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Exposure  assessment  of  health  care  workers  to  antineoplastic  drugs  (ADs)  is  still  an  open  issue  since
new,  critical,  and  emerging  factors  may  put pharmacists  who  prepare  hazardous  drugs  or  nurses  who
administer  anti  cancer  agents  to an increased  risk  of  developing  adverse  health  effects.

Overall,  eight  pharmacies  and  nine  patient  areas have  been  surveyed  in  this  study.  Wipe and  pad
samples  were  experienced  during  the  surveillance  program  in  four  Italian  health  care  settings.  Urine
samples  were  collected  from  workers  handling  ADs.  Cyclophosphamide  (CP),  ifosfamide  (IF), and  gemc-
itabine (GEM)  were  detected  in  all the  work  environments  by  using  a LC–MS/MS  method-based  capable
of analysing  all the three  drugs  simultaneously.  In  total,  54%  of wipe  samples  were  positive  for  at  least

one  drug  and  19%  of  pad  samples  were  shown  to be  contaminated  by  cyclophosphamide.

Pharmacies  were  generally  more  contaminated  than  patient  areas  with  the  exception  of  one  site where
a  nurse  had  an  acute  exposure  during  the  cleaning-up  of  an  hazardous  drug  solution  spill.  In  total,  22
urine  samples  collected  from  pharmacists  and  78  urine  samples  from  nurses  had  no detectable  concen-
trations  of  any  antineoplastic  drugs.  Despite  the  adherence  to  the  recommended  safety  practices  residue

s  and
contamination  on surface

. Introduction

Exposure assessment of hospital personnel occupationally
nvolved in handling antineoplastic drugs (ADs) is still a matter of
oncern among occupational health practitioners and safety man-
gers.

Some antineoplastic drugs are genotoxic (Rombaldi et al., 2009;
avallo et al., 2005; Dranitsaris et al., 2005) and are known or
uspected to cause cancer (IARC monographs, 1990, 2009; Connor
t al., 2002; Burgaz et al., 2002; Fransman et al., 2007a).  The Inter-
ational Agency for Research on Cancer (IARC) has classified ten
ntineoplastic drugs as group 1 (carcinogenic to humans) and ten
s group 2A (probably carcinogenic to humans).

To date, the challenge of protecting workers’ health is persisting
nd expanding with an increasing number of publications demon-
trating that contamination of ADs is still present on work surfaces
fter cleaning procedures are concluded (Sorsa and Anderson,
996; Connor, 2006; Connor and McDiarmid, 2006; Connor et al.,

010; Sessink and Bos, 1999; Sessink et al., 2010; Schmaus et al.,
002; Crauste-Manciet et al., 2005; Spivey and Connor, 2003;
ason et al., 2005; Turci et al., 2003; Turci and Minoia, 2006; Baker

∗ Corresponding author at: “Salvatore Maugeri Foundation”, Via S. Maugeri, 8,
-27100 Pavia, Italy. Tel.: +39 0382 592313; fax: +39 0382 592072.

E-mail address: cristina.sottani@fsm.it (C. Sottani).

378-4274/$ – see front matter ©  2011 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.toxlet.2011.03.028
 floors  has  continued  to  be  assessed  in all the  investigated  sites.
© 2011 Elsevier Ireland Ltd. All rights reserved.

and Connor, 1996; Schierl et al., 2009; Fransman et al., 2004, 2005,
2007b; Harrison et al., 2006; Nyman et al., 2007; Hedmer et al.,
2004, 2008; Nygren et al., 2002, 2005; Wick et al., 2003; Touzin
et al., 2009, 2010; Sottani et al., 2010). Furthermore, the National
Institute for Occupational Safety and Health (NIOSH) have entitled
“ALERT” (NIOSH, 2004) the last guidelines that are aimed at protect-
ing workers from exposure to cytotoxic compounds. Activities that
are repeated by technicians every day in pharmacies and patient
areas, e.g. reconstituting powdered or lyophilized drugs and admin-
istering liquid forms of hazardous drugs (HD) are still addressed as
harmful despite safety policy improvements.

Worker exposure to these agents is therefore a persistent prob-
lem. Concern among health professionals has been rising from
emerging factors associated with an increasing number of new
cases of cancer worldwide, as reported by World Health Organi-
zation (US Bureau of Labor Statistics, 2006). Since this number is
expected to grow in 10 years an overload of work will be esti-
mated in future. Whether overworking combines other factors
such as understaffing and budgetary constrains for cost reduc-
tion policies adopted by hospital administration, workers could
be exposed to an increased risk of developing adverse health
effects.
It is therefore important to have knowledge of the potential
occupational exposure to antineoplastic drugs. Environmental and
biological monitoring thus assumes the role of documenting the
results of risk characterization.

dx.doi.org/10.1016/j.toxlet.2011.03.028
http://www.sciencedirect.com/science/journal/03784274
http://www.elsevier.com/locate/toxlet
mailto:cristina.sottani@fsm.it
dx.doi.org/10.1016/j.toxlet.2011.03.028
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In this paper we present the development of an annual surveil-
ance to evaluate four workplaces, different in size and type of

ork environment that included a work history questionnaire for
otentially exposed workers. Questionnaires were compiled with

nformation on the use of personal protective equipment (PPE) such
s gloves, gowns, and eye protection. This questionnaire also con-
ains a final section where drug-handling events and individual
ctivities performed with specific drugs are compiled by workers.

