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Abstract 

Title of Dissertation: Advancing the Capability of Low and Middle Income Latin 

American Countries in the Evaluation of Occupational Exposures to Hazardous Drugs 

among Health Care Workers18 

Claudio Müller Ramírez, Doctor of Philosophy, 2015 

Dissertation Directed by: Professor Katherine Squibb, PhD, Toxicology Program Director, 

University of Maryland, Baltimore. 

Context: Hazardous drugs are toxic not only to patients who receive them as part of their 

pharmacological therapy, but also to health care workers who handle these drugs. 

Antineoplastic drugs are classified as hazardous drugs; and workers who participate of 

their manipulation are considered to be at occupational risk. Adherence to safety 

guidelines has been an issue since their implementation, especially in low-to-middle 

income countries with limited resources. In addition, measurable amounts of 

antineoplastic drugs on work surfaces and in urine of health care workers exposed to 

hazardous drugs have been well documented. Unfortunately, most of Latin American 

countries do not pose adequate capabilities of investigating environmental contamination 

generated by antineoplastic drugs in oncology health care settings.  

Primary goal: To establish more accessible analytical methods that can be used by low-

to-middle income countries in Latin America to give them the ability to measure levels of 

environmental contamination generated by the handling of antineoplastic drugs in 

oncology health care settings.  



Results: The developed methodology demonstrated to be adequately sensitive to measure 

ifosfamide, cyclophosphamide, and paclitaxel in wipe samples as contaminants of the 

work place. Wipe sample concentration steps allowed a ten-fold increase in sensitivity 

when measuring all three drugs making the proposed more accessible methodology an 

alternative to the state-of-the-art technology when establishing contamination levels in 

oncology health care settings with limited resources. Sample analysis showed high levels 

of contamination for ifosfamide, cyclophosphamide, and paclitaxel in both preparation 

and administration areas of the oncology institution. Also, decontamination procedures 

were ineffective in completely removing contamination from contaminated work surfaces.  

Conclusions: Results of the environmental monitoring study provided the health care 

facility with quantitative information about current contamination levels with 

antineoplastic drugs. Comprehensive review of internal safety protocols should be done in 

order to reduce contamination levels and avoid unnecessary occupational exposures. A 

second environmental monitoring study should be conducted to efficiently assess 

reduction of contamination. 
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Chapter I 

Introduction 

1. Medications and Hazardous Drugs 

Over the centuries medicines have been employed in preventing, curing, and treating 

many diseases that affect a population’s health. However, therapeutic drugs are not free of 

undesired side effects when being used by patients and also handled by health care 

workers (HCWs). 

Consequently, both patients and HCWs are at risk of undergoing these side effects. In 

addition, it is well known that occupational exposures to low concentrations of hazardous 

drugs (HDs) result in a hazard for HCWs who participate in their direct or indirect 

handling (1). 

By definition, a hazardous drug corresponds to any drug that poses one or more of the 

following deleterious effects on humans, based on animal or human toxicity studies: 

carcinogenicity, teratogenicity, reproductive toxicity, organ specific toxicity at low doses, 

and genotoxicity (2). Today, several occupational safety and health institutions and 

associations (e.g. OSHA, NIOSH, ASHP, ONS) use this terminology when referring to 

antineoplastic drugs (ANDs).  

In general, HDs are used to treat cancer, HIV infection, and autoimmune diseases, such as 

rheumatoid arthritis and lupus erythematosus (3), and although the therapeutic effects of 

HDs outweigh the risk of side effects for patients, exposed HCWs risk the same side 

effects with no benefit.  
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Occupational exposures to ANDs can lead to two types of toxic effects on HCWs: 1) short 

term effects, when toxic acute symptomatology is developed (e.g. skin rash, hair loss, 

nausea and vomiting); 2) long term effects, where a latency period is generally expected 

before the clinical signs arise (e.g. cancer, negative outcomes on the reproductive system, 

spontaneous abortion, and malformations) (4). 

2. World Cancer Statistics and Hazardous Drugs 

Cancer is among the leading causes of death worldwide. In 2012, there were 14 million 

new cancer cases and 8.2 million cancer-related deaths worldwide (5-6). In 2015, an 

estimated 1,658,370 new cases of cancer will be diagnosed in the US and 589,430 people 

will die from the disease. Among the most commonly affected organs by cancer are: 

breast, lung, prostate, colon and rectum, bladder, skin, thyroid, kidney, pancreas and the 

immune system (7). 

 Cancer treatment is based on three different approaches: surgery or removal of the tissue 

affected by the cancer; radiotherapy on the affected organ; and most commonly, 

chemotherapy. Over the past two decades, chemotherapeutic agents or ANDs usage has 

importantly increased facilitating occupational exposures among HCWs (8).  

Most ANDs exhibit a non-selective pharmacologic mechanism of action when interacting 

with organs and tissues (e.g. liver, kidney, heart, bone marrow, lung, immune system). 

This feature makes these drugs highly toxic, especially on those bodily structures with 

high growth rate (e.g. skin, hair) (9).  
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3. Classification of Antineoplastic Drugs  

Antineoplastic drugs include cytostatic drugs, hormones, and antibodies. ANDs can be 

classified according to their mechanism of action into: 1) alkylating agents that form 

covalent bonds with DNA, RNA and proteins to form DNA adducts; 2) antimetabolites 

that are structural analogues of nucleotides being incorporated into the cell’s architecture 

as they were essential components; 3) free radical generators and topoisomerase II 

inhibitors that intercalate between DNA base pairs, disturbing the synthesis and function 

of nucleic acids; and 4) mitotic spindle inhibitors that bind to microtubular proteins, 

inhibiting mitosis at metaphase (10). Figure 1 depicts some representative chemical 

structures of these ANDs. 

                             

Chlorambucil (alkylating agent)                        Fluorouracil (antimetabolite)

    

Azathioprine (free radical generator)           Vinblastine (spindle inhibitor group 3) 

Figure 1 Chemical structures of antineoplastic drugs (11) 
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4. Occupational Exposure and Route of Exposure to Antineoplastic Drugs  

In general, occupational exposures to ANDs take place in oncology health care facilities 

(HCFs) where HDs are handled (e.g. compounding, and administration areas) (12). 

Current chemotherapy strategies incorporate several ANDs that are used in combination 

with other HDs having different mechanisms of action to provide the patient with more 

aggressive treatments in order to increase the likelihood of completely eradicating the 

cancer. In addition, the International Agency for Research on Cancer (IARC) has 

classified ten ANDs as Group 1 (carcinogenic to humans) and ten as Group 2A (probably 

carcinogenic to humans) (13). Consequently, HCWs involved in the handling of HDs may 

be exposed to a wide range of these drugs (14). 

Inhalation, dermal exposure, ingestion and accidental injection constitute some typical 

routes of exposures to ANDs among HCWs in the work place. Dermal exposure and 

inhalation are thought to be the most relevant ways by which HDs can be absorbed into 

HWCs’ system and trigger short or long term toxic effects (15).   

Workers and HCWs may be exposed to HDs throughout their entire life cycle starting at 

the manufacturing process and ending with the final drug disposal (16). Figure 2 shows a 

representative diagram of HDs life cycle. 
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Figure 2 Life cycle of antineoplastic drugs in oncology health care settings, adapted from 

World Health Organization/Pan American Health Organization: Safe Handling of 

Hazardous Chemotherapy Drugs in Limited-Resource Settings 2013 (17). 

Accordingly, HCWs such as, shipping and receiving personnel, pharmacists and pharmacy 

technicians, nursing personnel, physicians, operating room personnel, and environmental 

services personnel are exposed to these agents at a different extent depending on their 

specific work-related duties when handling HDs (18).  

Most recently, workers from veterinary practices have raised concerns about being 

occupationally exposed when handling ANDs for animal use (2).   

Some conditions that facilitate occupational exposures to ANDs among HCWs are: 

reconstituting powdered or lyophilized drugs, administering ANDs by intramuscular, 

subcutaneous, or intravenous routes, counting out individual tablets from multi-dose 

bottles, crushing tablets to make oral liquid doses, contacting measurable concentrations 
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of drugs on contaminated AND vials, work surfaces, floors, priming the IV set with the 

medication, handling patients’ bodily fluids and contaminated clothing and linens, 

manipulating contaminated waste generated at any step of preparation or administration 

processes, decontaminating and cleaning drug preparation or clinical areas, transporting 

infectious, chemical or hazardous waste containers, and removing and disposing of 

personal protective equipment (PPE) contaminated with HDs (19). 

5. Evidence of Occupational Exposure to Antineoplastic Drugs 

Falk and coworkers first introduced evidence of occupational exposures to ANDs among 

nurses (20). Markers of mutagenic substances were detected in urine of these workers 

compared to other unexposed nurses. Also, biological monitoring studies have reported 

the presence of ANDs in urine of HCWs who directly participated of HDs handling (21). 

Additionally, some studies have documented positive urine results in HCWs who did not 

participate in HDs handling, suggesting that environmental contamination of the work 

place with these drugs enhances secondary occupational exposures (22). 

Carcinogenicity of HDs in animals has been documented since the 1970s, as well as the 

therapeutic use of alkylating agents (e.g. cyclophosphamide) on humans has been linked 

to the development of leukemias and other kinds of cancers (23).  

