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Abstract

Resumen

Objective: To establish a series of recommendations based on available evidence for monitoring surface contamination in the areas devoted to
compounding hazardous drugs in pharmacy departments.
Method: Based on a literature search in the Medline and Embase databases (search period: January 2009 to July 2019), as well as on a review
of standards and recommendations issued by different healthcare organi-

Objetivo: Establecer unas recomendaciones, en base a la evidencia disponible, para la monitorización de la contaminación de superficies en las áreas
de elaboración de medicamentos peligrosos de los Servicios de Farmacia.
Método: A partir de una revisión bibliográfica en las bases de datos
Medline y Embase desde enero de 2009 a julio de 2019, así como de la
consulta de documentos de estándares y recomendaciones de organizacio-
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nes sanitarias, un comité de expertos de la Sociedad Española de Farmacia
Hospitalaria ha definido una serie de prácticas seguras sobre manipulación
de medicamentos peligrosos y monitorización de superficies de trabajo. Las
decisiones de recomendación se tomaron por consenso entre el grupo de
expertos teniendo en cuenta las recomendaciones encontradas, la situación
en nuestro entorno y los costes asociados a la monitorización.
Resultados: Se han definido 10 recomendaciones estructuradas en
ocho secciones. Se incluyen aspectos relacionados con los medicamentos a monitorizar; localizaciones a monitorizar; momento de la toma de
muestras; determinación del riesgo y plan de muestreo; técnicas analíticas;
umbrales de contaminación; plan de acción según los resultados del muestreo y descontaminación.
Conclusiones: La monitorización de superficies permite determinar la presencia de medicamentos peligrosos y evaluar la eficacia del programa de
manejo seguro de los mismos en los Servicios de Farmacia. La evaluación
debería incluir un estudio de la eficacia de los controles de ingeniería, de
las prácticas laborales y de los procesos de limpieza y descontaminación.

zations, a committee of experts from the Spanish Society of Hospital Pharmacists defined a series of safe practices for handling hazardous drugs
and monitoring compounding work surfaces. Recommendation decisions
were adopted by consensus among the members of the expert group,
considering the recommendations reviewed, the monitoring situation in
Spanish hospital departments, and the associated costs.
Results: Ten recommendations were formulated, structured into eight sections. They include aspects related to the drugs to be monitored; the areas
to be monitored; when samples should be taken; risk determination and
preparation of a sampling protocol; analytical techniques; contamination
thresholds; and design of an action plan based on the sampling and
decontamination results obtained.
Conclusions: Surface monitoring allows hazardous drugs detection and
evaluation of the effectiveness of current protocols for the safe handling
of such drugs in hospital pharmacy departments. The evaluation should
include an analysis of the efficacy of engineering controls, work practices
and cleaning and decontamination processes.

Introduction

exposure to cyclophosphamide of less than 1 ng/cm2, higher levels of exposure leading to a potential increase in the absorption risk)31. NIOSH, the
Occupational Safety and Health Administration (OSHA) and the Conference of Governmental Industrial Hygienists (ACGIH) have all refrained from
establishing maximum allowable contamination levels.
The purpose of this document is to review the available evidence and
establish a set of recommendations for correctly surface contamination monitoring in the areas devoted to HDs compounding in hospital pharmacy
departments (HPDs).
This document is an official position statement of the Spanish Society of
Hospital Pharmacists (SEFH) and deals specifically with the surface monitoring in the areas devoted to HDs compounding in HPDs.

Occupational exposure to hazardous drugs (HDs) is a matter of utmost
concern given the potential risks posed to the health of workers.
The first publications on work surface monitoring date back to the
1990’s in the United States1,2, Canada2, and the Netherlands3-6. Since then,
multiple articles have shown that surface contamination is present in the
healthcare setting and that occupational exposure to HDs can result in acute
and chronic adverse events such as skin rashes, reproductive problems,
and chromosomal aberrations7-11. Although no cause-effect relationship has
been certainly demonstrated between occupational exposure to HDs and
the appearance of adverse events, it is generally believed that contamination levels should be kept as low as reasonably achievable (ALARA)12.
Organizations such as the National Institute for Occupational Safety and
Health (NIOSH) have issued recommendations regarding the safe handling
of HDs and the regular updating of HDs lists so as to prevent occupational
exposure13.
Professional organizations and governmental agencies have developed
guidelines for the management of HDs, which include recommendations
regarding surface monitoring12,14-19. Chapter <800> of the United States
Pharmacopeia (USP), “Hazardous Drugs-Handling in Healthcare Settings”,
recommends that such monitoring should be performed routinely, initially as
a benchmark, and at least every 6 months, or more often if needed, thereafter12. The recommendation has been applied for the last two decades in
several hospitals2,20-27.
Studies have been published on the benefits of environmental monitoring28, and surface contamination has been evaluated in 338 hospital pharmacies29. The conclusion has been that continuous monitoring is beneficial
to identify and correct suboptimal practices so as to prevent future exposure.
Nonetheless, the methodology and analytical tools employed vary
substantially across studies30, and no risk exposure thresholds have been
established (except for the USP standard, which suggested a threshold of

Methods
A working group was created whose members were selected by SEFH
based on their experience, their publications on HDs and surface monitoring, and their membership to oncology, pharmaceutical compounding, and
medical devices working groups.
A literature searching was undertaken using the Medline and Embase
data bases (search period: 1 January 2009 to 25 July 2019). Table 1
shows the MeSH search terms used, which were selected and agreed on
by the co-authors. A total of 527 references were identified, which were
manually supplemented by secondary references from the initially selected
articles and documents containing standards and recommendations issued
by healthcare organizations. A specific search was conducted of the legal
and regulatory framework applicable to HPDs.
Publications were reviewed by the authors to identify and compile safe
hazardous drug handling and work surface monitoring practices. Their
expected benefits as well as the feasibility of incorporating them to Spanish
working environments were considered.

Table 1. MeSH terms used in the literature search
1. Antineoplastic drugs: antiblastic drugs; anticancer drugs; antineoplastic agent; antineoplastic drugs; chemotherapy; cyclophosphamide;
cytostatic agent; cytotoxic drugs; doxorubicin; fluorouracil; hazardous drug; hazardous drug residue; ifosfamide; methotrexate; paclitaxel;
platinum-derivatives
2. Compounding and management: closed system drug-transfer device (CSTD); gloves; handling; management; manipulation; manipulative;
preparation; procedure; protective devices; protective equipment; quality control; safe handling
3. Environmental and surface contamination, monitoring and cleaning: cleaning; contamination; contamination control; contamination surface;
cross-contamination; decontamination; detection threshold; drug contamination; environmental contamination; environmental monitoring;
environmental surface contamination; equipment contamination; hazard analysis; medical surveillance; oncology day service; surface analysis;
surface contamination; surface property; threshold level; trace analysis; wipe sampling; workplace surfaces
4. Pharmacy departments and occupational exposure: cancer center; exposure assessment; exposure in the workplace; exposure of healthcare
provider; healthcare workers; hospital medication system; institutional; occupational exposure; occupational hazards; occupational health;
occupational safety; oncology day service; OSHA; pharmacist OR pharmaceutical; safety programs; work environment; workers exposure
OSHA: occupational safety and health administration.
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The different recommendations identified were discussed and analyzed
by the working group members. Recommendation decisions were made
by consensus among the members of the expert group on the basis of the
literature review, considering the characteristics of the Spanish working environment and the costs associated to monitoring procedures.
Members worked online and had one face-to-face meeting. Once
concluded, the document was submitted to SEFH’s working groups for
approval.

