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A high-performance liquid chromatography–tandem mass spectro-
metric (HPLC-MS/MS) method was developed for the determination
of mitomycin C, an anticancer drug, from contamination on various
surfaces. Mitomycin C is often used in various forms of intraperitone-
al chemotherapy, and operating room healthcare worker exposure to
this drug is possible. The surface testing method consisted of a wip-
ing procedure utilizing a solution of 20/45/35 (v/v/v) of acetonitrile–
isopropanol –water made 0.01 M in ammonium citrate (apparent
pH 7.0). The wipe solutions were analyzed by means of HPLC-MS/
MS using a reversed-phase gradient system and electrospray ioniza-
tion in positive ion mode with a triple-quadrupole MS detector.
Accuracy and precision of this method were demonstrated by a series
of recovery studies of both spiked solutions and extracted wipes from
various surfaces (stainless steel, vinyl and Formicaw) spiked with
known levels of mitomycin C. Recoveries of spiked solutions contain-
ing the analyte demonstrate mean recoveries (accuracy) ranged from
93 to 105%. Precision as measured by the relative standard deviation
(% RSD) of multiple samples (n 5 10) at each concentration level
demonstrated values of 7.5% or less. The recoveries from spiked sur-
faces varied from 30 to 99%. The limit of detection for this method-
ology is ∼2 ng/100 cm2 equivalent surface area, and the limit of
quantitation is ∼6 ng/100 cm2.

Introduction

Since their introduction in the 1940s, antineoplastic drugs

have been extensively used to treat various types of cancer.

Mitomycins are a family of aziridine containing natural products

first isolated from the soil bacteria Streptomyces caespitosus and

Streptomyces lavendulae (1–4). Mitomycin C (see Figure 1) is

used as a chemotherapeutic agent because of its antitumor prop-

erties, and it also exhibits antibiotic activity. Mitomycin C exhib-

its DNA crosslinking capability and is an alkylating agent. It has

been used occasionally in the intravenous treatment mode and

used extensively in the topical treatment mode of cancer.

Mitomycin C has been utilized in the treatment of bladder tu-

mors by means of instillation therapy (5, 6). In recent years, dif-

ferent types of intraperitoneal chemotherapy procedures have

come into use for cancer treatment (7–9) whereby solutions

of antineoplastic drugs are infused into the human body by sur-

gical means. Hyperthermic intraperitoneal chemotherapy

(HIPEC) and continuous hyperthermic peritoneal perfusion

(CHPP) have gained acceptance in the USA and other countries

owing to the improved survival rates in the treatment of some

forms of cancer. These treatment procedures specifically involve

preheating a large volume (up to 3 L) of antineoplastic drug sol-

ution to �428C, introducing the solution into the peritoneal

cavity and then siphoning the solution out of the patient after

a prescribed time. Mitomycin C has become a preferred drug

for these types of procedures.

Researchers have become interested in minimizing the ex-

posure to antineoplastic drugs used by healthcare workers in

general, and many have become focused upon operating room

exposure (10, 11). Many antineoplastic drugs, mitomycin C in-

cluded, can be hazardous to health. Antineoplastic drugs have

been shown to exhibit a number of acute and chronic toxicolog-

ical effects including carcinogenicity, mutagenicity and teratoge-

nicity (12). The determination of mitomycin C contamination

in operating room environments has been studied in the past

(13, 14), and it was of interest to this laboratory. Both surface

contamination and possible exposure through air in personnel

breathing zones from aerosols were considered.

Although many analytical techniques can be used to monitor

antineoplastic drugs in the healthcare environment, high-

performance liquid chromatography (HPLC) utilizing mass spec-

trometric (MS) detection has been demonstrated to be versatile

and of great utility (15). Mitomycin C has been analyzed by HPLC

by multiple researchers over recent years (13, 16, 17). Gerhard

et al. (16) developed a reversed-phase HPLC system using UV

detection to assay mitomycin C in human plasma. Velpandian

et al. (18) used an HPLC–UV assay method to monitor the con-

centration of mitomycin C ophthalmic formulations. In this

study, HPLC-MS/MS was the chosen technique owing to its

high sensitivity and the higher degree of specificity, the ability

of an analytical technique to accurately measure the analyte in

the presence of all potential sample matrix components without

interference. Mitomycin C also has the problem of having a nar-

row range of stable conditions when in solution (18–20); thus, a

procedure utilizing a simple dilution and without extensive

sample pretreatment was necessary. Furthermore, the developed

method conforms to the validation requirements of the National

Institute for Occupational Safety and Health (NIOSH) as well as

the general accepted requirements of method validation (21, 22).