More recently, a review of 14 studies described an association between exposure to ANDs 

and adverse reproductive effects among HCWs. Fetal loss, congenital malformations, low 

birth weight, congenital abnormalities, and infertility were the findings most commonly 

reported (2, 17). 
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Environmental monitoring studies generally report measurable contamination produced by 

the handling of ANDs on different surfaces in preparation (e.g. BSC, countertops, and 

floors) and administration areas (e.g. IV infusion pumps, chemo waste bins, IV tubing, 

and patient’s armchair) in oncology HCFs (24). In some studies, at least one drug was 

detected; whereas in others, all drugs were detected, indicating that those ANDs for which 

analyses were not performed could have been present as contaminants of the work place 

as well (25). 

Furthermore, several studies have reported cyclophosphamide and ifosfamide in the urine 

of HCWs involved in the preparation and administration of HDs, even when safety 

guidelines and adequate work practices were in place (26). 
 
 

As for platinum compounds, it was found in the urine of nurses and pharmacists handling 

cisplatin. However, platinum concentration was not statistically different from that 

determined in unexposed personnel, suggesting the idea that platinum is a natural 

contaminant present in the environment (27). Also, methotrexate has been quantified in 

the urine of nurses preparing methotrexate infusions and involved in care of patients. The 

highest cumulative urinary excretion was observed in nurses preparing the infusions, but 

traces of it were detected in the urine of personnel exclusively engaged in the care of 

patients, indicating secondary environmental contamination of the work place (28). 
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6. Occupational Exposure Levels and Safety Guidelines 

So far there is no scientific evidence that allows establishing any level of exposure to 

ANDs that can be considered as having no occupational risk to HCWs (29). Accordingly, 

occupational exposures to ANDs in the work place must be strictly reduced by following 

the ALARA principle (As Low As Reasonably Achievable) (30).  

Thus, no National Institute for Occupational Safety and Health (NIOSH) recommended 

exposure limits (RELs), Occupational Safety Health Administration (OSHA) permissible 

exposure limits (PELs), or American Conference of Government Industrial Hygienists 

(ACGIH) threshold limit values (TLVs®) have been established for HDs. 

However, some pharmaceutical manufacturers have developed risk-based occupational 

exposure limits (OELs) to be used in their own manufacturing settings. This information is 

available on material safety data sheets (MSDS) (2) and it is useful when single drugs are 

handled in fully automatized production lines. Unfortunately, this situation becomes 

impractical in oncology HCFs where several single and combined ANDs are handled on 

daily basis (31). 

Moreover, the absence of NOAEL (no observed adverse effect level) for genotoxic and 

carcinogenic chemicals implies that occupational exposures should be limited by using 

appropriate safety measures and procedures in the work place (32). 

Several Occupational Safety and Health administrations and societies (e.g. OSHA, ONS) 

have developed safety guidelines to assist HCWs who are occupationally exposed to HDs. 

In 1986 OSHA published recommended work practice guidelines for personnel handling 

cytotoxic agents (33).  
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Similarly, in 1996 the ONS issued its Cancer Chemotherapy Guidelines and 

Recommendations for Practice, including safety precautions for administration, disposal, 

accidental exposure and spills of ANDs (34-36). In addition, NIOSH published its Alert 

regarding the handling of HDs in 2004, and the International Society of Oncology 

Pharmacy Practitioners (ISOPP) released its Standards and Practice in 2007 (37). All these 

safety guidelines are recommendations and do not constitute mandatory standards. 

Despite the incorporation of the safety guidelines in oncology HCFs, recent environmental 

and biological monitoring studies showed that handling of HDs still involves potential 

occupational risks for HCWs (38). Specifically, the United States Pharmacopeia (USP) in 

its chapter 797 suggests that contamination levels produced by the handling of 

cyclophosphamide above 1 ng/cm
2 

in any storage, preparation, and administration area 

inside oncology HCFs would be indicative that extra safety measures need to be 

incorporated in order to contain not only the source of contamination generated by this 

drug, but also that produced by the rest of the ANDs that are handled in the facility (39).  

Most recently, the Dutch approach has suggested that 0.1 ng/cm
2
 of contamination per 

unit of analyzed surface in preparation and administration areas may indicate that there is 

a minimal occupational risk to HCWs (40-41). Nevertheless, the availability of more 

sensitive analytical methodologies and research regarding occupational exposures to 

carcinogenic substances may modify the above proposed limits.  
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7. Control of Exposure 

7.1. Hierarchy of Control Principle 

Occupational Safety and Health professionals employ a framework called “hierarchy of 

control”. This framework organizes and prioritizes intervention strategies in the work 

place based on the statement that the most effective way to control hazards is to 

systematically remove them from the work place rather than relying on workers to reduce 

occupational exposures (2).   

In general, oncology HCFs use a combination of the hierarchy of control methods in a 

specific order to reduce unnecessary occupational exposure to ANDs since complete 

elimination of the hazard or substitution of ANDs by less toxic drugs is not possible at this 

time (42-43). Thus, engineering controls (e.g. biological safety cabinets, isolators, and 

closed-system transfer devices); administrative controls (e.g. training and education 

programs, availability of toxicological information for HDs, established work practices, 

policies and medical surveillance); and the use of personal protective equipment (PPE) 

(e.g. chemo gloves, gowns, respiratory and eye protection) constitute the base for 

hierarchy of control methods in oncology HCFs. Additionally, every oncology HCF 

should have written safety guidelines and protocols for the correct handling of HDs, which 

have to be readily available to HCWs involved in the process of handling these drugs (29).  

Also, it is recommended by the ASHP that HDs should be separately manipulated from 

non-HDs to avoid contamination and unnecessary occupational exposures for HCWs (1).  
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7.1.1. Engineering Controls 

Physical containment of the hazard is the main purpose of this type of engineering control. 

Several types of Biological Safety Cabinets (BSCs) are available in the market to safely 

handle ANDs in oncology HCFs, particularly when compounding or admixing these 

drugs. In all of the BSCs, circulating air is directed away from the worker compounding 

the drug and through a high-efficiency particulate air (HEPA) filter. BSCs are 

differentiated by the amount of air recirculated within the cabinet, whether the air is 

vented into the room or outside, and whether contaminated ducts are under negative or 

positive pressure (44). Current NIOSH Alert and ASHP guidelines recommend the use of 

ventilated controls that are exhausted to the outside. Figures 3, 4 and 5 depict a 

representation of BSCs commonly used in oncology HCFs, internal components, and air-

filtered flow respectively. 

 

Figure 3 BSC class II, type 2A (70% of air is re-circulated to the compounding room) (45) 

http://www.labconco.com/images/cms/large/logic-plus-a2-with-dark-background-800.png
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Figure 4 Components of a laminar flow cabinet used in the compounding of ANDs (31) 

 

Figure 5 BSC class II, type 2A airflow and location of HEPA filters (31) 

 

Additionally to the incorporation of BSCs as a measure for protecting HCWs from 

occupational exposures to ANDs, closed-system transfer devices (CSTD) have been 

demonstrated to reduce contamination levels in the compounding zones. This is due to 

their mechanical ability to avoid HD vapors or drops escape to the environment, thus 

preventing leakages when transferring ANDs from vials to syringes, pumps or infusion 

bags (46).    
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7.1.2. Administrative Controls 

Administrative controls are those that modify workers duties and schedules in order to 

minimize their exposure to work place hazards (42). They do not involve physical changes 

in the work place. Examples of administrative controls are: limiting time being exposed to 

hazards, rotation of workers through different jobs, written operating procedures and work 

practices, as well as safety and health rules for employees.  Also they may include the use 

of alarms, signs, and warnings; buddy system, training and stretching exercises and break 

policies. Administrative controls are normally used in conjunction with engineering 

controls that eliminate or reduce the hazard in the work place. By following established 

safe work practices and procedures for accomplishing a task safely, HCWs can further 

reduce their exposure to hazards (47). Similarly, administrative controls and PPE are 

frequently used with existing processes where hazards are not particularly well controlled.  

Unfortunately, administrative controls and PPE programs may be relatively inexpensive to 

establish but, over the long term, can be very costly to sustain (48). 

7.1.3. Personal Protective Equipment 

The correct use of chemo gloves is one of the most important safety measures when 

handling ANDs since skin absorption is thought to be the main route of exposure to these 

agents (49). All glove materials tested are to some extent permeable to ANDs and this 

phenomenon is time dependant. Thus, nitrile, neoprene, and polyurethane gloves provide 

HCWs with good protection against HDs without causing allergic reactions. Powder free 

chemo gloves are recommended because powder might adsorb some contamination from 

contaminated work surfaces (50).  

http://www.cdc.gov/niosh/ppe/
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NIOSH, ASHP, and ONS safety guidelines recommend wearing two pairs of chemo 

gloves when being exposed to HDs because it is unlikely that contamination penetrates 

under these circumstances. It is also suggested that HCWs replace the outer pair of gloves 

every 30 minutes at least, and immediately if they are torn, punctured or contaminated 

because of a spill has occurred (51). 

As for the trunk and upper limbs protection, a disposable chemo gown is recommended. 

The gown material should be made of lint-free low permeability fabric with a closed front 

and long sleeves, along with elastic or knit closed cuffs. In general, polyethylene-coated 

materials provide more acceptable protection for HCWs against HDs that uncoated 

materials. Chemo gowns should be replaced on a daily basis (52).  

Regarding respiratory protection, the second most important route of exposure to ANDs, it 

is recommended when a BSC, isolator or other ventilated engineering control is not 

available. When there is unavailability of ventilated engineering controls, a NIOSH 

approved respirator suitable for handling HDs should be worn by HCWs who are involved 

in the compounding of cytostatic drugs until the engineering control device is taken in 

place (53).  