Regulatory framework
The risk derived from exposure to HDs has been recognized by the
European Union, which has urged adoption of measures based on facilities
engineering, closed-system drug transfer devices, personal protective equip
ment, and proper medical surveillance of workers32. In 2016, the Spanish
Institute for Health and Safety at Work published a series of recommendations on the preventive measures required for compounding and administering hazardous drugs33, and developed the INFOMEP data base to record
all HDs marketed in Spain34.
Royal Decree 374/200135 on the protection of workers’ health and
safety against the risks posed by chemicals in work environments, which
is applicable to HDs, establishes the measures to be undertaken to identify
hazardous substances and mitigate their risks using safety data sheets (SDS)
as a key instrument. However, there is no provision for compulsory risk mitigation in the case of HDs.
Protection of workers from exposure to carcinogenic agents is regulated by Royal Decree 665/199736, which rules that carcinogenic and/
or mutagenic substances must be avoided. If this is unfeasible, the Royal
Decree requires that production and use of such substances take place
in a closed-system device. If that is not possible, the lowest technically
possible exposure level should be ensured. The list of substances does
not include drugs.
Different regions of Spain have undertaken initiatives in this area, publishing different types of regulations, which are presented in table 2.
According to Act 31/1995, hospital pharmacists are responsible for
ensuring implementation of the risk prevention protocol developed by their
HPD with respect to the handling of HDs37. This Act establishes that every
facility must ensure an optimal working environment, specifying that “the
appropriate safety measures must be ensured by both employers and any
senior staff reporting to them who may have authority over matters related
to health and safety”. As regards the role of pharmacists and their responsibility in the realm of health and safety, Royal Decree 824/201038 states
that the “technical director” (meaning the person in charge of the HPD) must
ensure that “the staff receive initial and continuous training” and that “health
and safety programs must be introduced and adapted to the activities to be
carried out. Such programs must include procedures related to health, safety
and protective equipment to be worn by the staff”.

Silvia Valero-García et al.
platinum derivatives, paclitaxel, doxorubicin and etoposide phosphate
(Table 3).
Cyclophosphamide is the most commonly monitored HD. Its recognized
carcinogenic potential [it has been classified as a group 1 agent by the
International Agency for Research on Cancer (IARC)] and its transdermal
absorption potential make it an ideal candidate for our purpose. Moreover,
it requires reconstitution prior to dilution in a vehicle that is acceptable for
administration, which increases the number of times the drug must be handled. Also, cyclophosphamide is an active ingredient of which large quantities are handled with high frequency, and for which validated analytical
quantification methods are available.

Areas to be monitored
Before selecting which areas of the HDP should be sampled, an analysis
must be made of the HDs handling circuits used in the facility.
It is recommended to select 1 to 5 common HDs contact points for each
task that involves handling of such drugs in the HPD.
The areas where contamination with HDs is more likely to occur and
which should therefore be evaluated are the following:
• Reception area, including the reception section in the preparation area.
• Storage area, which comprises the storage shelves, the floor and the
reception bench or the work bench.
• Preparation and packaging area: this is where HDs are compounded
and prepared for dispensation.
• HDs verification area: this is where HDs are inspected prior to dispensing.
Other published studies28,39,43,44,46,48,52,53,57,59,62,65,68,69,71-73,76,82,83 refer to
the need to sample additional surfaces in the preparation sections and in
the cleanrooms of HPDs:
• Biological safety cabinet or isolator and surrounding areas (Figure 1).
• Floor in front of the cabinets or the corridors.
• Door handle, light switch, computer keyboards and mouses, calculator,
label printer, pens and/or highlighter, scissors.
• Telephone or intercom.
• Tablet or touchpad devices used for gravimetrically controlling preparations, including scales.
• Shelves for the storage of vials and the devices used to prepare raw
materials and inspect final products.
• Refrigerator.
• Trays or boxes used to transfer materials and/or finished products.
• Gloves.
• The surfaces of infusion bags, disinfectant bottles, and HD vials.
• Waste bins.
Figure 1. Sampling surfaces in the biological safety cabinet.

Recommendations
Drugs to be monitored
Monitoring all HDs is unfeasible both from a methodological standpoint
and because of the sheer cost of all the measurements that would be required. It is therefore necessary to carefully decide which drug(s) must be monitored as part of the surface contamination monitoring protocol applied to
areas devoted to HD compounding in HPDs.
The first step should be an analysis of the most widely used drugs in the
HPD. This will allow selecting the ones used most frequently and in the largest quantities as surrogate exposure markers. The selection process should
also consider the number of times each drug is handled as well as their
carcinogenic potential and physical-chemical properties (particularly their
volatility and transdermal absorption potential).
Availability of a validated analytical method to quantify these HDs and
their associated cost is another variable to be considered.
On the basis of the literature reviewed, the previously gathered experience, and the availability of validated analytical quantification methods,
the drugs commonly selected as contamination markers are: cyclophosphamide, 5-fluorouracil, methotrexate, ifosfamide, gemcitabine, cytarabine,
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Table 2. Regulations in the different autonomous regions
Autonomous region

DOCUMENT (title, type, organization, link)

Operational Instruction 004 of the Occupational Hazard Prevention Management System of the Andalusian Health Service
(SAS). Regional Ministry of Health
Document type: regulatory
Andalusia

Date of approval/publication: unknown
Organization: Andalusian Health Service
https://www.sspa.juntadeandalucia.es/servicioandaluzdesalud/sites/default/files/sincfiles/wsas-media-mediafile_
sasdocumento/2019/io_004_exposic_medicamentos_peligrosos.pdf
Operational guidelines against the risk of exposure to hazardous drugs for staff members of the Castile-La Mancha Health
Service. Castile-La Manche Health Service
Document type: organizational

Castile-La Mancha

Date of approval/publication: November 2018
Organization: Castile-La Mancha Health Service
https://sescam.castillalamancha.es/sites/sescam.castillalamancha.es/files/documentos/pdf/20181113/guia_actuacion_
frente_al_riesgo_de_exposicion_a_medicamentos_peligrosos-sescam.pdf
Document de Consens per a Gestionar la Preparació i Administració de Fàrmacs Perillosos en Centres Sanitaris i
Sociosanitaris de Catalunya. Grup de treball de l’Unió Catalana d’Hospitals i Consorci de Salut i Social de Catalunya
Document type: organizational

Catalonia

Date of approval/publication: 28 March 2019
Organization: Unió Catalana d’Hospitals i Consorci de Salut i Social de Catalunya
http://www.consorci.org/coneixement/es_cataleg-de-publicacions/176/document-de-consens-per-a-gestionar-la-preparacioi-administracio-de-farmacs-perillosos-en-centres-sanitaris-i-sociosanitaris-de-catalunya
Handling of hazardous drugs at hospital pharmacy departments. Occupational Hazard Prevention Service. Regional
Ministry for Universal and Public Health
Document type: regulatory
Date of approval/publication: Approved by the Sectoral Health and Safety Committee on 13 June 2016 and by the UnderSecretariat on 29 June 2016
Organization: Regional Ministry for Universal and Public Health
http://www.san.gva.es/documents/155952/6734027/Manipulaci%C3%B3n+de+medicamentos+peligrosos+en+
servicio+de+farmacia.pdf
Handling of hazardous drugs outside hospital pharmacy departments. Occupational Hazard Prevention Unit. Regional
Ministry for Universal and Public Health

Valencia

Document type: regulatory
Organization: Regional Ministry for Universal and Public Health
Date of approval/publication: Approved by the Sectoral Health and Safety Committee on 7 February 2017 and by the
Under-Secretariat on 10 April 2017
http://www.san.gva.es/documents/155952/6734027/Manipulaci%C3%B3n+de+medicamentos+peligrosos+fuera+de
+las+unidades+de+farmacia_ok.pdf
Guidelines for adapting best practices regarding preparation and handling of drugs in the Valencia Region (Equipment)
Document type: organizational
Date of approval/publication: January 2018
Organization: Regional Ministry for Universal and Public Health
http://www.san.gva.es/documents/152919/6641297/GUIA+-+EQUIPAMIENTO++enero+2018.pdf
Resolution 51/2018 of the Regional Deputy Minister for Health with instructions for promoting safety during the handling
of hazardous drugs
Document type: regulatory

Madrid

Date of approval/publication: 29 January 2018
Organization: Regional Ministry of Health
https://www.fespugtmadrid.es/wp-content/uploads/2019/02/Manipulaci%C3%B3n-de-Medicamenteos-Peligrosos.Consejer%C3%ADa-de-Sanidad.pdf
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Table 3. Drugs used as contamination markers
Drugs

