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ABSTRACT
Background: It is believed that health care workers are exposed to 
antineoplastic drugs primarily via dermal contact. However, levels of 
occupational dermal contamination in Canada have not been formally
investigated.

Objective: To determine the potential dermal exposure to antineoplastic
drugs among hospital pharmacy personnel in a metropolitan area in
British Columbia. 

Methods: Six hospital pharmacies in the Vancouver area participated in
this pilot study. Three pharmacy workers (a technician responsible for
preparing drugs, a pharmacist responsible for checking drugs before
administration, and a technician not responsible for preparing drugs but
working in the pharmacy department) were selected from each site, for a
total of 18 participants. Each worker’s hands were wiped with a premois -
tened tissue (one wipe per person), and the wipes were subsequently 
analyzed by high-performance liquid chromatography tandem mass 
spectrometry to determine levels of both cyclophosphamide and
methotrexate (total of 36 analyses).

Results: At 3 of the 6 sites, at least one hand-wipe sample was above the
analytical detection limit. Of the 18 analyses from the 3 “positive” sites, 
5 (28%) had measurable levels of cyclophosphamide and methotrexate.
Cyclophosphamide was detected in 3 samples (geometric mean 0.98 ng,
geometric standard deviation 2.72 ng, range from below limit of detection
to 3.96 ng) and methotrexate in 2 samples (geometric mean 0.27 ng, 
geometric standard deviation 2.57 ng, range from below limit of detection 
to 0.27 ng). 

Conclusions: The results of this pilot study suggest that hospital pharmacy
workers in Metro Vancouver are probably exposed to antineoplastic drugs,
given that detectable levels of drug were found on the hands of some 
personnel. Further studies are recommended to confirm these findings. 
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RÉSUMÉ
Contexte : D’aucuns croient que les travailleurs de la santé sont exposés
aux agents anticancéreux principalement par voie cutanée. Cependant, les
taux de contamination professionnelle par voie cutanée au Canada n’ont
pas fait l’objet d’études officielles. 

Objectif : Déterminer l’exposition cutanée potentielle aux agents 
anticancéreux du personnel des pharmacies d’hôpitaux dans une région
métropolitaine de Colombie-Britannique. 

Méthodes : Six pharmacies d’hôpitaux de la région de Vancouver ont 
participé à cette étude pilote. Trois membres du personnel de la pharmacie
(un technicien responsable de la préparation des médicaments; un 
pharmacien responsable de la vérification des médicaments avant leur
administration; et un technicien non responsable de la préparation des
médicaments, mais travaillant dans le service de pharmacie) ont été choisis
dans chaque centre, pour un total de 18 sujets. Les mains de chaque sujet
ont été essuyées au moyen d’une lingette (une par sujet), puis les lingettes
ont été analysées par chromatographie liquide haute performance couplée
à la spectrométrie de masse en tandem afin de déterminer les concentrations
de cyclophosphamide et de méthotrexate, pour un total de 36 analyses. 

Résultats : Dans trois centres, au moins un échantillon de lingette 
présentait une concentration supérieure à la limite de détection analytique.
Des 18 analyses provenant de ces trois centres, cinq (28 %) ont révélé des
concentrations mesurables de cyclophosphamide ou de méthotrexate. On
a détecté de la cyclophosphamide dans trois échantillons (moyenne
géométrique de 0,98 ng, écart-type géométrique de 2,72, plage allant
d’une valeur sous la limite de détection à 3,96 ng) et du méthotrexate dans
deux échantillons (moyenne géométrique de 0,27 ng, écart-type
géométrique de 2,57, plage allant d’une valeur sous la limite de détection
à 0,27 ng). 

Conclusions : Les résultats de cette étude pilote suggèrent que les 
membres du personnel des pharmacies d’hôpitaux de Metro Vancouver
sont probablement exposés à des agents anticancéreux, étant donné les
concentrations détectables de médicaments trouvées sur les mains de 
certains employés. D’autres études sont recommandées afin de confirmer
ces résultats. 

Mots clés : agents anticancéreux, contamination professionnelle, 
contamination par voie cutanée, évaluation du risque, étude pilote
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INTRODUCTION

Antineoplastic drugs are routinely used to treat patients
with various types of cancer. These drugs act by interfer-

ing with the ability of the cancer cells to proliferate. However,
because of their nonselective nature, antineoplastic agents can
also affect normal cells.1 As such, health care workers who han-
dle antineoplastic agents, including stocking vials, transporting
solutions, or preparing them for administration, are at risk for
exposure, which may result in a variety of adverse health effects,
including liver toxicity, reproductive effects, and cancer.2

