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Hand wash and skin wipes are major techniques that have been used for dermal exposure
sampling. Both techniques remove chemicals either deposited on or transferred to the skin
contaminant layer by a combination of chemical and mechanical actions. The paper over-
views identified methods and techniques, with emphasis on sampling parameters and sam-
pling efficiency. It is concluded that identified sampling protocols, including sampling tech-
nigues, deviate at possible key issues, which hampers comparisons of study results. It is
recommended to conduct sampling efficiency studies prior to field sampling, under conditions
that are quite similar to conditions of exposure regarding exposure process, levels of skin
loading, and time of residence of the compound on the skin. Harmonization of sampling
protocols will be a first step in creating a database for better understanding the influence of
sampling parameters on the performance of removal techniques to assess dermal exposure.
0 2000 British Occupational Hygiene Society. Published by Elsevier Science Ltd. All
rights reserved.
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GENERAL INTRODUCTION widespread use of removal techniqgues can be

. . . __,0bserved. Removal techniques have been used mostly
Removal techniques, i.e. removal of chemicals

deposited on the skin by washing, wiping, or strippinm studies to assess dermal exposure to pesticides

and consequently chemical analysis of the amount %Iﬁurham and Wolfe, 1962; Da\(igst al, 1983; Feq-
Ske, 1993; Ness, 1994). In addition, these techniques

chemical recovered from the washing solution, o A .
9 have also been applied in studies to assess exposure

wiping or stripping medium, have been used for de% metal compounds, e.g. Roelal. (1980); Linnain-
ades to assess dermal exposure. Referring to the pro oD ’ ’

posed conceptual model for assessment of dermara and Kiilunen, (1997), PAHs, e.g. Cheng (1981),

. and PCBs, e.g. NIOSH (1986). However, most stud-
exposure (Schneideet al, 1999), the amount of i resent no or very limited information on sam-
chemical removed actually represents the amount rﬁe{isn b y

the chemical which is present in the skin contamina efﬂgenp::()a/rformance characteristics, e.g. sampling

layer compartment at the time of sampling, i.e. the L . .

. . . The objective of this paper is to evaluate removal
result of loading e.g. by direct emission from the : . : .

I : techniques with emphasis on sampling parameters,
source, deposition, and transfemloading e.g. by . - .

X . sampling efficiency, and sampling strategy by
removal or resuspension/ evaporation, amotake L . : . ?
reviewing exposure studies which provide infor-

processes. . )
; . miatlon on the removal technique that has been used.
Since the technigues have the clear advantage Q

) ecause of the relevance of the dermal route most of

low capital costs and ease of use (Anon, 1998), % . .
these studies have been done in the context of

exposure to pesticides during and following use.
However, the evaluation of the removal techniques

will not be limited to its use to assess pesticide
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hand wash sampling and skin wipe sampling. Botllry above the solvent for 10 s before removal from
techniques are discussed separately. the bag, and the procedure was repeated a second
time in a fresh handwash solution. Marquatt al.
(2000) also used the routine fashion hand washing
for a tap water/soap-based method. After transfer of
Sampling principles approximately 1.5 ml of a hypoallergenic soap from

Removal of contaminants from the skin surface i@ dispenser onto the palm, the hands are moisturized
accomplished by providing an external force thay supplying a small amount of water. A hand wash
equals or exceeds the force of adhesion. For haRgocedure is performed by the worker in a routine
washing three categories of external forces can be dfgshion for 15 s. Consequently the hand wash pro-

tinguished: mechanical action, hydrodynamic dragedure is repeated for 30 s during which the hands
and wet chemical action. are kept in a water flow of approximately 3 I/min,

Generally, two basic methods can be identified: after which the hands are allowed to drain above the
_ ] ) funnel for 10 s. After rinsing the funnel using deion-
1. (Hand)washingcan be defined as scrubbing thqzed water and replacing the container the 30 s hand
skin by mechanical agitation exercised by MOVewashing in the water flow is repeated.
ments and pressure of both hands in liquid in a ggjyvents and equipmen®ash liquids may vary
routine washing fashion. The contaminant igetween tap water, distilled or deionized, possibly in
detached from the skin by a combination of mecheombination with a commercially available surfac-
anical forces and wet chemical actionants, e.g. Sur.Ten, (US EPA, 1996), commercial
(dissolution). (hypoallergenic) liquid hand soaps, and organic sol-
2. (Hand)rinsingor pouring can be defined as liquid—yents. Organic solvents with mild skin irritative
skin contact, where the contaminant is removegifects, such as neat alcohols, e.g. ethanol, 2-propanol
by a combination of hydrodynamic drag, and Wetisopropanol), may be used pure or as a solution (10%
chemical action (dissolution). or 40% wiw in water) (US EPA, 1996).
Bags are selected that are sturdy enough to hold

Clearly, the basic distinction between both method&>0 ©r 500 m‘I of solvent, €.g. commercially available
is the presence or absence of mechanical forces in th-L0ct, orhome made’ polyethylene bags (0.025
process of detachment. Within both methods subcdR™ thickness) (US EPA 1986, 1996; Brouvedral,
egories can be distinguished using flowing or cont992; Brouweet al,, 2000a). No information is avail-
tained liquid (determines the strength of hydrodyn@Ple on the type of bowls used. . .
amic drag), and the kinds of liquid (determines the A Specially developed hand washing device has
strength of solubility). Often detergents are introPe€n designed for hand washing with tap water flow

duced in the process to enhance the detachment (Marquartet al,, 2000). This device consists of a tube
insoluble particles. attached to the water tap of the water supply, an

adjustable flow control set at a flow rate of approxi-
mately 3 I/min and a timer, a tap, a funnel and a 5 I.
Materials and methods polyethylene bottle to collect the rinse water.
Wash/rinse proceduresDuring bag rinsing one
hand is immersed in solvent and a technician holdgam ling efficienc
the bag tightly just above the wrist to prevent leakage. Pling y