References

Cyclophosphamide

21, 24, 28, 39-81

5-Fluorouracil

21, 24, 28, 39-43, 45, 50, 51, 54, 65-78,
70, 72-75, 79, 81-84

Methotrexate

28, 39, 40, 42-44, 46-48, 50, 56-58, 65,
69-72, 75, 77, 80

Ifosfamide

24, 28, 39, 40, 43-48, 50, 56, 59, 65, 66,
69, 70, 73, 75-77, 79, 80

Gemcitabine

28, 39, 40, 43, 45, 46, 50, 56, 70, 71,
73, 75, 77, 80

Cytarabine

39, 40, 46, 56, 70, 71, 77, 80

Platinum-derivatives

42, 45, 52, 60, 61, 63, 70, 72-75, 83, 85

Paclitaxel

28, 39, 40, 45, 50, 72, 75, 76, 79, 82, 84

Doxorubicin

39, 40, 46, 56, 59, 68, 70, 73, 77, 79,
80, 84

Etoposide phosphate

28, 39, 40, 46, 50, 56, 77

Regardless of what is sampled and at what locations, it is essential to
precisely establish the size of the surface to be analyzed in each of them
as results are usually expressed as nanograms or picograms of the HD
per sq. cm. The size of the sampled surface varies across the different studies, but typically ranges between 10039,46,53,57,59,68,71-73,82 to 400-900 cm2
28,43,44,48,52,62,65,69,76,83
.
Sampling protocols must be scrupulously followed to avoid falsifying the
results. It is also important to specify what material the sampled surface is
made of as the percentages of HD recovered may vary depending on the
material type. If the sampled surface does not allow 100% recovery of the
HD if may be necessary to apply a corrective factor to the result obtained
in order to avoid underestimating HD levels. Tables are available which,
depending on the quantitative technique used, apply one set of values or
another.
Also, using photography or video could be an ideal way of unequivocally identifying the sampled areas and facilitate follow-up sampling.
It is essential for the responsible people for the sampling to be appropriately trained to do the job rigorously, avoiding cross contamination and
protecting themselves from exposure to HDs. It is advisable for the same
person to carry out all the samplings to avoid biases due to changes in the
procedure.
Once the sampling process has been completed, the whole area must
be cleaned and decontaminated as the sampling process itself could mobilize HDs on the work surfaces and increase the exposure risk. All the materials used should be handled as potentially chemically contaminated and
discarded in a chemical waste container that meets local waste management regulations.
The number of samples to be taken will depend on how many preparations have been compounded; on the HD circuit established at the facility;
on the previously defined goals of the surface monitoring protocol; and on
the budget available, as analytical laboratories tend to establish costs as a
function of the number of samples to be analyzed.

Sampling time
When to carry out the sample must be decided depending on the purpose of the sampling process.
For routine monitoring of surface contamination levels, USP <800>12
recommends sampling the surfaces at baseline and repeating the procedure
at least every 6 months, or whenever confirmation of contamination levels
is required. In this case, samples should be obtained in normal working
conditions so that the data obtained is relevant and representative of actual
work processes. It is advisable to carry out the sampling at the end of the
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working day, before any cleaning, inactivation or decontamination takes
place, in order to obtain a clear insight into the maximum exposure that the
staff could be liable to. Depending on the sampling protocol and the activity
levels in the facility, monitoring could be performed at the end of a work
cycle and at the end of the week.
It is recommended to carry out extraordinary sampling rounds in the
event of spills, mishandling of HDs, following technical manipulation of a
biological safety cabinet, or in the event any substantial change in the HD
handling procedures to verify the impact of these occurrences on contamination levels.
If the sampling is aimed at verifying the effectiveness of new contamination prevention measures, new handling protocols or new cleaning and/
or decontamination agents, the sampling should be performed before and
after the change is introduced.
The cost of sampling is also a criterion to be considered when establishing the monitoring frequency and the number of samples to be taken.
The sampling protocol should establish a prioritization of the surfaces to be
sampled and a minimum number of samples to be taken.

Risk determination as part of the sampling plan.
Monitoring frequency
To be efficient, any surface contamination monitoring plan should include
an assessment of the contamination risk present in the different sections of
the HPD’s compounding area. This is essential to determine where to sample
and establish a suitable monitoring frequency. These risk assessment must
be carried out at least once a year but can be performed more frequently
if any changes in the sampling procedures or the results of monitoring tests
so warrant.
According to the litertature28,39,43,44,46,48,52,53,57,59,62,65,68,69,71-73,76,82,83, certain locations are associated with a higher contamination risk than others,
which means that they should be classified as HIGH, INTERMEDIATE or
LOW risk, depending on their liability to HDs contamination.
Another factor to be considered is the volume of HDs handled and
the handling frequency on a given surface. The latter can also be classified into three categories: high frequency (at least 5 times a week),
moderate frequency (1-4 times a week) and low frequency (less than
once a week).
The sampling plan should also contemplate the effect that exposure
to HDs may have on the staff’s health, analyzing the severity of potential
effects and considering them when determining overall risk. Effects will in
most cases be considered as severe.
The combination of the contamination risk of the surface to be sampled
with the frequency of HDs handling on that surface will determine the initial
monitoring frequency in the sampling protocol (Table 4). Sampling frequencies are typically monthly, quarterly or half-yearly.
Certain studies59,64,69,86 determine monitorization frequency depending
on the contamination results obtained. This means, for example, that if contamination is observed, the sampling frequency should be upped one level
from half-yearly to quarterly, from quarterly to monthly, from monthly to fortnightly, etc. If, on the other hand, results are not indicative of contamination,
and this finding persists over time, it may be decided to decrease sampling
frequency by one level, ensuring in any event that monitoring frequency
never falls below six months.

Analytical techniques
Selection of a proper analytical technique to ensure an accurate and
validated sampling process is necessary for adequate contamination monitoring. If sampling is carried out by an outsourced laboratory, it is important
to ensure they periodically evaluate their quality assurance processes and
that they are duly accredited. If semiquantitative techniques are preferred,
it must be taken into consideration that the information obtained will have
limitations.
Several factors must be analyzed when selecting the analysis and
sampling method as the interpretation and/or the quality of the results
obtained may vary depending on the method chosen. If an external
laboratory is recruited, candidates should be asked to provide information about the analysis and sampling methods they intend to use so that
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Table 4. Monitoring plan
HANDLING FREQUENCY OF HDs
CONTAMINATION
RISK

AREA

Biological safety cabinet, central work area

High frequency

Moderate frequency

Low frequency

At least 5 times a week

1-4 times a week

< once a week

Monthly

Quarterly

Half-yearly

High

Floor in front of the cabinet

High

Monthly

Quarterly

Half-yearly

Bench-top for final product inspection

Intermediate

Quarterly

Half-yearly

Half-yearly

Handle of the door leading to the compounding
area

Intermediate

Quarterly

Half-yearly

Half-yearly

Low

Half-yearly

Half-yearly

Half-yearly

Bench-top for raw materials preparing

the one that most closely meets the needs of the contracting HPD can
be selected:
• Degree of recovery of the HD or extraction efficiency, depending on
the type of surface sampled: flat (stainless steel, glass), smooth (fabric
or leather), rough (fitted carpets or wood), porous (vinyl), contaminated
or otherwise. Extraction percentages between 75 and 90% are acceptable.
• Solubility of the HD in the solvent used in the sampling procedure.
• Type of material used for the sampling. Analytical laboratories usually
make available all the materials required. The material should be the
same one used to validate the analytical technique. For in situ semiquantitative techniques, the supplier must provide all the materials required for
proper sampling of the drug.
• The solvent used for extraction should be compatible with the material of
the surfaces to be sampled.
• The extraction solvent must be compatible with the one used for the
analysis.
• Selectivity and sensitivity of the technique. These parameters include the
threshold detection and quantification values, as well as the linearity of
calibration curves.
• Sampling cost.
There are multiple validated analytical HD sampling techniques. Table 5
shows the different quantification methods used. The most widely used
include: gas chromatography, high-performance liquid chromatography
(HPLC) and ultra-performance liquid chromatography (UPLC), always combi-

ned with some high-sensitivity identification or quantification method such as
mass spectrometry (MS) or tandem mass spectrometry (MS/MS).
HPLC chromatography with tandem mass spectrometry (LC-MS/MS) is
the most commonly method used by laboratories for the quantitative analysis
of most HDs as it employs a sensitive, specific, and accurate technique.
However, the initial investment required is high and the processing of results
usually takes a fairly long time, which could extend contamination exposure
until the appropriate decontamination or mitigation measures are implemented54.
Although these techniques provide high sensitivity (of the order of pg/cm2),
selectivity and accuracy levels, the initial investment in equipment required,
the need of specifically trained staff and the delays in reporting test results
increase their cost and make them unsuitable for routine high frequency
monitoring. Having said this, any technique that has been validated may
be appropriate if its detection and quantification thresholds are in line with
the levels of HDs commonly present in a given facility.
There are also semi-quantitative sampling techniques84, based on rapid
detection devices that use thin layer immunochromatography performed
with lateral flow immunoassay (LFIA) and/or fluorescent microsphere immunoadsorption. NIOSH, for instance, has developed a new technology
based on LFIA for detecting surface contamination with HDs. Although this
technique does not seem ideal for baseline monitoring, it could prove useful
for the establishment of routine or high-frequency monitoring programs given
its low cost and lower response times as compared with currently used
analytical techniques.

