.4% of the total and two rinses removed
from 89% to 98% with a mean of 95.6%/. Rinsing
appeared to be slightly less efficient after light
exposure than following medium or heavy exposure.
On the basis of these results, use of two bag rinses
for each hand appears to be a satisfactory procedure.

Adsorption or binding of the toxicant by the skin
apparently has an effect on recovery of parathion by
the rinsing procedure. In tests carried out 12 hours
or more after termination of exposure, lower per-

centages of total recoverable parathion were removed
with each rinse in comparison with tests carried out
immediately after exposure. Preliminary investiga-
tions into the removal of parathion one to several
days following exposure indicated that four bag
rinses may then be necessary for removal of 90% of
the recoverable toxicant.

Studies have been carried out to determine the
relative efficacy of rinsing as compared with swab-
bing as a measure of hand contamination with DDT
and with parathion. For a given individual following
a period of exposure, one hand was rinsed with ethyl
alcohol and the other swabbed with the same solvent.
The treatments were alternated between right and
left hands. In 15 comparisons using DDT, the
bag rinse technique removed an average of 1.7 times
as much of the toxicant as did swabbing. In 18
comparisons using parathion, an average of 2.4 times
as much contamination was removed by the bag rinse
as by swabbing. These results are summarized in
Table 3.

Similar comparisons also have been made on the
dorsal surface of the forearm between the effective-
ness of the alpha-cellulose pads and that of swabbing.
No significant difference between these techniques
was noted with either DDT or parathion.

ORAL EXPOSURE

If the hands are contaminated or if contaminated
objects are placed in the mouth, oral exposure to a
pesticide may occur during eating, drinking or
smoking. Oral exposure may result also from swal-
lowing inhaled material that impinges on the mucous
membranes of the upper respiratory tract. The

TABLE 3
EFFECTIVENESS OF VARIOUS TECHNIQUES IN
MEASURING DERMAL EXPOSURE TO DDT AND

PARATHION

Compound No. of Recovery jg

sampolesNo f Pad Swab Bag rinse

15 - 27.6± 2.5 a 47.6 3.0
DDT - -___ ___

9 761±77 632±44 -

18 15.9 2.3 17.3 2.6
Parathion

18 [ - j 707 128 1 715 344

a Standard error of the mean.
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blowing out of clogged spray nozzles or some other
violation of proper procedure may produce direct
oral exposure. There seems to be no proven, ade-
quate, experimental technique available for estimat-
ing oral exposure. The analysis of vomitus or of
stomach washings is informative and lavage may
be done experimentally as well as therapeutically.

Indirect measurement of oral exposure by tagging
the pesticide to be studied with a water-soluble dye
such as methylene blue has been considered. Since
dermal absorption of methylene blue is minimal,
urinary excretion of the dye would then be a measure
of oral contamination by the formulation being used.
This proposal has not, to the authors' knowledge,
been tested experimentally.

RESULTS BY DIRECT METHODS

The methods described above or slight modifica-
tions of them have been used in a number of studies
to measure the exposure of workers to various
pesticidal compounds during different conditions of
actual use.

Batchelor & Walker (1954) found that the average
concentration of parathion in air during orchard
spraying was less than 0.1 mg per m3 (the industrial
threshold limit), except for samples taken during
mixing or loading operations. Average values
ranged from 0.03 to 0.09 mg per m3 depending on
the formulation and method of application used.
Assuming a tidal air volume of 480 litres per hour, it
was calculated that the inhalation of parathion
during high-pressure hand spraying was 0.04 mg per
hour and during air-blast spraying was 0.06 mg per
hour. The respiratory exposure to parathion for a
70-kg man working an eight-hour day was estimated
to be 0.005 and 0.007 mg/kg for high-pressure hand
and air-blast spraying, respectively.
The values for concentration of parathion in air

reported by Batchelor & Walker agreed quite well
with the figures obtained by the American Cyanamid
Company (1951) in California citrus groves and by
Stearns and his co-workers (1951) in a Florida citrus
grove, but were lower than the concentrations found
in Quebec apple orchards by Kay and associates
(1952). Braid et al. (1955), studying the parathion
content of air samples taken at various distances
from a parathion duster, found concentrations
exceeding 0.1 mg per m3 up to about 260 feet (or
about 80 m) away. None of the latter four groups
used their air concentration figures to calculate
respiratory exposure values.

