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An LC–MS/MS multi-method for the simultaneous determination of the
structurally different and frequently used cytostatic drugs 5-fluorouracil,
gemcitabine, methotrexate, cyclophosphamide, ifosfamide, etoposide, docetaxel
and paclitaxel was developed and validated. In order to perform repeated ambient
monitoring in 130 German pharmacies all steps of the monitoring procedure such
as sample collection, transport, storage, sample preparation and HPLC–MS/MS
analysis have been adapted and optimised. Thus sensitivity and reliability as well
as sample throughput were increased. The final method consists of wipe sampling
from 900 cm2 surfaces and extraction of the tissues with an aqueous pH 3
solution. The limits of quantification range from 3.7 to 37 pg cm�2. Validation
showed that sampling via the individual pharmacy personnel does not affect the
overall results. Recovery rates below 70% were observed on rough surfaces for
the taxanes docetaxel and paclitaxel. Likewise, neither the storage nor the
shipping conditions affected the results significantly.

Keywords: liquid chromatography mass spectrometry; cytostatic drugs; wipe
samples; environmental monitoring; occupational exposure; surface
contamination

1. Introduction

Apart from patients’ well-being, the potential health risk for other persons getting in
contact with hazardous drugs such as antineoplastics must be considered. Occupational
exposure of health care workers to cytotoxic drugs has been studied intensively [1–3] and
has resulted in guidelines for the safe handling of these substances in many countries [4–7].
However, despite high safety standards especially in pharmacies where cytostatic drugs are
handled, numerous monitoring studies have revealed that contamination of the workplace
and of personnel still frequently occurs [8–11]. European and national regulations like the
German Hazardous Substances Ordinance (GefStoffV) stipulate measurements of
carcinogenic substances at workplaces.
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Antineoplastic drug applications for the treatment of cancer are prepared in about 800
German pharmacies. Most of these drugs have carcinogenic, mutagenic, and/or adverse
developmental or reproductive properties [12,13]. For environmental monitoring wipe
sampling and analytical methods for some important substances have been developed and
applied during the last two decades.

Regarding the available analytical methods, cyclophosphamide (CP) and ifosfamide
(IF) have been investigated frequently using GC-MS after derivatisation with trifluoro
acetic acid [2,14]. However, in recent years liquid chromatography tandem mass
spectrometry (LC-MS/MS) is used for analysis of occupational exposure [15–20].
5-fluorouracil (5-FU) can be analysed using HPLC-UV [3,21–23] or after derivatisation
with N-tert-butyl-dimethylsilyl-N-methyltrifluoracetamide (TBDMS) with a limit of
detection of 1 ng/wipe sample by GC-MS [24–26]. Applications in the pharmaceutical
industry [27,28] demonstrate that also LC-MS/MS can be a suitable method for the
analysis of 5-FU in the area of environmental monitoring. Regarding MTX a typical trend
of the last decade can be observed: Insensitive HPLC-UV methods [29,30] are replaced by
more sensitive LC-MS/MS methods [18,31,32]. Single compound methods for the analysis
of paclitaxel in urine and wipe samples have been published so far [22,33]. Rubino et al.
introduced a HPLC-UV method to determine the three nucleosid analogues
5-fluorouracil, cytarabine and gemcitabine [34]. For those polar compounds and their
metabolites Kovalova et al. showed a remarkable separation using hydrophilic interaction
chromatography tandem mass spectrometry for the analysis of waste water samples [35].
First multi-methods for analysis of cyclophosphamide (CP), methotrexate (MTX) and
5-fluorouracil in wipe samples were developed by Sabatini et al. [31]. Sottani et al.
developed an LC-MS/MS multi-method after solid phase extraction for gemcitabine,
paclitaxel, cyclophosphamide and ifosfamide [36].

A substantially simpler LC-MS/MS multi-method was developed and applied in
previous studies on antibiotics and antineoplastics [37,38], instead of the more common
substance specific cytostatic drug samplings and GC-MS single compound analysis. The
structurally different compounds 5-fluorouracil, cyclophosphamide, docetaxel, etoposide,
gemcitabine, ifosfamide, methotrexate and paclitaxel were chosen for method develop-
ment, hence the substances were identified as most frequently used cytostatic drugs in a
preliminary survey. Due to decreasing application numbers, cytarabine and chlorambucil
were excluded from the previously published method [38] and the more frequently used
taxanes docetaxel and paclitaxel were included. All investigated drugs have been
associated with adverse reproduction effects [6,12,13].