Respirators based on high efficiency filters, preferably those with powered air-purifying 

systems are recommended by NIOSH. In addition, the use of respirators should comply 

with the OSHA Respiratory Protection Standard, including selection, fit testing, and 

worker training. It is important to notice that dust masks do not offer protection against 

inhalation of AND aerosols generated during the compounding or administration of HDs. 
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Also, permanent use of respirators does not constitute a substitute for ventilated 

engineering controls in oncology HCFs (2).  

Moreover, when there is a chance for potential HD splash, spray or aerosol generation, 

and this can result in eye, nose or mouth contamination, a protective eye and face barrier 

should be worn in accordance with OSHA standards (e.g. full-faced respirator, half-faced 

respirator with plastic full-faced mask) (54).   

7.2. Medical Surveillance 

Medical surveillance constitutes an important source of information when protecting 

HCWs from unnecessary exposures to HDs. It basically involves collecting and 

interpreting data to detect changes in the health status of working populations potentially 

at risk (55). The elements of a medical surveillance program are used to established a 

baseline of workers’ health and then monitor their future health as it relates to their 

potential exposure to HDs. Medical surveillance is one element of a comprehensive 

approach to minimizing HCW exposure and should be used as part of a safety and health 

program that includes engineering controls, good work practices, and use of PPE (17). 

Below there is a list of some of the aspects that should be covered by medical  

surveillance programs in oncology HCFs:  

 Maintain a list of all health care workers who handle ANDs as part of their duties. 

 Having all AND handlers complete periodic questionnaires to track the frequency 

and duration of contact with these agents, their use of PPE, and any health events that are 

potentially related to hazardous drug exposure. 
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 Conduct periodic observation of AND preparations and administration practices to 

determine the need for re-training personnel in order to minimize occupational exposure to 

these agents. 

 Carefully document spills, and how these spills are treated; also register accidental 

exposure to ANDs during the handling of them. 

 Confidentially share the results of medical surveillance with the employees who 

handle ANDs. 

 Develop policies that guide HCWs in how to pursue surveillance through their 

primary care providers in settings without employee health services. 

Employers should ensure that HCWs who are exposed to hazardous drugs are routinely 

monitored as part of the oncology HCF medical surveillance program. This includes 

workers who directly handle HDs, such as pharmacists, nurses, pharmacy technicians. 

Additionally, other workers who may indirectly be exposed to ANDs or through patients’ 

wastes containing these drugs or metabolites (e.g. nursing assistants, housekeeping 

personnel) should be included in the medical surveillance program as well (56-57). 

As for reproductive and general health questionnaires, these should be completed by 

HCWs who will occupationally be exposed to ANDs at the time of hire and annually 

thereafter. Complimentary, blood tests including complete blood count, liver function 

tests, and urianalysis should be performed on a yearly basis (58). Likewise, physical 

examination completed at the time of hire and then annually for any worker whose health 

questionnaire or blood tests indicated an abnormal result, along with follow up for those 

workers who have shown health changes and/or have been exposed to hazardous drugs 

(e.g. through spills or routine handling) should be performed (31). 
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8. Assessment of Occupational Exposure to Antineoplastic Drugs in the Work Place 

8.1. Environmental Monitoring 

In order to assess occupational exposures to ANDs, environmental monitoring (e.g. air, 

wipe samples and patches) can be used. One common method to determine the level of 

contamination produced by the handling of ANDs in areas of preparation and 

administration is the surface-wipe test. By collecting surface-wipe samples, it is possible 

to estimate the transferable surface load of ANDs to the HCWs’ skin and therefore 

evaluate the potential dermal exposure as this route is thought to be the most relevant from 

an occupational stand point (59). 

Environmental monitoring studies can be employed to evaluate HDs preparation and 

administration procedures, test closed-system transfer devices, and assess effectiveness of 

cleaning processes once safety guidelines for handling HDs are implemented in the 

oncology HCF. Most oncology HCFs that conduct these studies see a decline in 

environmental contamination of the work place over time suggesting a reduction of 

unnecessary occupational exposures among HCWs (60). In addition, information provided 

by environmental monitoring studies would increase consciousness among the personnel 

involved in the handling of ANDs, leading to improvements in work practices (61).  

Initially, surface-wipe tests should be conducted as a benchmark to assess contamination 

levels produced by the handling of HDs and then every 6 months to evaluate adherence to 

current safety guidelines and protocols in the HCF under inspection (62). Work surfaces 

that are commonly wiped are BSCs and compounding Aseptic Containment Isolators 

(CACIs), areas adjacent to BSCs and CACIs, including floors directly under the work 
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area, countertops where finished preparations are placed, and surfaces that may have 

resulted contaminated in AND administration areas (63).  

Table 1 describes specific surfaces inside oncology pharmacy units that can be considered 

as good estimators of environmental contamination produced by the handling of ANDs.  

Table 1 Surfaces that frequently result contaminated with cytostatic agents inside 

oncology pharmacy units and estimation of contamination level when conducting 

environmental monitoring studies (64-66)     

Surface-wipe sample collection site  Estimation of 

contamination level 

Inside Biological Safety Cabinet 

 

Good* 

Floor in front of the Biological Safety Cabinet 

 

Good 

Floor in the main preparation room 

 

Moderate** 

Bench-top surface on which drugs and materials have been 

placed 

 

Good 

Surface on which IV admixture containers have been placed 

 

Good 

Storage shelves 

 

Good 

Transport boxes 

 

Good 

Waste bins  

 

Moderate 

Personal protective equipment (gloves, masks, gowns) 

 

Good 

Door and window handles 

 

Moderate 

*Good estimation of contamination 0.6-100 ng/cm
2
   

**Moderate estimation of contamination 0.01-0.5 ng/cm
2 

 

 

Cyclophosphamide, ifosfamide, methotrexate, fluorouracil, paclitaxel, doxorubicin, and 

platinum compounds are the most common ANDs to be considered as markers of work 

place (10). 
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Furthermore, if any measurable contamination level is detected during the environmental 

monitoring study, practitioners shall make the decision to identify, document, and contain 

the source of contamination (39).  

8.2. Biological Monitoring 

This type of monitoring study accounts for measuring the presence of any AND in bodily 

fluids of HCWs who participate in the handling of HDs. Methods for biological 

monitoring can be classified in two groups: non-selective methods and compound-

selective methods (26).  

For non-selective methods, common properties of a group of ANDs are measured, such as 

mutagenicity or electrophilicity. Thus, mutagenicity tests, chromosomal damage, sister 

chromatid exchange, induction of micronuclei, and thioether excretion constitute examples 

of non-selective methods (24).   

Unfortunately, most of non-selective methods pose specificity limitations when 

correlating occupational exposure to HDs and health side effects among HCWs, given the 

fact that non-occupational exposures to specific substances (e.g. cigarette smoke, drugs, 

and other chemicals) may act as confounders by altering the result of the tests, 

overestimating occupational risks. Thus, HCWs who smoke and handle HDs may show 

positive results for the mutagenicity test due to cigarette’s smoke inhalation (67) 

Regarding the compound-selective methods, detection and quantification of parent ANDs 

or their metabolites in bodily fluids (e.g. blood, urine) is the recommended approach for 

assessing occupational exposures to HDs among HCWs. These methods provide higher 
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levels of sensitivity and specificity since completely validated analytical methodologies 

are available (68). 

8.3. Measurement of Antineoplastic Drug Contamination in Oncology Health Care 

Settings  

Instrumental techniques used for measuring ANDs in environmental and biological 

matrices vary depending on the analytes to be identified and quantified. For instance, 

cyclophosphamide has been determined by using High Performance Liquid 

Chromatography with Ultraviolet detection (HPLC-UV). Similarly, the same drug has 

been analyzed by Gas Chromatography coupled with Mass Spectrometry after 

derivatization (GC-MS) (10). Also, Liquid Chromatography tandem Mass Spectrometry 

(LC-MS) was used to determine cyclophosphamide, ifosfamide, paclitaxel, and 

methotrexate in combination (69). Indeed, Turci et al (70) developed and validated a 

method that compared ultraviolet radiation to tandem mass spectrometry detection. In 

addition, platinum-based ANDs have been quantified either by voltammetry or inductively 

coupled plasma mass spectrometry (27).  

Currently, the state-of-the-art analytical technology for measuring ANDs, except for 

platinum compounds, as contaminants of the work place either in surface-wipe samples 

collected in oncology HCFs or bodily fluids of HCWs who handle HDs, is Liquid or Gas 

Chromatography coupled to Mass Spectrometry(LC-MS or GC-MS). These two 

techniques provide higher levels of specificity and sensitivity when compared with Liquid 

Chromatography Ultraviolet Radiation or Gas Chromatography Flame Ionization 

detection (HPLC-UV or GC-FID) (10, 32, 37, 71-72).   



21 
 

9. Decontamination of Work Surfaces where Antineoplastic Drugs are Handled 

Cleaning and decontamination of work surfaces that become contaminated by the handling 

of HDs is one of the most important stages for reducing unnecessary occupational 

exposures to these agents (73-74). An appropriate chemical decontamination procedure 

should include chemical deactivation of HDs in order to decrease their toxicity; and 

mechanical removal of the inactivated compounds from contaminated work surfaces (2, 

75). 