Experimental

Instrumentation and reagents

The chromatographic analysis was conducted using an Agilent

Technologies model 1100 liquid chromatograph (Palo Alto, CA,

USA) with a pump (model G1312A), degasser (model G1379A)

and cooled autosampler (model G1329A), and it was equipped

with an Agilent Model 6430 triple quadrupole mass spectrome-

ter (MS/MS) with an electrospray ionization (ESI) interface. The

general chromatographic and MS conditions are summarized in

Table I. It should be noted that a post run of 100% mobile
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phase B at the higher 0.5 mL/min flow rate was included to re-

move any well-retained sample matrix components from the col-

umn before the system was re-equilibrated to initial conditions.

The MS/MS was run in multiple reaction monitoring (MRM).

Mitomycin C reference standard was obtained from the United

States Pharmacopeia (Rockville, MD, USA). Porfiromycin (the

methyl analog of mitomycin C, see Figure 1) was donated by

the National Cancer Institute for use as an internal standard.

Acetonitrile (HPLC grade), isopropanol (HPLC, GC and pesticide

residue grade) and water (HPLC grade) were obtained from

Burdick & Jackson (Honeywell International, Inc., Muskegon,

MI, USA). The sample extraction solvent was buffered with ammo-

nium citrate prepared using citric acid monohydrate (Sigma-

Aldrich, St. Louis, MO, USA) and ammonium hydroxide (Fisher

Scientific, Pittsburgh, PA, USA).

Methods

General sample preparation

Potential mitomycin C contamination was evaluated for three

work surfaces using two separate wiping materials. The first

wipe procedure evaluated for performing and processing sam-

ples was a modification of the one described by Larson et al.

(23) and Pretty et al. (15). A 0.25-mL aliquot of the extraction

solvent [20/45/35 (v/v/v) acetonitrile– isopropanol–water

made 0.01 M in ammonium citrate, apparent pH 7.0] was used

to wet a template area of 100 cm2 on the desired surface. A filter

paper disc (GE Healthcare, Buckinghamshire, UK; 55 mm

Whatman 42) was used to wipe the template area. This wiping

procedure was conducted three times over the surface area.

The three filters were then placed in a 125-mL polypropylene

jar (Nalgene/Thermo Scientific Co., Rochester, NY, USA; part

number 2118-004) and brought up to a total liquid volume of

9 mL with the extraction solvent. A 1.0-mL aliquot of the internal

standard solution was added to the jar, and it was swirled by

means of an orbital shaker for 30 min to extract the mitomycin

C. The approximate 10 mL volume of solvent was an optimum to

cover the three pieces of filter paper in each jar. The second

wipe procedure evaluated used polyester Texwipew swabs

(ITW Texwipe, Kernersville, NC, USA; TX714A, Large Alpha

Swab); three swabs were used to wipe the template area. After

wiping, the heads were removed from the swab shafts and placed

in the 125-mL polypropylene jars. The swabs were treated by the

same procedure as the filter paper. After the analytes were ex-

tracted into the solvent, the solvent samples were filtered using

polyvinyl difluoride (PVDF) Millexw 0.22 mm filters (Millipore

Corporation, Billerica, MA, USA) and placed in autosampler

vials for analysis.