The drugs investigated were cyclophosphamide (CP; group 1),
fosfamide (IF; group 2A), and gemcitabine (GEM) as the antineo-
lastic agents most commonly used among the hospital settings

ocated in the North of Italy. Locations were static in all these sites.
mong several methods used to assess the exposure to hazardous
rugs, such as biological monitoring, air monitoring, wipe sam-
ling and pads, we investigated surface wipe sampling and personal
ads. The development of these sampling strategies has the poten-
ials to examine work exposure to antineoplastic drugs in order
o evaluate possible transferable load surfaces of ADs to the skin
Minoia et al., 1998; Kiffmeyer et al., 2002; Schmaus et al., 2002;
iegler et al., 2002; Wick et al., 2003; Turci et al., 2003; Crauste-
anciet et al., 2005; Fransman et al., 2005; Schulz et al., 2005;
edmer et al., 2008; Kromhout et al., 2000; Ikeda et al., 2007). Envi-

onmental data was finally related to measurements of the drugs in
he urine of workers (Watson and Mutti, 2004; Manno et al., 2010).
t is the first time that an occupational heath surveillance has been
arried out in four Italian sites to analyze work surface contami-
ation which makes it highly probable for the potential of dermal
ontact in both pharmacies and patient areas. Environmental and
iological samples were analyzed for all the three drugs by using an
nalytical method capable of detecting these agents simultaneously
n a single run (Sottani et al., 2007, 2008).

. Materials and methods

.1. Study design

Exposure to cyclophosphamide, ifosfamide, and gemcitabine was  measured in
harmacies and patient areas in different oncology wards in 2009. Hospitals (Sites
,  B, C, and D) were set in the North of Italy and surveyed according to the rules
f  the national guidelines, issued in 1999 for safe handling of antineoplastic drugs
Italian Guidelines G.U. 236, 7.10.1999).

The main difference between the institutions was  in terms of size and number
f  beds on each oncology ward, providing a representation of diverse workplaces.
onsequently a different amount of antineoplastic agents was handled by techni-
ians. For each site and location, total daily amount of drugs is reported in Table 1.

ites A and B consisted of a single preparation room and a single patient area. Site

 was  three hospital pharmacies for each oncology ward (ward 1C–3C) and three
atient areas, while set D was  three hospital pharmacies for each oncology ward
ward 1D–3D) and four patient areas. Total exposure assessment was estimated for
P, IF, and GEM in 8 pharmacies and 9 patient areas. The most common activities of

able 1
otal daily amount of antineoplastic agents handled by workers per location and site.

Site Location No. of location No. of subjects 

A Pharmacy 1 2 

Patient area 1 5 

B Pharmacy 1 2 

Patient area 1 2 

C Pharmacies 3 3 

Patient areas 3 5 

D Pharmacies 3 4 

Patient areas 4 13 
ters 213 (2012) 107– 115

healthcare workers enrolled in this study are reported in Table 1 where the locations
and number of subjects of each investigated hospital are also depicted.

2.2. Environmental measures of exposure to antineoplastic drugs

2.2.1. Wipe sampling strategy
The samples were collected using a method from previous studies investigating

surface contamination by cyclophosphamide, ifosfamide, and gemcitabine (Sottani
et  al., 2007). The surfaces were wiped thoroughly with four Kleenex professional
wipes (10 × 10 cm;  Kimberly-Clark® , Irving, TX, USA) and with 9 cm diameter filter
paper (Whatman International Ltd., Maidstone England) which had been wet with
5.0  mL  of water.

The collection of samples was  made by wiping in two  different directions (up
and  down, left to right) inside the plastic frame. After sampling the wipe papers
were placed in borosilicate glass bottles (50 mL)  and stored at 4 ◦C until sample
preparation.

For  each collected wipe sample, a new pair of gloves was used to avoid cross-
contamination. Surface areas of 100 cm2 (10 × 10 cm interior of plastic frame) were
wiped on several work areas, inside and outside the preparation room for each hos-
pital. The wipes were collected by technicians who performed the same procedure
in  all the investigated hospital sites.

A  predetermined wipe sampling scheme with selected surface areas was  stud-
ied.  The scheme identified different sampling positions: IV bag outer surfaces
containing cyclophosphamide and the work surfaces such as the top side of BSCs,
floor directly in front of BSCs, waste containers, counter tops where the drugs were
placed to be checked by the pharmacist, pass-through windows, and several other
locations on floors. The blank sample was taken in an area of the pharmacy outside
the  preparation area. Also, the tissues did not touch any surface to avoid potential
contamination of the blank sample. Each location was sampled once. Furthermore,
wipe samples were collected from patient areas where the drugs arrived at the nurs-
ing  stations, trays for transporting drugs, areas where IV bags were hung before
use, tables in patient rooms, and floors in patient restrooms. Similar locations were
sampled in the four institutions.

2.2.2. Personal pads
In order to evaluate the extent of exposure, Minoia et al. introduced the use

of pads (Turci et al., 2003). Each technician and nursing personnel wore 3 pads on
the  right and left forearm and on the torso (front). They were made of Kleenex
professional wipes (10 × 10 cm;  Kimberly-Clark® , Irving, TX, USA) as the wipe sam-
ples, therefore the size of all the pads was of 100 cm2. All the workers involved in
preparing and administering drugs wore this type of sampling test on the outer
surfaces of gowns. Pad-tests were sampled over the time period corresponding to
the whole work-shift. This data provides information about the body contamination
from ADs during both the preparation and administration tasks. This sampling tech-
nique allows the efficiency of BSCs to be verified during the most repeated activities
of  workers.

