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Abstract

Objectives: The objective of the work was to determine the resistance of selected protective clothing and glove materi-
als to permeation of cytostatics such as docetaxel, fluorouracil, and doxorubicin. Material and Methods: The following
glove materials were used: natural rubber latex (code A), acrylonitrile-butadiene rubber (code B) and chloroprene rubber
(code C). In addition, we tested a layered material composed of a non-woven polyester (PES), a polypropylene (PP) film,
and a non-woven PP used for protective coats (code D). The cytostatics were analyzed by liquid chromatography with
diode array detection. The tested samples were placed in a purpose-built permeation cell modified to be different from
that specified in the standard EN 6529:2001. Results: The tested materials were characterized by good resistance to solu-
tions containing 2 out of the 3 selected cytostatics: doxorubicin and S-fluorouracil, as indicated by a breakthrough time of
over 480 min. Equally high resistance to permeation of the third cytostatic (docetaxel) was exhibited by natural rubber latex,
acrylonitrile-butadiene rubber, and chloroprene rubber. However, docetaxel permeated much more readily through the
clothing layered material, compromising its barrier properties. Conclusions: It was found that the presence of additional
components in cytostatic preparations accelerated permeation through material samples, thus deteriorating their barrier
properties. Int J Occup Med Environ Health 2018;31(3):341-350
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INTRODUCTION cytostatics are nurses, physicians, and pharmacists work-
The growing incidence of cancers leads to an increased ing at oncological hospital wards and at pharmacies com-
use of cytostatics, thus raising the numbers of health care pounding such medications [1-5]. It is estimated that the
workers exposed to them during the performance of their worldwide population of health care and pharmaceutical
duties. The professionals at greatest risk of exposure to workers exposed to cytostatics amounts to 5.5 million [6].
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Under typical workplace conditions, cytostatics are mostly
absorbed through the skin and mucosae. The manipula-
tion of medications, the opening of ampoules, the prepa-
ration of injection solutions, and the removal or air from
the syringe may cause some of the medicine to be released
into the air and absorbed through the respiratory system,
while accidental contamination of the skin may lead to
transdermal absorption. Furthermore, cytostatics may also
enter the body through the skin in the process of cleaning
objects and surfaces contaminated with urine or vomit by
patients undergoing chemotherapy, as well as during di-
rect contact with the patients.

Previous research has demonstrated the presence of air-
borne cytostatics in a number of hospital areas. These
substances have also been found in the urine of nurses
and pharmacists [4]. The presence of cytostatics has been
detected in compounding rooms, examination rooms,
nurses’ lounges, and doctors’ lounges. An airborne cy-
tostatic (cyclophosphamide) has been found in laundries
cleaning the clothes, towels, and bedding of patients
treated with these medications [6]. A study conducted
in Swedish oncological hospitals [7] reported a cytostatic
(cisplatin) in the blood of nurses. In turn, an investiga-
tion of Canadian hospital pharmacies [§] showed that
more than 60% of the tested surfaces were contaminated
with a cytostatic (methotrexate - MTX). Methotrexate
has also been found on the surface of tools [9] and on
protective gloves used in oncological wards in British
hospitals [10].

Research has shown that individuals who professionally
deal with cytostatics are also exposed to their harmful
activity. Therefore, medical personnel should wear ap-
propriate protection devices preventing the absorption
of those substances [11-13]. Thus, it is necessary to study
the protective properties of materials used in the pro-
duction of personal protective equipment (PPE) with
a particular focus on protective gloves and clothing to
ascertain that they meet the requirements. Personal
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protective equipment should be used whenever work-
ers may be exposed to hazardous substances, also with
a view upon preventing congenital defects in the case of
children [14,15].

The objective of the work was to determine the resistance
of selected glove and clothing materials to permeation of
solutions of the tested cytostatics (docetaxel, fluorouracil,
and doxorubicin).

MATERIAL AND METHODS

Materials

The study involved the determination of barrier prop-

erties of selected clothing and glove materials used for

chemical protection: natural rubber latex, acrylonitrile-

butadiene rubber and chloroprene rubber for gloves

as well as a layered material composed of a non-woven

polyester (PES), a polypropylene (PP) film, and a non-

woven PP for protective coats. The glove materials were

coded A, B, and C, respectively, and the clothing mate-

rial was coded D.