So far, no method of decontamination effectively inactivates all ANDs. For instance, the 

use of alcohol for disinfecting a primary engineering control or other contaminated surface 

will not deactivate any HD and may result in the spread of contamination rather than an 

effective decontamination procedure (17). In general, a primary engineering control such 

as a BSC or CACI should be decontaminated in accordance with the manufacturer 

specifications (2). In addition, MSDS for many ANDs recommend sodium hypochlorite as 

an appropriate deactivating agent, given its oxidizing properties that facilitate AND 

oxidation or deactivation (76-77). 

One of the most accepted cleaning procedures employs a 2% sodium hypochlorite solution 

as the deactivating agent. This solution is wiped, preferably with disposable pads, on 

contaminated surfaces from the least to the most contaminated zone and then rinsed. After 

that, a neutralizing solution of 1% sodium thiosulfate is applied on the wiped surface and 

the mixture is removed with water. For disinfecting and removing residues, a solution of 

70% ethanol or isopropyl alcohol is applied on the same surfaces. Each solution remains 



22 
 

in contact with contaminated surfaces for at least thirty seconds to assure maximum 

effectiveness of the process (17).  

All solutions and disposable material employed in the decontamination procedure must be 

treated and disposed of as hazardous waste. Moreover, if spills occur these should be 

cleaned twice and reported to the occupational safety and health program’s institution 

(31). HCWs executing decontamination procedures should wear adequate PPE as it is 

recommended by the international safety guidelines for the handling of HDs (1).  

10. Hazardous Drug Waste Management 

Disposal of all hazardous drugs, including ANDs, must comply with all applicable federal 

and state regulations (78). All personnel who perform routine hazardous waste removal 

and cleaning activities in storage, preparation and administration areas of HCFs should be 

adequately trained to minimize unnecessary occupational exposures and to prevent spread 

of contamination in the work place (39). Also, personnel collecting and transporting waste 

materials inside HCFs should wear recommended PPE and follow institutional policies.  

All materials that come in contact with ANDs and patients’ waste (e.g. urine, blood, 

sweat, feces, and vomit) should be considered as hazardous waste as well (20). 

Additionally, management of AND waste must minimize the chance of contaminating the 

local water supply and soil. Hazardous waste should never be disposed of in wastewater 

(e.g. sink, toilet) or in a landfill (79).  

Finally, incineration is the preferred elimination method for most of AND waste and 

contaminated material. However, only special incinerators are effective in completely 

removing HDs (1, 17).  
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Development and validation parameters of the analytical methodology selected for 

measuring environmental contamination by HDs in the work place, as well as wipe sample 

concentration steps are described and discussed in the next chapter.    
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Chapter 2 

Accessible Analytical Methodology for Assessing Environmental Contamination of 

Antineoplastic Drugs in Limited-Resource Oncology Health Care Settings 

Authors: Muller C, Squibb K, McDiarmid M. 

University of Maryland, Baltimore, School of Medicine 

Abstract 

Context: Environmental monitoring of work places where antineoplastic drugs are 

handled constitutes an essential tool to assess occupational exposures among healthcare 

workers. Consequently, availability of simple, sensitive and affordable analytical 

methodologies is needed, particularly in health care settings with limited resources that 

restrict environmental studies.   

Aim: To develop a sensitive and more accessible liquid chromatography-based analytical 

method as an effective and more commonly available alternative to liquid chromatography 

mass spectrometry for measuring levels of environmental contamination generated by the 

handling of antineoplastic drugs in oncology health care settings with limited resources.    

Results: An HPLC-UV methodology was developed and validated to simultaneously 

determine ifosfamide, cyclophosphamide, and paclitaxel in field environmental wipe 

samples collected from oncology health care settings. Solid phase extraction was 

incorporated to concentrate analytes and improve their detection and quantification. 

Adequate recovery (88.7 to 108.2%) and sensitive results (ifosfamide 0.02 ng/cm
2
, 

cyclophosphamide 0.1 ng/cm
2
, and paclitaxel 0.03 ng/cm

2
) were obtained for the proposed 

method. 
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Conclusions: The analytical method described here using more widely available 

instrumentation provides an excellent alternative to LC-MS when establishing 

contamination levels produced by the handling of antineoplastic drugs in oncology health 

care settings with limited resources. 

________________________________________________________________________ 

1. Introduction  

Antineoplastic drugs have increased in their use given the on-going rise of number of 

cancer cases world-wide (20). Consequently, health care workers are increasingly exposed 

to these toxic drugs due to work duties. This phenomenon has been studied in North 

American and European developed countries for several decades to date (80-81). 

Important advances in healthcare worker protection have been achieved by characterizing 

these occupational exposures to antineoplastic drugs, either through environmental or 

biological monitoring studies (30, 40, 82). Many international Occupational Safety and 

Health organizations have published safety guidelines for the handling of antineoplastic 

drugs as a way of reducing unnecessary occupational exposures (2, 34-36). Nowadays, 

implementation of these safety guidelines is a common feature among oncology health 

care settings around the globe; however, adherence to them is not always a condition that 

can easily be assessed by simple visual inspection in order to establish occupational risks 

or the efficacy of hazard controls in the work place (22, 43, 83).  

Low-to-middle income countries, like their developed peers, are beginning to adopt these 

safety guidelines in order to protect their health care workers from unnecessary 

occupational exposures to antineoplastic drugs. However, little has been done to evaluate 
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the current level of environmental contamination in limited-resource oncology health care 

settings by conducting environmental monitoring studies. Costs associated with sensitive 

analytical techniques, such as liquid or gas chromatography coupled to mass spectrometry 

are often not affordable amid other existing obligations and priorities in low-resource 

oncology health care settings (72). Also, environmental monitoring studies are somewhat 

new to these areas. 

Assessing environmental contamination by measuring levels of drug generated during 

manipulation are pointed out, by several authors, as a starting point when quantitatively 

assessing occupational exposures to antineoplastic drugs for the first time (84). Biological 

monitoring studies, on the other hand, constitute a more accurate estimation of drug 

uptake and internal occupational exposure. However, these types of studies require more 

sensitive instrumentation, which is more expensive and also may require human subject’s 

approval since bodily fluids are needed (10, 43). The methodology described here relates 

the use of a less sensitivity analytical tool, but one which is more likely to be available to 

hospitals or government laboratories in limited-resource countries and is still usable for 

measuring contamination levels generated by the manipulation of hazardous drugs in 

health care settings.   

2. Methods 

Previously validated methods for simultaneous determination of five antineoplastic drugs, 

among them ifosfamide (IF), cyclophosphamide (CP), and paclitaxel (PX) in a single run 

were modified and re-validated (85). Specific modifications of the original methodology 

consisted of: 1) incorporating an internal standard, 2) sliglthly varying the gradient elution 
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in order to decrease the time of analysis, and 3) including a concentration step of wipe 

samples based on solid phase extraction to increase method’s sensitivity when analyzing 

field samples, and ease of wipe sample storage and transportation when needed. 

Hexamethylphosphoramide (HMPA) at 20 µg/mL was considered as an adequate internal 

standard for the proposed method as it was described in some other works (86-87).  

2.1. Instrumentation 

Analyses of hazardous drugs were performed on a liquid chromatograph Merck-Hitachi 

(Japan) equipped with a binary pump L-6200A, an ultraviolet detector L4250, and an 

interface D-6000. Data acquisition was made through Chromatography data station 

manager HSM. Surface-wipe samples were extracted by using a negative pressure Burdick 

and Jackson SPE manifold (CA, U.S.A.). As for the evaporation procedure, an 

Organomation Mayer II-2 analytical evaporator (MA, U.S.A.) was employed. Also, a 

Mettler Toledo pH meter (OH, U.S.A.) was utilized to adjust phosphate and formate 

buffers pH 6.0 and 4.2 respectively. 

2.2. Reagents 

Stock solutions of the analytes under study, positive and negative control solutions, as 

well as the mobile phase were prepared using methanol and acetonitrile Lichrosolv®, 

along with ortho-phosphoric acid, monobasic and dibasic potassium phosphate, 

ammonium formate, formic acid (Merck, Darmstadt, Germany), and submicron filtered 

water (Fischer Scientific). Ethylacetate Suprasolv® was used to elute analytes from solid 

phase extraction cartridges.  
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All antineoplastic drug certified standards (ifosfamide, cyclophosphamide, and paclitaxel), 

including hexamethylphosphoramide as the internal standard were purchased from Sigma-

Aldrich (St. Louis, MO, U.S.A.).   

2.3. Preparation of Stock and Standard Solutions 

Stock solutions of each antineoplastic drug, including that of the internal standard were 

prepared in methanol at 400 µg/mL. Standard solutions were then diluted employing a 

solution of methanol: acetonitrile: 10 mM phosphate buffer pH 6 25:10:65 v/v matching 

the desorbing solvent used to collect field environmental wipe samples. Stock solutions 

were frozen at -20 °C, and standard solutions refrigerated at 5 °C.  

 Table 2 summarizes the chromatographic conditions of the method described here. 

Chromatographic analyses were made in duplicate and reported as the area ratio of 

analytes and the internal standard.   