2.2.3. Analysis of wipe samples and personal pads
All quantitative analyses for drugs followed the method of Sottani et al.

(2007) based on high-performance liquid chromatography tandem mass spec-
trometry (HPLC–MS/MS) using ions produced via collision-induced fragmentation.
All  LC–MS/MS analyses were reported as the mean result of triplicate injec-

tions. Briefly, ADs measurements in wipe samples were obtained using an
LC–MS/MS method with a lower limit of quantification (LLOQ) of 12.5 ng/wipe
for  cyclophosphamide–ifosfamide and 25.0 ng/wipe for gemcitabine. Solid phase
extraction (SPE) was used for sample concentration and cleanup. Drugs were deter-
mined in multiple reaction monitoring (MRM)  mode.

Most common
activities

Total daily amount

CP
(mg)

IF
(mg)

GEM
(mg)

• Drug preparation 1080 832 170
• Drug administration 980 563 160
• Drug preparation
• Checking the final
products

1350 675 150

• Drug administration
• Cleaning patients

720 200 45

• Drug preparation 3050 2950 380
• Intravenous (IV) drug
infusion

1600 890 230

• Drug preparation 5000 1500 600
• Intravenous (IV) drug
infusion
• Cleaning procedures

3000 1100 240
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.3. Biological measures of health care workers exposure to ADs

Biological monitoring was  performed once a day at each work-place in connec-
ion with one occasion of wipe sampling on health care workers who handled CP
nd  other antineoplastic agents during their work-shifts. Prior to entering this study,
ll  technicians involved in both preparation and administration activities received

 questionnaire and were asked to fill in all its parts. To this regard an example of
ompiled questionnaire has been included and reported as Fig. 1.

.3.1. Urine collection strategy
Spot samples of urine were collected in 50 mL  polypropylene bottles with screw

aps before and after work. Pre- and post work-shift urine samples were collected

rom technicians and nursing personnel working in the investigated hospitals after

 h of their work-shift since the half-life of urinary excretion is roughly 12–24 h
or cyclophosphamide (Bhatnagar and Talaska, 1999; Jakubowski and Trzcinka-
chocka, 2005) and is approximately 4.8–18.8 h for its metabolites (de Jonge et al.,
005).  The urine samples were stored at 4 ◦C during a maximum of 24 h. Then

Site… D……
Location: …Pharmacy  Unit……Drug preparin g:………………… 
Location: .. Patient  Area………Drug Administering:….………… 

1 Pha rmacy  General  Descrip tio n 
1.1 Is the pharmacy dedicated to handle ADs? 
1.2 Is the access restricted to authoriz ed personnel only ? 
1.3 Are warning signals used to limit the entrance? 
1.4 Has been the pharmac y area  designed with an ante-room?  
1.5 Is hand wash basin inside the pharmacy area? 

2 Preparatio n Area  and Exhaust  Ventil ation System
2.1 Hospital Air Conditioning System 
2.2 Pharmacy  Air Conditioni ng de dic ated system  

3  Ventil ated Biol ogical Safety Cabinet s (BSC )
3.1 FlowLaminarHorizontal
3.2 FlowLaminarVertical
3.2.1 Ty pe
3.2.2 B2)(Ty peBSCIIClass
3.2.3 filt erHEPA
3.2.4 BSCIIIClass

4    BSC Maintenanc e
4.1 periodically

5   BSC Cleaning and Decontaminating 
5.1 Are work s urfaces  cleaned  with deactiva tion  agents (i. e. 5% 
5.2 When? 

6 ADsStorageandReceiving
6.1    Are warning signals used to limit the entrance ?  
6.2    Ha s bee n the area desig ned with a dedic ated  room t o stor 
6.3    Refrigerator  to store  ADs  (locati on)
6.3.1 room?storingtheinsideitIs
6.3.2 outside?itIs

7       Pharmacy Cleaning Procedur es
7.1 cleaningperformingWorkers
7.1.1 Trained hospital personnel performing cleaning 
7.1.2 Trained external workers performing cleanin g 

Use of  Persona l Protective  Equipment
7.1.3 shieldssidewithglassesSafety
7.1.4 shieldssidewithoutglassesSafety
7.1.5 glovesresistantChemoteraphy
7.1.6 possi bleisifsplashingshieldsFace
7.1.7 gownsDisposable
Handled dru gs

DRUG Amo unt (mg) of dru 
Cyclophosphamide
Ifosfamide
Gemcitabin e

Fig. 1. Questionnaire for exposure assessment of hospital personnel occupatio
ters 213 (2012) 107– 115 109

aliquots of 5 mL  urine were transferred to test tubes and stored at −20 ◦C until
sample preparation.

2.3.2. Analysis of urine samples
The urine samples were analyzed for gemcitabine, cyclophosphamide, and ifos-

famide by high performance liquid chromatography–tandem mass spectrometry
according to methods previously published. The lower limit of quantification was
set  at 0.2 ng/mL for CP, IF, and anthracyclines (Sottani et al., 2008). The linearity of
this  method was  studied to assess drugs at the concentrations expected when all
safety measures were adopted by workers during their activities.
3. Results

For each hospital unit (A–D) the surface contamination lev-
els of CP, IF, and GEM are expressed as ng/dm2 and are reported

…….. 
 

