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ABSTRACT

Introduction: The use of antineoplastic drugs in cancer treatment, while essential, poses risks due to
their non-selective action on both cancerous and healthy cells. Assessing and controlling environmental
contamination with these drugs in workplaces is crucial. This study aimed to evaluate the efficacy of
various commercial wipes in sampling the antineoplastic drug 5-fluorouracil from surfaces to develop
standardized sampling methods.

Material and Methods: This study assessed the efficiency of commonly used commercial wipes
(Whatman cellulose filter, cotton swab, Millipore™ filter, sterile gauze pad, and alcohol pad) for sampling
S5-fluorouracil from different surfaces (stainless steel, vinyl, and ceramic). The sampling area was
defined using disposable cardboard frames, and 1000 microliters of a 1 pg/mL 5-fluorouracil solution
were applied to each surface. Sampling and extraction were conducted following NIOSH guidelines. The
frame dimensions were 10 x 10 cm, limiting the sampling area to 100 square centimeters. Analysis was
performed using high-performance liquid chromatography (HPLC), and results were analyzed using Prism
GraphPad software, version 8.

Results: The sampling efficiency varied across wipes and surfaces, ranging from 11.2% to 86.2%. Alcohol
pads showed the highest efficiency on stainless steel surfaces, while the Millipore™ filter had the lowest
efficiency across all surfaces. Extraction efficiency ranged from 43.8% to 98.8%, with alcohol pads
providing the highest recovery. Sample stability was maintained over 15 days.

Conclusion: Alcohol pads were most effective in collecting and extracting 5-fluorouracil, particularly from
hard, smooth surfaces such as stainless steel and ceramic. These findings may improve sampling methods,
thereby reducing occupational exposure to antineoplastic drugs. Further research on different wipes and
extraction parameters could refine drug analysis techniques.
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1. INTRODUCTION the administration of antineoplastic drugs, which,

Cancer remains a significant global health despite their efficacy, have non-selective actions
challenge, with projections indicating an increasing that affect both malignant and healthy cells. This
burden in the coming decades. Chemotherapy, characteristic leads to various health risks, from
a commonly used treatment for cancer, involves acute symptoms like nausea and dizziness to chronic

* Corresponding Author Email: shahtaheri@tums.ac.ir effects such as genetic damage and carcinogenicity.
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Given the hazardous nature of these drugs,
regulatory bodies like the International Agency
for Research on Cancer (IARC) and the National
Institute for Occupational Safety and Health
(NIOSH) have classified them accordingly.
Occupational exposure to these substances is a
significant concern, particularly among healthcare
workers, as exposure can occur through multiple
routes, including dermal absorption, which is
especially relevant for drugs with lower molecular
weights.

Several studies have documented widespread
surface contamination and worker exposure
to antineoplastic drugs in healthcare settings
worldwide. However, standardized methods for
surface sampling remain elusive, leading to varied
approaches and reporting practices. This study aims
to evaluate the performance of commonly available
commercial wipes for sampling 5-fluorouracil
from various surfaces. Although this study may
contribute to the development of more precise
sampling methods for antineoplastic drugs, the
results are specific to 5-fluorouracil, and further
research is needed to generalize the findings to
other drugs.

2. MATERIAL AND METHODS
2.1. Study Design

This study assessed the efficacy of common
commercial wipes in sampling 5-fluorouracil (5-
FU) from various surfaces. 5-FU was chosen due
to its widespread use and relevance as a marker
for anticancer drugs. The acceptable surface limit
(ASL) for 5-FU was determined to be 0.01 pg/cm?
by the American Industrial Hygiene Association

(ATHA) in 2023. Thus, this value was used as the
acceptable criterion in this study.

2.2. Surface Sampling

Surfaces were prepared with 5-FU solutions,
mimicking acceptable surface limits as per
NIOSH guidelines. Wipes were cut to specified
dimensions, moistened with deionized water
(except alcohol pads), and applied in a defined
pattern (Figure 1).