Table 2 Chromatographic conditions for the analysis of ifosfamide, cyclophosphamide, 

and paclitaxel in environmental wipe samples 

Chromatography Component                        Chromatographic Characteristics 

Stationary phase                                            Waters Symmetry® C18, 5 µm,   

                                                                       4.6 x 150 mm column 

 

Mobile phase                                                 Acetonitrile:phosphate buffer pH 6  

                                                                       

                                                                      0-10 mins. 25%A, 75%B 

                                                                      10 mins. step to 60%A, 40%B  

                                                                      20-25 mins. step to 25%A, 75%B 

                                                                      A= 100% ACN, B=100% buffer      

                                                                      (KH2PO4 1.1936 g, K2HPO4 0.2143   

                                                                      g, dissolve in 1L of DI water, adjust   

                                                                      at pH 6 with phosphoric acid) 

 

Flow rate                                                       1.0 mL/min 

 

Detection wavelength                                   195 nm 

 

Injection volume                                            20 µL 
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2.4. Linearity 

Linear response of the instrument was tested by running six calibration standard solutions 

containing IF, CP, and PX along with the internal standard up to 30 µg/mL. Recoveries of 

±10% of the nominal concentration levels were accepted to indicate adequate performance 

of the method to be used in the next validation steps.  

2.5. Sensitivity: Determination of Detection and Quantification Limits 

Three low-level analyte standards and blank solutions were prepared and analyzed on 

three different days to build linear regression plots that were used to estimate both the 

limit of detection (LOD) and limit of quantification (LOQ) according to the equations 

(3.3s)/b, and (10s)/b respectively. S corresponds to the standard deviation of the intercept 

and b to the slope of the linear regression plot (88).  

2.6. Wipe Media and Surface Sampling Recovery  

The selected methodology for performing and processing environmental wipe samples 

was taken from the work of Larson et al (89) and Pretty et al (86). Additionally, solid 

phase extraction (SPE) performed on Hyperserp® C18 cartridges 200 mg/3mL (Thermo 

Scientific) for sample enrichment was incorporated in order to enable detection of low 

concentration levels of all three antineoplastic drugs in environmental wipe samples 

collected from oncology health care settings. 

Two filter papers (Whatman 42, 55 mm diameter) previously wetted with 250 µL of a 

desorbing solvent (methanol: acetonitrile: potassium phosphate buffer pH 6 25: 10: 65 

v/v) were used to wipe a templated area of 400 cm
2
. The desorbing solvent had been found 
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to efficiently extract and provide acceptable wipe sample recoveries of all three 

antineoplastic drugs under study in the current work (86). 

Extraction efficiency from wipe media was tested by preparing control standard solutions 

as follows: two filter papers were wetted with 250 µL of the desorbing solvent and spiked 

with appropriate aliquots of antineoplastic drug stock solutions at specific concentrations 

assuming quantitative extraction. The wipes were then placed together in a 125-mL wide 

mouth polypropylene screw-cap Nalgene® jar to be extracted and analyzed as it is 

described in sample processing below.  

2.7. Sample Processing 

The internal standard at 20 µg/mL was added to each jar, along with the necessary aliquot 

of desorbing solvent to complete 10 mL considering liquid present in the filter papers. 

Extra precaution was taken to eliminate any bubbles of air located between the filter 

papers. The jars were then sonicated for 10 minutes with the liquid in the jars completely 

immersed below water level to assure homogeneity. After sonication, all droplets 

generated by condensation on the inner wall of the jars were placed back together into the 

sonicated liquid. Filtration of the supernatant (8-9mL) was performed with a 10-mL 

plastic syringe connected to a 0.22 µm syringe driven filter (Millex®) and received on a 

15-mL glass tube. Afterwards, a 2-mL aliquot of the filtered solution was loaded and dried 

under vacuum for 5 minutes on a preconditioned Hyperserp® C18 200 mg/3mL Thermo 

Scientific cartridge with 3 mL of methanol and 3 mL of DI water. Then, the analytes of 

interest retained on the cartridge were eluted with 2 mL of ethyl acetate, which was 
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completely evaporated under nitrogen. The residue was finally reconstituted with 200 µL 

of desorbing solvent.  

2.8. Wipe Sample Enrichment (concentration) Study  

Three concentration levels of concentrated and non-concentrated spiked wipe samples 

containing IF, CP, and PX at 5, 10, and 15 µg/mL, and HMPA at 20 µg/mL were prepared 

on three different days. Enrichment factors were calculated as the recovery ratios of 

concentrated and non-concentrated spiked wipe sample concentration levels. 

2.9. Storage Stability Study of Wipe Samples 

Two spiked wipe sample sets were prepared as quality control subjects to be studied under 

storage conditions. These sets consisted of three known concentration levels of spiked 

wipe samples within the linear range of the method containing IF, CP, and PX at 5.0, 10.0, 

and 15.0 µg/mL, and HMPA at 20 µg/mL; the first set was frozen at – 20 °C with no SPE 

procedure involved, and the second was kept at room temperature (18°C) on the SPE 

cartridges protected from light. Both sets of spiked wipe samples remained under these 

storage conditions for two months. All these samples were then processed as described 

above and quantified in terms of the amount of each drug recovered after the 2-month 

storage period. Additionally, a T-test for paired samples was run to evidence statistical 

difference of mean recoveries for the two storage condition methods since the data 

appeared normally distributed (SYSTAT 12 for Windows, Version 12.02.00).  
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2.10. Quality Control and Recovery Studies of Wipe Samples 

Two sets of quality control wipe samples were used to cover the dynamic linear range 

proposed in the analytical method: 1) laboratory control samples (LCS) were prepared in 

the same way as those calibration standards but at different concentration levels for IF, 

CP, and PX at 3.5, 6.0, 8.0, 9.5, and 15.0 µg/mL, and HMPA at 20 µg/mL; 2) performance 

quality control (PQC) spiked wipe samples with and without SPE procedure were 

elaborated by adding known amounts of IF, CP , and PX at 4.0, 5.5, 7.0, 13.0, and 15.0 

µg/mL, and HMPA at 20 µg/mL assuming quantitative extraction recovery. Mean 

recoveries of 75-125% were considered as acceptable for analytical purposes.  

2.11. Safety Protocols 

This research work incorporated a safety plan for the handling of HDs in every stage of 

the experimental work, including: surface-wipe sample collection, transportation, and 

analysis. Also, management of contaminated material and chemo waste was carried out 

according the University of Maryland, Baltimore Environmental Health and Safety 

guidelines.     
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3. Results  

3.1. Linearity 

Linear responses were observed up to 15 µg/mL, accepting this value as the upper limit of 

the dynamic linear range for IF, CP, and PX. Table 3 shows concentration levels, linear 

regression equations and coefficients of determination for each antineoplastic drug under 

study. Five consecutive injections of each set of calibration solutions were analyzed. Thus, 

coefficients of determination (r
2
) equal or greater than 0.990 were considered adequate for 

the proposed method.  

Figure 6 shows representative chromatograms of a blank solution, a standard solution and 

a spiked wipe sample solution containing IF, CP, PX. No matrix interferences or 

background signal were observed at the analytes’ retention times. 
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Figure 6 Representative chromatograms of: A) a blank solution. B) a standard solution 

containing 1) hexamethylphosphoramide (20 µg/mL) , 2) ifosfamide and 3) 

cyclophosphamide (10 µg/mL), and 4) paclitaxel (9 µg/mL). C) a spiked wipe sample 

containing 1) hexamethylphosphoramide (20 µg/mL), 2) ifosfamide (4 µg/mL), 3) 

cyclophosphamide (5 µg/mL), and 4) paclitaxel (7 µg/mL). Flow rate 1.0 mL/min, 

gradient elution, and detection at 195 nm.  
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Table 3 HPLC-UV method linearity parameters

Antineoplastic drug Concentration level 

(µg/mL) 

Linear regression 

equation 

Coefficient of 

determination (r
2
) 

Ifosfamide 3, 5, 7.5,10, 12.5, 15 y = 2227x – 0.4 0.9934 

 

Cyclophosphamide 

 

2.5, 5, 7.5, 10, 12.5, 15 

 

y = 2211x – 1249 

 

0.9941 

 

 

Paclitaxel 

 

1, 3, 6, 9, 12, 15 

 

y = 86543x – 25469 

 

0.9969 

 

3.2. Sensitivity 

Limits of detection and quantification were calculated for IF, CP, and PX as described 

above, and are summarized in table 4. These values provided appropriate sensitivity when 

establishing levels of contamination produced by the handling of antineoplastic drugs in 

oncology health care settings.  

Table 4 Detection and quantification limits for ifosfamide, cyclophosphamide, and 

paclitaxel 

                        Limit of detection                                 Limit of quantification 

Antineoplastic drug 

     

 

 

 

Ifosfamide 

Cyclophosphamide 

Paclitaxel 

Instrumental 

(ng/mL)
a
 

 

 

 

10 

41 

13 

Wipe 

media 

(ng/cm
2
)

b
 

 

 

0.2 

1 

0.3 

Concentra 

ted wipe 

media 

(ng/cm
2
)

c
 

 

 

0.02 

0.1 

0.03 

Instrumental 

(ng/mL)
a
 

 

 

 

32 

124 

39 

Wipe 

media 

(ng/cm
2
)

b
 

 

 

0.8 

3 

1 

Concentra 

ted wipe 

media 

(ng/cm
2
)

c
 

 

0.08 

0.3 

0.1 

Instrumental values are means of three determinations on three different days 

a: Calculated as described in Sensitivity: Determination of Detection and Quantification Limits section 

b: Based on 400 cm
2
 wipe area with extraction into 10 mL, no further concentration steps   

c: Based on 400 cm
2
 wipe area with extraction into 10 mL, 10-fold further concentration step   
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3.3. Wipe Sample Enrichment Study  

Sample enrichment factors, gained through the concentration step on SPE cartridges, were 

close to 10. Therefore, this value was considered when calculating concentration levels of 

field wipe samples. Table 5 shows enrichment factors obtained when extracting spiked 

wipe samples on SPE cartridges as described in text. 