To evaluate recoveries for the full surface wiping procedure,

the three materials selected to represent surfaces likely to expe-

rience contamination in the workplaces were stainless steel,

vinyl and Formicaw. Stainless steel (Type 304 #3 satin finish,

McMaster-Carr Supply, Cleveland, OH, USA) was used as a

surrogate for biological safety cabinets, Formicaw for counter

tops and vinyl for floor tiles (Imperial Texture; Armstrong

World Industries, Montreal, Quebec, Canada). Tiles were cut

into 10 � 10 cm sections from sheets of stock materials, washed

with methanol and air dried prior to use. Recovery studies from

the surfaces were conducted by spiking the surfaces with known

amounts of mitomycin C dissolved in 250 mL of acetonitrile. The

acetonitrile was allowed to evaporate before wiping the surface

for the recovery study. For all the recovery studies, both the

spiked solutions and the spiked surfaces, equivalent mitomycin

C levels of 0.1, 0.2, 2, 4, 10, 25 mg/100 cm2 were prepared.

Sample solutions prepared outside the range of the calibration

curves (the 10 and 25 mg/100 cm2 samples) were diluted 1:10

in extraction solvent before analysis.

Standard sample preparation

Stock solutions of mitomycin C and porfiromycin were prepared

in acetonitrile. Calibration standard samples were prepared at 0,

2, 5, 10, 50, 100, 200, 400 and 500 ng/mL concentrations in the

extraction solvent described previously. This corresponded to

equivalent wiped levels of 0, 0.02, 0.05, 0.1, 0.5, 2 and 5 mg of

Figure 1. Chemical structures of mitomycin C and porfiromycin.

Table I
Instrumental Parameters of the Method

HPLC conditions

High-performance liquid chromatograph: Agilent Model 1100 pump and autoinjector
(88C sample vial cooling)

Column: Agilent Zorbax Rx C18, 3.5 mm, 250 � 3.0 (ID) mm
Guard column: Phenomenex C18 SecurityGuard 4 � 2 mm (AQ-18-AJO-7510)
Column flow: 0.4 mL/min (during chromatographic analysis)
Injection size: 5 mL
Data acquisition time: 12 min

Mobile phase
A ¼ 10/90/0.1% acetonitrile–water–acetic acid
B ¼ 75/25/0.1% acetonitrile–water–acetic acid

Gradient program

Run time (min) Mobile phase composition Comments

0–12 0–70% B Gradient
12–13 70–100% B Start post run
13–16 100% B (flow at 0.5 mL/min) Post run

Note: Re-equilibration back to 0% B was 8 min.

MS/MS conditions

Mass spectrometer (MS/MS): Agilent Model 6430 with electrospray ionization source in positive
ion mode

Electrospray voltage: 3,500 V
Nebulizer gas pressure: 35 psi
Drying gas: nitrogen
Drying gas flow: 10 L/min
Drying gas temperature: 3258C
Fragmentor voltage: 97 V for all analytes
Collision gas: nitrogen
Collision gas flow rate: 0.06 L/min (factory default)
Collision energy: 8 V for all mitomycin C, 6 V for porfiromycin (IS, internal standard)
Dwell time: 200 ms
Mass transitions: m/z 335–242 for mitomycin C, m/z 349–256 for porfiromycin (IS)
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mitomycin C per 100 cm2 surface area. The porfiromycin inter-

nal standard solution used for spiking was prepared in acetoni-

trile at a concentration of 0.2 mg/mL. A 1.0-mL aliquot of each

standard solution and 100 mL of the internal standard solution

were added to each autosampler vial for analysis.

Calculations

All analyte quantification for the validation of this test method

was based on the peak area ratio of mitomycin C to porfiromycin.

The standard calibration curves used for the recovery and extrac-

tion studies were linear within the standard sample concentra-

tion range; correlation coefficients were 0.98 or greater and

the y-intercepts approached zero for all calibration curves gener-

ated with this chromatographic system. Calibration curves were

generated at the beginning, middle and end of the analysis for

each sample set to verify the lack of any significant signal drift

during the use of this method. Sample quantification was calcu-

lated using the bracketed standard curves, the preceding and fol-

lowing curves were used and the two assay values were averaged.

The limit of detection (LOD) was calculated in the traditional

manner (21, 22), using three times the noise level of the chro-

matogram’s baseline divided by the slope of the calibration

curve. Because instrument noise is a function of peak height,

the average baseline level of height noise was determined for

each batch run in chromatograms at the retention time window

for each analyte from non-spiked samples. The slope from the cal-

ibration curve using peak heights of the standards was used as the

divisor for the LOD calculation. It should be stressed that peak

heights were used only for the estimation of the LOD of this meth-

od; peak area ratios were used for the quantification of mitomycin

C during the recovery studies of the method’s validation.