Despite the use of exposure-control measures during 
handling and preparation of antineoplastics, various studies
have reported drug contamination of numerous surfaces 
within health care facilities, including biological safety cabinets,
countertops, and floors in the pharmacy department.3-7 It has
been suggested that contamination of these surfaces may result
from poor handling practices and/or inadequate cleaning.8 The
widespread contamination of work surfaces in a hospital
increases the risk for skin contact with these drugs. This 
problem is notable because, although there are other routes of
exposure, studies have indicated that dermal absorption is the
main route of occupational exposure to antineoplastic drugs.9-12

To the authors’ knowledge, few studies have examined 
dermal contamination among hospital workers. In a study 
performed in the Netherlands, Fransman and others13 found
contamination on the hands of pharmacy technicians involved
with drug preparation. In a more recent study, the same authors
examined specific tasks associated with potential exposure to
antineoplastic drugs.9 They found that all gloves used during
preparation of drugs became contaminated, but they observed
only one instance of contamination of a worker’s hands 
inside the gloves. To the authors’ knowledge, no similar study 
involving Canadian health care workers has been conducted. 
A pilot study was therefore undertaken to assess the dermal
contamination of select personnel in hospital pharmacies in the
metropolitan Vancouver region of British Columbia. Hand-
wipe samples were simultaneously analyzed for both cyclophos-
phamide and methotrexate, 2 common antineoplastic drugs
that are handled and prepared at the participating facilities 
and that have been used as markers in previous studies of 
occupational exposure.6,9

METHODS

Hand-Wipe Samples

Six hospital pharmacies within Metro Vancouver partici-
pated in the study. Institutional ethics approval was obtained
from each institution before any samples were collected. 
At each of the 6 facilities, 3 pharmacy workers were asked to
participate, one of whom was responsible for preparing 

antineoplastic drugs (i.e., a pharmacy technician responsible for
drug preparation) and 2 who of whom were not involved in
drug preparation but who worked in the pharmacy department
(a pharmacist and a pharmacy technician not involved with
drug preparation). A total of 18 hand wipes were collected, and
each wipe was analyzed for the 2 drugs of interest (total of 36
analyses), as described below. 

All samples were collected in June and July 2006 by 
the same member of the research team (a research assistant).
Potential participants were selected for the study on the basis of
convenience sampling. Following a discussion with each site’s
pharmacy manager, recruitment of potential participants was
dependent on individuals’ job titles and assigned duties on the
day of the site visit. If an individual was working in 1 of the 3
specified job categories on the day of the site visit, the individ-
ual was approached by the research team member and asked if
he or she would be willing to participate. Each worker was
given a written overview of the study and was asked to provide
written consent before collection of samples. 

Participants who were wearing gloves were asked to
remove them before sampling. For pharmacy technicians who
were preparing drugs, the sampling was performed immediate-
ly after they emerged from the drug preparation area but before
they washed their hands, to allow assessment of any drug 
permeation through the gloves. For all other participants, sam-
pling was performed at their convenience during the course of
their duties, and they might or might not have washed their
hands before sampling. 

The sample collection method was a modified version of
the protocol developed by Sabatini and others.14 Briefly, this
method involved wiping the front and back of both hands of
each worker with a Kimwipe tissue (Kimberly-Clark, Dallas,
Texas) that had been premoistened with 0.75 mL of 0.1 mol/L
ammonium acetate solution. The wipe was then placed in a 
20-mL vial, which was subsequently labelled and placed in a
portable cooler with ice packs. The researcher collecting the
samples wore a fresh pair of gloves to collect the hand-wipe
sample for each participant.

Sample Analyses

All samples were transported on ice on the day of sampling
to the laboratory of the School of Environmental Health at the
University of British Columbia, Vancouver. The samples were
transferred from the portable cooler into a freezer and were
stored at –20°C until the time of analysis. Each sample was
simultaneously analyzed for the presence of cyclophosphamide
and methotrexate, by means of an analytical method developed
by Sabatini and others14 and modified by Chu and 
Barnjak.15 The chemical analysis was done using high-
performance liquid chromatography tandem mass spectrometry
(HPLC–MS/MS) with the electrospray ionization in the 
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positive-ion mode. The system components were a Waters
Acquity Ultra-Performance Liquid Chromatography (UPLC)
liquid chromatograph, a Waters Micromass Quattro Premier
XE tandem mass spectrometer, and an Acquity UPLC BEH
(ethylene bridged hybrid) C

18
1.7 µm, 2.1 × 100 mm column

(Waters Corporation, Milford, Massachusetts). The mass 
spectrometer was operated in the multiple-reaction monitoring
mode. The HPLC mobile phase was 0.2% formic acid in a 1:1
mixture of methanol and deionized water. 