) Hand wash sampling efficiency tests are rec-
‘I_'he person shon_JId cup the hand_shghtly and hold themmended (OECD, 1997; Fenske and Lu, 1994: Fen-
fingers a short distance apart during most of the shal

ing operation. Occasionally, the thumb and finger% eetal,, 1998), but a standard approach has not been
| . ' . dopted. Two different approaches have been ident-
should be rubbed against one another and against they
palm. The hand should be shaken vigorously, either™ ™
by the person or by the technician during a fixed time, Mass balance approacliFenske and Lu, 1994;
e.g. 30 s (Fenske and Lu, 1994; Fenskel., 1998; Fenskeet al, 1998). The contaminant is trans-
Brouwer et al, 1992, 2000a, b), a fixed number of ferred from a surface with a known amount of con-
shakes, e.g. 50 times (US EPA, 1986), or a fixed num- taminants to the hands of human volunteers by a
ber of shakes (60) in a fixed time (30 s) (Fenske standardized contact. The amount of contaminant
al., 1999). that has been transferred is estimated from the dif-
During hand washes the subject is asked to wash ference between the amount of contaminant which
his hands thoroughly in a routine fashion or according was not removed from the surface and the amount
to a 6-step procedure (CEN, 1996). Brouwvedral. initially spiked. This procedure has been designed
(1992, 20004, b) used a procedure for solvent basedto mimic non-liquid contamination by surface to
routine fashion hand washing in a bag, where workers skin transfer.
were asked to wash their hands for 30 s. After Direct spiking (Brouwer et al., 1992, 2000a, b).
removal from the solvent the hands were allowed to 0.5 ml of a water-diluted (pesticide) formulation
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is spiked on the hands of a human volunteer. Thisu (1994) and Fensket al (1998) used 0 and 1 h,

procedure mimics exposure resulting from liquidvhereas Brouweet al. (2000a, b) and Marquasit

exposure (spills, aerosol deposition). al. (2000) standardized the time of residence to 0.5

h. Fenske and Lu (1994) and Fensieal (1998)

In Table 1 hand wash efficiency results derived bre_ported a S|gn|f_|cant decr_ease of sampling (_eff|C|ency
. ith prolonged time of residence for chlorpyrifos and

different procedures for several compounds are sum-

marized. Generally, results are from three human vo aptan, respectively. The mean sampling efficiency of

. o washes of chlorpyrifos decreased from 43%
unteers. For 12 compounds (all but one pesticide) ilgmediately following exposure to 23% 1 h after

sampling efficiency data were reported, ranging from e .
. exposure, whereas for similar conditions the removal
23 to 96% (median 73%). L ;
efficiencies for captan decreased from approximately
78% to approximately 68%. Therefore, residence time
Sampling parameters is considered to be of major importance for contami-
An important variable within the sampling nants that are well absorbed by, or adsorbed to the
efficiency validation procedure is the residence timeskin.
i.e. the time elapsed between contamination of the The level of skin loading, i.e. mass of contaminant

hands and the start of the wash sampling. Fenske apigesent on the hand(s), may also affect the sampling

Table 1. Results from hand wash sampling efficiency studies

Substance Methéd Loading {1g) Wash efficiency (%) N References
Mean STD
Captan B 1500 94 11 4 Brouweret al.
15 00C® 63 13 4 (2000a)
B 5620 (1 h) 68 5 6 Fensket al.
(1998)
B 5250(0 h) 78 14 3
Carbendazim B 500 94 8 3 Brouweret al.
5000 59 13 3 (2000a)
Chlorothalonil A 4400 74 11 4 Brouweret al.
(2000a)
Chlorpyrifos B 170000 h) 43 24 6 Fenske and Lu
B 1570(1 h) 23 9 6 (1994)
C 1100(1 h) 27 5 6
Mancozeb A 227% 81 10 4 Brouweret al.
B 2273 66 5 5 (2000a, 1992)
D 5000, 15 000, 30 000 86 5 12 Marquaret al.
(2000)
Methiocarb D 500 77 3 4 Brouweret al.
1800 84 3 4 (2000a)
7000 84 6 4
Methomyl D 300 71 3 4 Brouweret al.
1490 70 4 4 (2000a)
Prochloraz B 500 95 14 4 Brouweret al.
5000 96 6 4 (2000a)
Propoxur D 175 66 8 4 Brouweret al.
579 71 13 4 (2000a,b)
1400 72 10 4
D 500,5000,7500 46 3 12 Marquaret al.
(2000)
Vinclozolin D 59.2, 227, 384 81 5 3 Brouweret al.
(2000a,b)

3A) 2-propanol rinsing, 2 hands 500 ml, PE-bag; (B) 2-propanol rinsing, 1 hand 250 ml, PE-bag; (C) ethanol rinsing,
1 hand 250 ml, PE-bag; (D) water—soap rinsing, 2 hands, tap wetenymber of test subject per level of loading.

bDirect repeated spiking of 0.5 ml on the hands.