The tested materials were subjected to the following

preliminary tests to determine their characteristics:

— thickness according to the standard EN ISO 5084:
1996 [16],

— surface density according to the standard PN-EN 12127:
1997 [17],

- puncture resistance according to the standard EN 863
1995 [18],

— abrasion resistance according to the standard EN 388:
2003 [19].

The Table 1 shows the properties of the studied materials.

Chemicals

Taking into consideration the diverse types of cytostatics
used in the treatment of cancers in Poland and the results
of a questionnaire survey concerning health care units
compounding chemotherapy medications for oncological
wards [15], the following cytostatics were selected:
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Table 1. Physical properties of the studied materials

Material
Parameter
A B C D
Thickness [mm] (M+SD) 0.21£0.01 0.10£0.00 0.17+0.01 0.32+0.02
Surface density [g/m*] (M£SD) 191.80+9.10 100.80+2.20 214.90+4.00 83.80£0.90
Puncture resistance [n] (M£SD) 6.95+0.37 11.30£1.20 14.07£2.09 6.62+0.90
Abrasion resistance [cycles] (M+SD) 48.00%3.00 20.00%0.00 §000.00£0.00 1250.00+290.00

M - mean; SD - standard deviation.

A - natural rubber latex; B — acrylonitrile-butadiene rubber; C — chloroprene rubber; D - layered clothing material composed of a non-woven

polyester (PES), a polypropylene (PP) film, and a non-woven PP.

- S-fluorouracil - a topoisomerase inhibitor,

- docetaxel - an inhibitor of the mitotic spindle,

— doxorubicin — an antimetabolite and a natural anti-
biotic.

The cytostatics were tested in the form of solutions. Com-

mercially available cytostatic preparations were prepared

by dilution in saline using the maximum cytostatic concen-

tration that can be administered to the patient.

The test substances used in the permeation study were

prepared using the following reagents:

docetaxel: 10 mgxml™ in saline solution with the ad-
dition of ethanol, 10 ml vial (Ebewe Pharma),

doxorubicin: 1 mgXml™ in saline solution, 25 ml (Ebe-
we Pharma),

S-fluorouracil: 50 mgxml™ in saline solution, 20 ml vial
(Ebewe Pharma).

0.9% sodium chloride (NaCl) solution, 500 ml (saline
solution) (Kaliclear).

The respective phases used in high-performance liquid
chromatography (HPLC) were prepared with the follow-
ing reagents:

- ammonium acetate (CH,COONH,) (Merck),

- disodium phosphate (Na,HPO,) (POCH S.A.),

- orthophosphoric acid (H,PO,) (POCH S.A.),

— triethylamine (TEA) (Sigma-Aldrich),

— acetonitrile (ACN) (Merck),

- methanol (CH,0H) (Merck).

Experimental stand

The experimental stand consisted of:

a Merck-Hitachi Elite LaChrom liquid chromato-
graph with an L2200 autosampler and a DAD L-2450
diode array detector,

- a C18 analytical column (RP-18 endcapped Purospher
Star) with dimensions of 250x4.6 mm and a particle
size of 5 um with a guard column,

- a permeation cell in which the samples were placed
(Figure 1),

- aperistaltic pump with a flow rate of 0-2100 mlXmin-,

- an analytical scale with an accuracy of 0.1 g,

- a disc micrometer with a disc diameter of 10 mm and
a pressure of 4.9 Pa.

Test method

The tested sample constituted a barrier between the up-
per and lower chambers of the permeation cell (Figure 1).
A cytostatic solution was placed in the upper chamber,
while a collection medium was circulated through the
bottom chamber, sweeping the underside of the tested
sample and collecting permeated cytostatic particles for
chromatographic analysis. The presented method was
developed based on the guidelines specified in the stan-
dard EN ISO 6529:2001 [20]. The tests were conducted
pursuant to the Method A concerning liquid chemical
substances in continuous contact.
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1 - piston; 2 — chamber containing the chemical substance; 3 - tested
material sample; 4 - chamber with collection medium; 5 - outlet
of collection medium; 6 — inlet of collection medium.