The developed multi-method was applied on a large-scale study in order to determine
the contamination level in German cytotoxic drug preparing pharmacies and to investigate
the effects of regular wipe sample monitoring.

2. Experimental

2.1 Chemicals

Acetonitrile, methanol (both HPLC-grade) and gemcitabine (USP) were purchased from
LGC Standards (Wesel, Germany). The other reference standards and chemicals were
purchased from Sigma-Aldrich (Taufkirchen, Germany). High-purity deionised water was
produced in house by an Elix 10-Milli-Q Plus water purification system (Millipore,
Eschborn, Germany).

International Journal of Environmental Analytical Chemistry 1179
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2.2 Preparation of stock solutions, calibration and dilution

Stock solutions (0.5 gL�1) were prepared in ACN-water (1 : 1, v/v) and stored at 4�C up to
3 months. Only methotrexate was dissolved in water (1 gL�1) at pH 9 (adjusted with
sodium hydroxide) and than diluted with acetonitrile (1 : 1, v/v). Calibration standards
were prepared by diluting with a blank tissue extract. This external matrix calibration was
freshly prepared daily. Real samples with concentrations above the linear range between
LOQ and 100 ngmL�1 were diluted also with blank tissue extracts and remeasured.

In order to perform the different validations of wipe sampling surfaces were spiked
with stock solutions diluted in methanol.

2.3 Procedure of sampling and transport

Samples were taken from 30� 30 cm surfaces (900 cm2) using three 20� 21 cm Kimtech
Science No. 7102 tissues (Kimberly-Clark, Koblenz, Germany) to wipe each sampling
area. Tissues were wetted with 1mL sterilised phosphate buffer at pH 3 each.
Surfaces were thoroughly swept clean in vertical and horizontal strokes, changing the
direction with every new tissue. The three tissues were combined to one sample, stored and
transported in a 100mL urine beaker (Uritop S, B.Braun Petzold GmbH, Melsungen,
Germany).

Wipe samples were taken by the individual pharmacy personnel after being introduced
to the standard operation procedures as described previously [37,38]. Samples were
shipped to the laboratory in an A5 EPS box (Contact Impex, Hannover, Germany)
containing two thermal packs, which had been frozen for at least 24 hours. Thus, samples
are cooled at less than 4�C during transportation. In the laboratory, the samples were
stored at –20�C at longest for one week before extraction.

2.4 Sample preparation and LC-MS/MS analysis

The samples were extracted with 30mL of deionised water (adjusted with HCl to pH 3) for
15 minutes by sonification in the urine beaker used for shipment. Prior to injection the
extracts were filtered through a 0.45mm regenerated cellulose acetate syringe filter
(Macherey-Nagel, Dueren, Germany). Analysis of all samples were carried out with a 1100
binary pump (Agilent Technologies, Waldbronn, Germany) with an HTS-PAL
autosampler (CTC Analytics, Zwingen, Switzerland) equipped with a stack cooler for
sample storage at 4�C until injection of 20 mL. Separation of the eight compounds was
performed on a 50� 3mm Shim-Pack XR-ODS, 2.2 mm column (Shimadzu, Duisburg,
Germany) at 30�C and a flow rate of 300 mLmin�1. The binary gradient of 0.1% formic
acid in water (v/v, phase A) and 0.1% formic acid in acetonitrile (v/v, phase B) consisted of
the following steps: 0–0.55min 5% B, 12min 80% B, 13min 80% B, 20min 5% B. For the
detection of the antineoplastic drugs an API 3000 triple quadruple mass spectrometer
(Applied Biosystems MDS Sciex, Darmstadt, Germany) equipped with TurboIonSprayTM

interface operating at 450�C in positive and negative mode with ion spray probe voltages
of 5000V and �4500V was used. For measurements in positive and negative mode within
one experiment, a settling time of 700ms was adjusted. The parameter settings for
nebuliser, curtain and collision gases (nitrogen each) were 15, 12 and 6 arbitrary units,
respectively. Orifice and focusing ring voltage were optimised by continuous flow
experiments. The antineoplastic drugs were detected by multiple reaction monitoring

1180 J. Tuerk et al.
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(MRM). The pause time was set at 5ms and the dwell times at 100ms. In order to obtain
only in the first part of the chromatogram the time consuming and sensitivity decreasing
positive-negative switching and also a minimum of MRM transitions the mass spectro-
metry measurements were split into four periods (Figure 1). Instead of the protonated
molecule ions, the more intensive sodium adducts were selected as precursor ion of the
MRMs for the two taxanes.