‘Mass balance approach from transfer of a contaminated tube.
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efficiency. Decrease of sampling efficiency for lowea protocol for claims and tests for chemical disinfec-
levels of skin loading is hypothesized on the assumpants in human medicine, the wash routine has been
tion that a fixed amount of the contaminant may bingrescribed but no limitations are given to the soap—
to the skin strongly, whereas on the other hand at vehand contact time (CEN, 1996).
high levels of skin loading sampling efficiency may For solvent rinsing the type of solvent will also
be affected by the limited ability for a complete dis-affect sampling efficiency (Fenske and Lu, 1994). In
solution of the contaminant in the wash liquid. Ina study with chlorpyrifos the authors observed=
particular, this may be the case for bag rinsing witla significantly higher sampling efficiency for the
a limited amount of liquid. A thorough evaluation ofisopropanol/water wash compared to the ethanol
some studies shows some, but not consistent, ewash, whereas the reversed were observadlah.
dence for the assumption of decrease of removal For water/soap methods the type and amount of
efficiencies for low skin loadings (Boeniger andsoap may also account for variation of the sampling
Brouwer, 2000). No data are available to evaluate thefficiency. Brouweret al. (2000a,b) and Marquasgt
influence on sampling performance for similar (totalal. (2000) tried to standardize the soap type by using
mass of contaminant present on the hand but for di€porex (Kimberly Clark) which is a mildly acidic,
ferent surface area exposed, or similar surface arbgpoallergenic liquid soap, and the amount of soap
exposed for different mass of the contaminant, i.aised to approximately 1.5 ml by application using a
different amounts of contaminant per surface aredispenser.
contaminated(g/cn¥). This relates to the inability of  Finally, the water hardness (differences between
the hand wash/rinse method to assess the arehoratory and field situation) and the temperature of
exposed. For assessment of skin absorption of a cothe solvent may be variables which may affect
pound the surface area contaminated is one of the kegmoval efficiency, however no data are available to
parameters (Cherrie and Robertson, 1995; Bbs substantiate this.
al., 1998).

The method of contamination of the hands and the

chemical and physical state of the contaminant may@mpling strategy _
also affect the efficiency of removal. Theoretically, OECD (1997) recommends performing hand wash

mechanical transfer of a dry contaminant (Fenske af@mPling whenever the worker normally washes

Lu, 1994; Fenskeet al, 1998) and liquid spiking his/her hands (i.e. every two to t_hree hours before
(water diluted (Brouweet al., 1992; Brouweret al, Preaks and at the end of the working day). However,
2000a, b), or solvent diluted (pure substance dpe @m of the sampling may also be to assess hand
formulation) may affect the strength of binding of the2XPosure during specific tasks or consistency or varia-
contaminant to the skin, and therefore the samplingflity through consecutive replicate sampling of the

efficiency. However, no data are available to drag@me workers, which demands end of task or per-

conclusions on this issue. iodic sampling.
Another variable is the number of consecutive BOth OECD and US EPA (1986) recommend a

washes performed. In the sampling efficiency protd_solvent) pre-washing prior tp the start of the task, to
col of Brouweret al. (1992, 2000a, b) and Marquart"@move background contaminants. _
et al. (2000) three consecutive wash procedures areNO recommendations are given on the sampling
used in a laboratory setting, but in field practice twdterval or number of rinses using organic wash sol-
consecutive washes are performed. Fenske and VENnts. However, washing or rinsing the hands with a
(1994) and Fensket al (1998) used two Washes_solvgnt is considered by some to disrupt thg barrier
From analysis of the washes the contribution of thf/nction and enhance percutaneous absorption of the
first wash to the total removal is in the range of 7590ntaminant (Froebet al., 1990; Hiltonet al., 1994;
to approximately 90%. Hatanakaet al, _1995; OE_CD, 1997_). In case _of
The wash time is another variable which mayXposure to relatively vo!atlle; or rapidly penetrating
determine the sampling efficiency. Both Fenske argPMPounds, short sampling intervals should be con-
Lu (1994) and Brouweet al. (1992, 2000a, b), stan- Sidered.
dardized the washing time at 30 s. However, EPA bag
rinsing methods standardize the number of strikes
(50) instead of time (US EPA, 1996). Recently, Fen-
ske and coworkers (Fenslk al., 1999) conducted a Wipe sampling methods for skin and surfaces have
study where the wash protocol includes number dfeen reviewed by McArthur (1992) and Ness (1994).
shakes (60) within 30 s. Basically, most methods used by different investi-
As has been indicated washing fashion/time anglators are similar to or adjustments of the general
rinsing time are potential variables. Brouwer al. methods published by OSHA (1984, 1990) and US
(2000a,b) standardized the washing time, i.e. thePA (1985, 1996). Most of these adjustments are
soap-contact duration, at 30 s, but allowed the voluprimarily related to surface sampling, e.g. the sam-
teers to use their own routine fashion of washing. Ipling medium, i.e. type, surface size are related to

SKIN WIPING
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surface sampling, the absence or presence of ‘wettiagms. Cotton roll plugs were soaked in ethanol and
liquids’ in the sampling medium, i.e. a dry mediumwiped over the skin surface by the operator in one
a wetted medium or a soaked medium and the kindsroke. The operator is provided with vinyl gloves.
of liquids used (water (deionized/distilled), organicAfter wiping the plug is transferred to a labelled dis-
solvents), the size of the sampled surface area and thesable PE-tube, and the wiping was repeated ten
use of templates, and the type of wiping, i.e. rectangtimes.
larly or circularly, and the number of transverses. For wiping hands Genet al. (1996) use commer-
Despite similarities of skin wiping with surface wip- cial wetting sponges. The sponge was wetted with 10
ing, the variation of the skin surface (location, roughml 2-propanol and the subject was instructed to per-
ness, porosity, shape) is limited compared to surfacdsrm a general wipe of the hands, after which the
For skin sampling the locations of sampling mostlsubject placed the sponge in a glass jar. A second
is limited to the hands (palms, fingertips), forearmsponge was wetted and the subject was instructed to
and forehead. In addition, the variation of samplinghoroughly wipe each individual digit and the palm
media and wetting liquids are limited, because skiof the hand.
wiping requires special consideration to protect the Fenskeet al. (1999) used 12-ply cotton surgical
skin layer. pads. Pads were wetted with water containing 1% sur-
factant. For assessment of hand exposure three separ-
Sampling principle ate wipes were used, i.e. one for the palm, one for
the back of the hand, and one for the fingers and

Skin wiping can be defined as the removal of O . thumb.