Table 5 Wipe sample enrichment factors for ifosfamide, cyclophosphamide and paclitaxel 

Nominal 

concentration  

µg/mL 

Recovery of 

concentrated spiked 

wipe samples 

mean± SD µg/mL 

Recovery of non-

concentrated 

spiked wipe 

samples mean± 

SD µg/mL 

Ratio concentrated 

non-concentrated 

spiked wipe 

samples 

Average 

sample 

enrichment 

factor and 

(RSD)
a
 

Ifosfamide 

5 

 

50.98 ± 0.45 

 

4.67 ± 0.87 

 

10.91 

 

 

10 90.78 ± 1.23 11.13 ± 2.45 8.15 9.65 (0.145) 

15 156.30 1.99 15.80 ± 1.78 9.89  

Cyclophosphamide     

5 44.82 ± 1.33 5.43 ± 0.54 8.25  8.97 (0.121) 

10 98.23 ± 0.32 9.61 ± 0.71 10.22  

15 151.45 ± 1.87 17.93 ± 1.24 8.44  

Paclitaxel     

5 49.07 ± 1.40 4.90 ± 0.48 10.01 9.213(0.093) 

10 95.76 ± 2.75 11.54 ± 1.82 8.30  

15 148.34 ± 0.12 15.89 ± 0.69 9.33  

a: Calculation based on three independent assays 

 

3.4. Storage Stability Study of Wipe Samples 

No significant decrease of recovery was detected for the spiked wipe samples under 

specific storage conditions as can be seen in table 6. Figures 7, and 8 show that wipe 

samples remained stable within 90-110% of the original concentration levels during the 2-

month storage period.
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Table 6 Comparative recovery percentage of spiked wipe samples at varied storage 

conditions: 1) – 20 °C and 2) on SPE cartridges at room temperature (18°C) and protected 

from light 

 Wipe samples stored at 

– 20°C 

Wipe samples stored on 

SPE cartridges at room 

temperature (18°C) 

Paired T-test p 

value* 

Antineoplastic drug Mean recovery ± SD Mean recovery ± SD  

 

Ifosfamide 

 

 

96.6 ± 9.9 

 

97.3 ± 4.1 

 

- 

Cyclophosphamide 

 

97.1 ± 6.6 95.1 ± 4.4 - 

Paclitaxel 

 

Three drugs (N=27) 

96.4 ± 6.3 

 

- 

99.3 ± 8.8 

 

- 

- 

 

0.738 

N=9                   *95 % of confidence  

Means are reported as the average of duplicate injections of each concentration level 

SD: Standard deviation 

 

T-test for paired samples showed that there was no evidence that the recovery means were 

different (p= 0.738) suggesting that both storage conditions are equally effective in 

retaining analytes’ chemical stability for two months.  

 

 
Figure 7 Chemical stability over time of antinineoplastic drugs in spiked wipe samples 

stored at – 20 °C 
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Figure 8 Chemical stability over time of antineoplastic drugs in spiked wipe samples 

stored on SPE cartridges at room temperature (18 °C) and protected from light 

3.5. Quality Control and Recovery Studies of Wipe Samples 

Table 7 summarizes the extraction recoveries for the laboratory control samples and 

performance quality control spiked wipe samples. In general, recovery values were in 

accordance with the analytical purposes of the method. 

Table 7 Wipe sample extraction recoveries  

Antineoplastic drug Type Recovery range  

% 

Mean recovery and 

(RSD) % 

Ifosfamide LCS 90.5-111.8 98.8 (5.6) 

 PQC 85.2-115.0 95.7 (8.1) 

 PQC + SPE 80.3-107.9 96.2 (10.9) 

    

Cyclophosphamide LCS 93.0-104.6 98.5 (7.9) 

 PQC 91.9-106.7 94.9 (8.5) 

 PQC + SPE 87.3-103.8 93.5 (12.8) 

    

Paclitaxel LCS 89.3-115.6 108.2 (10.1) 

 PQC 83.4-108.8 92.7 (9.8) 

 PQC + SPE 79.8-113 88.7 (7.3) 

LCS: Laboratory control samples 

PQC: Performance quality control 

SPE: Solid phase extraction 

RSD: Relative standard deviation 
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4. Conclusions 

A more accessible liquid chromatography method was validated to quantitatively 

determine ifosfamide, cyclophosphamide, and paclitaxel in environmental wipe samples 

collected from oncology health care settings. The new analytical method was 

demonstrated to have adequate validation parameters, including linearity, sensitivity, 

precision and accuracy expressed as recovery from wipe sample media. In addition , the 

incorporation of an internal standard contributed to better recovery percentages when 

processing and extracting field wipe samples. Similarly, solid phase extraction for sample 

enrichment was successfully performed achieving concentration factors of approximately 

10, thus enhancing the likelihood of detecting low concentrations of antineoplastic drugs 

in wipe samples, given the lower sensitivity of HPLC-UV methods when compared to LC-

MS. Also, wipe samples were observed to be equally stable at -20°C and on SPE 

cartridges at room temperature when protected from light up to 2 months. SPE cartridges 

facilitate storage of samples when these cannot be analyzed immediately, or in the event 

that specimens need to be shipped to other research facilities for a more complete analysis, 

thus providing a safer way to handle samples containing hazardous drugs during the 

transportation process when compared to the traditional way, which is based on placing 

the wipe samples containing the HDs in polypropylene screw-cap Nalgene® jars. 

Furthermore, the proposed method was able to reduce the total time of analysis to 25 

minutes for separating and measuring all three drugs contained in environmental wipe 

samples, increasing the throughput when compared to the original chromatographic 

method (65 minutes).    



40 
 

Finally, these properties make the proposed analytical method an excellent alternative to 

be considered when assessment of occupational risks associated with antineoplastic drug 

exposures among health care workers is required, particularly in low-to-middle income 

countries when the state-of-the-art analytical technology may be unavailable or 

unaffordable for health care settings or Ministries of Health laboratories. The more 

accessible chromatographic method was successfully applied to the assessment of 

environmental contamination generated by the handling of antineoplastic drugs in 

oncology health care settings with limited resources.  
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5. Supplementary Data 

5.1. Liquid Chromatography Mass Spectrometry for the Analysis of Field Surface-

Wipe Samples containing Hazardous Drugs 

5.1.1. Instrumentation 

Confirmation analyses of field surface-wipe samples were conducted on a Waters 

ACQUITY Triple Quadrupole (TQD) mass spectrometer (MA, U.S.A.), equipped with an 

electrospray ionization source, and interfaced to a Ultra High Performance Liquid 

Chromatograph (UPLC). Data acquisition was performed through the Empower3
TM 

chromatography
 
software.  

5.1.2. Preparation of Stock and Standard Solutions 

Stock solutions of IF, CP, and PX, including that of the internal standard (HMPA) were 

prepared in methanol at 1000 ng/mL. Standard solutions were then diluted employing a 

solution of methanol: 10 mM ammonium formate pH 4.2 buffer 55: 45 v/v, matching the 

mobile phase employed to elute the analytes under study on the LC-MS/MS system. Stock 

solutions were frozen at -20 °C, and standard solutions refrigerated at 5 °C.  

5.1.3. Liquid Chromatography and Mass Spectrometry Parameters  

Table 8 displays the LC-MS/MS chromatographic conditions employed to confirm results 

obtained through the more accessible methodology (HPLC-UV) when analyzing field 

surface-wipe samples containing IF, CP, and PX as contaminants of the work place in 

HCFs. 
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Table 8 Chromatographic and mass spectrometric conditions for the analysis of 

ifosfamide, cyclophosphamide, and paclitaxel in environmental wipe samples (86) 

Chromatography 

component 

Liquid chromatography conditions 

Stationary phase Waters Symmetry® C18, 5 µm, 4.6 x 150 mm column 

 

Mobile phase Methanol: 10 mM ammonium formate pH 4.2 buffer  

0-5 mins. 55% A, 45% B 

5 mins. step to 75% A, 25% B 

9-15 mins. step to 55% A, 45% B 

A= 100% methanol 

B= 100% buffer 

 

Flow rate 0.5 mL/min 

 

Injection volume 

 

Mass Spectrometry 

component 

 

 

10 µL 

 

Mass Spectrometry conditions 

Analyte precursor 261 (CP), 261 (IF), 854 (PX), 180 (HMPA) 

 

Product-ion 

 

140 (CP), 182 (IF), 551 + 569 (PX), 135 + 137 (HMPA) 

 

Cone voltage (V) 

 

Collision energy (V) 

35 (CP and IF), 45 (PX), 30 (HMPA) 

 

24 (CP, IF), 32 (PX), 16 (HMPA) 

  

All compounds detected on electro spray ionization positive mode 

 

5.1.4. Linearity 

Table 9 shows the linearity parameters obtained when analyzing standard solutions of IF, 

CP, and PX, along with the internal standard HMPA 

Table 9 LC-MS/MS method linearity parameters 

Antineoplastic drug Concentration level 

ng/mL 

Linear regression 

equation 

Coefficient of 

determination 

r
2
 

Ifosfamide 

 

20, 40, 60, 80, 100, 120 y = 1.684x + 0.052 0.9860 

Cyclophosphamide 

 

20, 40, 60, 80, 100, 120 y = 1.898x + 0.175 0.9973 

Paclitaxel 

 

Hexamethylphosphoramide 

25, 40, 60, 80, 100, 120 

 

10 

y = 7.368x + 0.107 

 

- 

0.9892 

 

- 
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Figure 9 shows a LC-M/MS chromatogram of a standard solution containing IF, CP, PX 

and the internal standard HMPA 

 

Figure 9 Representative chromatogram of a standard solution containing: 1) 

hexamethylphosphoramide (10 ng/mL), 2) ifosfamide and 3) cyclophosphamide (80 

ng/mL), and 4) paclitaxel (100 ng/mL). Flow rate 0.5 mL/min, gradient elution, and 

detection as described in table 8.  