Yes   No

 (annually)  (eve ry 6 mon ths)  

Yes   No 
 NaCLO )? 

 before  wor k shift
at t he end  of work shi ft
both

NoYes

e ADs?  

g handle d duri ng the work  – shift  (daily) 

nally involved in handling antineoplastic drugs during their work-shifts.
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Site… D……
Location: …Phar macy  Unit……Drug preparing :……………………………  
Location: .. Patient  Area 3………Drug Administering…. …………………… 

Yes    No  Layout  
8     Has  bee n patient  area des igned w ith rest rooms?  
8.1 Are t hey in side t he  patient  room? 
8.2 Far fro m t he  drug infusion?  

9    System  use d to transfe r ADs  from pharmacy unit to patient are a Yes    No 
9.1 Has been the phar macy  area desig ned wit h a pass-throw window?  
9.2 Are closed-system transfer devices (CSTD) in use? 
9.3 Have been surgical trays used to transfer bags containing ADs?  

10    Tick  you r perfor med activi ty associate d with drug admi nisteri ng
10.1 Att achin g drug adminis tration  set s t o t he IV  bag 
10.2 Ass embli ng t he  delive ry syste m using pro per PP E (see Table)  
10.3 Intravenous  (IV ) dru g infusion  
10.4 Handling pati ent excreta 
10.5 Disposing  of  all equipm ent  used t o administe r drugs 

 Tick  the foll owing items  related to the pharma cy cle aning procedure s

10.6    Workers performing cleaning  
10.7    Trained hospital perso nnel performing cleaning 
10.8    Trained external workers performing cleaning  

Use of  Persona l Protecti ve Equipment
10.8.1 Safety glasses with side  shields 
10.8.2 Safety glasses without side shields 
10.8.3 Chemoteraphy resistant  gloves  
10.8.4 Face shields if splashing is possible 
10.8.5 Disposable gowns 

Handled dru gs 
DRUG Amo unt (mg) of drug  handle d during  the work  – shift  (daily)  

Cyclophosphamide   245  mg 
Ifosfamide     75  mg 

(Cont

i
r
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Gemcitabin e     25  mg 

Fig. 1. 

n Tables 2–4,  respectively. The mean drug concentrations are
eported with the standard deviation values (mean, SD) and con-
entrations less than the limit of detection (<LOD) were assigned a
alue equal to the LOD divided by two (3 ng/dm2).

.1. Surface-wipe samples

Overall, 109 wipe samples were collected from 8 pharmacy
reas that represent 327 separate analyses for CP, IF, and GEM.
hirty-three wipe samples were collected in the patient areas, as
eported in Table 2.

In total, 426 determinations from the preparation rooms and
atient areas showed concentrations of all drugs above the limit of
etection (LOD) with a percentage of positive samples of 54%.

At site A (pharmacy), eleven out of fourteen samples were
ositive for cyclophosphamide (mean, 1741.8 ng/dm2; Table 2).
he highest value was determined on the floor next to BSC
16894.4 ng/dm2). In this pharmacy, 78.6% of the wipe samples
ere positive. At site A work surfaces and floors demonstrated the

verall highest levels of contamination among all the investigated
ospitals in the North of Italy.

With the exception of these health care settings, pharmacy A

as not conformed to a proper airflow system. Moreover, this facil-

ty was not designed with an anteroom between the preparation
rea and the adjacent nursing wards without a pass-through win-
ow.
inued )

In pharmacy B, six out of thirteen samples had measurable
levels of cyclophosphamide and ifosfamide (mean, 264.4 and
103.2 ng/dm2 summarized in Table 2) and the highest concentra-
tions were measured on the inner surface of the safety cabinet
(1640.9 and 800.0 ng/dm2). Wipe samples analyzed for CP, IF, and
GEM showed that detectable concentrations of these drugs were in
correspondence to the counter top where technicians checked the
preparations (678.9, 256.9 and 145.6 ng/dm2). This data is associ-
ated with the most repeated activities which were carried out by
workers inside the pharmacy and that have been generally reported
by technicians in the questionnaire.

In pharmacy 1C, 10 out of 14 samples were positive for
cyclophosphamide (mean, 258.7 ng/dm2; Table 2). Wipe samples
collected on the floor of the room adjacent to pharmacy 1C, through
which the drugs left the preparation area, demonstrated measur-
able levels of CP and IF with values of 680.5 and 12.9 ng/dm2,
respectively. At site C, surface contamination with CP, IF, and GEM
was measured in correspondence to the floors. At site C, cyclophos-
phamide was  the most frequently drug measured (55%). In all
pharmacies, CP levels ranged between 3476.1 ng/dm2 (3C) and
123.7 ng/dm2 (1C) on the floor in front of the vertical flow class
II BSC.
At pharmacy 3C, the highest levels of all three drugs were
detected on the floors. CP, IF, and GEM concentrations were 345.6,
119.6 and 117.9 ng/dm2 on the floor next to the waste container
and 680.5 ng/dm2, CP and 12.9 ng/dm2, IF on the floor outside the
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Personnel Issues
a. Age  …… ………… ………………………….  26
b. Gender………………………… ……………..Female
c. Pharmacy techni cian… ………… ……………..No
d. Nurse  ass istan t……………… ………… …… .. Yes
e. Habit  of  smoking ……………………………...Y es .
f. Regul arly t rained………………………………Y es

1. Information  diss emination 
g. Written safety procedure 
h. Periodic training course     annually  e very  6 mon th 

2. Yes  No General hygiene practices 
i. Have been safety procedures implemented to limi t eating  and  drinking  in  workplace s?
j. Have been perso nnel trained to wash hands with soap before wearing 

protective gloves and immediately after removal? 