In studies during ground application of insecticides
to forests, Wassermann et al. (1960) found air con-
centrations varying between 2.6 and 12.5 mg per m3
for y-BHC and 4.6 and 25.5 mg per in for DDT. On
the basis of these values the workers had a calculated
respiratory exposure in an eight-hour working-day
of 0.35-0.93 mg/kg for y-BHC and 0.56-2.43 mg/kg
for DDT. In an airplane spraying programme, air
concentrations breathed by workers varied from 4.1
to 53.7 mg per m3 for y-BHC and from 18.9 to
170.9 mg per m3 for DDT. These levels determined
respiratory exposure values of 4.2-5.6 mg/kg/8 hours
for y-BHC and 15.0-20.9 mg/kg/8 hours for DDT.
During airplane application of malathion for

mosquito control, Caplan and his associates (1956)
found average air concentrations of 0.067 and 0.088
mg per m3 in unprotected and in semi-sheltered
areas, respectively. One hour after spraying, cor-
responding values were 0.044 and 0.034 mg per m3,
respectively. One sample taken inside a building
contained 0.014 mg per m3. Respiratory exposure
during spraying was calculated to be 55 ,ug/hour out-
doors and 12 ,ug/hour indoors.

Batchelor & Walker also estimated respiratory
exposure using the respirator pad technique. By this
method, they found an inhalation of 0.19 mg of
parathion per hour or 0.022 mg/kg per day in high-
pressure hand spraying and 0.16 mg per hour or
0.018 mg/kg per day with air-blast equipment. Com-
parison of values derived by the two methods
indicated that the respiratory pad technique gave
values that were 3 to 5 times as great as those deter-
mined on the basis of air concentration values. It
should be noted that these workers did not shield
their respirator pads to prevent impingement. Cor-
recting Batchelor & Walker's respirator pad figures
on the basis of the above-demonstrated ratio of
impinged to inhaled toxicant (i.e., 3 to 1), one derives
respiratory exposure values of the same order of
magnitude determined from their air concentration
studies.
Wolfe and his co-workers (1959) in evaluating

health hazards involved in indoor house spraying
with DDT determined respiratory exposure by both
air concentration and respirator pad methods. They
found an average air concentration of 7.1 mg of
DDT per mi3 which exceeded the recommended
industrial threshold limit of 1 mg per m3. The cal-
culated inhalation of DDT based on these air con-
centration values was 3.4 mg per hour (or 0.39 mg/kg
per day). The respiratory DDT exposure calculated
from funnel-covered respirator pad values was 7.1
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mg per hour (or 0.81 mg/kg/day). The values deter-
mined by these workers by the two methods were
considered to be of about the same order of magni-
tude, although here also, as was noted above, the
respiratory pad method gave a value about twice as
high as the air concentration procedure. Using the
respirator pad technique only, Wolfe et al. estimated
that respiratory exposure of workers during outdoor
house spraying for vector control was only 0.11 mg
per hour.

Culver et al. (1956) measured the exposure of
workers and of observers to malathion and chlor-
thion during their use as aerosols for mosquito con-
trol. During a two-week period, five individuals
were exposed to malathion for a total of 3.91-5.23
hours and to chlorthion for 2.12-4.31 hours. Based
on air concentration values, total respiratory
exposure to malathion was 9-21 mg for the operators
and 1-5 mg for the observers. Exposure to chlor-
thion was 3-5 mg for the operators and 2-4 mg for
the observers. The respirator pad technique gave
values for malathion exposure of 0.1-1.2 mg and
0.2-0.4 mg for workers and observers, respectively.
The values for chlorthion for these groups were 0.2-
1.3 mg and 0.2-0.4 mg.
Thus, in contrast to the results of Batchelor &

Walker and of Wolfe et al., Culver and his associates
found that air concentration values gave higher
figures for respiratory exposure than did respirator
pads. However, Culver et al. pointed out that, in
some instances in their study, respirator pads were
not worn for the entire exposure period. They used
an average breathing rate of 14 litres per minute
(840 litres per hour) in their calculations, while the
previously mentioned work was based on 480 litres
per hour. The difference in these two factors would
not seem to be great enough to account for the
differences in results, however. Other factors that
may also have contributed include the fact that
different compounds, different formulations, and
different methods of application were used. For
collecting air samples, Culver et al. used the midget
impinger rather than the Greenburg-Smith impinger
employed by Batchelor & Walker and by Wolfe et al.