5.1.5. Sensitivity 

Table 10 reports values of sensitivity for IF, CP, and PX obtained through the LC-MS/MS 

methodology. 

Table 10 Detection and quantification limits for ifosfamide, cyclophosphamide, and 

paclitaxel in field surface-wipe samples 

                                                     Limit of detection                         Limit of quantification 

Antineoplastic drug 

     

Ifosfamide 

 

Cyclophosphamide 

 

Paclitaxel 

Instrumental 

(ng/mL)
a
 

1 

 

1 

 

0.1 

Wipe media 

(ng/cm
2
)

b
 

0.03 

 

0.03 

 

0.003 

Instrumental 

(ng/mL)
c
 

3 

 

3 

 

1 

Wipe media 

(ng/cm
2
)

b
 

0.07 

 

0.07 

 

0.02 

Instrumental values are means of three determinations on three different days 

a: Calculated according to the equation 3.3s/b, s corresponds to the standard deviation of the intercept and b 

to the slope of the linear regression plot 
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b: Based on 400 cm
2
 wipe area with extraction into 10 mL, no further pre-concentration steps   

c: Calculated according to the equation 10s/b, s corresponds to the standard deviation of the intercept and b 

to the slope of the linear regression plot 

 

Next chapter covers the environmental monitoring study conducted in an oncology health 

care setting with limited resources where contamination levels by HDs in the work place 

were established by employing the affordable analytical technique previously described.  
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Chapter 3 

Establishing Contamination Levels Produced by the Handling of Antineoplastic 

Drugs in Limited-Resource Oncology Health Care Settings 

Authors: Muller C, Squibb K, McDiarmid M. 

University of Maryland, Baltimore, School of Medicine 

Abstract  

Context: Antineoplastic drugs are well known to cause detrimental effects to health care 

workers who are exposed through work tasks. Environmental monitoring studies are an 

excellent approach to measure the level of contamination produced by the handling of 

antineoplastic drugs in the work place and to assess the potential for occupational 

exposures in oncology health care settings with limited resources. 

Aim: To establish the level of contamination generated by the handling of ifosfamide, 

cyclophosphamide, and paclitaxel in a limited-resource oncology health care facility by 

conducting an environmental monitoring study using affordable instrumentation. 

Results: 45 out of 100 wipe samples were positive for at least one antineoplastic drug. 

Cyclophosphamide and paclitaxel were measured more often in the preparation and 

compounding areas respectively.   

Conclusion: Contamination with ifosfamide, cyclophosphamide, and paclitaxel was wide 

spread in both preparation and administration areas. A comprehensive review of current 

guidelines and protocols including assessment of adherence in the oncology health care 

facility should be done. 
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________________________________________________________________________ 

1. Introduction  

Medicines have been used for centuries as therapeutic tools to cure and treat diseases and 

health disorders among the world’s population. Nonetheless, these compounds are not 

exempt from causing undesired side effects for patients receiving therapy, and also for 

health care workers (HCWs) who handle these drugs as part of their daily work duties. 

Furthermore, it is recognized that exposures to even low concentration levels of certain 

drugs result in a hazard to HCWs who directly or indirectly manipulate them. By 

definition a hazardous drug (HD) is any drug that poses one or more of the following 

detrimental effects based upon toxicity studies in animals or humans: carcinogenicity, 

teratogenicity, reproductive toxicity, specific-organ toxicity at low doses, and genotoxicity 

(2, 90).   

Most of the therapeutic uses of HDs are: for cancer treatment (antineoplastic or cytostatic 

agents), HIV infection, and some autoimmune disorders such as rheumatoid arthritis and 

lupus erythematosus (23, 33). HCWs exposed to HDs only experience side effects with 

absolutely no benefit due to the lack of pharmacological specificity when these drugs 

interact with cancer and non-cancer cells. Occupational exposures to antineoplastic drugs 

(ANDs) can lead to short term side effects (e.g. skin rashes, hair loss, nausea, and 

vomiting), and long term side effects such as negative outcomes on the reproductive 

system, spontaneous abortion, malformations, and possibly cancer (10, 20, 80, 83, 91-93).     

Hospitals and oncology health care settings are some places where occupational exposures 

to ANDs take place, especially during compounding and administration activities (91). 
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The International Agency for Research on Cancer (IARC) has classified ten ANDs as 

Group 1 (carcinogenic to humans) and ten as Group 2A (probably carcinogenic to 

humans) (13, 86, 91). Current chemotherapy strategies are based on combining two or 

more ANDs with different mechanism of action to increase the likelihood of eradicating 

diagnosed cancers in patients, thus occupational exposure to multiple agents is common. 

Moreover, cancer statistics are increasing among both the young and older population. 

Therefore, the likelihood for occupational exposures to these agents will also increase in 

the future at even larger scale (10, 20, 86). 

ANDs can be absorbed through inhalation, skin contact, ingestion (hand-to-mouth 

contact), and injection (2). It is believed that skin contact and inhalation constitute the two 

main routes of entrance for these agents (22, 81). In general, workers, including HCWs, 

may be exposed to ANDs throughout the drugs entire life cycle starting at the manufacture 

setting and ending with their final disposal (17). Based on current scientific evidence it is 

not possible to establish any level of occupational exposure to be accurately considered as 

having no risk to HCWs. Consequently, preventable occupational exposures should be 

avoided by practicing the ALARA principle (As Low as Reasonably Achievable) in work 

places where ANDs are handled (10, 30). Additionally, the lack of No Observed Adverse 

Effect Level (NOAEL) for genotoxic and carcinogenic compounds, such as ANDs, 

implies that unnecessary occupational exposures to those compounds should be avoided or 

limited by using appropriate safety measures and procedures in the work place (84).  

OSHA and the Oncology Nursing Society (ONS) introduced safety guidelines to assist in 

protecting HCWs who are occupational exposed to ANDs. Similarly, NIOSH in 2004 and 

the International Society of Oncology Pharmacy Practitioners (ISOPP) in 2007 published 
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an Alert and the Standards and Practice respectively. It must be noted that these guidelines 

are only “best practice” recommendations and currently do not constitute mandatory 

standards (33-37).   

According to the United States Pharmacopeia (USP) chapter 797, a level of surface 

contamination with cyclophosphamide above 1 ng/cm
2
 in any storage, preparation and 

administration area inside the health care facility would indicate that extra precautionary 

measures need to be made in order to contain the source of contamination with this 

cytostatic agent (39). Most recently, the Dutch approach suggested that a value of 0.1 

ng/cm
2
 of contamination per unit of analyzed surface in preparation or administration 

areas may indicate that there is a minimal occupational risk to HCWs (41, 60). 

In general, oncology health care settings use a combination of the hierarchy of control 

methods in a specific order to reduce unnecessary occupational exposure to ANDs 

including engineering and administrative controls; along with the use of personal 

protective equipment (PPE) (17, 20). The current NIOSH Alert and ASHP guidelines 

recommend the use of ventilated cabinets engineering controls that are exhausted to the 

outside (e.g. biological safety cabinets and isolators) for drug manipulation during 

compounding. Also, the incorporation of closed-system transfer devices (CSTD), as a 

secondary engineering control, reduces the environmental contamination for ANDs in 

oncology health care settings (43, 60, 81, 90, 94). 

Although health care settings have endorsed the aforementioned safety guidelines for the 

handling of ANDs in theory, there is sufficient quantitative information indicating that 
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contamination of the work place still occurs facilitating unnecessary occupational 

exposures to ANDs (10, 86). 

Assessment of occupational exposures can be achieved through environmental monitoring 

studies (e.g. air, wipe samples, and patches), which measure the level of drug 

contamination produced by the handling of ANDs in the work environment (e.g. 

preparation and administration areas). For example, by performing surface-wipe tests it is 

possible to estimate the transferrable load of ANDs to the skin of a HCW and therefore to 

evaluate potential dermal exposure to these agents (91). Additionally, surface-wipe tests 

are capable of providing valuable information about ANDs preparation and administration 

procedures, CSTDs effectiveness, and efficacy of cleaning protocols when safety 

interventions for the handling of ANDs are introduced (60). 

A vast majority of oncology health care settings that conduct these types of studies see a 

decline not only in environmental contamination in the work place, but also in the amount 

of ANDs excreted in the urine of exposed HCWs suggesting a reduction of occupational 

exposures. Furthermore, improvements in work practices and consciousness among 

HCWs can be achieved when having quantitative information about the level of 

contamination generated by the handling practices of an organization (39,  64-66, 82, 95). 

The present work constitutes a joint research initiative between the World Health 

Organization/Pan American Health Organization (WHO/PAHO) and one of its 

collaborating centers, the Division of Occupational and Environmental Medicine at the 

University of Maryland, Baltimore as a contribution to reduce occupational exposures to 

hazardous drugs among healthcare workers in Latin America where it is acknowledged 
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that there is a lack of qualitative and quantitative information in this matter. Specifically, 

this work describes the first environmental monitoring study in Colombia assessing the 

level of contamination and potential occupational exposures produced by the handling of 

antineoplastic drugs in preparation and administration areas in the largest public oncology 

health care facility in the country.  