Results

Precision and accuracy

A recovery experiment using the optimized HPLC-MS/MS assay

conditions with filter paper wipe solutions fortified with mito-

mycin C (i.e., the analyte standards were prepared in matrix-

matched extraction solvent) was performed to demonstrate the

accuracy and precision of the HPLC-MS/MS conditions. These

data are presented in Table II: average recovery levels were be-

tween 93 and 105% (n ¼ 10) with precision measured by per-

cent relative standard deviations (RSDs) of 7.5% or less. The

recovery levels and precision of spiked solutions were acceptable

for this type of method and no significant method bias was deter-

mined from these recovery data when using the internal

standard.

Wipe recovery

The most important aspect of this methodology was to deter-

mine the most effective wipe procedure to detect mitomycin

C from various surfaces encountered in an operating room set-

ting. The data for the surfaces tested using both filter paper

and the polyester swabs are presented in Table III. As can be

seen in the table, stainless steel generally has higher recovery

yields with some problems at the lower levels. There was little

difference in using filter paper or swabs for extracting mitomycin

C from stainless steel. Vinyl is a porous material and it generally

only had recovery yields of 50–60% for every spike level using

either filter paper or swabs for the wipe procedure. Finally, the

main quantitative advantage for using the swab over filter

paper can be seen for the Formicaw surface data (see Table III).

The swabs had recovery yields of 60–70% at the 0.100 and

0.200 mg/cm2 levels while the filter paper had recoveries near

30%. The swabs also displayed greater precision at the lower

mitomycin levels (see Table III).

Linearity and LOD

The linearity of this methodology was determined over the range

of 0.002–0.5 mg/mL (0.02–5 mg/100 cm2 spiked equivalent

level). The calibration curves generated from the peak area

ratio between mitomycin C and the internal standard showed

correlation coefficients (r2) of 0.98 or greater. The LOD was de-

termined to be �2 ng/100 cm2 equivalent (0.002 mg/100 cm2).

The LOD was calculated in the traditional manner (16, 17) using

three times the noise level of the chromatogram’s baseline divid-

ed by the slope of a calibration curve using peak heights. The

limit of quantitation (LOQ) may be estimated to be approximate-

ly three times the LOD. The lowest standard used was equivalent

to 20 ng/100 cm2 in the calibration curves.

Discussion

Chromatography and detection

The optimized chromatographic conditions developed for the

HPLC-MS/MS method were demonstrated to be specific and

have no obvious interferences; mitomycin C and the porfiro-

mycin internal standard peaks were both easily and accurately

quantifiable in the chromatograms generated (see Figure 2).

Generally, tandem mass spectrometric detection gives a high

degree of specificity to an HPLC method. Method specificity,

one of the more critical elements of a method validation, was

Table II
Recovery of Mitomycin C Spikes Added to Matrix-Matched Extracts (Prepared by Wiping Blank

Material Surfaces with Filter Paper)

Surface Equivalent level
(mg/100 cm2)

Mean (n ¼ 10) % Recovery % RSD
(n ¼ 10)

Stainless steel 0.100 0.104 104 7.5
0.200 0.202 100 3.3
2.00 2.01 100 1.0
4.00 4.08 102 2.7
10.0 9.81 98 2.5
25.0 23.2 93 5.1

Vinyl 0.100 0.105 105 3.0
0.200 0.201 101 2.3
2.00 1.99 100 3.1
4.00 4.06 102 2.6
10.0 9.82 98 2.7
25.0 23.8 95 5.9

Formicaw 0.100 0.103 103 3.3
0.200 0.200 100 2.7
2.00 2.02 101 3.0
4.00 4.05 101 1.8
10.0 9.66 97 2.0
25.0 23.6 94 5.4

Note: This recovery study was performed using two different Zorbax columns.