Table 5. Quantification techniques for hazardous drugs
Quantification technique

References

HPLC coupled with mass spectrometry (tandem or otherwise)

5, 6, 15, 20, 25, 26, 28, 56-58, 60, 61,
65, 69-72, 75, 77, 80, 85, 87-90

HPLC coupled with diode-array detection

81

Solid-phase extraction HPLC coupled with mass spectrometry

55, 59

Gas chromatography coupled with mass spectrometry (tandem or otherwise)

1, 3, 24, 64, 66, 74, 75, 83, 89

Gas chromatography with electron-capture detection

78

HPLC coupled with UV visible spectroscopy

1, 24, 66, 76, 82

Reverse voltammetry (platinum derivatives)

74, 75, 83

Raman spectroscopy

91

Desorption electrospray mass spectrometry (with or without previous liquid chromatography)

62, 67, 68, 71

Inductively coupled plasma mass spectrometry (platinum-derivatives)

59, 61, 63, 85

Atomic spectrometry (platinum derivatives)

3

Rapid detection devices based on thin layer immunochromatography (semiquantitative technique),
lateral flow assay and/or fluorescent microsphere immunoadsorption

84

Fluorescence and UV light (simulation studies)

2, 12
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Table 6. Maximum allowable exposure levels in the Netherlands, and actions recommended93
Contamination (ng/cm2)

Actions

< 0.10

0.10-1.0

Monitoring once a year and
evaluations every 4 years

1.0-10

Estimated risk. Monitoring every 3-6 months.
Finally, application of corrective measures

LFIA allows direct reporting of results through sensitive and easy-to-use
portable field monitors that measure the levels of selected HDs on a given
surface. In addition, results can be obtained in real time (within 10 minutes),
which allows users to adopt immediate corrective measures and take further
confirmatory samples. The disadvantage of LFIA is that currently commercially
available readers provide semiquantitative results, whereas the LC-MS/MS
technique provides quantitative ones.
Before adoption of a monitoring method, it is essential to carefully
weigh its pros and cons (agility, ease of use, cost, quantitative or semiquantitative nature of results). Combined use of LFIA and LC-MS/MS, the
former for regular monitoring and adoption of immediate corrective action
and the latter for periodic quantitative measurements, may be considered92.
It must be noted that HPDs that already have implemented these techniques could act as hubs where measurements could be made in a centralized way, as is the case for other hospital-based techniques and procedures.

Contamination thresholds
No regulations or standards have been developed to date on surface
contamination with HDs. Nor have any maximum allowable contamination
levels been defined for the hospital setting. According to the literature, surface contamination higher than 1 ng/cm2 leads to absorption of HDs by
exposed workers and to the presence of those substances in their urine12.
No data has been published on the potential risk of environmental surface
contamination with HDs for human health30.
Several authors3,5,6,15,20,28 have recommended establishing the maximum
allowable exposure levels based on the historical results of controls carried
out in HPDs. In this regard, they argue that contamination levels higher than
the 75th, 90th and 95th percentile (depending on the different authors) of
those historical controls should be considered unacceptable and therefore
result in an overhaul of the HD handling circuits and techniques of the affected HPDs. These levels could be used to determine the staff’s adherence to
best HD handling practices, but not to determine the risk of developing longterm adverse events as the above-mentioned studies were not toxicologic
trials evaluating health outcomes.

> 10

Immediate application of corrective
measures. Monitoring the efficacy
of corrective measures

Another approach to establishing maximum exposure levels consists in
correlating detected surface contamination levels with the drug’s levels in the
urine of exposed staff members. In this case, 0.1 ng/cm2 has been established as the maximum allowable quantity of HD on the surface (Table 6)93.
It should be mentioned that this study only looked at the presence of cyclophosphamide, which means that the authors establish the same threshold for
all HDs without having analyzed all of them and without having investigated
their dermal permeation characteristics. USP has proposed a 1 ng/cm2
cyclophosphamide threshold to limit the risk of cyclophosphamide absorption by exposed workers12.
A Swedish study suggests establishing a practical and feasible threshold at the 90th percentile of the monitoring results available for a given
(typical) working environment 94. The notion of the 90th percentile is also
proposed by the authors of the MEWIP study performed in German hospitals28.
It must be borne in mind that although surface contamination levels are
not indicative of real-life exposure, they are helpful in determining whether
there is a potential exposure source in the environment.

Action plan based on the results of the sampling
procedure
Once the sampling parameters have been established, an action plan
needs to be defined in case significant deviations or unexpected results are
found. Table 7 shows an example of the measures that would be implemented in the presence of different surface contamination levels by application
of the Corrective Action-Preventive Action (CAPA) continuous improvement
plan. An HPD could adopt the CAPA model or create their own plan based
on the ALARA model and the data they possess from their own surface
monitoring analyses.
Whichever model is selected to interpret the results, HPDs must establish
an action plan to address significant deviations. It is recommended that
all areas where residual contamination with HDs is identified be cleaned,
decontaminated, and subsequently reanalyzed. Cleaning and decontamination procedures should be performed in accordance with each HPDs
procedures.

Table 7. Example of an action plan based on the results of the sampling procedure.
Contamination level

Low

Presentation of results to the staff
– Cleaning and decontamination

Action plan

Intermediate

High

Presentation of results to the staff

Presentation of results to the staff

– Cleaning and decontamination

– Cleaning and
decontamination

– Application of the standard procedure

– Analysis of the standard
procedures for proper inactivation
and cleaning

– Root cause investigation

– Root cause investigation

– Monitoring via a CAPA plan
If area XX stays positive for X time, a
CAPA plan may be implemented

Reexamination of area XX. If
sampling of area XX returns a
positive result,
a CAPA plan must be implemented

– Weekly reexamination of area XX until
a negative result is obtained

– Monitoring frequency may be
increased

– Analysis and review of
standard procedures
– Immediate reevaluation
following cleaning and
decontamination
– Implementation of a CAPA
plan
– Monitoring frequency may be
increased
– Reexamination of area XX

CAPA: corrective action-preventive action.
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Table 8. Usefulness of different decontamination agents against hazardous drugs
Reference

Product

Drugs tested

Surface type

Results

NaOH
(0.03M, 32%, other
concentrations)

Paclitaxel, epirubicin,
carboplatin, cisplatin,
cyclophosphamide.