Fig. 1. Permeation cell for testing the resistance of materials
to permeation of cytostatic solutions

Taking into consideration the toxicity of cytostatics, it
was very important to minimize the amounts of those
compounds used during the tests and left over after their
completion. Consequently, the permeation cell presented
in the standard EN ISO 6529:2001 [20] was modified to
reduce the volume of cytostatic solutions used in the test
(from 10 ml to 1.5 ml) and to decrease the flow of the col-
lection medium (from 600 mIXmin™ to 175 mIXmin™).

In the first step, the tested sample was placed between the up-
per and lower chambers of the permeation cell. Then, 1.5 ml
of docetaxel solution at a concentration of 10 mgxml™ was
placed in the upper chamber, which marked the beginning of
the test. A liquid collection medium was circulated through
the bottom chamber at a flow rate of 175 mIXmin™. The
bottom chamber with the inlet and outlet of the collec-
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Photo 1. Permeation cell with a peristaltic pump used
in testing material resistance to cytostatic permeation

tion medium formed a closed circuit. The flow of the me-
dium was forced by a peristaltic pump. The Photo 1 pres-
ents the permeation cell with a peristaltic pump as used
in testing material resistance to cytostatic permeation [21].

At predetermined time intervals, 200 ul of the collec-
tion medium was taken for chromatographic analysis.
Those intervals ranged from 10 min to 480 min and
coincided with the intervals defined in the standards
EN 14605+ A1:2009 [22] and EN 374-1:2003 [23] (10 min,
30 min, 60 min, 120 min, 240 min, 480 min), defining per-
formance levels for gloves and clothes protecting against
chemical substances. The test continued for § h.

The test results were expressed as the time to cyto-
static breakthrough calculated as an arithmetic mean
for 3 samples of a given type of material. Pursuant to
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the standard EN 6529:2001 [20], breakthrough time
was defined as the moment when the amount of the
chemical substance penetrating though the sample
reached 2.5 ugxcm™

Analytical determination of cytostatics

The cytostatics were determined in 200 ul of collection me-
dium by means of high performance liquid chromatogra-
phy (HPLC) using a Merck-Hitachi Elite LaChrom liquid
chromatograph with a L2200 autosampler, a DAD L-2450
diode array detector, and a C18 analytical column (RP-18
endcapped Purospher Star) with dimensions of 250x4.6 mm
and a particle size of 5 um with a guard column.

The Table 2 gives the parameters of the chromatographic
analysis for the studied cytostatics. The basic validation
parameters are given in the Table 3.

Statistics

The barrier properties of the materials were analyzed
based on the breakthrough times determined individually
for each material-cytostatic solution system.

The statistical analysis shows highly significant differences be-
tween groups (H = 28.93, df = 9, p = 0.0007). However, only
the results for the breakthrough of material D by docetaxel
solution are significantly (p = 0.0027) lower than the other
results, which did not differ from one another (p = 1.0000).

Table 2. Parameters of chromatographic analysis of the studied cytostatics

Cytostatic
Parameter X -
fluorouracil doxorubicin docetaxel
Mobile phase 0.05 M disodium phosphate 0.05 M disodium phosphate acetonitrile (ACN) :
(Na,HPO,) : acetonitrile (ACN)  (NA,HPO,) : acetonitrile (ACN) 0.01 M ammonium acetate
(v/v 65:35) with the addition of (v/v 65:35) with the addition of (CH,COONH,) (v/v 45:55)
0.5 ml X I'! triethylamine (TEA) 0.5 ml X ! triecthylamine (TEA) ~ pH = 4.5 (orthophosphoric acid)
pH = 3.7 (orthophosphoric acid) ~ pH = 3.7 (orthophosphoric acid)
Phase flow 0.65 0.65 1.50
[mIxmin™]
Injection volume 20.00 20.00 20.00
(]
Detector wavelength 266.00 266.00 230.00
[nm]
v/v = volume/volume.
Table 3. Validation parameters for chromatographic analysis of the studied cytostatics
Parameter Fluorouracil Doxorubicin Docetaxel
Concentration [ugxml™] (range) 0.03-16.00 0.09-50.00 0.20-200.00
Limit of detection [pugXxml™] 0.0007 0.0005 0.0065
Limit of quantification [ugXxml™] 0.0021 0.0015 0.0195
Correlation coefficient 0.9998 0.9976 0.9993
Overall measurement precision 1.1900 1.8900 1.8700
Total uncertainty of the method [%] 3.3800 4.7810 4.7600
Expanded uncertainty [ %] 6.7700 9.5620 9.5200

[JOMEH 2018;31(3) 35
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The analysis of results was conducted using the package
PQStat v. 1.6.