The samples were analyzed in 3 separate batches, because
of limited availability of the analytical instrument (which was
located in another university department). Batch 1 consisted of
samples collected from sites A to D (i.e., 4 sites), batch 2 
consisted of samples from site E, and batch 3 consisted of sam-
ples from site F. Different limits of detection were obtained for
each of the 3 analytical batches, and contamination levels for
each sample were reported in nanograms per wipe (ng/wipe). In
all analytical batches, the limit of detection was determined on
the basis of the average value for a laboratory blank plus 3 
standard deviations, commonly known as the “blank 
determination” method.16 All nondetectable values were 
transformed to half of the respective limit of detection.17 Then,
because occupational exposure data are often log-normally 
distributed, the results were log-transformed, and the resulting
geometric mean and geometric standard deviation were 
calculated for each of the 2 drugs of interest. 

All statistical analyses were performed with SPlus version
8.0 for Windows (Insightful Corporation, Seattle, Washington). 

RESULTS

Work Environment and Participants

All participating facilities were acute care hospitals. The
guidelines implemented for safe handling of antineoplastic
drugs varied slightly from one site to another; closed systems
were not used at any of the sites. At all sites, a chemotherapy-
certified pharmacy technician prepared antineoplastic drugs in
a class II, type B biological safety cabinet. With the exception
of site B, all of the cabinets were situated in an isolation room
designated solely for preparation of antineoplastic drugs. 
This isolation room was adjacent to the dispensary, where non-
antineoplastic drugs were handled. At site B, antineoplastic
drugs were prepared in the same area where non-antineoplastic
drugs were handled. Each participating pharmacy technician
tasked with drug preparation wore, at a minimum, a gown,
gloves, and a surgical mask while preparing antineoplastic drugs
in the biological safety cabinet. 

Study participants who were not involved with preparing
antineoplastic drugs were either pharmacists or pharmacy 
technicians. The pharmacists were responsible for checking the
final prepared products. The pharmacy technicians not

involved with drug preparation performed other duties in the
pharmacy department, such as administrative work or setting
up instruments and supplies for preparation of other 
medications. All pharmacists, with the exception of those at site
F, verified the drug preparations outside of the isolation room.
The protocol for checking drugs at site F required the 
pharmacist to go into the isolation room to confirm the drug
formulations. None of the pharmacy technicians who 
performed their tasks in the dispensary were observed entering
the isolation room by the research team member. The use of
gloves by the pharmacists and the pharmacy technicians not
involved with drug preparation varied at the individual level:
some wore gloves, but others did not. No individual from
either job category was observed to wear double sets of gloves. 

Dermal Contamination Levels

Of the 6 participating sites, only 3 (sites B, C, and E) had
detectable levels of at least one of the antineoplastic drugs
(Table 1). Five (28%) of the 18 hand wipes from these 3 sites
had measurable levels of drug contamination (i.e., above the
limit of detection). None of the hand wipes had detectable 
levels of both drugs. Cyclophosphamide was detected in 3 
samples (geometric mean 0.98 ng, geometric standard devia-
tion 2.72 ng, range from below limit of detection to 3.96 ng).
Methotrexate was found in 2 samples (geometric mean 
0.27 ng, geometric standard deviation 2.57 ng, range from
below limit of detection to 0.27 ng). At site B, 2 participants,
both of whom were pharmacy technicians, had detectable 
levels of cyclophosphamide. Site C also had a pharmacy 
technician with a detectable level of cyclophosphamide. The 2
samples with detectable levels of methotrexate were from site E:
one from a pharmacy technician preparing the drugs and the
other from the pharmacist checking the drugs. 

DISCUSSION

The results of this pilot study confirmed that workers in
certain hospital pharmacies in Metro Vancouver are at risk 
of dermal exposure to antineoplastic drugs. At 3 of the 6 
participating sites (sites B, C, and E), at least one person had a
measurable level of cyclophosphamide or methotrexate. Of the
total of 18 analyses for wipes obtained at sites B, C, and E (i.e.,
9 wipes analyzed for the 2 drugs of interest), 5 (28%) had 
levels of antineoplastic drugs greater than the limit of detection.
To the authors’ knowledge, there is no established
dose–response relation for antineoplastic drugs; as such, we
cannot comment on the health implications of these values.
However, cyclophosphamide is classified as a confirmed human
carcinogen, according to the International Agency for Research
on Cancer.18 More generally, antineoplastic drugs have been
associated with reproductive toxic effects among occupational-
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Comparison of the current findings with those of the 
2 other occupational dermal contamination studies9,13 is diffi-
cult because of differences in the reported units of measure. In
one of these studies, Fransman and others13 found that 
pharmacy technicians’ hands had cyclophosphamide concen-
tration rates of 0.002 ng/cm2 per minute while preparing drugs
over a span of 100 min. However, the duration of procedures
was not documented in the current study. In a separate study,
Fransman and others9 reported an average contamination of
13.6 ng per task on the hands of pharmacy technicians (range
12.5–40.0 ng per task). In the current study, wipe samples were
not collected following completion of any particular task. 

