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Abstract

The fraction of any surface-adsorbed contaminant available for absorption is considered the bioac-

cessible fraction. Applied previously to contaminants such as pesticides and heavy metals on sur-

faces such as soil, food and cosmetics, the term may also be used to describe the fraction of drug

residue bound to work surfaces which may be mobilized via contact transfer with human skin.

Police station work surfaces have been shown to commonly contain low levels of drug residues as

thin films; however, no information is available on how readily these residues may be transferred

to human skin during direct or glancing contact. A bioaccessibility study was undertaken in which

jojoba oil and artificial sebum were used to mimic human sebum to identify how readily a mix of

six licit and illicit drugs were transferred from three commonly used police station work surfaces.

Transfer from surfaces was slightly greater for jojoba oil than sebum when using a direct pressure

contact or a wiping motion. Generally, less than 5% of applied residues were recovered via direct

contact, and up to 10% when a wiping motion was used to simulate a glancing contact. While

swabbing of work surfaces with methanol provides a suitable environmental audit of drug resi-

dues present, it does not represent the bioaccessible fraction of residues available for contact

transfer, and hence, absorption via skin or unintentional ingestion. The current study indicates

that the ability of sebum to mobilize drug residues from thin films on work surfaces via casual

contact is limited, and sebum may potentially assist in the preservation of residues on pitted work

surfaces and on skin.

Introduction

Chemical residues bound to surfaces are largely biologically inactive
and must desorb from the surface to regain activity. The desorbed
fraction has been termed the bioaccessible fraction, which defines
the total amount of the chemical available for absorption by living
organisms (1), rather than being the bioavailable fraction, which is
considered the amount of a chemical substance that has been
absorbed by the body and entered circulation. Bioaccessibility has
been used to describe a variety of chemical/substrate interactions,
including pesticides in soil (1, 2), heavy metals in soil (3, 4), trace
metals in cosmetics (5), PAHs in food (6) and carotenoids in fruit
juice (7). However, its application to contaminants on indoor sur-
faces appears to be limited to flame-retardant dust on indoor

surfaces (8). Organic pollutants, such as drugs and pesticides, may
accumulate on surfaces as a thin film and pose a risk to human
health. However, no consideration has been given to their bioacces-
sibility on common indoor work surfaces in police stations or how
this may influence human exposure.

Human skin contains sebaceous glands which secrete sebum, an
oil used to lubricate and waterproof skin and hair, consisting of a
variable mixture of triglycerides, wax esters, squalene and free fatty
acids (9). The physiologically relevant concentration range for
sebum on skin has been reported as 5–100 μg/cm2 (10). Specific leg
and back concentrations have been reported as 1 and 34 μg/cm2

(11), respectively, but no concentration has been reported for the
palm of the hand, which lacks sebaceous oil glands. However,
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sebum is still present on the palms, presumably as a result of contact
with other oily skin surfaces and from diffusion from glands on the
back of the hand. Consequently, sebum has the potential to act as a
solvent and has been reported to preserve organic chemicals, such as
pesticides, on the skin after external contamination (12) and thus
may have the potential to improve contact transfer of drugs from
contaminated surfaces to human skin. As skin sebum concentrations
are so low and its makeup can vary between individuals, synthetic
sebum has been developed to allow production of adequate amounts
for research, while ensuring consistency in chemical makeup (10,
13, 14). Additionally, jojoba oil may be used to simulate sebum due
to its wax ester makeup (14). As a result, the potential of both artifi-
cial sebum and jojoba oil to dissolve the bioaccessible fraction of
organic chemicals adsorbed on indoor surfaces needs further
investigation.

Recreational drug use is prevalent in society and as a result,
police encounter drugs on a daily basis. As a result of the movement
of drugs through police stations, licit and illicit drug residues may
accumulate on work surfaces via contact transfer from externally
contaminated drug bags. One study involving a police analytical
laboratory detected methamphetamine, cocaine, oxycodone and
tetrahydrocannabinol on work surfaces (15), while another study on
residues in 10 police stations revealed the presence of 15 licit and
illicit drugs and metabolites on work surfaces (16). The latter
showed 75–93% of swabs taken from within a 15-cm-diameter sam-
pling ring contained <40 ng of any given drug, while the most con-
taminated surfaces in the highest risk areas of police stations exceeded
300,000 ng of drug, suggesting particulate as well as thin film contam-
ination. As the study was focussed on identifying the absolute amounts
of any drugs present on the work surfaces, methanol was used as a
solvent for the swabbing process. The aggressive nature of methanol
caused drug residues to be recovered from laminate, rubber and vinyl
surfaces, even though they may have leached beyond the immediate
external surface into pores or the matrix polymers where they were
not bioaccessible to casual contact by skin, rather than as more readily
accessible surface micro-aggregates, as seen during vapor deposition of
drugs (17). This is most evident in photographic evidence from the
study, which demonstrated the aggressive nature of the methanolic
swabs resulting in the removal of surface rubber and dye. Thus while
the study demonstrates a worst case scenario for drug contamination
and exposure in police stations, it does not address the bioaccessibility
of drug residues on the work surfaces.