1. Spill  Contro l 
Yes   No Answer on the base of   your own experience   

a. Have you been properly trained to clean up drug spills? 
b. Are Spill Kits in use where spills might occur? 
c. Have you been properly trained to use spill kits?  
d. Have you ever b een involved  in a incidental spill ? 
e. Drugs? ...........cyclophosphamide ,..doxorubicin.HCl , ..onda nsetron, .... .desamet asone, physiolo gical saline.  
f. Tick relevant events occurred performing activitie s listed  below 

a. Dermal contact during drug checking  
b. Dermal contact during cleaning up spill  
c. Derma l c ontact  during handl ing pa tient e xcreta 
d. Drug splashin g 
e. Other…… ……………………………………………………….

g. Have you  shown symptoms  relate d t o spill e vents? 
a. Nause a 
b. Vomitin g 
c. Eye irritation 
d. Allergic reactions 

PPE worn during handling hazardous drug activities in  prepari ng or  administerin g task s 

PPE WORKPLA CE
Pharmacy
technician

Nurse
assist ant

No Yes No Yes 
Work Clothes x 
Disposable chemotherap y res istant   gown x 
Safety glass es x 
Safety glasses with  sid e shi elds x 
Elastic  cuff  x 
Respirator mask x 
Disposable chemotherap y res istant  gloves x 
Disposable chemotherapy resistant  gloves (latex) x 
Double  gloves x 
Face shields x 

(Conti

p
t
t
p
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t
c
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w
p

Disposable protective  oversh oes 

Fig. 1. 

reparation room. This last location represents the area where
he IV infusion bags are transported towards the patient areas by
he use of trays. This hospital has never implemented protection
rocedures for the safe handling of ADs, such as system closed
rug-transport devices (CSTD).

For site D, wipe sample study in pharmacy 1D demonstrated
he outer surface of IV bags containing CP to be contaminated with
yclophosphamide and gemcitabine (144.1 and 13.25 ng/dm2).
mong the investigated sites, only pharmacy 1D had measurable

evels of drugs on the surface of bags. Vials were thought to be
 possible source of exposure for workers administering drugs in

djacent patient areas. Although, site D had shown relatively low
urface contamination of all three drugs, cyclophosphamide level
as 18313.2 ng/dm2 on the inner surface of the safety cabinet in
harmacy 2D.
x 

nued ).

The list of the locations for all the sites combined is detailed in
Table 3 where the mean concentration values of the investigated
drugs are reported. From these results, floors in all eight pharmacies
are the most contaminated areas. In particular, the floor next to
BSC is characterized by a value of 2707.6 ng/dm2, CP. Among all the
investigated drugs, cyclophosphamide surface contamination was
measured in correspondence to all the fourteen positions, with the
exception of blank samples.

3.2. Personal pad samples
Table 4 shows the mean exposure levels for CP, IF, and GEM
detected in specific body areas of health care workers by the use of
personal pad sampling. In total, 306 determinations for CP, IF, and
GEM showed 72 analysis with detectable concentration of at least
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Table 2
Summary of wipe sample data by site and location.

Site Location No. of sample CP
(ng/dm2)

IF
(ng/dm2)

GEM
(ng/dm2)

Mean (SD) Mean (SD) Mean (SD)

A Pharmacy 14 1741.8 (4512.0) 198.7 (352.0) 37.0 (58.4)
Patient area 2 57.8 (77.5) 222.6 (310.6) 35.8 (46.5)

B Pharmacy 13 264.4 (474.1) 103.2 (222.2) 20.7 (40.0)
Patient area 4 229.9 (399.0) 69.9 (163.9) 35.7 (85.8)

C Pharmacy unit in ward 1C 14 258.7 (706.5) 63.9 (165.0) 10.1 (14.1)
Pharmacy unit in ward 2C 14 329.3 (1076.7) 21.2 (34.5) 7.3 (11.2)
Pharmacy unit in ward 3C 14 1229.6 (2963.4) 727.4 (1834.4) 38.5 (65.5)
Pharmacies combined 40a 621.5 (1908.5) 282.2 (1113.6) 19.1 (41.7)
Patient areas combined 9 426.0 (1142.1) 43.4 (113.6) 13.6 (21.3)

D Pharmacy unit in ward 1D 12 130.0 (225.6) 41.0 (96.3) 9.8 (12.8)
Pharmacy unit in ward 2D 14 1362.9 (4880.3) 31.0 (50.8) 13.4 (15.2)
Pharmacy unit in ward 3D 14 9.7 (11.9) 6.4 (7.2) 4.1 (2.2)
Pharmacies combined 42 500.8 (2819.7) 26.2 (63.2) 9.2 (11.9)

o
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Patient areas combined 18 

a Two samples are missing.

ne drug. Therefore, 26% of pad samples had CP, IF, and GEM levels
LOD. For each site, results are reported by locations and number
f subjects involved in the preparation or administration of ADs.