taminants from skin by providing manually an exter- Sampling medium, ‘wetting’ liquids and templates

nal force to a medium that equals or exceeds the for B ' . .
%%r skin wipe sampling a cotton fabric-based sam-

of adhesion over a defined surface area. Similar Qina medium has been used most tvpically. however
hand washing, the contaminant is detached from t e"gI . 'g Tab hus | i yp! 3& W I\Il
skin by a combination of mechanical forces and wi eIuiosIiC smear 1abs has also been use to collect
chemical action (dissolution). CBs from hands of transformgr repair workers (Lees
et al, 1987). For skin sampling wetted or soaked
sampling media are used. In most cases the sampling
Materials and methods medium was soaked in deionized water or neat alco-
Skin wipe procedured-oghet al. (1999) used two hols, e.g. ethanol and isopropanol, since these sol-
different methods to wipe tracer particles from thevents have good solubility for most compounds and
forearms of volunteers. In one experiment cotton fatare not overly irritating to the skin. However, skin
ric wipes were used with a surface area (of the wipeéjritation may not be excluded with repeated
of approximately 10 cfh Wipes were soaked in dis- exposure, which may be indicated by a remarkable
tilled water. After exposure, a rigid steel templaténcrease (twofold) of sampling efficiency over a per-
with a circular hole of diameter 4 cm (within whichiod of three consecutive days of sampling, also
the skin is wiped), was placed on the arm of theeported in a study conducted by Gegioal. (1996).
exposed person and held in place by the unexposkda study to compare four solvents for their ability
individual. The unexposed individual blots exces$ remove selected agricultural pesticides from an in
moisture from the wipe, and conveys it, via forcepsyitro porcine model, polyethylene glycol, soap and
to the gloved hand of the exposed individual, whavater, and a commercial decontamination product (D-
wipes his own arm. Consequently the used wipe wasAM[) were used, in addition to 1-propanol
transferred to a clean labelled plastic bag and the wif€ampbellet al., 2000). In that study repeat wipe
ing was repeated five times. In another experiment f@ampling also appeared to affect subsequent recovery.
similar exposure a second procedure was followed. With the exception of sampling hand skin surface,
Whatman 542 filter paper, soaked in ethanol, wa®er most other skin surfaces templates are used to
used as wipe medium with an area of the individuahark the surface area that should be wiped. The sur-
wipes of approximately 8 ctnAfter exposure a tem- face area depends on the body part. Circular, rec-
plate is placed on the arm of the exposed person atahgular or square templates are used (Meudingl.,
held in place by an unexposed individual. The temt991; Campbelkt al., 2000; Foghet al., 1999). The
plate is made of flexible aluminium, with a rectangushape of the sampling medium is often related to the
lar hole of 8 cm, within which the skin is wiped. The choice of shape of the template.
unexposed individual blots excess moisture from the
wipe, and rigorously wipes the arm of the volunteerSampling efficiency
The used wipe is transferred to a clean labelled plastic As stated before, sampling efficiency is a key factor
bag, and the wiping is repeated three times. using wipe sampling results for assessing dermal
Meuling et al. (1991) used a cotton ball as a wipeexposure. In general, similar approaches are needed
medium with a surface area of approximately 4.&cmas used for the determination of hand wash efficiency,
Prior to exposure a flexible templatex®cm is used i.e. a mass-balance approach and direct spiking. Geno
to mark a surface area at a flat skin surface, e.g. foret al. (1996) used a mass-balance approach to deter-
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mine sampling efficiency for two pesticides. A sol-efficiency, strongly depends on the number of passes
ution of pesticides was spiked on axlls square and/or number of consecutive samples.
aluminum foil. After drying volunteers pressed the Between-operator variability, e.g. resulting from
foil and the residue remaining on the foil was anapressure differences, has been recognized to be an
lysed. The difference between applied and recoveréuiportant variable, so often only one operator will be
mass was considered the mass transferred to tinwolved in a study to maintain consistency. For skin
hands. wipe sampling, sometimes the volunteer involved in
Meuling et al. (1991) used direct spiking of 0.3 ml the study acts as the operator (Getal., 1996; Fogh
of a pesticide solution (50% v/v water/methanol) oret al., 1999), which may introduce an unknown
100 cn? surface area of the forearms of 15 volunteersvithin-person variability to removal efficiency.
They conducted an experiment with volunteers In addition to the type of wiping which may
(N=15) wusing commercial swabs soaked in @nclude repeated contact between the sampling
water/ethanol mixture. Wiping was performed by onenedium and the (skin) surface, the surface area of
single operator. Since these experiments were cotite contact surface could be a variable which affects
ducted as part of a dermal penetration study, the timlemoval efficiency. For example, the use of a 4.8 cm
of residence was 4 h. cotton plug for wiping a 100 cfsurface (Meuling
In the study by Campbelét al. (2000) the wipe et al, 1991) will result in a ratio of approximately
sampling efficiency for four (radio-labeled) pestic-1:20, whereas the use of 8 efilter paper for a 8
ides, at three levels was tested for four solvents. &m? surface area (Fogét al., 1999) results in a ratio
direct spiking method was used to apply the pestiof 1:1. Surface loading combined with absorption
ides to in vitro porcine skin. Two drops (4@) of capacity of the sampling medium will determine the
a formulation were spread over 6.45 €skin. Each amount of contamination that can be removed.
solvent, pesticide, and skin loading combination was
repeated three times. The time of residence (|ntervglam|o”ng strategy