A study involving the transfer of methamphetamine from house-
hold surfaces to cotton gloves using a simulated saliva as a solvent
showed that 11% of methamphetamine could be transferred to dry
gloves, and 26% when gloves were wet with saliva (17). High recov-
eries of methamphetamine observed in the study may be as a result
of the relatively high surface application rate, or due to deposition
on the surface in aggregates rather than a uniform thin film. Only a
single study exists that reports total drug residues in 10 police sta-
tions, but no study reports the bioaccessibility of drug residues from
police station work surfaces, which is a more accurate representa-
tion of the likelihood of exposure of police officers to drug residues.
The following reports the results of a laboratory trial to determine
the bioaccessibility of drug residues applied to common work sur-
face materials as a thin film when using artificial sebum and jojoba
oil as solvents, but does not consider transfer of powders from con-
taminated surfaces. The work undertaken provides greater insight
into the likelihood of external contamination of police officers who
work in environments in which work surfaces may be contaminated
with drug residues.

Materials and Methods

Reagents and standards

Amphetamine, methamphetamine, 3,4-methylenedioxy metham-
phetamine (MDMA), cocaine, ketamine and fentanyl standards
were supplied by Novachem Pty Ltd (Melbourne, Australia). Formic
acid and jojoba oil were supplied by Sigma-Aldrich (Sydney,
Australia) and methanol was supplied by Mallinckrodt (Sydney,
Australia). Artificial sebum was supplied Pickering Laboratories
(California, USA) via Walker Scientific (Perth, Australia) and was
comprised of the components shown in Supplementary Data,
Table S1. A combined standard (4 μg/mL) containing all six analytes
was used for spiking work surfaces. An internal standard mix (1 μg/
mL) consisting of five deuterated analytes was prepared.

Preparation of surface swabs

Leg and back sebum concentrations have been reported as 1 and
34 μg/cm2 (11), respectively, but no concentration has been reported
for the palm of the hand or forearm. Hands are likely to be washed
more frequently than any other body part and therefore a sebum
concentration of 2 μg/cm2 was chosen to represent the likely palm
concentration, and 50 μg/cm2 was also used to account for oilier
skin. Jojoba oil is commonly used in pharmaceutical studies as a
cheap method of replicating sebum and was used in the current
study for comparison.

Solutions containing jojoba oil (80 μg/mL) or artificial sebum (80
and 2000 μg/mL) were prepared in chloroform. Aliquots (500 μL)
were applied dropwise to 5-cm-diameter cotton swabs (19.6 cm2) to
provide 40 or1000 μg of jojoba or sebum per swab (2 or 50 μg/cm2,
respectively). Chloroform was evaporated in a fume cupboard for
several minutes before use.

A mixture of six licit and illicit drugs was chosen and included
amphetamine, methamphetamine, MDMA and cocaine, which were
the most frequently identified drugs on police station work surfaces
(16). Ketamine and fentanyl are licit drugs but are frequently mis-
used for recreational purposes, with the latter readily absorbed
through the skin (18). Sheets of laminate, stainless steel and glass
were subdivided into squares (7.5 × 7.5 cm). A mix of the six drugs
(50 μL, 4 μg/mL) was applied to each square using a micropipette.
Constant contact between the tip and surface, slow depression of
the plunger, rapid movement of the tip and the low surface tension
of methanol resulted in broad dispersal of the methanol solution.
Methanol evaporated at room temperature in less than 1min.