15%- 30% H2O2
(up to 1 h contact)

Amsacrine, azathioprine,
asparaginase, thiotepa,
anthracycline

100

KMnO4

etoposide, tenoposide,
bleomycin, mitomycin C,
Floors and
methotrexate, cyclophosphamide, equipment
ifosfamide

24 h contact time
is needed for
ifosfamide and
cyclophosphamide

100

HCl 1N

etoposide, teniposide,
bleomycin, carmustine,
lomustine

Equipment

100% degradation
can only be
Resulting mutagenic products
achieved with
etoposide

14
95
103

(Ethyl and isopropyl)
alcohols at various
concentrations)

Paclitaxel, cyclophosphamide,
ifosfamide, cytarabine,
gemcitabine, methotrexate,
vincristine

Equipment

From 47%
(methotrexate) to
95% (vincristine)

103

0.1% benzalkonium
chloride

Paclitaxel

Equipment

50% in 70 minutes

95
99
107

0.02-5.25% NaClO

Cyclophosphamide, ifosfamide,
cytarabine, gemcitabine,
Floors and
methotrexate, doxorubicin,
equipment
epirubicin, etoposide, irinotecan,
paclitaxel, vincristine

99

0.05% chlorhexidine

Cyclophosphamide, methotrexate

102
103
104
105
106

95

Etoposide, doxorubicin,
5-20% sodium dodecyl
epirubicin, irinotecan and
sulphate (SDS)
methotrexate

Decontamination
Multiple factors must be considered when establishing an efficient
decontamination protocol, not least because no clearly defined standard
decontamination procedure exists for HDs. Factors to be considered
include:
• Physical-chemical properties and number of contaminants89,95.
• Physical-chemical properties of the decontamination agent(s) to be used,
specifically their hydrophilicity and lipophilicity89,95.
• Standardization of routine compounding processes96.
• Decontamination frequency89,95.
• Characteristics of the surfaces to be treated, both in terms of their ability
to retain the contaminant95,97 (stainless steel and glass tend to be the
most easily decontaminated surfaces), and to resist the effects of the
decontamination agent used [degradation of stainless steel by sodium
hypochlorite and of plastic surfaces by isopropyl alcohol (IPA) and other
solvents, staining of surfaces with a potassium permanganate solution,
etc.]88.
• Contact time between the decontamination agent and the surface to be
treated.62,98,99
• Volume of decontamination agent used with respect to the surface area
to be treated95,98.
• Likelihood that the inactivation process could generate equally hazardous products, such as KMnO4 or HCl100.
• Risk that the decontamination process could be poorly executed, leading to dissemination of the HD89,101.
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Floors and
surfaces

Effective for
paclitaxel,
epirubicin

Floors and
surfaces

Low activity vs.
amsacrine and
azathioprine

Remarks

Stainless steel
surface

Stainless steel
surface

Poor results with carboplatin,
cisplatin, cyclophosphamide
Lower reduction of contamination
is achieved than with HClO
In aseptic containment isolators,
H2O2 vaporization may be used,
which has a sterilizing effect
Resulting mutagenic products
Staining of treated surfaces

Degradation of plastic surfaces
and of the operator’s gloves

89%-100%
removal

Studies on the use of platinumderivatives together with other
products

99.7%
89.1%

Commercially available
preparation

85%-95.5%
removal

The larger the concentration,
the higher the effectiveness.
Larger concentrations generate
foams and surface residues that
compromise the equipment’s
sterility

Establishment of a decontamination procedure is complex given the number of requirements that must be met. Indeed, the procedure must:
• Efficiently remove HDs.
• Avoid generation of products that may be hazardous in themselves or
when combined with other products used in the working environment.
• Be easy to use and safe for the operator.
• Avoid alterations of the working environment.
It must be noted that no single agent has shown itself to be able to
decontaminate or inactivate all HDs. A review of different publications101
found that sodium hypochlorite concentrates are the most effective decontamination agents in that context, but this could be because that agent is the
most frequently used one for that purpose101.
Table 8 contains all the data available on the different decontamination
agents.

Final considerations and executive summary
Surface monitoring must be applied to determine the presence of HDs
and establish the efficacy of the HD management protocol used by a given
HPD, as no standard exists that can guarantee the safety of drug compounding processes across all HPDs. The evaluation must include an analysis of
the efficacy of engineering controls, of work practices and of the cleaning
and decontamination procedures used.
Based on the above, the following recommendations are put forward
with the caveat that they are founded on expert opinion level of evidence in table 9:
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Table 9. Recommendations for monitoring contamination of hazardous drug compounding surfaces at hospital pharmacy departments
RECOMMENDATIONS

Drugs to be monitored

Monitor levels of, at least, cyclophosphamide as a surrogate marker for
monitoring surface contamination in HDP areas where HDs are handled.

Level of evidence

III: Expert opinion based on
clinical experience; descriptive
studies; or expert committee
reports.

To be defined depending on each HD handling circuit and the available
budget.
Areas to be monitored

The following areas of the HPD devoted to HD compounding should be
monitored as a minimum:
– Central working area of biological safety cabinets.
– Floor in front of biological safety cabinets.
– Bench-top for final product inspection.
– Bench-top for raw materials preparing.
– Handle of the door leading to the compounding area.

III: Expert opinion based on
clinical experience; descriptive
studies; or expert committee
reports.

Sampling time

Samples should be taken at the end of the working day, before the usual
cleaning and/or decontamination protocols are carried out.

III: Expert opinion based on
clinical experience; descriptive
studies; or expert committee
reports.

Risk determination as
part of the sampling plan.
Monitoring frequency

A sampling plan must be established that includes the areas to be sampled
and the frequency which they must be monitored, based on each area’s
contamination risk, the type of HDs handled, and the frequency which they
are handled. The initially established sampling frequency must be adjusted
on the basis of the results obtained from the baseline samples, increasing
the sampling frequency if results show contamination, or decreasing it if
3 onsecutive samples are negative. Monitoring frequency should never fall
below 6 months.

III: Expert opinion based on
clinical experience; descriptive
studies; or expert committee
reports.

Analytical techniques

LFIA can be used for regular monitoring where a fast response is required for
decision-making. LC-MS/MS should be used for baseline and/or periodic
quantitative measurements. Baseline measurement should be quantitative.

III: Expert opinions based on
clinical experience; descriptive
studies; or expert committee
reports.

Contamination thresholds

Establish maximum allowable exposure levels depending on the historical
controls performed in the studied environment, with levels above the 90th
percentile (or 1 ng/cm2 in the case of cyclophosphamide) considered the
threshold above which procedures must be changed.

III: Expert opinion based on
clinical experience; descriptive
studies; or expert committee
reports.

Action Plan based on the
results of the sampling
procedure

Each HPD should have an action plan establishing the steps to be taken
according to the results of the surface monitoring analyses.

III: Expert opinions, based on
clinical experience; descriptive
studies; or expert committee
reports.

Decontamination

Several products may be combined taking into consideration the
characteristics of the different surfaces so as to ensure correct removal of HDs
as well as environment sterilization.

III: Expert opinions, based on
clinical experience; descriptive
studies; or expert committee
reports.

HD: hazardous drug; HPD: hospital pharmacy department; LC-MS/MS: tandem mass spectrometry; LFIA: lateral flow immunoassay.

Funding
SEFH was awarded a Becton Dickinson grant to cover the meeting and
rapporteur’s expenses involved in the review and publication of this manuscript.
All authors were selected by SEFH. None of them received any funding
for the work done.

Conflict of interest
Sponsor: Spanish Society of Hospital Pharmacists (SEFH).

Bibliography
1. McDevitt JJ, Lees PSJ, McDiarmid MA. Exposure of hospital pharmacists and nurses
to antineoplastic agents. J Occup Med. 1993; 35:57-60.
2. Connor TH, Anderson RW, Sessink PJM, Broadfield L, Power LA. Surface contamination with antineoplastic agents in six cancer treatment centers in the United States
and Canada. Am J Health-Syst Pharm. 1999;56:1427-32.

4. Sessink PJM, Van de Kerkhof MCA, Anzion RB, Noordhoek J, Bos RP. Environmental contamination and assessment of exposure to antineoplastic agents
by determination of cyclophosphamide in urine of exposed pharmacy technicians: Is skin absorption an important exposure route? Arch Environ Health.
1994;49:165-9.

3. Sessink PJM, Anzion RB, Van den Broek PHH, Bos RP. Detection of contamination
with antineoplastic agents in a hospital pharmacy department. Pharm Wkly (Sci).
1992;14:16-22.

5. Sessink PJM, Friemèl NSS, Anzion RBM, Bos RP. Biological and environmental
monitoring of occupational exposure of pharmaceutical plant workers to methotrexate. Int Arch Occup Environ Health. 1994;65:401-3.