At site A, two  health care workers were involved in the prepa-
ation and five in administration of all the three drugs. Most of the
amples were <LOD with a percentage of positive samples always
ess than 9%. For site B, torso pad sample collected from technician
andling drugs inside the pharmacy had CP, IF, and GEM contam-

nation levels of 1623.8, 110.9 and 33.9 ng/dm2, respectively. The
ost common activities were drug preparation and checking the

nal products stored on the counter top inside the pharmacy. These
vents were carried out and repeated by a single worker. Body
ontamination of this technician has been related to surface drug
oncentrations that were detected by wiping the inner surfaces of
he BSC and the work-table used to check the final product inside
he pharmacy. Personal pad samples collected from nurses admin-
stering drugs were relatively less contaminated when compared to

harmacy technicians. ADs values ranged from 59.6 to 11.7 ng/dm2

Table 4).
At site C, technician handling ADs at pharmacy department 3C

as exposed to CP, IF, and GEM with mean concentrations of 356.2,

able 3
ummary of wipe sample data for three drugs by location at four study sites combined.

No. of sample CP
(ng/
Mea

Pharmacy
BSC-working tray 8 4710
Top  side of BSC 8 35.0
Protection glass inside 8 82.8
Protection glass outside 8 12.4
Countertop-checking area 8 463.
Floor  next to BSC 8 2707
Door  handle 8 105.
IV  bag outer surface 8 20.6
Pass-through window 7 25.7
Door  handle refrigerator 8 12.7
Floor  close to waste container 6 906.
Floor  at 1 mt  8 116.
Corridor adjacent nursing areas 8 239.
Blank  samples (corridor) 8 <LOD

Patient area
Floor 11 132.
Tray  for transporting drugs 10 158.
Floor  restroom 10 873.
Counter top-checking area 1 1.4 

Areas  where IV bag are hung 1 5.6 
68.5 (258.9) 20.9 (84.5) 6.8 (36.9)

823.8, and 48.3 ng/dm2, respectively (Table 4). Patient areas were
also surveyed and all the values were <LOD, with the exception of
the patient area 3C. On this ward, nursing personnel were mainly
involved in drug infusion with syringes and intravenous (IV) sets
with LuerLokTM fittings for administering hazardous drugs. Con-
centrations detected on the three body areas combined ranged
between 190.7 (CP) and 14.0 (IF) ng/dm2 during the environmental
and biological monitoring of this site (Table 4).

Survey carried out in workplace D (patient area 1) documented
contaminated surfaces of the infusion bags. Pad sample (left fore-
arm) collected from the nurse administering ADs by the infusion
system showed CP and IF values of 539.6 and 13.4 ng/dm2. Reason-
ably, a dermal contact with IV infusion bags occurred.

At site D, nursing personnel at patient area 3 showed the
highest concentrations of CP, IF, and GEM with mean values
of 2698.6, 123.7 and 4.7 ng/dm2, respectively (Table 4). Pad
sampling revealed a substantial amount of cyclophosphamide

on the left forearm (12081.1 ng/dm2) of the nurse handling
patient excreta. Cyclophosphamide (613.0 ± 2168.0 ng/dm2) and
ifosfamide (37.1 ± 111.4 ng/dm2) were the most detected drugs in
pad samples (patient areas combined, Table 4). All in all, nurs-

dm2)
IF
(ng/dm2)

GEM
(ng/dm2)

n (SD) Mean (SD) Mean (SD)

.6 (6585.8) 1035.5 (2342.8) 39.6 (80.1)
 (55.5) 9.6 (15.6) 6.0 (8.3)

 (116.2) 176.7 (454.0) 7.25 (11.1)
 (28.5) 5.9 (8.9) <LOD
3 (464.6) 74.0 (100.3) 32.7 (50.0)
.6 (1246.5) 384.0 (678.7) 38.6 (25.1)

2 (266.0) 25.7 (55.5) 7.7 (8.7)
 (49.8) <LOD 4.2 (3.6)

 (34.4) 70.6 (170.7) 31.4 (68.4)
 (15.9) <LOD <LOD
6 (1712.4) 126.1 (122.5) 54.0 (37.3)
6 (156.7) 35.7 (39.1) 20.8 (17.2)
4 (460.4) 143.2 (392.6) 4.475 (4.1)

 <LOD <LOD

7 (190.1) 72.1 (151.2) 24.1 (35.1)
2 (273.9) 40.7 (80.2) 24.0 (42.7)
3 (1253.1) 184.5 (193.6) 45.6 (45.8)

0.5 <LOD
2.3 <LOD
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Table 4
Summary of pad sample results by site and location.

Site Location No. of sample No. of subjects CP
(ng/dm2)

IF
(ng/dm2)

GEM
(ng/dm2)

Mean (SD) Mean (SD) Mean (SD)

A Pharmacy 6 2 28.6 (62.6) <LOD <LOD
Patient area 15 5 50.2 (155.4) <LOD <LOD

B Pharmacy 6 2 327.1 (636.4) 31.4 (41.9) 26.3 (18.6)
Patient area 6 2 59.6 (96.0) 11.7 (13.9) 32.0 (47.2)

C Pharmacy unit in ward 1C 3 1 <LOD <LOD <LOD
Pharmacy unit in ward 2C 3 1 <LOD <LOD <LOD
Pharmacy unit in ward 3C 3 1 356.2 (317.6) 823.8 (1026.3) 48.3 (17.7)
Pharmacies combined 9 3 120.7 (237.4) 276.6 (657.0) 18.0 (24.3)
Patient area 1 6 2 <LOD <LOD <LOD
Patient area 2 3 1 <LOD <LOD <LOD
Patient area 3 6 2 190.6 (298.6) 13.9 (18.1) 61.0 (91.1)