Using respirator pads only, Batchelor et al. (1956)
estimated that orchard workers using dinitro-ortho-
cresol (DNOC) for blossom thinning on fruit trees
inhaled about 0.4 mg per hour. Quinby et al. (1958),
using the same technique, failed to detect methyl
parathion and Guthion in the air breathed by cotton
checkers; the method was capable of measuring 10-
20 ,tg of methyl parathion per hour and 20-40 ,ug of

Guthion per hour depending on the size of the
sample. Also, using the respirator pad technique
only, it has been estimated that workers using
dinitro-ortho-secondary-butylphenol (DNOSBP) for
weed control inhaled 0.12 mg per hour.'

Studies of dermal exposure using some of the
techniques described above have been reported by
several authors.

Batchelor & Walker (1954) estimated that an
orchard sprayman wearing a short-sleeved, open-
necked shirt and no hat or gloves would receive a
dermal contamination of 55.8 mg of parathion per
hour while using a high-pressure hand sprayer and
77.7 mg per hour during air-blast spraying. Batchelor
et al. (1956) calculated that workers exposed to
DNOC during blossom thinning would receive a
dermal contamination of 63.2 mg per hour. Wolfe
et al. (1959) reported a dermal exposure of 1755 mg
per hour during indoor spraying with DDT and
243 mg per hour during outdoor house spraying.
Hughes & Read (1959) determined the dermal
exposure of greenhouse workers to parathion-
treated tomato and cucumber plants by analysing
gloves worn by the workers. These authors estimated
an exposure of the order of 10 mg or 0.14 mg/kg
for an eight-hour working-day.
During outdoor aerosol application, Culver et al.

(1956) found dermal malathion contamination of
12-387 mg for workers and 11-27 mg for observers;
chlorthion exposures were 4-31 mg for operators
and 3-7 mg for observers during the entire period of
observation. Quinby et al. (1958) observed that the
dermal exposure of cotton checkers to methyl
parathion was 0.7-3.2 mg per hour and to Guthion,
5.3-18.4 mg per hour, depending upon the age of
the residue. Caplan et al. (1956) found dermal
exposure during airplane application of malathion
for adult mosquito control to average 0.89 mg/hour
outdoors and 0.24 mg/hour indoors during a two-
hour spray period and two hours thereafter.
A dermal exposure of 124.1 mg per hour has been

reported for workers using DNOSBP for weed
control.'

Using an exposure pad technique similar to that
described above, Fletcher et al. (1959) determined
the dermal exposure of spraymen using dieldrin in
residual spraying to be 1.8 mg/kg per day. In
estimating dermal exposure, these authors used total
body surface area (average, 1.73 m2) and the average

1 Wolfe, H. R., Durham, W. F. & Batchelor, G. S.
Manuscript in preparation.
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TABLE 4
EXPOSURE OF WORKERS TO PESTICIDES WHILE

CARRYING OUT VARIOUS ACTIVITIES

Exposure

Total
Compound Activity Dermal Respira- (percen-

(m/a/ tory tage of
Co n A Yr) an(mg/man/ toxic

hr)gna dose per
I ~~~~~~~~~~houra)

Parathion

Chlorthion

Malathion

Guthion

Methyl
Parathion

DDT

DDT

DDT

DNOC

DNOSBP

Spraying apples

Applying aerosol

Applying aerosol

Checking cotton

Checking cotton

Spraying apples

Indoor house
spraying

Spraying house
outside

Spray-thinning
apples

Applying as
herbicide

77.7

3.0

6.6

5.4

0.7

274

1 755

243

63.2

88.7

0.2

0.3

0.3
b

b

0.12

7.1

0.11

0.4

0.12

a Calculated for 70-kg man on the basis of dermal LDso to
male white rats or guinea-pigs.

b Value obtained was below experimental limits of chemical
method.

amount of dieldrin (65 mg/M2) recovered from pads
placed directly on the skin of various clothed and
unclothed parts of the bodies of men who averaged
62 kg in weight.
Wassermann et al. (1960) found that the dermal

exposure of ground operators during eight hours
applying insecticides to forests was 8.0 mg/kg for
y-BHC and 24.3 mg/kg for DDT.