Bioaccessibility of drug residues

Contact with work surfaces is either from direct pressure when rest-
ing hands and forearms, hands and forearms pushing off surfaces or
from glancing blows. Typical weights were determined by placing
hands on balances and relaxing (light contact) and pressing off the
balance (heavy contact). Tests indicated equivalent weights of 1 and
2 kg, respectively. Swabs coated in jojoba oil (2 μg/cm2) or sebum (2
or 50 μg/cm2) were pressed on the drug-contaminated work surfaces
using either light or heavy pressure by placing weights on the swabs
(3- and 2-s contacts, respectively), or using a wiping motion to
account for a glancing blow (1-s contact). Methanol (3 mL) was
used as a control solvent using each of the three contact methods for
comparison and to demonstrate consistency with previous studies
(16, 19, 20). Swabs with no solvent were also used on work surfaces
as method blanks. Swabs were placed in centrifuge tubes (50mL),
spiked with internal standard mix (50 μL, 1 μg/mL) and extracted
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and analyzed as previously described with methanol (3 × 8mL),
evaporated to dryness under nitrogen (40°C) and then resuspended
in methanol (250 μL). The supernatants were filtered using a 0.2-μm
Costar Spin X centrifuge tube filter (Sigma-Aldrich, Sydney,
Australia) at 21,500 × g (5 min). The filter was washed by the addi-
tion of methanol (50 μL) and centrifuged. The combined supernatant
was transferred to an autosampler vial for analysis by LC–MS-MS
using a modified, previously published method (19).

Statistical analysis

Paired t-tests were used to test for differences between mean drug
amounts between the three different surface types, as well as the
three different surface contact methods.

Results and Discussion

Surface contact method

Surface-swabbing results (Figure 1) demonstrate residues were pres-
ent and could be recovered, while also paralleling the approach used
in a previous study which audited police station work surfaces for
drug residues using methanolic swabs (16). Light contact pressure
showed the lowest recovery of drugs from each surface for the given
solvent type (Figure 1), with values ranging from 0.3 to 3.1%
(jojoba oil), 0.2 to 4.5% (sebum) and 16.4 to 60.7% (methanol).
Little difference was apparent between recoveries for jojoba, and
low and high sebum concentrations, and only approximately half of
the surface/solvent combinations were significantly different (P <
0.05), as shown in Supplementary Data, Table S3. Similar results
were observed when comparing with heavy contact results.
However, heavy contact resulted in many instances of significantly
greater amounts of drugs than light contact (P < 0.05). These results
suggest greater contact pressure improved the dissolution of drug
residues by jojoba and sebum, combined with increasing the pene-
tration of the residues into the swab. Heavy and glancing contact
times between the swab and the contaminated surface in the current
study were considered representative, however, light contact time is
highly variable because it was used to represent hands and forearms
resting on a contaminated surface. More prolonged contact between
hands and forearms may occur and further consideration of this
parameter is required.

Wiping surfaces dramatically improved drug recovery on lami-
nate and glass, causing them to both perform similarly as surfaces,
however, wiping only improved the recovery consistency of all six
drugs on steel. While no study regarding the desorption of drugs
possessing an amine group on steel and glass has been reported, a
study of octadecylamine on glass and steel has been reported (21).
Greater adsorption of the amine occurred on glass and the authors
speculated it was most likely due to hydrogen bonding with the
mildly acidic surface hydroxyl groups. Laminate and glass both tend
to exhibit a more undulated surface than steel, providing opportu-
nities for drug residues to evade a swab. However, when no solvent
was used on the swab, a significantly greater recovery of residues on
glass and laminate than oily swabs was observed (P < 0.05), as
shown in Supplementary Data, Table S3. The surface pits may allow
drug residues to accumulate and become focussed, and jojoba and
sebum may in fact seal drug residues on the two surfaces rather than
allow them to be transferred to the cotton swab. As a result, a swab
without any oil may provide better contact with the residues. Steel is

not as pitted like glass and laminate and showed few significant
increases in residue recovery when no oil or solvent was used on the
swabs, possibly due to drugs being more uniformly dispersed on the
surface compared to laminate and glass. This may cause residues to
be smeared during wiping rather than transferred to the swabs.

Solvent efficiency

Both jojoba oil and artificial sebum were stored at 4°C which caused
them both to solidify. Jojoba oil melted at ~15–20°C, while artificial
sebum did not melt until at least 30°C, suggesting the latter con-
tained a greater proportion of waxy components. While the temper-
ature of skin is usually 37°C which will help maintain the liquid
state of sebum, this may be counteracted by the temperature of the
work surfaces, which were found to be ~18°C. Consequently, jojoba
is likely to have performed better as a solvent due to its liquid state
at room temperature, which may account for the increased recovery
of drug residues compared to sebum swabs, however, this may be
complicated by the greater hydrophobicity of sebum compared to
jojoba oil. The poor performance is unlikely to be an artifact of the
swab extraction process because directly spiked swabs still showed
good drug recoveries, and both jojoba oil and sebum were quite sol-
uble in the methanol swab extraction solution (22, 23). Regardless,
Figure 1 shows the relatively poor performance of both oily solvents
in recovering drugs from any of the surfaces tested.