To improve the limits of detection and verification for low concentrated 5-FU samples,
a single HPLC-APCI-MS/MS method using a 3200 Q Trap� mass spectrometer (Applied
Biosystems/MDS Sciex, Darmstadt, Germany) was applied (Figure 2). The chromato-
graphic separation was done using a LC-20AD Prominence HPLC-pump with a DGU-
20A degaser, a CTO-20 AC column oven and a SIL-20 AC autosampler (all Shimadzu,
Duisburg, Germany) isocratically with 95 : 5 (v/v) H2Oþ 0.1% HCOOH: ACNþ 0.1%
HCOOH on a 125� 2mm Nucleodur 100-5 C18 ec HPLC-column (Machery-Nagel,
Dueren, Germany) with a flowrate of 500 mLmin�1 at 30�C. Ionisation was performed
with atmospheric pressure chemical ionisation (APCI) in the negative MRM mode. The
ion source temperature was set to 400�C with a needle current of 1 mA. Dwell time was
150ms. Numeric gas-settings were 30, 40; 6 and 40 for the nebuliser gas, curtain gas,
collision gas and turbogas, respectively. A summary of the MS/MS parameter settings for
the APCI single and ESImulti-method is shown in Table 1.

Figure 1. HPLC-ESI-MS/MS chromatogram of a 25 ngmL�1 matrix standard on a 50� 3mm
Shim-Pack XR-ODS, 2.2mm HPLC column. Temperature: 30�C, flow rate: 300 mLmin�1, gradient:
0–0.55min 5% B, 12min 80% B, 13min 80% B, 20min 5% B, mobile phase A: 0.1% HCOOH in
deionised water, mobile phase B: 0.1% HCOOH in acetonitrile. 1: 5-fluorouracil, 2: gemcitabine, 3:
methotrexate, 4: ifosfamide, 5: cyclophosphamide, 6: etoposide, 7: paclitaxel, 8: docetaxel.

International Journal of Environmental Analytical Chemistry 1181
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2.5 Method validation

2.5.1 Precision and accuracy

In the run-up to setup a large scale study extensive investigations were performed to
validate different influences on the analytical results. Limits of detection were
determinated at a signal to noise ratio of 3 : 1. Limits of quantification were defined as
the lowest level of the matrix calibration from a weighted (1/x) regression analysis. In
addition to the validation of the instrumental method, inter- and intra-day variations of
the laboratory procedure were investigated. For this purpose a triplicate experiment on
three different days (c¼ 10, 50 and 100 ngmL�1) with spiked wipe samples was performed.
Accuracy is expressed as recovery rate and the maximum value of the relative error (R.E.).

2.5.2 Influence of sampler and analysed surface material

Validation of the wipe sampling procedure was performed in-house. The test surfaces
(10� 20 cm¼ 200 cm2) were spiked with 2,000 ng in 1mL methanol resulting in a
contamination of 10 ng cm�2 for each of the eight investigated compounds. Methanol
evaporated completely at room temperature within one hour. To distinguish the effect of
different persons taking the samples, 28 volunteers performed the wipe sampling from
spiked glass surfaces after being introduced to the standard operation procedure.
The samples were extracted and analysed as described above. The average recovery
efficiencies and standard deviations (error bars) are presented in Figure 3.

Figure 2. HPLC-APCI-MS/MS chromatogram of 5-fluorouracil (10 ngmL�1). 125� 2mm
Nucleodur 100-5C18ec HPLC column; temperature: 30�C; flow rate: 500 mLmin�1 95 : 5 (v/v)
H2Oþ 0,1% HCOOH: CANþ 0,1% HCOOH isocratically; black: MRM 1: 129! 42 (quantifica-
tion transition); grey: MRM 2:129! 59 (verification transition).

1182 J. Tuerk et al.
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Table 1. Optimised MS/MS - detection parameters of the APCI single and ESI multi method.