In Table 4 are summarized the dermal and res-
piratory (based on respirator pad) exposures for
workers exposed to various compounds during dif-
ferent activities. It is of interest to note here the fact
that, in these situations, the respiratory exposure
represents only a small fraction of the dermal

exposure. This fact has been recognized by several
authors (Batchelor & Walker, 1954; Batchelor et al.,
1956; Wolfe et al., 1959). The data obtained by
these authors indicate that, even considering the
more rapid and more complete absorption of toxi-
cant drawn into the lungs as compared with that
deposited on the skin, dermal exposure appears to
be more important on the basis of the fractional part
of the toxic dose potentially absorbed than is respir-
atory exposure. It should be noted that the studies
cited in Table 4 were all carried out with liquid
sprays. The relationship between dermal and
respiratory exposure may be different for dust for-
mulations. In connexion with the disparity pointed
out above in the respiratory exposure results with
chlorthion and malathion, it should be pointed out
here that the respiratory exposure values for these
two compounds represent a much greater fraction
(4.5%o-10%) of the dermal exposure value than for
any other compound studied (1% or less).
Also shown in Table 4 are exposure values cal-

culated on the basis of the fraction of the toxic dose
absorbed per hour. The toxicity figures were extra-
polated on the basis of studies with laboratory
animals. The formula used for the calculation was:

Percentage of toxic dose =

Dermal exp. (mg/hr)+ [Resp. exp. (mg/hr) x 10] x 100
Dermal LD,0 (mg/kg) x 70

Study of the table indicates that for any given
insecticide there appears to be a significant variation
in hazard depending upon the type of activity in
which one is engaged. For example, indoor house
spraying with DDT seems to be about 7 times as
hazardous as spraying apples or as outdoor house
spraying with the same compound. Further, the
lower concentrations used in application of more
toxic materials may not be enough to compensate for
their inherently greater toxicity. The difference is
even greater when contamination by concentrates
during mixing is taken into account. The largest
fractional toxic dose on the table is represented by
the 5.4°/ per hour applicable to spraying apples
with parathion.

INDIRECT METHODS

Any measure of absorption or its necessary
sequelae constitutes an indirect measure of exposure.
It is not often convenient to measure absorption

itself, but measurement of a compound or its bio-
transformation products in the blood, tissues, or
excreta gives information on minimal absorption.
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Exposure to DDT can be estimated on the basis
ofDDT storage in fat (Mattson et al., 1953) orDDA
excretion in urine (Cueto et al., 1956). The former
procedure has been used quite widely. The most
extensive study is that of Hayes et al. (1958). DDA
excretion of volunteers ingesting daily doses ofDDT
has been reported by Hayes et al. (1956), and DDA
excretion of workers occupationally exposed to DDT
has been determined by Ortelee (1958). Urinary
p-nitrophenol excretion can be determined (Elliott
et al., 1960) and used as a measure of exposure to
parathion or other compounds yielding p-nitro-
phenol or one of its congeners on hydrolysis (Arter-
berry et al., 1961).
Somewhat different information on absorption is

given by measurement of a physiological change
produced by the compound-for example, the in-
activation of cholinesterase by organic phosphorus
compounds. The electrometric procedure of Michel

(1949) together with a micro modification of this
technique for use with capillary blood samples
(Marchand, 1952) is probably the most widely used
method. There are also available colorimetric
(Metcalf, 1952), titrimetric (Brown & Bush, 1950),
and manometric (Ammon, 1933) procedures. Surveys
of exposure of workers and others to organic phos-
phorus insecticides using the blood cholinesterase
level as the criterion have been reported by Ingram
(1951), Kay et al. (1952), Sumerford et al. (1953),
Bruaux (1957), Hayes et al. (1957), Petty et al. (1959),
Bruaux (1960), and Lebrun & Cerf (1960).

It has been shown by Arterberry et al. (1961)
that urinary excretion of p-nitrophenol is a more
sensitive measure of exposure to parathion than is
the blood cholinesterase level in that people with very
slight exposure may show excretion but show no
change of blood cholinesterase.