Given that the study reported here was a pilot study to
assess the potential of antineoplastic drug contamination on the
hands of pharmacy personnel in British Columbia, a number
of limitations should be addressed. We are unable to explain
why the dermal contamination levels varied among the 6 sites.
Our goal was to ascertain if dermal exposure was possible;
exploring the determinants of exposure is the topic of another
study, now in progress. Individual factors that can affect dermal
contamination levels, such as hand-washing practices, were 
also not evaluated. Again, the main goal of the study was to 
examine the likelihood of residual drug contamination on
hands, not to evaluate the effectiveness of hand-washing prac-
tices. Another shortcoming was the small number of samples
and the lack of replicates from any participants. Because this
was a pilot study, we were constrained by limits on both time
and financial resources. However, the fact that we did find 
dermal contamination suggests the need to explore this issue
further. Finally, because the analytical instrument was situated
in another department within the university, access to the
instrument by our research team was limited to analyzing the
samples in 3 separate batches, which resulted in 3 different 

ly exposed pharmacy personnel and oncology nurses.19 Previous
studies have demonstrated evidence of the mutagenicity of
antineoplastic drugs through various biomarkers.20-22 In a study
correlating occupational exposure to adverse health outcomes,
Fransman and others23 found a positive log–linear relation
between dermal exposure to antineoplastic drugs and risk 
of premature delivery and low birth weight in a cohort of
oncology nurses. In a recent study, McDiarmid and others24

found genetic abnormalities among oncology personnel who
were handling anticancer drugs. In both of these studies,23,24 the
antineoplastic drugs were mixed in a biological safety cabinet,
and staff were required to wear gloves while handling drugs. As
these work practices are the same as those employed by the 
sites participating in the current study, it is conceivable that 
pharmacy personnel in the current study were also at risk of the
aforementioned adverse health outcomes. 

Previous authors have reported that antineoplastic drugs
can permeate through gloves,25 which may explain why 
pharmacy technicians involved with drug preparation in the
current study had measurable drug contamination, even
though they wore gloves when preparing the drugs. The reason
why some workers who did not directly handle antineoplastic
drugs (i.e., pharmacists and pharmacy technicians working in
the dispensary) had dermal drug contamination is unclear.
These workers may have been indirectly exposed to antineo-
plastic drugs through contact with the external surfaces of the
commercially available drug vials.26 Such contamination might
then have been distributed to other surfaces or objects, such as
the prepared infusion bags. Another possibility is that the 
workers who prepared the drugs had contamination on the out-
side of their gloves, which might have been transferred to other
objects that were shared and used throughout the pharmacy
department, such as transport trays.27 These results support the
need to investigate this exposure risk in a more rigorous fashion.

Table 1. Methotrexate and Cyclophosphamide Contamination on Hands 
of Pharmacy Personnel*

Analytical Batch and Site; 
Amount of Drug (ng/wipe)

Job Category and Drug Batch 1†: Batch 1†: Batch 2‡:
Site B Site C Site E

Pharmacy technician preparing drugs
Methotrexate < LOD < LOD 0.27
Cyclophosphamide 3.96 < LOD < LOD
Pharmacist checking drugs
Methotrexate < LOD < LOD 0.11
Cyclophosphamide < LOD < LOD < LOD
Pharmacy technician not involved 
with drug preparation
Methotrexate < LOD < LOD < LOD
Cyclophosphamide 3.52 2.70 < LOD
LOD = limit of detection.
*Data are presented only for sites with measurable levels of at least one drug. 
†Batch 1: LOD for methotrexate = 0.95 ng/wipe, LOD for cyclophosphamide = 2.50 ng/wipe.
‡Batch 2: LOD for methotrexate = 0.09 ng/wipe, LOD for cyclophosphamide = 0.57 ng/wipe.
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limits of detection for each drug. If all of the samples had been
run as a single batch, it is likely that more of the samples would
have shown levels of contamination above detectable limits. 

CONCLUSIONS

The results of this study suggest that workers in hospital
pharmacies in one metropolitan area of British Columbia,
including those not directly responsible for preparation of 
antineoplastic drugs, are at risk of dermal exposure to 
antineoplastic drugs. To the authors’ knowledge, this is the first
study of its kind in Canada to quantify dermal contamination
levels of pharmacy workers exposed to this group of drugs.
These findings are noteworthy, given the various control 
measures that current legislation and best practice guidelines
specify are necessary to minimize occupational exposure. 
However, we caution that this was a pilot study and that 
additional research is necessary to assess the risk of dermal
exposure to antineoplastic drugs among health care workers.
Nevertheless, these results may serve as a warning that current
control measures may be inadequate to eliminate contamina-
tion with antineoplastic drugs. 
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