between application and wiping) was 90 min. Timing and frequency of sampling and sampling
The overall recoveries (mean of four pesticides) fogcations etc. depends on the objectives of the sam-
the solvents N=36) sho(\)/ved considerable d|£ferencesp|ing_ Exposure assessment is the major objective for
and ranged from 45% (D-TAM) to 57% (1- skin wipe sampling, so post exposure sampling is
propanol), but was pesticide/wipe solvent dependenfore or less standard. Therefore, wipe sampling
For 14 out of 16 pesticide-solvent combinations @fficiency tests to assess exposure should be conduc-
significantly lower sampling efficiency was observede at times of residence relevant for realistic duration
for the lowest skin loading level compared to th&ys exposure in practice, e.g. 90 or 240 min. Since the
highest level. The most water soluble pesnudgody parts that can be wiped are limited to hands,
(glyphosate) could be removed best by water/soggrearms, and facial and neck region, e.g. V-of the
wipe solvent, but showed to be removed less effeGeck and forehead, the spatial distribution of contami-
tively by the wipes compared to the other pesticideation at the body parts is irrelevant if the entire area
During the Risg/Imperial College studies (Fogh s \iped. When templates are used, spatial variability
al., 1999), volunteers wiped excised rat skin whiclyt exposure distribution becomes more relevant and
has been exposed to 4iBn particles labelled with nder- or overestimation of the body part is possible

neutron activated tracers, and which has consedyy exirapolation of the results from the area sampled.
tively fixed to the volunteers skin. Removal

efficiencies ranged from 15 to 30%.

In Table 2 wipe sampling efficiency results derive
by different procedures for several compound are Hand wash/rinse technigues.|dentified sampling
summarized. For seven pesticides 19 sampliqgotocols show a reasonable similarity of procedures.
efficiency data were reported, ranging from 36 tdlowever, they deviate at possible key issues, e.g.

dEvaIuation of the removal techniques

104% (median 51%). amount of liquid and duration of rinsing (bag rinsing),
amount of liquid, amount of soap, duration of wash-
Sampling parameters ing (water/soap methods). Identified protocols for the

The number of passes, i.e. the number of contaatietermination of sampling efficiency differ substan-
of the wiped area with a single wipe, varies from tially, especially in the way the contaminant is applied
(Meuling et al, 1991; Foghet al, 1999) to 15 to the hands. For almost all reported sampling
(Campbellet al., 2000). However, in field practice efficiencies no within-substance comparison of the
one pass seems to be quite common, but in thesgss balance approach/dry transfer and direct spiking
cases consecutive samples, i.e. the same surfaceofidiquids is possible. Only for captan sampling have
wiped using different wipes, are taken, e.g. two befficiency studies been conducted using the same
Genoet al. (1996), three or six by Fogét al. (1999), hand wash method (Table 1) and different loading
and ten by Meulinget al. (1991). It is clear that the methods; however time of residence and levels of
performance of the method, e.g. the recovery or wipeading differed.
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Table 2. Results from wipe sampling efficiency studies

Substance Methéd Dose level Wash efficiency (%) References
(hglcn)
Mean STD

Alachlor Al 0.5;2.0;8.0 57 13 Campbadt al.
A2 0.5;2.0;8.0 55 8 (2000)N=9, for
A3 0.5;2.0;8.0 52 12 each method)
A4 0.5;2.0;8.0 51 6

Chlorpyrifos B & 104 11 Gencet al. (1996)

(N=12)

Glyphosate Al 0.5;2.0;8.0 44 12 Campbetlal.
A2 0.5;2.0;8.0 41 11 (2000)NE9, for
A3 0.5;2.0;8.0 49 14 each method)
A4 0.5;2.0;8.0 36 9

Methyl parathion Al 0.5;2.0;8.0 57 17 Campbetlal.
A2 0.5;2.0;8.0 41 18 (2000)NE9, for
A3 0.5;2.0;8.0 50 19 each method)
A4 0.5;2.0;8.0 41 15

Propoxur C 13;27;53;107;214 48 14 Meulieg al.

(1991) (N=15, 3
for each dose

group)
Pyrethrin | B 38 92 28 Gencet al. (1996)
Trifluralin Al 0.5;2.0;8.0 69 10 Campbetit al.
A2 0.5;2.0;8.0 51 15 (2000)NE12)
A3 0.5;2.0;8.0 56 13
A4 0.5;2.0;8.0 53 14

3A) Cotton gauze sponge, circularly movement, 6.4% contact area, wipe 90 min after application. (1) 1-propanol;

(2) polyethylene-glycol; (3) soap/water; (4) D-TAM (B) Cotton plugs, rectangularly movement, 4.8%arontact area,

wipe 240 min after application. (C) Cotton gauze sponge, rectangularly movement, unknown contact area, wipe immedi-
ately following application.

bTotal amount applied: no surface area exposed is given.

Because of the limited data set on removasdkin, influence of dirt and so on), the level of stan-
efficiencies and large differences in componentardization of wash procedures, the extraction of
(related to physical properties), wash methods, andcovery efficiency from the wash solution, and the
levels of loadings, no general conclusions can beccuracy of the chemical analysis.
drawn on the strengths of the variables which have All hand wash/rinse methods reveal an amount of
been distinguished. a contaminant detached from the hands (or parts of

Limited data are available on between- and withinthe wrist) expressed in units of mass per body part
person variability of the sampling efficiency. Brouwer(hand or hands). The use of other units of exposure,
et al. (2000a) observed, in an experiment with foue.g. mass per surface area exposggd/dn¥) intro-
test subjects, three levels of (mass) loading and threeces additional uncertainty, since in most cases the
replicates for each loading significant between-persaurface area is unknown or contamination of the com-
difference in the sampling efficiency for one com+plete surface area is assumed and the surface area of
pound (propoxurP=0.0018,N=12), but no difference the hands is estimated (or defaults are used).
for another compound (methiocarB=0.806,N=12). Manual wipe sampling methodsdentified sam-
For the time being, data sets on sampling efficienggling protocols deviate at possible key issues men-
are too limited to afford a thorough analysis. Harmontioned above, and a harmonized protocol is not avail-
ization of procedures and protocols will be helpful table. Sampling efficiency will not only be determined
generate data which are appropriate to compaby the sampling method, but also by the chemo-physi-
methods and compounds. cal properties of the compound and wipe solvent.