RSD, relative standard deviation.
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demonstrated during this research by the analysis of non-fortified

wipe samples from each surface (stainless steel, vinyl and

Formicaw) and each sample wipe material (filter paper and poly-

ester swab) to verify the absence of any extraneous peaks pre-

sent near the retention time of the analyte peaks. A typical

chromatogram is presented in Figure 2, which shows a fortified

stainless steel surface analysis. Possible sample carryover was

eliminated by the use of a 50/50 (v/v) acetonitrile–water rinse

of the autosampler needle and loop. No interference peaks were

detected in any of the blank wipe solutions analyzed during this

method’s validation.

The mobile phase consisted of 0.1% (v/v) acetic acid; acetic

acid was found to give the best signal response for mitomycin

C using the mass spectrometer. Ammonium acetate and formic

acid were tested early during method development, but neither

of these alternative buffer or acid systems gave an m/z response

comparable to the optimized mobile phase ultimately used. A

post-run column purge step was added to insure that no artifact

peaks from other surface residues would interfere with the tar-

get analytes. Ion suppression was not detected in this procedure,

but some high bias, �5%, was noticed in an early plate wipe re-

covery study when an internal standard was not present. The use

of isotopically labeled analogs is typically ideal for HPLC-ESI-MS,

but the methyl analog of mitomycin C, porfiromycin, was used in

this method. Both mitomycin C and porfiromycin are natural ex-

tracts of soil bacteria, as mentioned in the “Introduction” section.

Porfiromycin internal standard was the most economical alterna-

tive choice because deuterated reference compounds were not

available for obvious economic and chemical reasons. The good

recovery results obtained throughout this study (see Tables II

and III) demonstrate porfiromycin as a valid choice for an inter-

nal standard.

Mass spectra of mitomycin C

The MS analysis and ionization of mitomycin C and other similar

antibiotics have been described in the literature by Van Lear (24).

The fragmentation scheme and ion structures proposed by Van

Lear (24) are outlined in Figure 3. The mitomycin C precursor

ion under positive ion mode of the electrospray source in

collision-induced dissociation (CID) eventually forms a daughter

ion atm/z 242. The mass transition monitored for quantification

for mitomycin C in this study was m/z 335–242. Porfiromycin

undergoes a similar transition and m/z 349–256 was monitored

for its quantification. These daughter ions were the major ions

and were monitored for maximum analysis sensitivity. The only

other significant ion noted wasm/z 272 for mitomycin C, which

was from the sodium adduct. This ion was minimized by the use

of acetic acid in the mobile phase.

Mitomycin C stability and the sample extraction solvent

Mitomycin C exhibits antibiotic properties in addition to its an-

tineoplastic one; it has been used in various pharmaceutical

preparations including ophthalmic formulations (1, 18). As

such, its stability has been well established. It can be easily hydro-

lyzed under acidic or basic conditions, but it is generally stable in

a pH range between 7 and 8. Furthermore, the uses of aprotonic

solvents or organic/aqueous solvents, such as mixtures of

Figure 2. A chromatogram of mitomycin C (40 ng/mL) and the porfiromycin internal
standard (20 ng/mL) using the conditions described dissolved in a filter paper
matrix-matched extraction solvent.

Table III
Recovery from Spiked Material Surfaces

Surface Filter paper wipe Texwipew swab

Level (mg/100 cm2) Mean (n ¼ 5) % Recovery % RSD Level (mg/100 cm2) Mean (n ¼ 5) % Recovery % RSD

Stainless steel 0.100 0.068 68 6.3 0.100 0.071 71 6.4
0.200 0.124 62 10.8 0.200 0.122 61 5.6
2.00 1.75 88 3.6 2.00 1.77 89 3.6
4.00 3.67 92 3.8 4.00 3.76 94 2.5
10.0 9.80 98 8.3 10.0 9.76 98 1.6
25.0 23.9 96 3.1 25.0 24.8 99 2.6

Vinyl 0.100 0.058 58 7.9 0.100 0.062 62 6.2
0.200 0.115 58 12.6 0.200 0.109 54 3.7
2.00 1.12 56 7.9 2.00 1.32 66 4.3
4.00 2.02 51 8.0 4.00 2.39 60 5.9
10.0 6.25 63 3.4 10.0 5.32 53 8.2
25.0 14.8 59 7.6 25.0 14.0 56 5.1