010_11655_Monitorizacion de las superficies de trabajo de medicamentos peligrosos_ING.indd 104

10/3/21 13:12

Monitoring contamination of hazardous drug compounding surfaces at hospital pharmacy departments.
A consensus Statement. Practice guidelines of the Spanish Society of Hospital Pharmacists (SEFH)
6. Sessink PJM, Wittenhorst BCJ, Anzion RBM, Bos RP. Exposure of pharmacy technicians to antineoplastic agents: reevaluation after additional protective measures.
Arch Environ Health. 1997;52:240-4.
7. Valanis B, Vollmer WM, Steele P. Occupational exposure to antineoplastic agents:
self-reported miscarriages and stillbirths among nurses and pharmacists. J Occup
Environ Med. 1999;41(8):632-8.
8. Dranitsaris G, Jonhston M, Poirier S, Schueller T, Milliken D, Green E, et al. Are
health care providers who work with cancer drugs at an increased risk for toxic
events? A systematic review and meta-analysis of the literature. J Oncol Pharm Pract.
2005;11(2):69-78. DOI: 10.1191/1078155205jp155oa
9. McDiarmid MA, Oliver MS, Roth TS, Rogers B, Escalante C. Chromosome 5 and
7 abnormalities in oncology personnel handling anticancer drugs. J Occup Environ
Med. 2010;52(10):1028-34. DOI: 10.1097/JOM.0b013e3181f73ae6
10. El-Ebiary AA, Abuelfadl AA, Sarhan NI. Evaluation of genotoxicity included by
exposure to antineoplàstic drugs in lymphocytes of oncology nurses and pharmacists. J Appl Toxicol. 2013;33:196-201. DOI: 10.1002/jat.1735
11. Connor TH, Lawson CC, Polovish M, McDiarmid MA. Reproductive health
risks associated with occupational exposures to antineoplastic drugs in health
care settings. J Occup Environ Med. 2014;56:901-10. DOI: 10.1097/
JOM.0000000000000249
12. United States Pharmacopeial Convention. <800> Hazardous Drugs-Handling
in Healthcare Settings. United States Pharmacopeia 42–National Formulary 37.
Rockville, MD: US Pharmacopeial Convention; 2019.
13. Centers for disease control and prevention CDC. The National Institute for Occupational Safety and Health (NIOSH) [página web]. U.S. Department of Health & Human
Services [accessed 8/25/2019]. Available at: https://www.cdc.gov/niosh/
14. International Society of Oncology Pharmacy Practitioners Standards Committee.
ISOPP Standards of Practice. Safe handling of cytotoxics. J Oncol Pharm Pract.
2007;13:1-81.
15. Power LA, Coyne JW. ASHP Guidelines on Handling Hazardous Drugs. Am J
Health-Syst Pharm. 2018;75(24):1996-2031.
16. Occupational Safety and Health Administration (OSHA). Controlling Occupational
Exposure to Hazardous Drugs. OSHA Technical Manual, Sección VI, Capítulo
2 [Internet]. U.S. Occupational Safety and Health Administration (OSHA); 2016
[accessed 8/27/2019]. Available at: www.osha.gov/SLTC/hazardousdrugs/
controlling_occex_hazardousdrugs.html
17. National Association of Pharmacy Regulatory Authorities (NAPRA). Model
Standards for Pharmacy Compounding of Hazardous Sterile Preparations [Internet]. Ottawa, Canadá: National Association of Pharmacy Regulatory Authorities (NAPRA); 2016 [accessed 8/27/2019]. Available at: napra.ca/sites/
default/files/2017-09/Mdl_Stnds_Pharmacy_Compounding_Hazardous_Sterile_
Preparations_Nov2016_Revised_b.pdf
18. Burroughs G, Connor T, McDiarmid M. NIOSH alert: preventing occupational
exposures to antineoplastic and other hazardous drugs in health care settings [Internet]. DHHS (NIOSH) Publ No. 2004-165 [accessed 8/25/2019]. Available at:
http://www.cdc.gov/niosh/docs/2004-165/pdfs/2004-165.pdf
19. Polovich M, Olsen MM. Safe Handling of Hazardous Drugs, 3.ª ed. Pittsburgh, PA:
Oncology Nursing Society; 2018.
20. Connor TH, DeBord G, Pretty JR, Oliver MS, Roth TS, Lees PS, et al. Evaluation
of antineoplastic drug exposure of health care workers at three university-based
US cancer centers. J Occup Environ Med. 2010;52:1019-27. DOI: 10.1097/
JOM.0b013e3181f72b63
21. Valero-García S, Poveda-Andrés JL, Grupo multicéntrico de análisis de contaminación por medicamentos peligrosos en superficies de trabajo de Servicios de Farmacia Hospitalaria españoles. Hazardous drugs levels in compounding area surfaces
of Hospital Pharmacies Services: multicentric study. Farm Hosp. 2018;42(4):152-8.
22. Wick C, Slawson MH, Jorgenson JA, Tyler LS. Using a closed-system protective
device to reduce personnel exposure to antineoplastic agents. Am J Health-Syst
Pharm. 2003;60:2314-20.

F a r m a ci a H o s p i ta l a r i a 2021

l Vol. 45 l Nº 2 l 96 - 107 l

105

27. Ashley K, Brisson MJ, White KT. Review of standards for surface and dermal sampling. J ASTM Intl. 2011;8(6):1-9.
28. Kiffmeyer TK, Tuerk J, Hahn M, Stuetzer H, Hadtstein C, Heinemann A, et al. Application and Assessment of a Regular Environmental Monitoring of the Antineoplastic
Drug Contamination Level in Pharmacies – The MEWIP Project. Ann Occup Hyg.
2013;57(4):444-55.
29. Salch SA, Zamboni W, Zamboni B, Eckel S. Patterns and Characteristics Associated with Surface Contamination of Hazardous Drugs in Hospital Pharmacies. Am J
Health-Syst Pharm. 2019;76(9):591-8.
30. Connor T, Zock M, Snow A. Surface Wipe Sampling for Antineoplastic (Chemotherapy) and Other Hazardous Drug Residue in Healthcare Settings: Methodology
and Recommendations. J Occup Environ Hyg. 2016;13(9):658-67.
31. Cone C, Felton LA, Bachyrycz A. Pharmaceutical compounding – USP <797>
Sterile preparations. En: Felton L. Essentials of Pharmaceutics. Albuquerque, NM,
USA: Remington Pharmaceutical Press; 2013. p. 533-41.
32. Sessink PJM, Sewell G, Vandenbroucke J. Preventing occupational exposure to
cytotoxic and other hazardous drugs. European Policy Recommendations. [Internet]. Bruseles: European Parliament; 2015 [accessed 8/25/2019]. Available at:
https://www.europeanbiosafetynetwork.eu/wp-content/uploads/2016/05/
Exposure-to-Cytotoxic-Drugs_Recommendation_DINA4_10-03-16.pdf
33. Instituto Nacional de Seguridad e Higiene en el Trabajo (INSHT). Medicamentos
Peligrosos. Medidas de prevención para su preparación y administración. Documentos Técnicos [Internet]. Ministerio de Empleo y Seguridad Social. 2016 [accessed 8/25/2019]. Available at: http://www.enfermeriadeurgencias.com/images/
archivos/DOC-20161123-WA0036.pdf
34. Instituto Nacional de Seguridad, Salud y Bienestar en el Trabajo. Información para
trabajadores sanitarios sobre medicamentos peligrosos. Base de datos INFOMEP.
Ministerio de Empleo y Seguridad Social [accessed 8/25/2019]. Available at:
http://infomep.inssbt.es
35. Real Decreto 374/2001, de 6 de abril. Sobre la protección de la salud y seguridad de los trabajadores contra los riesgos relacionados con los agentes químicos
durante el trabajo. Boletín Oficial del Estado, nº 104 (1 de mayo de 2001).
36. Real Decreto 665/1997, de 12 de mayo. Sobre la protección de los trabajadores
contra los riesgos relacionados con la exposición a agentes cancerígenos durante
el trabajo. Boletín Oficial del Estado, nº 124 (24 de mayo de 1997).
37. Ley 31/1995, de 8 de noviembre, de Prevención de Riesgos Laborales. Boletín
Oficial del Estado, nº 269 (10 de noviembre de 1995).
38. Real Decreto 824/2010, de 25 de junio, por el que se regulan los laboratorios
farmacéuticos, los fabricantes de principios activos de uso farmacéutico y el comercio exterior de medicamentos y medicamentos en investigación. Boletín Oficial del
Estado, nº 165 (8 de julio de 2010).
39. Guichard N, Rudaz S, Bonnabry P, Fleury-Souverain S. Validation and uncertainty
estimation for trace amounts determination of 25 drugs used in hospital chemotherapy compounding units. J Pharm Biomed Anal. 2019;172:139-48.
40. Guichard N, Feketea S, Guillarme D, Bonnabry P, Fleury-Souverain S. School
Computer-assisted UHPLC–MS method development and optimization for the determination of 24 antineoplastic drugs used in hospital pharmacy. J Pharm Biomed
Anal. 2019;164:395-401.
41. Valero S, Vila N, Fornés V, López-Briz E, Poveda JL. Use and handling safety
of Mini-Spike 2® Chemo and Puresite for safe chemotherapy compounding in
a hospital pharmacy. Regul Toxicol Pharmacol. 2018;100:1-6. DOI: https://doi.
org/10.1016/j.yrtph.2018.10.002
42. Crul M, Simons-Sanders K. Carry-over of antineoplastic drug contamination
in Dutch hospital pharmacies. J Oncol Pharm Pract. 2017;24(7):483-9. DOI:
10.1177/1078155217704990
43. Poupeau C, Tanguay C, Caron NJ, Bussieres JF. Multicenter study of environmental contamination with cyclophosphamide, ifosfamide, and methotrexate in
48 Canadian hospitals study. J Oncol Pharm Practice. 2018;24(1):9-17. DOI:
10.1177/1078155216676632