Distributions of results were evaluated using the Kruskal-
Wallis test and the post hoc Dunn test. Test probability
of p < 0.05 was considered significant, and p < 0.01 was
deemed highly significant.

RESULTS

The barrier properties of materials were analyzed based
on the breakthrough times determined individually for
each material-cytostatic solution system. The results con-
cerning the resistance of glove and protective clothing ma-
terials to permeation of cytostatic solutions are given in
the Figures 2-4. In the case of the layered material in the
D-docetaxel solution system, in which cytostatic perme-
ation was detected, the cumulative quantity of the perme-
ated cytostatic was measured (Figure 4).

DISCUSSION

The tested materials made of natural rubber latex (code A),
acrylonitrile-butadiene rubber (code B) chloroprene rub-
ber (code C) as well as the layered clothing material com-
posed of a non-woven PES, a PP film, and a non-woven PP
(code D) were found to exhibit very good resistance to solu-
tions containing 2 of the 3 selected cytostatics: doxorubicin
and S-fluorouracil (Figure 2). The applied concentrations
of the studied cytostatics were equivalent to their maximum
concentrations in preparations administered to patients.
Throughout the time of the experiment, neither doxoru-
bicin nor 5-fluorouracil penetrated the glove or clothing
material samples (Figure 2), which implies a breakthrough
time of more than 480 min. Pursuant to the relevant stan-
dards, EN 14605+A1:2009 [22] and EN 374-1:2003 [23],
these results indicate the highest (sixth) performance level
of PPE protecting against chemical substances.

Equally high resistance to permeation of docetaxel solu-
tion was found for materials A, B, and C, with a break-
through time longer than 480 min. This means that in
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Fig. 2. Doxorubicin and 5-fluorouracil breakthrough time
for the tested materials
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Fig. 3. Docetaxel breakthrough time for the tested materials

respect of docetaxel these materials also met the require-
ments of the highest performance level (Figure 3).

However, it was found that docetaxel penetrated the lay-
ered clothing material (D) much more readily than the
glove material samples as the breakthrough time for ma-
terial D was only 120 min (Figure 3). It may be assumed
that this result is attributable both to the properties of the
material and those of the cytostatic solution. Material D
is quite thick (0.32 mm) and contains 2 non-woven lay-
ers creating a complex structure that may facilitate the ac-
cumulation of cytostatics. While the other materials are
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D - layered clothing material composed of a non-woven polyester
(PES), a polypropylene (PP) film, and a non-woven PP.

Fig. 4. Cumulative amount of cytostatic (docetaxel) permeated
through the material D over time

smooth membranes, it should be noted that material D is
composed of 3 layers, out of which only one constitutes
a polymer barrier to permeation. The thickness of this
membrane alone may in fact be smaller than the thickness
of the other tested materials (0.10~0.21 mm).
Furthermore, of importance is the composition of the
docetaxel preparation, which contains some ethyl alco-
hol (in contrast to the other 2 solutions). Due to this, we
conducted an additional test investigating the resistance
of material D to ethyl alcohol permeation and found that
in this case the breakthrough time was only 65 min. Thus,
it may be expected that the content of ethyl alcohol in the
amount of 25.1% (weight to weight ratio — w/w) in the
commercially available docetaxel preparation (and also in
the tested solution) facilitated the diffusion of the cyto-
static through the material structure.

Indeed, according to the dissolution-diffusion model of
permeation of chemical substances through polymer bar-
rier materials, the presence of more readily permeable
components may boost the penetration of other compo-
nents [24,25]. In this case, the permeation of both compo-
nents (docetaxel and ethyl alcohol) may proceed at a much

