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Abstract : This study has been to examine the occupational exposure levels of Fluorouracil (5-FU) in a hospital and
to investigate the most effective cleaning reagent for control. Fluorouracil is one of the cytotoxic drugs which are
therapeutic agents used to treat cancer. The health practitioners working in the cytotoxic work room and oncology
ward areas are exposed to adverse health risks like cytogenetic and DNA damage from cytotoxic drugs exposure by
frequent skin contact from contaminated surfaces. Four kinds of cleaning reagents has been examined to degrade the
5-FU. It was found that 5-FU was only degraded soon after the reaction in 0.5%(w/v) NaClO solution. Therefore,
0.5%(w/v) NaClO solution has been chosen to decompose any residues on the contamination surfaces. A substantial
level of contamination was found on the surfaces of cytotoxic work room and oncology ward areas. The contamina-
tion ranges of the surfaces in cytotoxic work room and oncology ward areas were from 2.0 to 13.8ugm2 and 5.39 to
11.53pg/m2, respectively. Consequently, regulation of the occupational exposure limit, procedure of special cleaning,
and the use of personal protective equipment are recommended during the manipulation and administration of the
drugs to avoid skin contamination from cytotoxic drugs like 5-FU.
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1. Introduction a variety of contaminated surfaces such as inhalation,

ingestion or injectionl). Skin contact is to be a major
Cytotoxic drugs are therapeutic agents used to treat

cancer. Exposure to cytotoxic drugs will increase ad-
verse health risks including genotoxic effects and ge-
netic damage by frequent or potent skin contact from

route of contamination from potential contaminated
surfaces, because skin contamination may well occur
from incidents such as spillage, splash, dripping or
cross contamination. This contamination can be happened

from inadequate personal hygiene, improper use of per-
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toxic drugs through glove materials and cleaning tech-
niquesz’B).

It was found that hospital personnel compounding
and administering cytotoxic chemotherapy are at risk
of inadvertent occupational exposure to cytotoxic resi-
dues from potential surface contamination. In addi-
tion, both the surfaces of drug vials delivered from
manufacturers, the external surface of antineoplastic
drug vials and their primary packaging can also be
sources of skin contamination as well as inside the
isolator™”.

Health practitioners, for examples, nurses, techni-
cians, pharmacists and physicians handling cytotoxic
drugs have increasing risks of adverse health effects
like carcinogenicity, genotoxicity, reproductive and
organ toxicity from potential skin contact with a variety
of contaminated surfaces and inhalational exposure”.
These occupational exposures will mostly occur in the
administration area, preparation area, oncology wards,
and disposal area in hospitals.

Both skin contamination and inhalational exposure
will be caused by surface contamination, vaporization/
aerosolization of cytotoxic drugs, inadequate personal
hygiene, improper use of PPE, inappropriate use of
cytotoxic drug safety cabinets(CDSC) and most im-
portantly, improper cleaning techniques during drug
preparation, drug administration, patient care activi-
ties, spill management and waste disposal. It is well
known that hospital personnel compounding and ad-
ministering cytotoxic chemotherapy are at risk of ina-
dvertent occupational exposure to cytotoxic residues®'”.
To minimize or avoid skin and inhalable exposure to
cytotoxic drugs, there are several guidelines''™ pro-
vided to reduce workplace risk. However, no occupa-
tional exposure limit for cytotoxic drugs is currently
available.

5-FU is one of the most common cytotoxic drugs
used in many hospitals. However, there is lack of
occupational exposure data from surfaces contaminated
with 5-FU. In addition, there is also insufficient in-
formation on the most effective cleaning reagent for
the decontamination of 5-FU, even if there is a great
concern about an appropriate cleaning procedure>'*".

Therefore, the main objectives of this study were
to examine the extent of occupational exposure levels
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Fig. 1. The chemical formula and structure 5-FU,

of 5-FU in a hospital and to determine the most
effective cleaning reagent for control.

2. Materials and Methods

2.1. Study Materials

The cytotoxic drugs investigated in this study were
S-fluorouracil which was manufactured in Mayne
Pharma Pty Ltd(Mulgrave, Victoria). It has a white
solid powder form, but it was diluted as 2500mg/
100mL solution(DLB Brand). The CAS Registry
number is 51-21-8 and the chemical structure is shown
in Fig. 1.