D Patient areas combined 15 5 78.0 (202.2) 7.3 (12.1) 26.2 (61.9)
Pharmacy unit in ward 1C 6 2 55.1 (41.8) 25.9 (30.8) 887.5 (1260.1)
Pharmacy unit in ward 2D 3 1 <LOD <LOD <LOD
Pharmacy unit in ward 3D 3 1 <LOD <LOD <LOD
Pharmacies combined 12 4 29.0 (39.2) 14.5 (24.0) 445.5 (967.0)
Patient  area 1 12 4 62.3 (157.6) 5.0 (4.8) 5.5 (8.7)
Patient area 2 18 6 370.3 (1309.9) 35.5 (103.3) 21.2 (77.1)
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Patient area 3 6 2 

Patient area 4 3 1 

Patient areas combined 39 13 

ng personnel administering ADs at the 1D–3D patient areas have
hown higher concentrations of all three drugs than those in per-
onnel involved in preparation tasks (Table 4).

Summary of drug amounts found in pad tests and the relative
ercentage of positive samples are summarized per location and
ite in Table 5.

.3. Biological measurements

Pre- and post-shift urine samples did not show significant con-
entrations of the studied antineoplastic agents (CP, IF, and GEM)
or either eleven technicians or twenty-five nursing personnel
nvolved in manipulating hazardous drugs.

.4. Questionnaire

In this study, to provide a more comprehensive evaluation
f multiple factors that could result in workplace contamination
orkers were asked to fill a questionnaire in all its part. All study
articipants completed questionnaires describing detailed history
f work practices used, including PPE and work policy. For each

rug-related activity, this questionnaire-section included the name
f the antineoplastic drug handled, the manner of use, and the use
f protective equipment (such as gloves, gowns, eye, or respira-
ory protection). Details of drug preparation activity (e.g. prepared,

able 5
ummary of drug amounts found in pad tests and percentage of positive samples
er each location.

CP (ng/dm2) IF (ng/dm2) GEM (ng/dm2)
Mean (SD) Mean (SD) Mean (SD)

Pharmacy (11 subjects)
Positivity 37%

Right arm 52.9 (102.6) 18.0 (36.3) 454.2 (1015.7)
Left arm 109.2 (197.7) 198.7 (598.5) 47.1 (77.8)
Chest 162.2 (485.0) 43.9 (105.2) 15.1 (22.2)

Patient areas (25 subjects)
Positivity 23%

Right arm 205.5 (794.7) 41.1 (131.1) 17.4 (65.4)
Left arm 773.5 (2600.6) 19.8 (50.7) 15.5 (44.4)
Chest 46.7 (139.0) 5.9 (10.4) 11.5 (32.1)
2698.6 (4848.6) 123.7 (214.1) 4.7 (2.7)
100.5 (142.3) <LOD <LOD
613.0 (2168.0) 37.1 (111.4) 12.4 (52.4)

checked, and whether a spill occurred) and administration method
(e.g. infusion, intravenous [IV] push, and whether a spill occurred)
were also collected. In compliance with Italian guidelines a com-
piled questionnaire from a nurse administering ADs in patient area
3D has been reported in Fig. 1.

4. Discussion

This study experienced both wipe and pad sampling strategy to
evaluate the extent of surface contamination in four Italian health
care settings by the most used antineoplastic drugs. Air sampling
was omitted based on the conclusive findings of previous papers
(Connor, 2006; Connor et al., 2010; Kiffmeyer et al., 2002). It is
thought that this method does not play a significant role in expo-
sure assessment to ADs. It is likely that airborne sampling is not
a sensitive measure due to generally low vapor pressure of these
drugs.

In this study, the fourteen locations were static for all the facili-
ties to allow a comparable study to be carried out. Pharmacies were
dissimilar in layout and size to provide different types of work-
places. Numbers of pharmacies per ward and patient areas were
also investigated.

In general, results confirmed other studies on the safe handling
practices for ADs and have continued to reveal a widespread sur-
face contamination in either preparation or patient areas (Schmaus
et al., 2002; Crauste-Manciet et al., 2005; Spivey and Connor, 2003;
Mason et al., 2005; Turci et al., 2003; Turci and Minoia, 2006; Baker
and Connor, 1996; Schierl et al., 2009; Fransman et al., 2004, 2005,
2007b; Harrison et al., 2006; Nyman et al., 2007).

The highest surface drug concentrations of all hospitals were at
Site A on floors either inside the preparation room (in front of the
class II BSC, close to waste container) or outside the pharmacy. With
the exception of the other pharmacies, wipes collected in this set-
ting had the highest percentage of positive samples (roughly 79%)
even if technicians manipulated the lowest amount of ADs during
their work-shift (Table 1). A negative-pressure inside the room was

measured when the environmental monitoring was carried out.
An improper airflow system maintained a minimum inflow, not
enough to prevent drug contamination escaping from the prepara-
tion room. Furthermore, this hospital is small in size and old has
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een under surveillance because policies and procedures for the
afe handling antineoplastic drugs were partially implemented.

In comparison with previous investigators, our contamination
evels of cyclophosphamide on floors are higher than the levels
ound by Hedmer et al. (2008),  Connor et al. (2010),  and Fransman
t al. (2007b). These results might be correlated with the most
elevant weakness of this workplace such as the absence of the
ass-through window and anteroom between the preparation and
he adjacent patient area. This developed surveillance program was
herefore an efficient and sustainable process not only to point out
n urgent need for adopting new and functional air-flow systems,
ut also to study a new pharmacy layout with anteroom. Further
xposure assessment studies are needed to validate the effective-
ess of this pharmacy renovation.

