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Abstract

This study evaluated the ability of mutagenic antineoplastic agents to vaporize at room temperature (23°C) and 37°C.
A bacterial mutagenicity assay was used to determine the mutagenicity of these agents in the vapor phase. Open plates of
bacteria were exposed to varying amounts of drug solutions in sealed glass containers for 24 h. The drug solutions were
prepared as they would be for patient treatment and were tested at 0.25, 0.5 and 1.0 ml of each drug solution per 101 of air.
Following exposure, the plates exposed at 23°C were incubated an additional 48 h at 37°C to allow for expression of mutations.
Those exposed at 37°C were incubated for an additional 24 h at 37°C. Carmustine, cyclophosphamide, ifosfamide, thiotepa,
and mustargen demonstrated vaporization at 37°C. Carmustine and mustargen also demonstrated significant vaporization at
23°C, while cyclophosphamide demonstrated a 50% increase in revertants at this temperature. In addition, sodium azide, a
known mutagen used as a control was also mutagenic as a vapor at both temperatures. Doxorubicin, cisplatin, etoposide,
S-fluorouracil and mitomycin were not detected as vaporizing in this assay. The study found that vaporization of standard
solutions of some antineoplastic agents is possible at room temperature and increases as the temperature increases. Therefore,
vaporization of spilled antineoplastic agents may present an additional route of exposure to healthcare workers through
inhalation. © 2000 Published by Elsevier Science B.V.
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1. Introduction

The toxic side effects of antineoplastic agents are
well documented in patients and a number of these
effects have been identified in healthcare workers who
handle these agents [1-4]. In patients, side effects
include toxicity to most organs and tissues, espe-
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cially those with high turnover rates. Additionally,
a growing number of the antineoplastic agents are
listed as known human carcinogens, while others are
considered probable or possible human carcinogens
[2-6]. Genotoxic effects and adverse reproductive
outcomes have also been documented in healthcare
workers exposed to these agents [1—4,7-9]. Although
studies in Europe have shown that contamination and
exposure exists in other countries [10-17], we have
recently reported that pharmacies and treatment areas
in cancer centers in North America are also contam-
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inated with antineoplastic agents despite the use of
biological safety cabinets and other protective equip-
ment [18]. Our study documented a higher percentage
of samples demonstrating contamination in both the
pharmacy and ambulatory areas than a previous study
conducted in a single US pharmacy [19]. It has been
assumed that exposure of personnel has been through
oral and dermal contact and the inhalation of particu-
lates. However, based on reports of the measurement
of the vapor pressure of several antineoplastic agents
[20,21], the present study was undertaken to deter-
mine if inhalation of vapors of spilled agents could be
a potential route of exposure for healthcare workers.
Studies have assayed the mutagenicity of vapors of
a variety of chemical compounds [22-28], complex
mixtures [29,30], and solid agents [31,32]. Typically,
these assays have incorporated a sealed glass container
with open plates of bacteria for varying exposure times
or a procedure where the test agent is placed on the
cover of the inverted petri dish and the tops and bot-
toms of the dishes are sealed together. At a specified
time, the exposure to the agent is terminated and the
plates are incubated for the required amount of time.
In the present study, a sample of antineoplas-
tic agents in solution was assayed for their ability
to vaporize at room temperature and 37°C using a
desiccator technique. Two agents, carmustine and cy-
clophosphamide, were assayed at additional temper-
atures. A Salmonella mutagenicity assay was used to
estimate the vaporization of these drugs. The results

of the study indicate that 5 of the 10 antineoplastic
agents tested vaporized at 37°C and two and possibly
a third vaporized at 23°C. These finding may have
implications concerning the techniques currently em-
ployed in their handling in the healthcare setting and
possibly in research laboratories where these agents
are used.

2. Materials and methods

Ten antineoplastic agents, carmustine, cyclophos-
phamide, ifosfamide, doxorubicin, thiotepa, mustar-
gen, mitomycin, cisplatin, etoposide, and 5-fluorouracil
were prepared according to the manufacturers’ rec-
ommendations (Table 1). One reference mutagen,
sodium azide, was employed as a control for the test-
ing procedure. Salmonella typhimurium strains TA98
and TA100 were supplied by B.N. Ames, Univer-
sity of California at Berkeley. Strains UTH8413 and
UTHB8414, repair proficient complements of TA98
and TA100, respectively [33], were supplied by T.S.
Matney, University of Texas-Houston. Plastic petri
dishes containing 20 ml Vogel-Bonner minimal media
were plated with a sensitive strain of S. typhimurium
[34,35] and placed uncovered and right-side-up in 101
glass desiccators that had been equilibrated to the test
temperature for several hours before the start of the
exposure. The strains were selected based on previous
studies in this laboratory with these antineoplastic

Table 1

Antineoplastic agents evaluated in the vapor study

Drug CASRN Supplier Lot number  Amount of Vapor pressure® (mPa)
drug (mg/ml) 25°C  40°C

Carmustine 154-93-8 Bristol Laboratories, Princeton, NJ LDs97 3.33 46 530

Cyclophosphamide  6055-19-2  Mead Johnson, Princeton, NJ GB8000A 20 4.4 9.0

Ifosfamide 3778-73-2  Mead Johnson, Princeton, NJ KGN83 50 1.05 1.2

Doxorubicin 25316-40-9  Fujisawa, Healthcare Inc., Deerfield, I 180210 2

Etoposide 33419-42-0  Bristol Laboratories, Princeton, NJ 9E11195 20 2.65 38

Thiotepa 52-24-4 Immunex Corp., Seattle, WA 425-205 10

Mustargen 55-86-7 Merck & Co. Inc., West point, PA 0369] 1.0

Mitomycin 50-07-7 Bristol Laboratories, Princeton, NJ 9B15275 0.5

Cisplatin 15663-27-1  Bristol Laboratories, Princeton, NJ MB8F22A 1.0 1.9 31

5-Fluorouracil 51-21-8 Pharmacia Inc., Kalamazoo, MI FFA149 50 2.0 3.9

Sodium azide® 26628-22-8  Aldrich Chemical Co., Milwaukee, WI ~ N/A N/A

 References [20] and [21].

b A mutagenic compound used as a standard control for the test system.