Four cleaning reagent selected for the degradation
test of 5-FU were 70% analytical grade ethanol,
0.5%(w/v) NaClO(Pharmaceutical grades & Sterile con-
tamination control products), 0.03M NaOH solution
and laboratory grade distilled water.

2.2. Sampling of Contaminated Surfaces

Polyvinyl alcohol Ghost™ Wipes(Les Orr. Environ-
mental Express(USA) were wet with ImL of 0.03M
NaOH solution prior to undertaking surface sampling
in the pharmacy.

Surface samples were taken from the pharmacy cyto-
toxic compounding section in work room and cyto-
toxic clean room, and the oncology wards like recep-
tion area, dispensing room, storage-cabinet/compactus
and administration area. Outer packaging and drug
vials(2,500mg/100mL and 325mg/15mL) of 5-FU in
the pharmacy store were also wiped for the surface
contamination test. Tweezers were used to transfer
the Ghost™'Wipes into a separate small glass vial
with a Teflon cap. The samples were stored in a ice
bag, then transferred to the laboratory. All the sam-
ples were stored in the freezer at < -20°C prior to
laboratory analysis with the HPLC. During the sam-
pling, the collectors were worn disposable nitrile gloves
and disposable coveralls.
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Fig. 2. Cytotoxic compounding area,

2.3. Airborne Sampling Materials

Prior to airborne monitoring in the pharmacy set-
ting, the recovery of 5-FU from an airbome sam-
pling filter manufactured by vinyl/acrylic copolymer
(0.8um, 25mm) was higher than 95%.

Positional airborne sampling was carried out inside
the clean room, ante room, store room and work area
as described in Fig. 2. Fach sampling filter was loaded
in an open-faced IOM (Institute of Occupational Me-
dicine) sampler (Scotland, U.S. Patent No. 4,675,034,
SKC Inc). The filter was positioned at about 1.5m
above the floor. A calibrated battery-powered air sam-
pling pump was connected to an airborne inhalable
dust sampling head. The flow rate of the pump was
3L/min for around 3hours according to the length of
cytotoxic preparation schedule. All the airborne samples
were stored in a sterile container and then delivered
to the laboratory. These samples were stored at <
4°C until analyzed using HPLC. To extract 5-FU from
the filters, 0.5mL of the dissolving solution was added
to each filter.

2.4. Degradation Test Method

One milliliter of 5-FU(1.25mg/mL) was diluted with
each cleaning reagent, and made up to 10mL as total
volume. This experiment was carried out under the
ambient temperature at 22+1°C in the laboratory. Twenty
microlitre of each sample solution was taken by a
syringe in different time intervals from 0, 15, 30, 60
and up to 80min, and injected into the HPLC with a
UV detector. This experiment was undertaken twice
and all data were aggregated on a graph. During the
process, disposable nitrile gloves(30cm length) were
worn to avoid skin contamination. Statistical analysis

E=ORESIZI A, HI24H H45, 20094

was performed by using MS EXCEL progtam on a
personal computer.

2.5. Analytical Conditions and Instrument

5-FU was extracted from the Ghost" 'wipes using
2ml of 0.03M NaOH solution as dissolving agent
prior to analysis with the HPLC with a UV detector.
The recovery of 5-FU from the GhostTM wipes was
99%. The mobile phase for 5-FU was consisted of
0.05M sodium acetate which was adjusted as pH 4.0
using acetic acid. After making up the mobile phase,
an ultrasonic bath was used for degassing about 15
minutes. Helium gas was bubbled through the mobile
phase during the analysis. The conditions of HPLC
(High Performance Liquid Chromatography) opera-
tion were 260nm(UV detector), 1.0mL/min{pump rate)
and 2.7minute(retention time). The coefficient of linear
regression from HPLC is R’=0.9967 and lower limit
of detection is 1.0pg/mL. The specific details of the
HPLC are described as below;

- Perkin-Elmer Series 200 with UV/VIS Detector
connected to a GBC, LC 1120,

- HPLC Pump and a SUPELCO, Supelcosil™,

- Reverse phase LC-18, 5-8985 column in a TC
1900 HPLC Temp. Controller

- A software program(ICI DP800 Chromatography
DATA Station, Ver 2.50).