23. Harrison BR, Peters BG, Bing MR. Comparison of surface contamination with cyclophosphamide and fluorouracil using a closed-system drug transfer device versus
standard preparation techniques. Am J Health-Syst Pharm. 2006;63:1736-44.

44. Roland C, Caron N, Bussières JF. Multicenter study of environmental contamination with cyclophosphamide, ifosfamide and methotrexate in 66 Canadian hospitals: A 2016 follow-up study. J Occup Environ Hyg. 2017;14(8):661-9. DOI
10.1080/15459624.2017.1316389

24. Sessink PJM, Connor TH, Jorgenson JA, Tyler TG. Reduction in surface contamination
with antineoplastic drugs in 22 hospital pharmacies in the US following implementation of a closed-system drug transfer device. J Oncol Pharm Pract. 2011;17:39-48.

45. Martín Lancharro P, de Castro-Acuña Iglesias N, González-Barcala FJ, Moure
González JD. Evidence of exposure to cytostatic drugs in healthcare staff: a review
of recent literature. Farm Hosp. 2016;40(6):604-21.

25. Sessink PJM, Trahan J, Coyne JW. Reduction in surface contamination with cyclophosphamide in 30 US hospital pharmacies following implementation of a closedsystem drug transfer device. Hosp Pharm. 2013;48:204-12.

46. Fleury-Souverain S, Mattiuzzo M, Mehl F, Nussbaumer S, Bouchoud L, Falaschi L,
et al. Evaluation of chemical contamination of surfaces during the preparation of
chemotherapies in 24 hospital pharmacies. Eur J Hosp Pharm. 2015;22:333-41.
DOI: 10.1136/ejhpharm-2014-000549

26. Sessink PJM, Leclercq GM, Wouters DM, Halbardier L, Hammad C, Kassoul
N. Environmental contamination, product contamination and workers exposure
using a robotic system for antineoplastic drug preparation. J Oncol Pharm Pract.
2015;21(2):118-27.

010_11655_Monitorizacion de las superficies de trabajo de medicamentos peligrosos_ING.indd 105

47. Ramphal R, Bains T, Goulet G, Vaillancourt R. Occupational Exposure to Chemotherapy of Pharmacy Personnel at a Single Centre. Can J Hosp Pharm.
2015;68(2):104-12.

10/3/21 13:12

F a r m a ci a H o s p i ta l a r i a 2021

106 l Vol. 45 l Nº 2 l 96 - 107 l

Silvia Valero-García et al.

48. Berruyer M, Tanguay C, Caron NJ, Lefebvre M, Bussieres JF. Multicenter Study of
Environmental Contamination with Antineoplastic Drugs in 36 Canadian Hospitals:
A 2013 Follow-up Study. J Occup Environ Hyg. 2015;12: 87-94.

70. Dal Bello F, Santoro V, Scarpino V, Martano C, Aigotti R, Chiappa A, et al. Antineoplastic drugs determination by HPLC-HRMSn to monitor occupational exposure.
Drug Test Anal. 2016; 8:730-7.

49. Hon CH, Teschke K, Demers PA, Venners S. Antineoplastic Drug Contamination on
the Hands of Employees Working Throughout the Hospital Medication System Ann
Occup Hyg. 2014;58(6):761-70. DOI: 10.1093/annhyg/meu019

71. Fabrizi G, Fioretti M, Rocca LM, Curini R. DESI-MS2: a rapid and innovative
method for trace analysis of six cytostatic drugs in health care setting. Anal Bioanal
Chem. 2012;403:973-83.

50. Órás Z, Szölgyémi MK, Higyisán I. Analysis of environmental contamination in the
central cytostatics department. Eur J Oncol Pharmacy. 2014;8(3):22-5.

72. Jeronimo M, Colombo M, Astrakianakis G, Hon CY. A surface wipe sampling and
LC-MS/MS method for the simultaneous detection of six antineoplastic drugs commonly handled by healthcare workers. Anal Bioanal Chem. 2015;407:7083-92.
DOI: 10.1007/s00216-015-8868-y

51. Sato J, Mori M, Sasaki T, Nihei S, Kumagai M, Nakayama S, et al. Field survey
of the anticancer drug contamination in the preparation environment. Usefulness of
the 5-FU monitoring by the coupon method. Journal of the Pharmaceutical Society
of Japan. 2014;134(6):751-6.

73. Kibby T. A review of surface wipe sampling compared to biologic monitoring for occupational exposure to antineoplastic drugs. J Occup Environ Hyg. 2017;14:159‑74.

52. Odraska P, Dolezalova L, Kuta J, Oravec M, Piler P, Synek S, et al. Association of
surface contamination by antineoplastic drugs with different working conditions in
hospital pharmacies. Arch Environ Occup Health. 2014; 69:148-58.

74. Koller M, Böhlandt A, Haberl C, Nowak D, Schierl R. Environmental and biological
monitoring on an oncology ward during a complete working week. Toxicol Letters.
2018;298:158-63.

53. Hon Ch, Teschke K, Chu W, Demers P, Venners S. Antineoplastic Drug contamination of Surfaces Throughout the Hospital Medication System in Canadian Hospitals.
J Occup Environ Hyg. 2013;10:374-83.

75. Kopp B, Schierl R, Nowak D. Evaluation of working practices and surface contamination with antineoplastic drugs in outpatient oncology health care settings. Int Arch
Occup Environ Health. 2013;86:47-55.

54. Korczowska E, Jankowiak-Gracz H. How can we improve safe handling of antineoplastic drugs: can devices be helpful. Eur J Oncol Pharmacy. 2013;7(1):5-7.

76. Müller-Ramírez C, Squibb K, McDiarmid M. Measuring extent of surface contamination produced by the handling of antineoplastic drugs in low-to-middle-income country oncology health care settings. Arch Occup Environ Health. 2017;72:289‑98.