Q/V1 Q1 Q3 DP EP CEP CE CXP
[amu] [amu] [V] [V] [V] [eV] [V]

5-Fluorouracil
single method: APCI [M�H]� Q 129 42 �30 �10 �14 �28 �4

V 129 59 �30 �10 �14 �36 �4

Q/V1 Q1 Q3 DP FP – CE CXP
[amu] [amu] [V] [V] [eV] [V]

5-Fluorouracil
multi-method: ESI [M�H]� Q 129 42 �50 �350 �28 �5

V 129 59 �50 �350 �28 �5
Cyclophosphamide [MþH]þ Q 261 140 31 60 31 10

V 261 233 31 60 23 16
Docetaxel [M�Na]þ Q 830 549 100 330 35 38

V 830 248 100 330 45 18
Etoposide [MþH]þ Q 589 229 16 130 21 16

V 589 185 16 130 47 12
Gemcitabine [MþH]þ Q 264 112 56 280 27 8

V 264 95 56 280 59 6
Ifosfamide [MþH]þ Q 261 92 36 200 37 8

V 261 154 36 200 33 10
Methotrexate [M�H]� Q 453 324 �56 �300 �30 �23

V 453 174 �56 �300 �46 �23
Paclitaxel [M�Na]þ Q 876 308 100 310 43 18

V 876 591 100 310 35 36

Figure 3. Influence of the sampling person (n¼ 28) on the wipe sampling efficiency. (Mean recovery
rate, the standard deviation is expressed by the bars; c¼ 10 ng cm�2; n¼ 112; *because of technical
and stability problems with the etoposide standard during this validation trial only the values of 12
persons with 48 single values could be gathered).

International Journal of Environmental Analytical Chemistry 1183
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In addition, the influence of the different sample surfaces was examined on the
following common surface materials present in pharmacies: glass, steel, melamine work
top, white painted metal (refrigerator door) and PVC floor. Thus nine spiked samples of
each material were evaluated in the laboratory. The recovery rates are shown in Figure 4.

2.5.3 Influence of shipping and storage

Furthermore, the influences of shipping and storage conditions were validated by
simulating three different standard situations relevant for the study:

(A) spiked samples are stored according to the SOP in the transport box together with two
frozen freeze packs for 24 hours at room temperature and analysed directly afterwards;
(B) storage conditions as described above, (A), but over 48 hours;
(C) storage conditions similar to (A), with an additional storage at �18�C for 7 days.

The respective recovery rates are shown in Figure 5.

3. Results and discussion

3.1 Development and validation of the instrumental method

A robust and reliable LC-MS/MS multi-method for eight structurally different cytostatic
drugs was developed and successfully validated. The instrumental limits of detection
(s/n¼ 3 : 1) range from 0.07 to 1.2 ngmL�1. Electrospray positive-negative switching with
settling times of 700ms and co-elution of gemcitabine and 5-FU resulted in a poor LOD
for 5-FU. Therefore, a second single compound method using APCI was developed and
used for analysis of sample extracts with concentrations less than 10 ngmL�1 of 5-FU.
This was found to be necessary because 5-fluorouracil is clearly the most frequently used
(and in the largest amounts handled) antineoplastic drug. LOD and LOQ for this single
method are seven-times and eight-times respectively lower than that of the multi-method.
Limits of quantification were defined as the lowest level of the weighted (1/x) regression.

Figure 4. Mean recovery rates and standard deviations (bars) for wiping of different surfaces (n¼ 9,
c¼ 10 ng cm�2).
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Correlation coefficients (r2) were better than 0.99 for a calibration from LOQ to
100 ngmL�1. Besides instrumental limits of quantification (0.1 to 1 ngmL�1) also sample
specific calculated LOQs (based on an extraction volume of 30mL and a surface area of
900 cm2) are summarised in Table 2.

In comparison to the established GC-MS single-methods the LODs for CP, IF, and
5-FU are in the same range. Only analysis of CP and IF using enrichment techniques or
high resolution mass spectrometry are more sensitive [39,40]. LODs for MTX single
methods using Flx/TDx analysers, HPLC-UV or LC-MS/MS are quite different. Other
methods could detect only 580 ng/sample [41,42], which is not useful for analysis of
occupational exposure in pharmacies. The most sensitive reported method by Turci et al.

Figure 5. Influence of transport time and storage conditions on the mean recovery rates (n¼ 4;
standard deviations are expressed by the bar). A: Simulation of sample shipment to the laboratory
with spiked samples stored in the transport box together with two frozen freeze packs for 24 hours at
room temperature and analysed directly afterwards; B: storage conditions similar to A), but 48 hour
storage instead of 24 hours; C: storage conditions similar to A), but analysed after storage at �18�C
for 7 days.

Table 2. Limits of detection (signal-to-noise ratio¼ 3 : 1) and limits of quantification
(lowest calibration level) of the APCI single method for 5-FU and the ESI multi method
(8 compounds).