3. Results

3.1. Surface Contamination Monitoring

The sampling of this study was conducted at a hos-
pital. Out of over 8000 cytotoxic drug compounds
supplied in every year, more than 80 items of 5-FU
are prepared. All stock solutions were stored in the
pharmacy store, and then delivered to the pharmacy
cytotoxic compounding section. Operators like pharma-
cists and senior pharmacy technicians prepared cytotoxic
drug compounds in the cytotoxic compounding area.
The compounding area comprises of an office, work
room, cytotoxic ante and clean room housing where a
class II vertical laminar flow cytotoxic cabinet is operated
as described in Fig. 2. The cytotoxic ante and clean
rooms are supplied with HEPA(high efficiency particulate
air) filtered air to specified current standards.
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Operators in the cytotoxic clean room wore surgical
face masks, sterile coverall-gowns, shoe covers, safety
goggles and double latex surgical gloves. After com-
pounding and labelling injection solutions, only selected
surfaces in the cytotoxic work and clean rooms were
wiped down with 70% sterile ethanol.

On two oncology wards for inpatient and outpati-
ent, nurses stored all compounded chemotherapy items
in infusion bags of refrigerators and compactus. Nurses
wore disposable surgical latex gloves during the ad-
ministration to patients in wards.

Table 1 shows the results from surfaces tested for
contamination with 5-FU, Samples were taken from
the surfaces of the pharmacy compounding section,
oncology wards and pharmacy store. It is well known
that most surfaces of such areas may be contami-
nated by 5-FU residues. It was also found that the
outer box stored in a container in the pharmacy
compounding section was contaminated. From these
results, it was found that there were cumulative
contamination of most work surfaces in the cytotoxic
work room in the pharmacy compounding section
and the oncology wards, not the pharmacy store. The
detection ranges of those areas were from <LOD(2
pgm’) to 13.8ug/m’ in the pharmacy compounding
section and from 5.39 to 11.53pg/m’ in the oncology
ward areas. These results could indicate background
contamination causing significant skin contamination.
Similar results were also discussed in a recent study'®.

Table 1. Analytical results from surfaces tested for conta—
mination with 5—FU

. No. of | Results (ng)
Locations Samples |(GM + STDV)
Work Room 12 6.79 £ 0.70
Pharmacy Ante Room 3 824 = 430
Compounding
Section Outer Box* 1 6.0
Drug Vial* Surface 1 < LOD
Reception Area 18 6.79 £ 1.06
Dispensing Area 2 8.89 £ 3.31
Oncology Wards
Storage Area 2 8.60 = 3.76
Administration Area 10 6.59 + 0.40
Outer Boxes* 3 < LOD
Pharmacy Store
Drug Vial* Surfaces 3 < LOD

GM: Geometric mean, STDV: Standard deviation, LOD: < 2ug as a
limit of detection
*All outer boxes and drug vials had not been used.
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Positive surface contamination was detected from
samples taken in the pharmacy compounding section.
This is probably caused to accidental cross contamina-
tion or inappropriate decontamination process, as dis-
cussed by previous studies'*”. Contamination was
found on the surfaces of gloves during compounding
and administration of cytotoxic drugs”*”. As poten-
tial source of skin contamination, the contamination
of glove should be investigated. No contamination
was detected from the products delivered directly from
the distributor and in the main pharmacy store.

Wiped samples in work room were taken from
computer keyboards and mouses, door handles, tele-
phone, fridges, waste bin, bench top. The samples in
ante room were taken from a door handle, water tap
and floor, also, samples in reception area were taken
from bench top, fridges, telephone, door handles, com-
puter keyboards and mousse. The samples in dispens-
ing room were taken from a table and chair. The
other samples in storage arca were taken from a
cabinet and compactus, also samples in the adminis-
tration area were taken from trolleys, injection pumps
and patient chairs.