55. Sabatini L, Barbieri A, Lodi V, Violante FS. Biological monitoring of occupational exposure to antineoplastic drugs in hospital Settings. Med Lav.
2012;103(5):394‑401.
56. Mattiuzzo M, Nussbaumer S, Sadeghipour S, Fleury-Souverain S, Bonnabry P. Cytotoxic surface contamination in 24 swiss hospital pharmacies. European Journal of
Hospital Pharmacy. 2012;19(2):144. DOI: 10.1136/ejhpharm-2012-000074.157
57. Chu WC, Hon Ch, Danyluk Q, Chua PS, Astrakianakis G. Pilot assessment of the
antineoplastic drug contamination levels in British Columbian hospitals pre- and
post-cleaning. J Oncol Pharm Practice. 2011;18(1):46-51.
58. Hon ChY, Astrakianakis G, Danyluk Q, Chu W. Pilot Evaluation of Dermal Contamination by Antineoplastic Drugs among Hospital Pharmacy Personnel. Can J Hosp
Pharm. 2011;64(5):327-32.
59. Sottani C, Porro B, Comelli M, Imbriani M, Minoia C. An analysis to study trends in
occupational exposure to antineoplastic drugs among health care workers. J Chromatogr B Analyt Technol Biomed Life Sci. 2010; 878(27):2593-605.
60. Blaha L, Odraska P, Dolezalova L, Piler P, Prudilova M, Vejpustková R, et al. Exposures and risks of antineoplastic drugs to hospital workers: Complex evaluation
of monitoring and biomonitoring data. Journal of Oncology Pharmacy Practice.
2010;16:2 suppl. 1:15-6.
61. Odraska P, Dolezalova L, Gorna L, Prudilova M, Vejpustkova R, Kuta J, et al.
Nation-wide monitoring of surface contamination by cyclophosphamide and platinum drugs in hospital pharmacies in the Czech Republic. Journal of Oncology
Pharmacy Practice. 2010;16(2) suppl. 1:30-1.
62. Touzin K, Bussières JF, Langlois E, Lefebvre M, Métra A. Pilot study comparing the
efficacy of two cleaning techniques in reducing environmental contamination with
cyclophosphamide. Ann Occup Hyg. 2010;54(3):351-9. DOI: 10.1093/annhyg/
meq004
63. Brouwers EEM, Huitema ADR, Schellens JHM, Beijnen JH. Development, validation and application of an inductively coupled plasma mass spectrometry method
for the determination of platinum in wipe samples. Pharmaceutisch Weekblad.
2010;145(7):25-8.
64. Siderov J, Kirsa S, McLauchlan R. Surface contamination of cytotoxic chemotherapy
preparation areas in Australian Hospital Pharmacy Departments. Journal of Pharmacy Practice and Research. 2009;39(2):117-21.
65. Touzin K, Bussieres JF, Langlois É, Lefebvre M. Evaluation of surface contamination in
a hospital hematology-oncology pharmacy. J Oncol Pharm Pract. 2009;15(1):53‑61.
DOI: 10.1177/1078155208096904
66. Valero S, López-Briz E, Vila N, Solana A, Melero M, Poveda JL. Pre and post
intervention study of antiblastic drugs contamination surface levels at a Pharmacy
Department Compounding Area using a closed system drug transfer device and a
decontamination process. Regul Toxicol Pharmacol. 2018;95:1-7. DOI: 10.1016/j.
yrtph.2018.03.001
67. Bartel SB, Tyler TG, Power LA. Multicenter evaluation of a new closed system drugtransfer device in reducing surface contamination by antineoplastic hazardous
drugs. Am J Health Syst Pharm. 2018;75:199-211.
68. Bobin-Dubigeon C, Aminad M, Percheron C, Audeval C, Rochard S, Leynia P, et
al. A new validated wipe-sampling procedure coupled to LC-MS analysis for the
simultaneous determination of 5-Fluorouracil, Doxorubicin and Cyclophosphamide
in surface contamination. J Anal Toxicol. 2013;37:433-9.
69. Bussieres JF, Tanguay C, Touzin K, Langlois E, Lefebvre M. Environmental contamination with hazardous drugs in Quebec hospitals. Can J Hosp Pharm.
2012;65:428‑35.

010_11655_Monitorizacion de las superficies de trabajo de medicamentos peligrosos_ING.indd 106

77. Nussbaumer S, Geiser L, Sadeghipour F, Hochstrasser D, Bonnabry P, Veuthey JL, et
al. Wipe sampling procedure coupled to LC-MS/MS analysis for the simultaneous
determination of 10 cytotoxic drugs on different surfaces. Anal Bioanal Chem.
2012;402:2499-509.
78. Panahi D, Azari M, Akbari ME, Zendehdel R, Mirzaei HR, Hatami H, et al. Development of a new method for sampling and monitoring oncology staff exposed to
cyclophosphamide drug. Environ Monit Assess. 2016;188:238-43.
79. Pretty JR, Connor TH, Spasojevic I, Kurtz KS, McLaurin JL, B’ Hymer C, et al. Sampling and mass spectrometric analytical methods for five antineoplastic drugs in the
healthcare environment. J Oncol Pharm Pract. 2010;18:23-36.
80. Simon N, Vasseur M, Pinturaud M, Soichot M, Richeval C, Humbert L, et al. Effectiveness of a closed-system transfer device in reducing surface contamination in
a new antineoplastic drug compounding unit: a prospective, controlled, parallel
study. PLOS ONE. 2016;11:e0159052.
81. Viegas S, Padua M, Veiga AC, Carolino E, Gomes M. Antineoplastic drugs contamination of workplace surfaces in two Portuguese hospitals. Environ Monit Assess.
2014;186 (11):7807-18. DOI: 10.1007/s10661-014-3969-1
82. Huang YW, Zhang NH, Tong DM, Feng X, Zhang MB, He JL. Investigation on
occupational exposure to 5-fluorouracil in pharmacy intravenous admixture service
of a hospital. Chinese Journal of Industrial Hygiene and Occupational Diseases.
2010;28(6):414-7.
83. Schierl R, Hlandt AB, Nowak D. Guidance Values for Surface Monitoring of Antineoplastic Drugs in German Pharmacies. Ann Occup Hyg. 2009;53(7):703-11.
DOI: 10.1093/annhyg/mep050
84. Smith JP, Sammons DL, Robertson SA, Pretty J, Debord DG, Connor TH, et al.
Detection and measurement of surface contamination by multiple antineoplastic
drugs using multiplex bead assay. J Oncol Pharm Pract. 2016;22(1):60-7. DOI:
10.1177/1078155214554407
85. Odráška P, Gorná L, Doležalová L, Oravec M, Kuta J, Bláha L. Monitoring of
surface cytotoxic drugs in the environment of hospital pharmacies in the Czech
Republic. Ceska a Slovenska Farmacie. 2009;58(5-6):225-9.
86. Sessink PJM. Reference values for environmental contamination with cyclophosphamide (CP) in the Netherlands. Safety Consideration in Oncology Pharmacy. Special Edition; Fall 2011:3-5.
87. American Society of Hospital Pharmacists. ASHP technical assistance bulletin on
handling cytotoxic and hazardous drugs. Am J Hosp Pharm. 1990;47:1033-49.
88. Kimmel TA, Sussman RG, Ku RH, Adar AW. Developing acceptable surface limits
for occupational exposure to pharmaceutical substances. J ASTM Intl. 2011;8(8):1-6.
DOI: 10.1520/JAI103480
89. Connor TH, Massoomi F. Environmental monitoring and medical surveillance of
health care workers who handle hazardous drugs (HDs). En: Mansur J, ed. Improving Safe Handling Practices for Hazardous Drugs. Oak Brook, IL: Joint Commission
Resources; 2016. p. 140-9.
90. Yoshida J, Koda S, Nishida S, Nakano H, Tei G, Kumagai S. Association between occupational exposure and control measures for antineoplastic drugs in a
pharmacy of a hospital. Ann Occup Hyg. 2013;57(2):251-60. DOI: 10.1093/
annhyg/mes061
91. Bourget P, Amin A, Vidal F, Merlette C, Troude P, Baillet-Guffroy A. The contribution
of Raman spectroscopy to the analytical quality control of cytotoxic drugs in a hospital environment: Eliminating the exposure risks for staff members and their work environment. Int J Pharm. 2014;470(1-2):70-6. DOI: 10.1016/j.ijpharm.2014.04.064

10/3/21 13:12

Monitoring contamination of hazardous drug compounding surfaces at hospital pharmacy departments.
A consensus Statement. Practice guidelines of the Spanish Society of Hospital Pharmacists (SEFH)
92. Sajid M, Kawde A, Daud M. Designs, Formats and Applications of Lateral Flow
Assay: A Literature Review. J Saudi Chem Soc. 2015;19(6):689-705.
93. Senssink PJM. Kroese ED, van Kranen HJ, Bos RP. Cancer risk assessment for health
care workers occupationally exposed to cyclophosphamide. Intern Arch Occup
Environ Health. 1995;67:317-23.
94. Hedmer M, Wohlfart G. Hygienic Guidance Values for Wipe Sampling of Antineoplastic Drugs in Swedish Hospitals. J Environ Monit. 2012;14:1968-75.
95. Acampora A, Castiglia L, Miraglia N, Pieri M, Soave C, Liotti F, et al. A case
study: surface contamination of cyclophosphamide due to working practices and
cleaning procedures in two Italian hospitals. Ann Occup Hyg. 2005;49:611-8.
DOI: 10.1093/annhyg/mei029
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