Methanol swabs were used to demonstrate drugs could be recov-
ered from the work surfaces and had not evaporated, while also pro-
viding direct comparison to the only study regarding drug residues
on police station work surfaces (16). Additionally, the use of metha-
nol as a swabbing solvent reduced the importance of the contact
mechanism used, because more similar results were observed for a
given surface type for all three contact mechanisms. Methanol per-
formed best on steel which was not pitted, while also providing the
best recovery of residues from laminate and glass. The performance
of methanol is contributed to largely by the volume applied to each
swab relative to jojoba oil and sebum, but also its solvating power.
The methanol is likely to have redissolved the residues in the pits on
the laminate and glass, rather than seal them in, allowing them to be
more readily transferred to the cotton swabs. Thus results from the
previous study regarding drug residues on police station work sur-
faces present a worst case scenario for environmental contamination
rather than a realistic scenario for human exposure (16). A study on
skin transfer of methamphetamine from household work surfaces
indicated up to 26% of residues could be transferred to cotton
gloves when using saliva as the solvent (17). The study used similar
contact times to the current study but used a heavier contact pres-
sure during wiping, and the variable application rate of up to 2,500
times more methamphetamine than in the current study all contrib-
uted to the differences between the two studies. Another study on
methamphetamine transfer showed a transfer of up to 14.5% to
skin, but these result relied on a 24-h contact between the skin and
the contaminated surface (24), compared to only several seconds in
the current study.

Although not investigated in the current study, sebum on human
skin may preserve drug residues on the skin, making it more readily
available for accidental ingestion. However, this may not also
extend to a greater likelihood of their absorption through the skin
but may in fact result in a reduced absorption through the skin due
the hydrophobic nature of sebum.
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Conclusions

Drug residues on work surfaces in police stations pose a potential
risk to the health of police officers. Previously reported contamina-
tion levels in police stations and the general community were gener-
ally low, with some cases appearing concerning, but were collected
with a relatively large volume of methanol (16). Consequently, those
results do not represent the likelihood of human exposure via con-
tact transfer to the skin. The current study investigated the use of

jojoba oil and artificial sebum at physiologically relevant concentra-
tions to estimate the potential of surface bound residues to adsorb
on human skin via contact transfer. Jojoba oil performed slightly
better than artificial sebum on the surfaces tested, possibly due to
the jojoba oil being a liquid at room temperature. Both oils per-
formed poorly in comparison to methanol, mostly due to the dis-
crepancy in the volumes of oils used relative to methanol, but also
due to the increased polarity of methanol, which improved drug
solubility.

Figure 1. Drug recovery on laminate, steel and glass using different swabbing solvents and light pressure, heavy pressure and a wiping motion to swab surfaces

(Mean ± SD, n = 3).
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Wiping contact generally improved the recovery of drugs when
using oil solvents on glass and laminate, but steel showed a poorer
recovery, presumably because it caused the drugs to be smeared on
the extremely smooth surface. While drug residues adsorbed in pits
on surfaces like glass and laminate may resist removal by light or
heavy direct contact, sebum transferred to the surface may in fact
improve the longevity of drug residues on the surfaces by coating
them with heavier waxes from sebum, limiting their evaporation
and degradation. Thus while drug residues reported on work sur-
faces in other studies may occasionally be considered high, the
results in the current study suggest that the proportion of drugs
transferred to human skin is small, even when using a sebum surface
concentration 25 times greater than expected on human skin.
Surface contamination from drug powders was not considered in
the current study as powders do not adsorb onto surfaces and are
readily mobile and therefore do not fit the bioaccessibility model.
The presence of sebum on skin may promote powder transfer to
human skin by increasing skin adhesion and requires investigation.
Skin may be coated in sebum, sweat, saliva or personal hygiene pro-
ducts. The current study focussed on the role of sebum in the bioac-
cessibility of drugs on contaminated surfaces, but further
investigation of other skin chemicals is required to determine
whether they can influence bioaccessibility, and whether synergistic
or antagonistic effects are apparent when present in combination.

Supplementary Data

Supplementary material is available at Journal of Analytical Toxicology
online.
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