The overall uncertainty of the methods is determ¥fime of residence will be essential, as indicated by
ined by the between-person variability of the samthe experiments of Meulingt al. (1991), and it can
pling efficiency, the difference between the observelde argued whether the results of these experiments,
sampling efficiency in the laboratory and the actuatompared to the results from the study by Genal
sampling efficiency (similarity of the dermal exposurg€1996), reflect more potential absorption of the subst-
process, time of residence of the contaminant on tlemce by or to the skin than sampling efficiency.
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Between-operator variability of the samplingsimple, since it is obvious that the sampling efficiency
efficiency cannot be determined from the experiments affected by the time of residence of the contaminant
by Genoet al. (1996), because skin variables are alson the skin surface. The amount removed by washing
included. The same holds for the experiments bgr wiping only represents the amount which is access-
Meuling et al. (1991) for within-operator variability. ible by the sampling method at the time of sampling.
The only data on within-operator variability can beTherefore, interpretation of these results to dermal
determined from the experiments by Camplstlial. exposure over the sampling interval includes uncer-
(2000), since the skin (type) was similar and the testainties if a residence time-sampling efficiency
were performed by a single operator. The observeeélationship is unknown. Moreover, in view of percu-
coefficient of variation was very low (4.7%). Antaneous absorption processes the relevance of the
overall uncertainty of the manual wipe methods is n@mount which can be removed, not only for sampling
indicated, but is estimated to be substantial, regardimmirposes but also due to normal hygienic decontami-
different solvents, sampling media and contaminanteation practice, is questionable. However, in practice
and different skins. Much research is needed to clarify has been shown that the amount removed from the
the influence of the variables within the sampling proskin correlates with the amount absorbed (Meukg
cedures. al., 1991; Brouweret al, 1998). Current gaps in
The use of templates implies the sampling of a disscientific knowledge indicate that the results of sam-
crete surface area, which enables expression of thkng by removal techniques should take into con-
mass removed from the skin in terms of mass peideration incomplete removal of the contaminants
surface area exposed, egy/cn?. However, extrapol- which needs careful interpretation.
ation of the sampling result to non-sampled surface
areas implies the assj,um.ptmn of homogeneous distri- RECOMMENDATIONS
bution of the contamination.
When removal techniques are used to assess der-
mal exposure monitoring for risk assessment pur-
poses, it is recommended to conduct sampling
Because of their ease of use and their low capitefficiency studies as a key issue for method perform-
costs, the application of removal techniques is widence.
spread to assess dermal exposure. In spite of theirSampling efficiency studies should be designed to
potential to be used for all body parts, usually thenimic (i) the relevant exposure process, (ii) the rel-
uncovered parts of the body are monitored. Especialgvant time of residence, and (iii) the relevant levels
for wipe sampling, relatively high resolution ofof skin loading.
exposure per surface area can be achieved; howevefFor exposure processes where surface—skin transfer
for hand washing this is not the case. Repeated sapredominates other processes, e.g. deposition, the
pling is possible, but the exposure process is disturbethss-balance/dry transfer approach, as proposed by
and skin surfaces may be affected. Fenske and Lu (1994), or Gerobal. (1996), seems to
There is clear evidence that wipe sampling is ledse appropriate. For exposure due to deposition direct
effective to remove contaminants from the skinliquid spiking could be appropriate; however, the
despite the high removal efficiencies of wipe sameomposition of the spiking liquid should be close to
pling reported by Genet al. (1996) In a pesticide the composition of the aerosol. In practice, e.g. for
re-entry study Fensket al. (1999) compared hand a pesticide spraying exposure scenario, water-diluted
exposure rates determined by hand wash samplipgsticide spray liquids can be used, but for some for-
and wipe sampling. They observed on average a simulations, e.g. (micro-encapsulated) granules, this
fold lower hand exposure rate for wipe samplingvill not be easy to achieve.
compared to hand wash sampling. Incomplete The studies of Fenske and Lu (1994) and Fenske
removal by hand wipes has also been demonstratetal. (1998) clearly demonstrate the influence of time
by McCurdyet al. (1994) and Fogtet al. (1999). In of residence on sampling efficiency. Therefore, sam-
both studies hand wash sampling was conducted aff@ing efficiency studies should address typical dur-
wipe sampling and in both studies substantiations of exposure for the exposure scenario that will
amounts of a contaminant could be washed off frorhe evaluated.
the hands compared to the amount removed by handThe results of sampling efficiency studies indicate
wipes [up to 57% (McCurdet al., 1994)]. that sampling efficiency is unlikely to be constant
Referring to the proposed conceptual model foacross loading levels on skin. More levels of loading,
assessment of dermal exposure (Schneieleral, both in terms of total massig) and mass per surface
1999) the amount removed from the skin actually remrea contaminateqi¢/cn?), should be used to deter-
resents the amount of the contaminant which ismine sampling efficiency values over the expected
present in the skin contaminant layer compartment einge of skin loading. A similar approach could be
the time of sampling. However, the interpretation ofollowed as recommended by the OECD guidelines
the amount removed for exposure assessment is tiot fortification of field spikes for surrogate skin sam-

GENERAL REMARKS
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plers (OECD, 1997). The low and high levels of skirvhich enable a thorough evaluation of key para-
loading should be in the range of the anticipated leveheters. This would be a first step in the development
of exposure. If the highest expected level is more thasf validated methods which provide accurate and
100x the lowest level, it is recommended that a midreliable data on the sampling performance of
level loading is included. The different amounts ofemoval techniques.

contaminant should be applied to a similar surface

area of skin to achieve different loadings in terms of REFERENCES

mass per surface area contaminated/¢n¥). Anon (1998) Inventory of methods. Draft report Den subgroup
To reduce variability of sampling efficiency prefer- 4 skin and surface contamination measurems&kin Con-
ence should be given to those procedures that limittacts 2 May 1998. European Dermal Exposure Network.