2.3. Extraction and Analysis

After sampling, wipes were extracted and
analyzed using High-Performance Liquid
Chromatography (HPLC). The calibration curve
was plotted over the concentration range of 0.01-1
pg/cm? with an R? of 0.9981. The detection limit
was 0.002 pg/cm?, and the quantification limit was
0.007 pg/cm?. A relative standard deviation (RSD)
of <25% was considered acceptable.

Determination of Collection Efficiency:

Collection efficiency (CE) refers to the ability of
a wipe to absorb contaminants present on surfaces.
To assess collection efficiency, the collection,
extraction, and analysis processes were carried out
as described in Sections 2.3 and 2.4. Additionally,
sampling from clean surfaces (without contaminant
loading) was conducted as a control. The collection
efficiency was calculated as a percentage of the
recovery of 5-fluorouracil from the loaded surface
using Equation 1. A CE greater than 50% was
considered acceptable. A total of 54 experiments
were conducted using a one-at-a-time method with
three repetitions for each experiment.
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Fig. 1: Sampling pattern of surface
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Table 1: Collection Efficiency of wipes for sampling 5-fluorouracil drug from different surfaces

- swlesstel  Ceamic Vgl

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)
Cotton swap 82.6 10.2 80.3 12.3 70.2 9.6
Millipore filter 28.4 7.6 26.6 6.1 11.2 5.9
Sterile gauze pad 54.3 5.3 52.9 23 43.6 7.8
Alcohol pad 86.2 2.1 86.01 32 72.5 5.6
—_—
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filter |—’—<
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Fig. 2: Extraction efficiency from different wipes

Cp =222 % 100

s

Equation 1

Determination of Extraction Efficiency:
Extraction efficiency (EE) is calculated as the
percentage of analyte recovery from the loaded
wipe. Extraction efficiency was evaluated according
to the method provided by OSHA. It was calculated
using Equation 2. An average EE greater than 75%
was considered acceptable, with a preference for
values exceeding 90%.
_ Mp—Mp

Ep =" 100

M, Equation 2

Evaluation of Storage Effects

Spiked samples were stored under different
conditions and analyzed over 15 days to assess
the effects of storage on recovery. A reduction in
recovery exceeding 10% was considered significant.

Statistical Analysis

Spiked samples were stored under different
conditions and analyzed over 15 days to assess
the effects of storage on recovery. A reduction in
recovery exceeding 10% was considered significant.

3. RESULTS AND DISCUSSION
The effectiveness of a surface sampling method
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depends on the desirable properties of the wipes.
However, different types of wipes for sampling
antineoplastic drugs from workplace surfaces have
not been standardized. Moreover, current studies
have not sufficiently addressed the fundamental
reasons why a wipe may perform well or poorly,
especially in sampling antineoplastic drugs from
surfaces. In this study, the performance of the most
commonly used commercial wipes (including
Whatman cellulose filter, cotton swab, Millipore™
filter, sterile gauze pad, and alcohol pad) for
sampling 5-fluorouracil from various surfaces
(stainless steel, vinyl, and ceramic) was evaluated.
Table 1 shows the results of 5-fluorouracil
analysis obtained from sampling using different
wipes on stainless steel, vinyl, and ceramic surfaces.
The collection efficiency of the wipes varied across
surfaces, ranging from 11.2% to 86.2%. The lowest
recovery was associated with the Millipore™
filter on vinyl surfaces (11.2%), while the highest
recovery was observed with the alcohol pad on
stainless steel surfaces (86.2%). A statistically
significant difference in collection efficiency was
found between the Millipore™ filter and the other
wipes (p < 0.001). The lowest mean recovery was
for vinyl (49.3%), and the highest was for stainless
steel (70.3%). Additionally, the collection efficiency
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on the vinyl surface differed significantly from the
other surfaces (p < 0.05).