At site B, the high level of CP and IF contamination measured
n the torso of one of the two technicians involved in preparing
Ds could have resulted from a breakdown of the inward airflow
ystem of the safety cabinet installed in this pharmacy. Measur-
ble concentrations of the same drugs were actually detected in
orrespondence with the inner surface of the BSC and residual con-
amination of CP and IF were also detected on the counter top inside
he preparation room. The pharmacist was requested to check the
rug solutions after his own activity of mixing and preparing ADs
as finished. These repeated number of events created the condi-

ions of overwork, placing the technician at an increased risk for
xposure to hazardous drugs.

One of the preparing areas (pharmacy 3) and one of the patient
reas (patient area 3) at the site C had a significant concentration of
P, IF, and GEM on floors (inside and outside the preparation room),
n the corridor adjacent to the patient areas, and close to the chairs
or administering drug-solutions. Nursing personnel in the patient
rea 3 were the only ones exposed to any of the three hazardous
rugs. These findings could have resulted from contact with con-
aminated surfaces as bags were placed on surgical trays during
heir transfer without using more protective items for personnel,
uch as the closed system drug transfer devices (CSTD). The results
f this study are in agreement with the results of similar stud-
es conducted either in Europe or US (Sessink et al., 2010; Connor
t al., 2002, 2010; Nyman et al., 2007; Hedmer et al., 2004, 2005,
008). Sessink et al. compared cyclophosphamide, ifosfamide and
-fluorouracil contamination levels prepared according to standard
reparation technique and with CSTD. Overall, environmental con-
amination with these drugs was lower when CSTD was used. Other
tudies conducted over a time period long enough to create situa-
ion for a reasonable comparison between pre-CSTD introduction
nd post-CSTD introduction (Spivey and Connor, 2003; Harrison
t al., 2006) confirmed similar outcomes and this item is nowa-
ays recommended in the NIOSH alert. In this study, although the
harmacy was newly renovated worker contamination occurred.
s personnel was  likely contaminated by dermal contact with bags
laced on trays, pad testing had the great potentials to reveal these
ags as possible sources of contamination. Similar findings were
eported by other investigators. Connor et al. (2005) demonstrated
he outer surfaces of vials to be contaminated. As a consequence
f the performed exposure assessment study, in this pharmacy the
xisting work procedures have been updated and the use of closed
ystem drug transfer devices was implemented.

At site D, information about an incidental spill was  addressed
nd reported in the questionnaire by the nurse administering drugs
o cancer patients at the patient area 3 after the monitoring survey
as concluded (Fig. 1). The worker had not been shown to fol-

ow the recommended procedures for the cleaning-up of hazardous

rug spills because the spill-kit had not been implemented yet at
his site. This result was consistent with the high concentrations of
P, IF, and GEM detected in the same site (patient area 3) on the
oor of the restroom. In general, the relatively low levels of ADs in
ters 213 (2012) 107– 115

the total work environment are in contrast with the high drug con-
centrations found on the forearm of this worker suggesting that an
acute exposure occurred. Also in this case-report, pad testing was
a powerful sampling technique to identify a possible contamina-
tion source. A revision of the adopted policies for the safe handling
of antineoplastic drugs has been therefore performed according to
our guidelines. Moreover, an historical comparison of contamina-
tion levels between pre- and post-spill kits introduction is still in
progress to evaluate the effectiveness of this surveillance program.
Measurements of ADs in the urine of health care workers are being
commonly performed as part of an occupational health surveillance
program. In this study, no urine samples showed detectable con-
centrations of CP, IF, and GEM even in the case of nursing personnel
who had a potential acute exposure in the patient area at site D.
Urine samples were collected during the last 6 h of the work-shift,
according to CP, IF, and GEM plasma and urine half-lives. These sam-
ples have never shown evidence of trace amounts of these drugs as
a sensitive and reliable LC–MS/MS method has been validated with
a lower limit of detection of 0.2 ng/mL. This data has been found
to be in agreement with the conclusive findings recently issued by
Connor et al. (2010).  In studies into the exposure assessment of
ADs, an important final point has been shared by several investiga-
tors and evidenced that surface contamination was not statistically
significantly correlated with a limited number of positive urine
samples.

Although cyclophosphamide is extensively metabolized with
percentages varying between 97% and 64% because of strong indi-
vidual variability, few attempts have been made to determine the
common and principal metabolites of CP and IF. In future risk
assessment studies, the development of an analytical LC–MS/MS
method based is in progress to simultaneously determine ADs and
their stable metabolites, such as 4-ketocyclophosphamide in urine
of health care personnel.

5. Conclusions

General worries have continued to be reported by professional
practice organizations and agencies about occupational health risks
to pharmacists who prepare hazardous drugs and to nurses who
administer anti cancer agents, handle patient excreta or clean
contaminated medical equipment. Despite the adherence to the
recommended practices for protecting health care workers, in
this study all the investigated hospitals had residual drug con-
tamination in both pharmacies and patient areas, particularly on
floor surfaces. In this framework, since workers may  be put at an
increased risk for occupational exposure to antineoplastic drugs,
biological monitoring assumes a fundamental role when it is used
as an indicator of the internal exposure.
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