subject or operator depended variabilty. For han8°20%C 0 %0 FoNE 2 and Healt Rigkads S
. .10 .
washes a standardized hand wash procedure as pr \. M. Hotchkiss and M. Byrne Imperial College, London.

scribed by CEN prEN 1499 for claim testing ofgos, p. M. J., Brouwer, D. H., Stevenson, H., Boogaard, P. J.,
chemical disinfectants and antiseptics (CEN, 1996) De Kort, W. L. A. M. and van Hemmen, J. J. (1998) Pro-
seems more appropriate to reduce variability than aposal for the assessment of quantitative dermal exposure lim-
routine fashion washing by individuals its in occupational environments. Part |. Development of a
. . o concept for the derivation of a quantitative dermal occu-
Fo_r interpretation of hand W_as_h sampling reSU|tS_pationaI exposure limitOccupational and Environmental
for risk assessment purposes It Is necessary to estimedicine55, 795-804.
mate the true surface area exposed. The use Bypuwer, D. H., Brouwer, E. J. and van Hemmen, J. J. (1992)
(fluorescent) tracers in different (mass transport) Assessment of dermal and inhalation exposure to

exposure processes could be helpful to estimate th(%ﬁt?:ég}aﬂsgié?]gg C:,,u;gj_rgsoi flower bulbanals of Occu-

surface ?rea.EXPOSEd '(Cherﬂ'elaLv 2000). Brouwer, D. H., Hoogendoorn, L., Bos, P. M. J., Boogaard, P.
For skin wipe sampling the influence of the oper- J. and van Hemmen, J. J. (1998) Proposal for the assessment
ator on specific sampling parameters, e.g. pressure)f quantitative dermal exposure limits in the occupational

; ; s environment. Part Il: feasibility study for the application in
and wipe speed, on sampling efficiency has beenan exposure scenario for MDA by two different dermal

recognized, but not quantified. The results of the gy,05,re sampling methodaccupational and Environmen-
study by Campbellet al. (2000) showed relatively  tal Medicine55, 805-811.
low within-skin, and within-operator variance (CVBrouwer, D. H., Marquart, J. and van Hemmen, J. J. (2000a)

<5%), the study by Genet al. (1996) showed rela- Ha(;]dwash elfficfifemy date on pesticti_des; variation of methods
tively high coefficients of variation between operatorsg, 57 ="OVE eD':'f/r;gid('en e '?\%‘u”ng W. I A and

forl differ?nt 5kin§ (F‘p to 39%). Therefore, it SEEMS van Hemmen, J. J. (2000b) Determination of the efficiency
quite obvious to limit the number of operators within for pesticide exposure reduction with protective clothing: a
a study. However, standardization of operator relatedfield study using biological monitoring. Iworker Exposure
skin wipe variables, e.g. pressure and traverse speed? Adrichemicals H. C. Honeycut (ed). ACS Symposium

. . . eries, CRC, Lewis Publishers, Batton Rouge (FL), USA,
is needed to enable comparison of data from differ- g5 g6, ge (FL)

ent studies. Campbell, J. L., Smith, M. A., Eiteman, M. A., Williams, P.
Ideally, the ratio of contact surface area/skin sur- L. and Boeniger, M. F. (2000) Comparison of solvents
face area WIpEd ShOU'd be one, to achieve the highesfemOVIng pestlmdes from skin using an In vitro porcine

sampling efficiency. However, in field practice this gnijSeg'Amer'can Industrial Hygiene Association Jourr,

may be difficult'to meet since, often, fine-tuning OfCEN (1996) Chemical Disinfectants and Antiseptics. Hygienic
this parameter is necessary to the skin surface areadandwash. Test Method and Requirements (Phase 2/step 2).
that is sampled regarding the surface area exposedlyzina| draft prEN 1499. European Committee for Standardiz-

stribt ation (CEN), Brussels, Belgium.
homogeneous distribution of exposure, and Oth%{heng, R. (1981) The Industrial Hygiene Occupational Medi-

sampling strategic considerations. Therefore, we pro-gj,e Program for the SRC-II Project, DOE/CONF-801143.
pose a minimum ratio of contact surface area/skin in Proceedings of a Workshop on Industrial Hygiene and
surface area wipe of 1:5, but no hard data are avail-Occupational Medicine in Coal Conversion Projedi&-68.
able to support this. Discrete surface areas to beDepartment of Energy.

. . - errie, J. W. and Robertson, A. (1995) Biologically relevant
wiped, preferably using templates, are essential %assessment of dermal exposurennals of Occupational

meet this sampling condition. '!'he study.by Campbell {ygiene3g, 387-392.
et al. (2000) showed that no single wetting agent foCherrie, J. W., Brouwer, D. H., Roff, M., Vermeulen, R. and
wipe media has the best performance, however 1_pr0_Kl‘0mh0Ut, H. (2000) Use of qualitative and quantitative

; s fluorescence techniques to assess dermal exposarels
panol showed the best overall sampling efficiency for of Occupational Hygiendd, 519-522.

diﬁerem pestieide compounds. . Davis, J. E., Stevens, E. R. and Staff, D. C. (1983) Potential
Studies indicate that many sampling parametersexposure of apple thinners to azinphosmethyl and compari-
affect sampling efficiency, but the differences in son of two methods for assessment of hand expo&ui-

study protocols regarding sampling methodology etin %ggnvironmental Contamination and Toxicolog¥,

result in very small databases. Investigators shoutgerhar_n W. E. and Wolfe, H. R. (1962) Measurement of the
try to a(_jOPt protocols that haV_e been used or try t0 exposure of workers to pesticideBulletin of the WHORS,
harmonize protocols to provide comparable data 75-91.