DISCUSSION

There are advantages and disadvantages involved
in both direct and indirect methods of measuring
exposure. Direct measurement of a pesticide in
samples collected during spraying is frequently easier
than measurement of the same compound or
its derivatives in tissues and other biological
materials. Although the direct method gives an
estimate of total potential exposure, it does not give
information on the portion of contacted material
that is actually absorbed.
Any attempt to relate directly or indirectly

measured exposure to clinical effect must take into
account the following facts. (1) A poison must be
absorbed in order to cause harm. (2) The significance
of absorption by various routes may differ greatly
according to the rate of local detoxification of the
compound associated with those routes. (3) The
degree of storage depends chiefly on the compound,
the species, the dosage, the duration of dosage, and
the route of administration. Not only are the
magnitude of each dose and the number of daily
doses important for clinical effect, but also the
distribution of the dose within the day may be
critical. (4) Injury may or may not be a direct func-
tion of the concentration of poison present at the
moment in some critical tissue.

Results of the direct measurement of exposure to
pesticides may be used in evaluating the relative
hazard of different routes of exposure, different

operational procedures, and different protective
devices. Results of the indirect measurement of
exposure may be of use for the same purposes; in
addition, these " indirect " measures are more useful
in relating exposure under observed conditions to
clinical effects.

There is not a single pesticide for which the inter-
relationships between occupational exposure to dif-
ferent formulations by different routes, the fate of
the compound in the body, and its clinical effects are
all adequately known.
With most of the compounds and activities studied

(Table 4), it is not surprising that cases of poisoning
associated with occupational exposure have not been
seen. The fractional toxic doses represented by one
hour of ordinary exposure are simply so low and
involve such large safety factors (as measured by the
fractional toxic dose) that working unusually long
hours or some carelessness or accidents or a com-
bination of these factors are not sufficient to raise
the exposure to the danger level.

This reasoning does not, however, hold true for
parathion. Numerous illnessesandanoccasional death
occur each season in persons occupationally exposed
to parathion. When one considers that a sprayman
is potentially exposed to 5.4%. of a toxic dose in one
hour of spraying or 43%/ in an eight-hour day, these
cases of poisoning are not surprising. In fact, on the
basis of these figures, it would be easily possible for a
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sprayman to expose himself to a toxic dose in the
course of two days of work without any accidental,
gross exposure. This would require only that he
work 18.5 hours during the two-day period. Many
orchardists work this long or longer during their
busy spray season. The question that must then be
answered is not " Why do some workers get poisoned
by parathion? " but rather " Why do so few workers
get poisoned by parathion? ". The cause of the dis-
crepancy is not understood fully.

Two observations that will be published in detail
elsewhere 1 tend to confirm that, even with para-
thion, dermal absorption is slow and incomplete.
These observations are as follows. (1) When measured
quantities of parathion were placed on the skin of
human volunteers, large fractions (up to 90%0) could
be recovered by washing the treated skin with
alcohol as long as eight hours afterwards. (2) Signifi-
cant quantities of parathion have been recovered
from the hand of a sprayman as long as two days
after his last exposure.
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RtSUMt

L'emploi des pesticides dans la lutte contre les insectes
vecteurs et ravageurs ne va pas sans risques. Chaque
ann6e on d6plore des deces et l'on signale de nombreux
cas d'intoxication. Les empoisonnements professionnels
causes par quelques-uns des plus recents composes
organophosphores, tout particuli&rement le parathion,
et certains des hydrocarbures chlores, tels que la diel-
drine, sont en general la consequence de l'utilisation
d6fectueuse du mat6riel ou de la negligence des travail-
leurs, qui ne revetent pas les habits protecteurs conve-
nables.

I1 n'existe aucun pesticide pour lequel les rapports
entre l'exposition professionnelle - quelle que soit la
voie de penetration -, l'evolution du produit dans
l'organisme et les consequences cliniques qui en resultent
soient tous convenablement connus.

Les auteurs decrivent les diverses methodes d'evalua-
tion directe et indirecte des risques d'intoxication. Les
premi&res ont pour objet le dosage des quantites de sub-
stances qui penetrent dans l'organisme par voie respira-
toire ou cutanee, les secondes evaluent les consequences
physiologiques de l'absorption des pesticides, telle que
la modification des cholinesterases sanguines.