It was discussed that if there is continuous skin
contamination from surfaces contaminated with 5-FU
caused to inappropriate surface cleaning process, the
health practitioners working in the two areas may
have increased risk of adverse health effects like
cytogenetic and DNA damage from chronic exposure
to cytotoxic drugs'”.

3.2. Airborne Contamination in the Cytotoxic
Drug Compounding Area

Airborne sampling were carried out in the cyto-
toxic compounding section and work area. Airborne
monitoring was only carried out for 3 hours corres-
ponding to the cytotoxic compounding session of the
day which only five 5-FU infusions were prepared.
No contamination were detected from the airborne
samples from the clean room, store room, ante room
and general cytotoxic office area, probably caused to
the installation of an appropriate BSCs(exhaust bio-
logical safety cabinets) with HEPA filters in the clean
room as shown in Table 2. All results were checked
to be under the limit of detection(0.93 pg/m’).
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Table 2, Airborne sampling results

Sampling

Locations ; . Results
time (min)

Next a Biological Safety Cabinet 3
N (BSC) in the Clean Room 180 | <093pg/m
Positional 3
airborne Store Room 180 <0.93pg/m
sampling Inside Ante Room 180 | <0.93pg/m’
General working area 180 <0493pg/m3

These results indicate that BSCs in this study were
effectively used for stopping aerosols entering from
the atmosphere. Regarding this, we may recall that if
there is a failure of the HEPA filters, airborne contami-
nation may occur in environmental areas outside of
the clean room”, and from routine activities and ina-
ppropriate cleaning after spillage in BSCs.

3.3. Comparision of Degradation Reagents

From the 5-FU degradation trials with the four clean-
ing reagents, no significant degradation of 5-FU with
0.03M NaOH, 70% analytical grade ethanol and labo-
ratory grade distilled water were observed as des-
cribed in Fig. 3. However, most 5-FU was degraded
soon after the reaction in the solution of 0.5%(w/v)
NaClO. Therefore, 0.5%(w/v) NaClO solution was
chosen to decompose any residues on the contamina-
tion surfaces even if 70% sterile alcohol was recom-
mended by both OSHA™ and SHPA" to clean any
surfaces contaminated with cytotoxic drugs.

Regular environmental airborne and surface moni-
toring should be carried out to ensure appropriate con-
trol of contamination. In order to eliminate/prevent
possible health risks resulting from skin contact with
surfaces contaminated with 5-FU, an appropriate
cleaning procedure with 0.5% w/v NaClO should be

o Distilled Water
= 0.03M NaOH

A 70% Ethanol
®0.5% wiv NaCto

Total Concentration (ug)

[ 20 40 60 80 100

Time (min)

Fig. 3. Degradation of 5—FU with four cleaning reagents.
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adapted to decompose any residues on surfaces like
bench top, reception area, store, telephone, keyboard
and mouse, fridge, door handle, waste bin, trolley,
pump, chair, floor, and so on. Spraying 0.5%(w/v)
NaClO solution on surfaces after daily work will be
suitable for the decontamination of Fluouracil. It is
also recommended for the health practitioners to get
good work practices and to wear PPE including gloves
in accordance with the guidelinesn'n).

4. Conclusion

Surface wipe sampling and airborne sampling were
carried out in this study. In order to degrade 5-FU, 4
kinds of cleaning reagents were also tested. The results
are as belows:

1) Cumulative contaminations were detected in
most work surfaces in the cytotoxic work room in
compounding section. The detection ranges of this
area and in oncology ward areas are from <LOD to
13.8ug/m’, and from 5.39 to 11.53pg/m’, respectively.

2) The results from the 5-FU degradation tests with
distilled water, 0.03M NaCH, 70% ethanol and 0.5%
w/v NaClO, have been obtained that 0.5% w/v NaClO
was the most effective reagent for decomposing 5-FU.

3) Regulation of the occupational exposure limit,
specific cleaning procedure of 5-FU and the usage of
personal protective equipment should be recommended
during the manipulation and administration of the
drugs to minimize or avoid skin contamination and
inhalable exposure of cytotoxic drugs.
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