Formicaw 0.100 0.030 30 47 0.100 0.073 73 7.9
0.200 0.065 33 6.0 0.200 0.126 63 5.3
2.00 1.53 77 8.5 2.00 1.74 87 1.2
4.00 3.27 82 1.2 4.00 3.65 91 1.7
10.0 9.05 91 2.0 10.0 9.26 93 2.9
25.0 24.0 96 3.7 25.0 24.3 97 0.7
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propylene glycol and water, which do not promote acid- or base-

catalyzed hydrolysis of mitomycin C, have been utilized and

reported (18). The wipe/extraction solvent employed previously

in studies by both Larson et al. (23) and Pretty et al. (15) consist-

ing of acetonitrile–methanol–water at pH 6 was not suitable for

optimum mitomycin C stability. The acetonitrile–isopropanol–

water system developed for the current method was found to

be a good matrix for sample stability, and it was experimentally

determined to be superior to the propylene glycol–water mix-

tures reported in patented pharmaceutical formulations (18).

Mitomycin C stability concerns also limited the amount of sam-

ple manipulation and preparation possible with this method.

Early sample pre-concentration experiments including typical

simple solvent evaporation demonstrated significant degradation

of the analyte. Therefore, the method ultimately developed has

been limited to simple filtration of the extraction solvent before

HPLC-MS/MS analysis.

Mitomycin C solutions stored in the acetonitrile– isopropa-

nol–water extraction solvent at room temperature in darkness

and held at 88C in the autosampler were found to degrade only

3 and 4% after 8 days (n ¼ 3); the optimized extraction solvent

also gave excellent recoveries during the surface wipe testing.

Stock solutions of mitomycin C stored in 100% acetonitrile

were found to only degrade 2 and 3% after 3–6 months of stor-

age at 2158C. Mitomycin C did demonstrate light sensitivity for

degradation; sample solutions (n ¼ 3) made in the 20/45/35
(v/v/v) acetonitrile – isopropanol –water 0.01 M ammonium

citrate (pH 7) extraction solvent degraded 12% after 8 days ex-

posed to window sunlight and the laboratory fluorescent lights.

From these experiments, it was deemed advisable to make an

effort to minimize light exposure of mitomycin C solutions.

Amber autosampler vials were used for all recovery studies

while developing this method.

Other aspects and future work

Again, the most important aspect of this method was to deter-

mine the most effective wipe procedure to detect mitomycin

C from various surfaces encountered in an operating room set-

ting. The swab wiping procedure was found to have a number

of advantages. The swabs displayed precision at the lower mito-

mycin levels (see Table III) over the filter paper wipes as was

noted previously. In actual use, the swabs tended to cause less

physical hand fatigue for the analyst performing during the wip-

ing of surfaces. Another advantagewas the swab would not crum-

ble or tear during the wiping procedure. Finally, the swab wipe

procedure did allow for the use of alternative extraction vessels.

In a limited test experiment, it was found that swabs could be ex-

tracted in 15-mL polypropylene tubes with shaking just as effi-

ciently as with the 125-mL jar swirling procedure. This might

be more desirable should the 125-mL jars not be available or if

they presented a shipping problem.

Future work in this laboratory will include the application of

this validated method to surgical operating rooms utilizing mito-

mycin C intraperitoneal treatment. This is part of multiple larger

and more comprehensive occupational safety studies and is be-

yond the scope of this reported work. The focus of this work is

the description and validation of the HPLC-MS/MS method along

with the data evaluating the use of filter paper and polyester swabs

for wipe testing. This method will eventually be issued in the

NIOSH manual of analytical methods for widespread distribution.

Conclusion

An analytical method to measure the levels of mitomycin C con-

tamination of various typical surfaces was developed and fully

validated. The use of polyester swabs was found to be more

Figure 3. Daughter ion formation of mitomycin C as described by Van Lear (24).
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effective for wiping Formicaw surfaces over the more traditional

approach of using pieces of filter paper. In actual use, the swabs

also caused less fatigue for the analyst performing the wiping

procedure. The HPLC-MS/MS method was demonstrated to be

accurate and precise. The LOD of the method was estimated to

be �2 ng/100 cm2 equivalent for mitomycin C, and linearity was

established at solution levels of 2–500 ng/mL.
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