510 D. H. Brouweret al.

Fenske, R. A. (1993) Dermal exposure assessment techniquigeCurdy, S. A., Hansen, M. E.Weisskopf, C. P. et al. (1994)
Annals of Occupational Hygien&7, 687—706. Assessment of azinphosmethyl exposure in California peach

Fenske, R. A. and Lu, C. (1994) Determination of handwash harvest workersArchives of Environmental Mediciné9,
removal efficiency: incomplete removal of pesticide, chlor- 289-298.
pyriphos from skin by standard handwash technig@eser- Meuling, W. J. A., Bragt, P. C., Leenheers, L. H. and De Kort,
ican Industrial Hygiene Association Journab(5), 425-432. W. L. A. M. (1991) Dose—excretion study with the insecti-

Fenske, R. A., Schulter, C., Lu, C. and Allen, E. H. (1998) cide propoxur in volunteers. IRrediction of Percutaneous
Incomplete removal of the pesticide captan from skin by Penetration. Methods, Measurements, and Modellgts R.
standard handwash exposure assessment proceButiesin C. Scott, R. H. Guy, J. Hadgraft and H. E. Boddel. 2,
Environmental Contamination and Toxicolog§, 194-201. pp. 13-19.

Fenske, R. A., Simcox, N. J., Camp, J. E. and Hines, C. MNess, S. A. (1994)Surface and Dermal Monitoring for Toxic
(1999) Comparison of three methods for assessment of handExposuresVan Nostrand Reinhold, New York.
exposure to azinphos-methyl (guthion) during apple thinOSHA (1984) Occupational Safety and Health Administration.
ning. Applied Occupational and Environmental Hygieh& Sampling for Surface Contamination. Industrial Hygiene
618-623. Technical Manualch. 2.

Fogh, C. L., Byrne, M. A., Andersson, K. G., Bell, K. F., Roed,NIOSH (1986) National Institute for Occupational Safety and
J., Goddard, A. J. H., Vollmair, D. V. and Hotchkiss, S. A. Health. Health Hazard Evaluation Report, April 1986. Mon-
M. (1999).Quantitative Measurement of Aerosol Deposition tana Log Home Residents, Kalispell, MT. HETA 84-53/425-
on Skin, Hair and Clothing for Dosimetric Assessment. R- 1680, Cincinnati, OH, USA.

1075 (EN) Risg National Laboratory, Roskilde, Denmark. OSHA (1990). Occupational Safety and Health Administration.

Froebe, C. L., Simion, F. A,, Rheinn, L. D., Cagan, R. H. and Sampling for Surface Contamination. Industrial Hygiene
Kligman, A. (1990) Stratum corneum lipid removal by dur- Technical Manualch. 2.
factants: relation to in vivo irritationDermatological8l, OECD (1997) Guidance document for the conduct of occu-
277-283. pational exposure to pesticides during agricultural appli-

Geno, P. W., Camann, D. E., Harding, H. J., Villalobos, K. cation. In OECD Environmental and Safety Publications.
and Lewis, R. G. (1996) Handwipe sampling and analysis Series on Testing and Assessment no. 9 OECD/GD (97) 148
procedure for the measurement of dermal contact with pes- OECE, Paris.
ticides.Archives of Environmental Contamination and Toxi-Roels, H. A., Buchet, J., Lauwerys, R. R., Bruaux, P., Claeys-
cology 30, 132-138. Thoreau, L. A. and Verduyn, G. (1980) Exposure to lead by

Hatanaka, T., Katayama, K. T., Sugibayashi, K. and Morimoto, the oral and the pulmonary routes of children living in the
Y. (1995) Time-dependent percutaneous absorption enhanc-vicinity of a primary lead smeltefEnvironmental Research
ing effect of ethanol.Journal of Controlled Releas83, 22, 81-94.

423-428. Schneider, T., Vermeulen, R., Brouwer, D. H., Cherrie, J. W.,
Hilton, J., Woollen, B. H., Scott, R. C., Auton, T. R., Trebil- Kromhout, H. and Fogh, C. L. (1999) Conceptual model for
cock, K. L. and Wilks, M. F. (1994) Vehicle effects on in assessment of dermal exposu®ecupational Environmental

vitro percutaneous absorption through rat and human skin. Medicine56, 765-773.
Pharmceutical Researchl, 1396—1400. US EPA (1985)Guide for Decontaminating Buildings, Struc-

Lees, P. S. J., Corn, M. and Breysse, P. N. (1987) Evidencetures, and Equipment at Superfund Sitesvironmental Pro-
for dermal absorption as the major route of body entry during tection Agency EPA/600/2-85/028. Hazardous Waste Engin-
exposure of transformer maintenance and repair men toeering Research Laboratory; Office of Research and
PCBs.American Industrial Hygiene Association Jourrg, Development. Cincinnati, OH, USA.

257-264. US EPA (1986)Pesticide Assessment Guidelines, Subdivision

Linnainmaa, M. and Kiilunen, M. (1997) Urinary cobalt as a U: Applicator Exposure MonitoringUS Environmental Pro-
measure of exposure in the wet sharpening of hard metal andtection Agency, Office of Pesticide Programs, Springfield
stellite bladesInternational Archives of Occupational and VA, USA, 33-286.

Environmental Healtt69, 193-200. US EPA (1996)Occupational and Residential Exposure Test

Marquart, J., Brouwer, D. H. and van Hemmen, J. J. (2000) Guidelines, Group B- Post-application exposure monitoring
Hand wash removal efficiency studies (submitted for test guidelines OPPTS 875, Environmental Protection
publication). Agency 712-C-96-262, Office of Prevention, Pesticide, and

McArthur, B. (1992) Dermal measurement and wipe sampling Toxic Substances Programs, Springfield VA, USA.
methods: a reviewApplied Occupational and Environmental
Hygiene7, 599-606.