LOD LOQ LOQ LOQ
[ngmL�1] [ngmL�1] [ng/sample] [pg cm�2]

5-Fluorouracil
– APCI single method 0.17 0.3 9.9 11
– ESI multi method 1.2 2.5 83 92
Gemcitabine 0.10 0.2 6.6 7.3
Methotrexate 0.08 0.1 3.3 3.7
Ifosfamide 0.07 0.1 3.3 3.7
Cyclophosphamide 0.08 0.1 3.3 3.7
Etoposide 0.10 0.1 3.3 3.7
Paclitaxel 0.21 0.5 17 18
Docetaxel 0.35 1.0 33 37

International Journal of Environmental Analytical Chemistry 1185
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has an LOD of 2 ng/wipe sample and an LOQ of 5 ng/wipe sample [32]. Sabatini et al.
achieved limits of detection of 33 ngmL�1 for 5-FU as well as 1.1 ngmL�1 for CP and
MTX [31]. Sottani et al. developed the first LC-MS/MS multi-method after solid phase
extraction for gemcitabine, paclitaxel, cyclophosphamide and ifosfamide. Limit of
quantification range from 12.5 to 25 ng/wipe sample [36]. Total analysis time for this
four compound multi-method was a little bit longer than those of the multi-method for
eight cytostatic drugs reported in this paper.

Because it requires no derivatisation or solid phase enrichment, the developed method
is a simple and reliable tool for the application of a regular environmental monitoring of
structurally different antineoplastics in pharmacies as required in the Monitoring-Effect
Study of Wipe Sampling in Pharmacies (MEWIP).

3.2 Precision and accuracy

Relative standard derivations for the LC-MS/MS analysis (nine repeated injections of a
spiked wipe sample) ranged between 1.1% for cyclophosphamide and 6.4% for docetaxel.
Precision and accuracy of the total analytical method are shown in Table 3 (intra-day) and
Table 4 (inter-day). Except for the inter-day analysis of etoposide at 10 ngmL�1 and
paclitaxel at a concentration of 100 ngmL�1 all coefficients of variation (C.V.) were below
20%. In combination with the recoveries and relative errors the validation data show the
suitability of the developed method. Except for paclitaxel the validation data show good
recovery rates above 70%. Therefore the results for paclitaxel were corrected by the
specific recovery rate. In accordance with the overall good precision and accuracy the
developed multi-method is regarded as a well suited tool for environmental monitoring of
ambient contaminations with multiple cytotoxic drugs in pharmacies.

3.3 Validation of the wiping procedure

Since sampling had to be performed by the individual pharmacy personnel, the influence
of the sampling person was validated as shown in Figure 3. Relative standard deviations
were between 14 and 24% for the whole procedure. This indicates that sampling by
untrained personnel following the developed SOP does not influence the study results in a
critical way overall.

The influence of common surface materials on the recovery rates of the sampling
procedure was determined as shown in Figure 4. Best recovery rates can be achieved from
glass surfaces while the biggest losses were observed on painted metal (refrigerator door).
In addition a slight reduction of the recovery rate was found for 5-FU and MTX on steel
surfaces. The recovery rate of gemcitabine was not influenced by the surface material. Due
to possible adsorption effects the recovery rates of cyclophosphamide and the isomeric
ifosfamide were decreased down to 70% on PVC. This effect has also been described by
Pethran et al. [43]. For methotrexate, the known light sensitivity of the compound may
contribute to the reduced recovery rates [44,45]. In addition the recovery rates for the non-
polar taxanes docetaxel and paclitaxel are reduced because a polar sampling and
extraction solvent was used. This observation is consistent throughout all following
validation experiments.

Figure 5 shows that the different shipping and storage conditions which occurred in
MEWIP had no relevant effect on the results. The slightly lower recovery rates for
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5-fluorouracil and gemcitabine during the simulation of transport conditions A and B are
within the standard deviation of the total analytical method.

All validation experiments showed consistently reduced recovery rates for docetaxel
and paclitaxel. This illustrates the difficulties of one multi-method for polar and non-polar
compounds. The efficiency of sampling and extraction of non-polar compounds with a
polar solvent like the used aqueous pH 3 solution has strong limitations. Moreover,
precision and accuracy resulted in measurement uncertainties above 20% for paclitaxel
and docetaxel. Even with a value correction by the recovery, the results for the two taxanes
could be not used for an absolute evaluation. However, the taxanes were not excluded
form the method since the simultaneous analysis did not require additional efforts. If a
specific analysis of non-polar drugs such as the taxanes shall be performed, non-
polar solvents like isopropyl alcohol or ethyl acetate must be used for sampling and
extraction [22,33].