C'est habituellement en dosant la concentration dans
l'air qu'on a evalue l'exposition a une substance toxique
par la voie respiratoire. On peut aussi, lorsqu'il s'agit

d'aerosols solides ou liquides, determiner la quantite de
produit toxique recueillie sur la partie exterieure absor-
bante ou filtrante d'un masque a travers lequel respire
le sujet pendant un certain temps, exactement connu.
L'estimation, faite en circuit ferme au laboratoire, a
montre qu'une moyenne de 90% du parathion, provenant
d'aerosols de differentes formules etait retenue par
ce procede.
Pour apprecier le d6p6t cutane, on a utilise des tampons

absorbants, des gants de coton tricotes et d'autres vete-
ments portes par le travailleur, afin de collecter le pesticide
pendant l'exposition. S'il s'agit de recueillir des produits
vaporises, on se sert de coussinets d'alpha-cellulose, mais,
dans le cas de poussieres, on prefere ceux qui sont faits
de gaze chirurgicale. On peut egalement utiliser la peau
elle-meme comme surface collectrice: apres un temps
connu de travail, on enleve par lavage ce qui s'y est
depose. Le < lavage )) doit consister en un nettoyage repete
lorsque la plus grande partie de la surface corporelle est
interessee. Cependant, on mesure avec plus de precision
et de facilit6 l'exposition cutanee des mains par ringage
avec un solvant convenable en utilisant un sac de poly-
ethykne comme recipient pour le liquide de lavage.

1 Durham, W. F., Wolfe, H. R., Arterberry, J. D. &
Elliott, J. W. Manuscript in preparation.
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Aussitot apres le travail, 90%, ou meme plus, du depot
enlevable par ces m6thodes peut etre recueilli au moyen
de quatre tampons distincts ou de deux sacs de rincage.
Lorsque les depots sont plus anciens, il faut un plus
grand nombre de tampons ou de sacs.
On ne dispose pas encore de methodes siures pour

doser l'absorption orale. II est interessant de noter que
les plus grosses particules aspirees sont finalement
avalees.
Parmi trois tests comparatifs, deux ont montre que la

methode du tampon donnait des r6sultats significative-
ment plus 6leves, pour l'etude de I'absorption par la voie
respiratoire, que la technique de la concentration de l'air.
Dans tous les exemples cites, l'importance de l'exposition
cutanee etait beaucoup plus grande que celle de l'exposi-
tion respiratoire, meme si l'on tient compte du fait que
les produits toxiques inhales sont absorbes plus rapide-
ment et plus completement qu'ils ne le sont par voie
dermique.

L'appreciation des complications consecutives a
I'absorption permet une estimation indirecte des risques.
I1 est souvent difficile de pr6ciser I'absorption elle-meme,
mais le dosage d'un compose, ou de ce qui resulte de ses
modifications par suite de l'activite biologique, dans le
sang, les tissus, ou les excreta, peut donner un chiffre
d'absorption minimum. On obtient des renseignements
quelque peu differents en etudiant les effets physiologiques
causes par le produit considere, par exemple l'inactivation
de la cholinesterase par les composes organophosphores.

Pour tout essai de relier directement ou indirectement les
conditions connues d'exposition et les manifestations
cliniques, il faut tenir compte du fait que l'absorption
peut presenter de grandes differences selon l'importance
de la desintoxication locale, en relation avec la voie de
penetration suivie; que l'accumulation du produit
depend principalement de ses propriet6s, de la quantit6
absorbee et de la voie d'absorption (l'importance de
chaque dose et le nombre de doses quotidiennes ne sont
pas seuls en cause, la repartition dans la journ6e peut
avoir son influence); que les dommages peuvent etre, ou
ne pas 8tre, en relation directe avec la concentration du
produit toxique present au moment considere dans un
tissu critiquement sensible.
Le dosage d'un pesticide dans des echantillons collectes

frequemment pendant des vaporisations est plus facile
que celui du meme produit ou de ses d6rives dans les
tissus ou dans d'autres produits biologiques. Ces conside-
rations et les effets physiologiques qui ont ete mentionnes
prec&isent quelques-unes des possibilites et des limites de
la methode de dosage direct de l'absorption.

Les resultats des dosages directs de l'exposition aux
pesticides peuvent etre utilis6s pour comparer les risques
encourus suivant les voies diverses d'exposition, pour
apprecier les differentes techniques d'emploi des composes
chimiques et les divers moyens de protection. Les resultats
des dosages indirects de l'exposition peuvent en outre etre
plus utiles dans certaines conditions pour etablir le
rapport entre l'exposition et les consequences cliniques.
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