higher rate than for each component separately. Further-
more, this may be linked to the solubility of the chemical
solution — tested material system, as the number of lig-
uid substances that may permeate through the polymer
is limited. Therefore, it has been observed that increased
permeation of one component of a mixture may be accom-
panied by lower permeation of another component [26].
In addition, the cumulative quantity of the permeated
cytostatic was determined for the docetaxel-material D
system. The results show that docetaxel solution started
to penetrate through 2 samples of the layered material
(D1 and D2) after 120 min (Figure 4), while the third sam-
ple of this material (D3) was not penetrated until 240 min
of exposure to the cytostatic). Due to the fact that the col-
lection medium was analyzed at intervals, it was not pos-
sible to precisely determine normalized breakthrough time.
The data shows that upon sampling at 240 min and 360 min
the cumulative quantity of the permeated cytostatic was
between 4.5-7.8 ugXcm™, exceeding the breakthrough
amount defined in the standard (2.5 ugXcm). Given the
above, under conditions of exposure to docetaxel, the safe
use time for material D should be that during which perme-
ation was not detected for all 3 samples, which is 120 min.
The results of the conducted tests show a slow permeation
rate of the selected cytostatics through the tested materi-
als as, except for 1 case, the maximum permissible volume
of permeate (2.5 ugxcm™) was not reached throughout
the long experimental time (8 h). Such a long test time
reflected a rigorous scenario according to the question-
naire survey in which medical or pharmaceutical person-
nel was exposed to cytostatics for several hours at a time.
The obtained results indicate very good barrier properties
of the tested materials as the breakthrough times
(> 480 min) correspond to high performance levels.
Similar results were reported by Klein et al. [27], who stud-
ied the permeation of cytostatics (bleomycin, dacarbazine,
daunorubicin, etoposide, etoposide phosphate, ifosfamide,
idarubicin, irinotecan, mitomycin, mitoxantrone, oxalipla-
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tin, teniposide, topotecan, and vinorelbine) through natu-
ral rubber latex and chloroprene rubber using HPLC with
a ultraviolet-visible (UV-VIS) detector. For most cytostat-
ics, the mean permeation rate obtained by Klein et al. was
lower than 0.2 nmolXmin"'Xcm™ or permeation was not
observed at all (at the adopted limit of detection (LOD)
level and sensitivity of the apparatus). Permeation below
the threshold value indicated that breakthrough time was
longer than the duration of the experiment (3 h). A much
higher permeation rate (10-fold increase) was only found
for carmustine, which was attributed by Klein et al. to the
fact that the chemical compound was characterized by
small, partially lyophilic particles, as it was previously noted
by other researchers [28,29].

Moreover, Klein et al. reported that permeation rate was
determined by glove thickness [27], which was not cor-
roborated by the presented study. While the thickness of
polymer materials in the form of smooth membranes dif-
fered by approx. a factor of 2 (0.10-0.21 mm), that did not
lead to differences in the detected amounts of permeated
cytostatics.

CONCLUSIONS

Most of the materials tested in the presented study, and
in particular those made of natural rubber latex (code A),
acrylonitrile-butadiene rubber (code B), and chloro-
prene rubber (code C), provide good protection against
permeation of solutions of all selected cytostatics (doce-
taxel, S-fluorouracil, and doxorubicin). Indeed, no cyto-
static breakthrough was observed throughout the experi-
ment despite its long duration (480 min), which indicates
very high barrier properties of the materials.

Lower barrier properties were exhibited by the layered
clothing material composed of a non-woven PES, a PP mem-
brane, and a non-woven PP (code D), in particular with re-
spect to one cytostatic (docetaxel). The results showed that
docetaxel solution permeated through the layered material
at a faster rate than through the other materials, which were
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smooth membranes sampled from protective gloves. Break-
through time for material D was established at 120 min. It
was found that the content of ethyl alcohol in the commer-
cially available docetaxel preparation (and in the test solu-
tion) facilitated cytostatic diffusion through the sample of
the layered material, compromising its barrier properties.
The tests have demonstrated that cytostatics may faster
permeate through clothing materials, which often com-
bine non-wovens and polymer films, than through the
smooth membranes of glove materials. This may be due
to the structure of material B, which facilitates wetting
and cytostatic penetration. Therefore, personnel exposed
to cytostatics should pay greater attention to the possibil-
ity of accidental contamination with those substances be-
cause they may affect not only gloves, but also other PPE
products, which are under lower scrutiny than gloves. Nat-
urally, individuals working with cytostatics stress that it is
their hands which are at greatest risk of contamination,
but it must be kept in mind that those substances may also
contaminate other parts of the body.
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