During MEWIP 1269 samples from 130 pharmacies were analysed with the developed
method. Results obtained from the novel LC-MS/MS multi compound analysis in this
study were comparable to those of single analysis data of environmental monitoring.

Table 3. Intra-day accuracy and precision for the analysis of spiked wipe
samples (n¼ 3).

Target Detected conc. Precision
Accuracy

conc. mean� SD C.V. REC R.E.
[ngmL�1] [ngmL�1] [%] [%] [%]

5-FU 10 8.0� 0.4 5.5 80 �5.8
50 42� 2 4.7 83 4.9
100 76� 5 7.1 76 �8.2

CP 10 9.3� 0.4 4.7 93 5.0
50 46� 3 7.2 92 �7.7
100 97� 2 2.0 97 �2.2

Doc 10 8.6� 0.6 7.5 86 �8.6
50 43� 4 9.2 86 �9.2
100 90� 11 12 90 �13

Eto 10 6.0� 0.5 9.0 60 9.2
50 48� 2 3.9 95 4.4
100 97� 3 3.4 97 �3.9

Gem 10 9.4� 0.2 2.6 94 2.7
50 49� 0.3 0.6 98 0.7
100 92� 6 6.3 92 7.1

IF 10 9.6� 0.5 5.0 96 �5.7
50 49� 0.3 0.6 98 �0.6
100 100� 2 1.9 100 �2.2

MTX 10 7.8� 0.9 12 78 �13
50 39� 3 6.7 78 �7.6
100 81� 3 3.8 81 �3.9

Pac 10 5.6� 0.9 16 56 �18
50 27� 3 10 53 12
100 58� 9 15 58 �16

International Journal of Environmental Analytical Chemistry 1187

D
ow

nl
oa

de
d 

by
 [

E
as

t C
ar

ol
in

a 
U

ni
ve

rs
ity

] 
at

 0
0:

24
 2

0 
Fe

br
ua

ry
 2

01
2 



Contamination levels range over several orders of magnitude. The detailed MEWIP results
will be published as well as best practice recommendations elsewhere.

4. Conclusions

A simple multi-method was developed for the simultaneous sampling and LC-MS/MS
analysis of structurally different cytostatic drugs. Validation showed that the method is
robust and precise for six of the eight investigated antineoplastics. Only for the two
taxanes docetaxel and paclitaxel recovery rates are too low and measuring uncertainties
too high for an absolute evaluation. Regarding the sample transport and storage
conditions, different surface materials, as well as different persons performing the
sampling according to the developed SOP the method is well suited for the comparison of
different pharmacies. The sampling-sets used for shipping are qualified for the relevant
surface materials and a transport up to 48 hours. The application of an ambient
monitoring at 1269 samples showed that the developed method can be used as a

Table 4. Inter-day accuracy and precision for the analysis of spiked wipe samples
(n¼ 9, three samples each day on three different days).

Target Detected conc. Precision
Accuracy

conc. Mean� SD C.V. REC R.E.
[ngmL�1] [ngmL�1] [%] [%] [%]

5-FU 10 8.7� 0.7 8.3 87 �13
50 42� 3 7.3 84 �16
100 81� 9 11 81 19

CP 10 9.6� 0.8 8.4 96 19
50 47� 3 7.1 95 �11
100 94� 4 4.2 94 5.5

Doc 10 8.8� 0.9 11 88 �20
50 44� 4 8.8 88 14
100 81� 10 13 81 22

Eto 10 7� 2 26 70 52
50 47� 7 14 95 20
100 89� 8 8.5 89 12

Gem 10 8.2� 1.4 17 82 �29
50 40� 7 17 81 �24
100 84� 8 10 84 17

IF 10 9.8� 0.7 7.6 98 16
50 49� 2 4.7 97 �7.6
100 95� 5 4.9 95 6.8

MTX 10 8.1� 1.4 17 81 34
50 40� 5 13 80 24
100 77� 4 5.5 77 �10

Pac 10 6.7� 1.3 19 67 �31
50 33� 5 15 65 �23
100 62� 15 24 62 39
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reliable tool. As stated by Sottani et al. future work has to be done to increase the number
of drugs monitored [36]. Special attention must be considered to the polarity of
investigated compounds, solvents and recovery rates from uneven surfaces.
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