The extraction efficiency of the studied wipes
was evaluated at three concentrations (Figure 2).
The recovery from these wipes ranged from 43.8%
to 98.8%, with the highest recovery associated with
the alcohol pad (98.8%) and the lowest with the
Millipore™ filter (43.8%).

Among the wipes, alcohol pads were particularly
advantageous due to their sterility, ease of use
without the need for wetting and drying, and lower
risk of contamination. This type of wipe showed
the highest recovery in both collection (86.2%) and
extraction stages (98.8%) compared to the other
wipes. Alcohol pads are cotton swabs impregnated
with isopropyl alcohol (IPA) and stored individually
in aluminum packaging. The higher recovery of
5-fluorouracil with this wipe may be attributed
to the drug’s solubility in IPA. Polar compounds
like 5-fluorouracil dissolve readily in IPA, leading
to higher absorption in wipes. Conversely, using
water to moisten wipes can lead to hydrolysis of
some chemical substances, replacing the original
compound with its hydrolysis product. IPA is a
suitable solvent for many compounds, suggesting
its potential as a cleaning solvent for most target
compounds.

Structural surface characteristics, such as
porosity and permeability, can affect collection
efficiency during surface sampling. In the context of
antineoplastic drugs, some surfaces are more prone
to contamination. Common areas sampled include
workstations, drug preparation areas, storage areas,
drug administration areas, waste management sites,
and administrative areas. In this study, the effects
of surface structure on the collection efficiency
of 5-fluorouracil were evaluated using stainless
steel, vinyl, and ceramic surfaces, which represent
materials commonly found in biological safety
cabinets, isolators, work desks, and floors. Among
these, the average collection efficiency from vinyl
surfaces was below acceptable limits (>50% CE)
and significantly different from other surfaces (p
< 0.05), possibly due to the higher porosity of this
surface. Porous surfaces can pose challenges as
they may allow analytes to penetrate surface pores,
which may be exacerbated when a solvent is applied
from a moist cloth to the surface.

The analyte’s stability after sampling is a key
factor, determining the ideal time for extraction

[DO!

and analysis to prevent analyte loss. In this study,
the effect of storage time on the extraction rate
of 5-fluorouracil samples was investigated. The
Millipore™ filter was excluded from further analysis
due to its poor performance in the collection and
extraction stages. Among the other wipes, the
recovery rate of 5-fluorouracil from alcohol wipes
remained above 90% throughout the storage period
(15 days) under both storage conditions (23°C
and 4°C). Therefore, samples collected using this
type of wipe are analytically viable for up to 15
days with acceptable accuracy. Spiked samples on
cotton swabs also remained within an acceptable
range throughout the study period. However,
the recovery rate of 5-fluorouracil from sterile
gauze wipes decreased to below 75% after 5 days,
indicating that extraction and analysis should be
performed within 5 days of sampling when using
this type of wipe. This decrease may be due to
interactions between the sample and the wipe or
the storage container.

4. CONCLUSIONS

This study evaluated the effectiveness of various
commercial wipes for sampling 5-fluorouracil from
different surfaces. The results demonstrate that the
type and characteristics of the wipes, as well as
the structure of the sampled surface, significantly
impact the collection efficiency of 5-fluorouracil.
Alcohol pads outperformed other wipes, suggesting
that they may be a suitable option for sampling
this drug. Additionally, hard and smooth surfaces,
such as stainless steel and ceramic, showed better
sampling efficiency.

These findings could improve sampling and
analysis methods for 5-fluorouracil. However, it
is important to note that due to the physical and
chemical differences among various antineoplastic
drugs, the results of this study cannot be generalized
to other drugs in this category. Further studies are
recommended to explore the effects of other wipes
and extraction parameters on the evaluation of
different antineoplastic drugs to develop more
optimized techniques for their analysis. These
efforts could help reduce occupational exposure to
antineoplastic drugs.
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