2. Experimental 

2.1. Study Design 

2.1.1. Health Care Facility Description 

The oncology health care facility selected to conduct the environmental monitoring study 

is one of the largest medical-teaching facilities in Colombia, the Colombian National 

Cancer Institute (CNCI). Colombia is considered an upper-middle income nation 

according to The World Bank classification (96). Many health care students, professionals 

and workers perform their daily academic and work-related activities in this institution. It 

also serves a large number of adult and pediatric patients who have been diagnosed with 

cancer-related diagnoses by providing health services such as cancer chemo and radio 

therapy as well as minor and major surgical procedures. Additionally, it plays an 

important role in preventing cancer-related malignancies through its educative campaigns 

focused on promoting health among the Colombian population.  

The facility’s physical layout includes a 7-level building with one central pharmacy unit, 

which supplies ANDs to one outpatient nursing station and three inpatient nursing areas.  



51 
 

OSHA safety guidelines and NIOSH recommendations for the safe handling of HDs have 

been incorporated and endorsed by the HCWs and reviewed by the institution’s 

Occupational Safety and Health program since they were introduced.  

2.1.1a. Compounding Zone 

The oncology pharmacy unit prepares all of the AND formulations prescribed in the health 

care facility and its daily operation is based on three work shifts that covered 12 hours a 

day from Monday to Friday. In general, each work shift covers a 4-hour period from 7 

A.M. to 7 P.M (i.e. 7-11 A.M, 11 A.M.-3 P.M., and 3 P.M.-7 P.M.). Three pharmacists 

and six pharmacy technicians worked in this area during the three work shifts. The 

physical layout design comprised an anteroom, a compounding zone, and an 

administrative office. The compounding zone complied with recommended safety 

engineering controls (e.g. use of BSC type II 2A, pass-through windows, negative air 

pressure gradient). However the use of closed-system transfer devices (CSTD) has not 

been adopted. In addition, some of the compounding activities conducted in the facility 

include: transferring drugs from vials or ampoules to IV infusion bags or syringes, 

reconstituting lyophilized powders, and priming IV tubes before preparations exit the 

compounding zone. 

2.1.1b. Outpatient Nursing Station 

The outpatient nursing station where drugs are administered to patients, usually as 

intravenous infusions, consisted of 14 armchairs in which patients received their 

chemotherapy.  Each patient chair had its own IV infusion pump system and there were 

two chemo waste bins located in the center of the nursing station. Nursing personnel had a 
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desk located near the station’s entrance/exit door where they performed their 

administrative duties. The outpatient nursing station also comprised three work shifts, as it 

was described above, to provide patients with their chemo therapy on week days. There 

were three chief nurses, one at each work shift, accompanied by two additional nurses at a 

time.  

On average, twenty two healthcare workers within the compounding and outpatient 

nursing areas were involved in directly handling ANDs. This is considering the pharmacy 

and nursing personnel, along with housekeeping staff that performed dedicated work 

duties exclusively in these two specific locations.   

Important administrative procedures which can influence environmental contamination 

include the maintenance process in the compounding area and regular cleaning 

procedures. These were routinely applied to the BSC by the pharmacy technicians after 

and before each work shift started and ended as it is recommended by the NIOSH Alert 

(2). Likewise, housekeeping personnel performed cleaning procedures in the outpatient 

nursing station after each work shift concluded. Additionally, a terminal 

disinfecting/cleaning procedure of all surfaces that may have resulted in contamination in 

both areas was carried out early in the morning before the first work shift started. By 

definition, a terminal disinfecting/cleaning process consisted of mechanically removing 

chemical and microbiological contamination from both preparation and administration 

areas including all surfaces that may have become contaminated by either the handling of 

ANDs during their compounding/administration stage or by bodily fluids from patients 

who receive chemo therapy. The terminal disinfecting/cleaning procedure was performed 



53 
 

by using a 5% bleach-based solution for deactivating HDs and a commercial disinfectant 

product based on a mixture of amine/alcohol compounds.  

2.1.2. Selection of Work Place Contamination Markers  

Several environmental monitoring studies conducted in high-income countries have 

documented that by measuring three to five representative ANDs as markers of work place 

contamination provides an adequate estimation of the contamination levels for HDs (10).  

Despite all ANDs being considered as HDs, they can also be grouped according to the 

IARC classification (13, 82) based on their level of evidence of carcinogenicity (i.e. 

Group1 carcinogenic to humans, Group 2A probably carcinogenic to humans, Group 2B 

possibly carcinogenic to humans, Group 3 not classifiable as to its carcinogenicity to 

humans), it is therefore important to include at least one AND with Group 1 designation 

when conducting environmental monitoring studies.   

The CNCI handles about eighty (80) different ANDs that need to be compounded and 

administered on a daily basis. In compliance with literature reports, three ANDs were 

considered as markers of work place contamination, specifically in the preparation and 

administration areas.  

Inclusion criteria for selecting these ANDs were based on: 1) matching the information 

provided by the manager of the oncology pharmacy unit at the CNCI regarding the 

amount and frequency of preparation and administration of each AND during the 2013-

2014 period (97); 2) previously published works for quantitatively determining ANDs as 

work place contaminants in oncology HCFs (86, 89); and 3) information contained in 
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IARC monographs for human carcinogenic drugs, as well as in the NIOSH Alert for 

handling HDs (2, 13).  

Thus, cyclophosphamide (CP), ifosfamide (IF) and paclitaxel (PX) were the three selected 

markers for measuring work place contamination in the CNCI.  

First, these three ANDs are among the twenty most prescribed, compounded, and 

administered anticancer drugs in the institution (i.e. cyclophosphamide 20
th

:  2583 

vials/year, ifosfamide 15
th

: 2000 ampoules/year, and paclitaxel 14
th

: 410 vials/year) (97).   

Second, there are a few validated analytical methodologies that have quantified CP, IF, 

and PX in surface-wipe and biological samples on similar experimental conditions, using 

either LC-MS or HPLC-UV (10, 86, 89). 

Third, CP is classified, according to the IARC monographs as Group 1 and it is described 

as a HD in the NIOSH Alert. As for IF and PX, both are on the NIOSH list of HDs (2, 13).  

Figure 10 shows the chemical structures of these three antineoplastic drugs. 

 

Figure 10 Chemical structures of cyclophosphamide (A), ifosfamide (B), and paclitaxel 

(C) (11). 

 

 

A B C 

A B C 
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2.1.3. Wipe Sampling Strategy 

Fifty surface-wipe samples were collected at each location (compounding zone N=50 and 

outpatient nursing station N=50). Each wipe sample collection procedure in both areas 

was divided into two stages: prior to and after the terminal disinfecting/cleaning process in 

order to assess its effectiveness. A total of 100 surface-wipe samples were collected in 5 

cycles.  

Each cycle consisted of collecting 5 wipe samples in the preparation area (compounding 

zone) and another 5 wipe samples in the administration area (outpatient nursing station) 

prior to and after performing the terminal disinfecting/cleaning process obtaining 20 wipe 

samples per cycle.  

Common wiped surfaces in the compounding zone included: trays, IV bags, transportation 

carts, interior of the BSC, floor in front of the BSC, and chemo waste bins; whereas in the 

outpatient nursing station these corresponded to: transportation carts, patient’s armchairs, 

floor in front of the patient’s armchairs, IV infusion pumps, and chemo waste bins.  

All surface-wipe samples were collected in both areas on an overnight basis, this was after 

finishing the third work shift and prior to executing the terminal disinfecting/cleaning 

process allowing chemical contamination to accumulate on surfaces, and then on the next 

day after conducting the terminal disinfecting/cleaning process and before starting the first 

work shift.   

Surface-wipe samples collected after executing the terminal disinfecting/cleaning 

procedure were obtained from the closest measurable surface to the original spot in order 

to avoid obtaining inconsistent results since the wipe sample collection procedure 
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mechanically removes chemical contamination generated by most ANDs. Figure 11 

depicts the wipe sampling strategy adopted in this study. 

Complementary, visual inspection and informal conversations with health care workers 

(e.g. pharmacists, pharmacy technicians, nurses, and housekeeping personnel) were held 

in order to have a more comprehensive idea about how ANDs were handled in the health 

care facility previous and during the development of the study. Also, these activities 

helped the authors to better understand the level of knowledge and consciousness among 

HCWs related to the risks associated with the handling of HDs as part of their daily work 

duties. 

 

 

            Next day 

 

 

 

 

 

 

 

 

 

Figure 11 Summary of the surface-wipe sampling strategy used to determine the levels of 

contamination generated by the handling of ANDs in the oncology health care facility 

under study. 

Before terminal disinfecting/cleaning 

procedure at end of work day 

After terminal disinfecting/cleaning 

procedure and before work day 

Compounding area (5 surface-wipe 

samples) 

Compounding area (5 surface-wipe 

samples, closest measurable spot to 

the original surface) 

Outpatient nursing station (5 surface-wipe 

samples) 

Outpatient nursing station (5 surface-

wipe samples, closest measurable 

spot to the original surface) 

Total of 100 surface-wipe samples (5 

cycles) 
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2.1.4. Wipe Sampling and Extraction Procedures 

Environmental surface-wipe samples were collected and processed according to the 

protocol published in the works of Larson (89), and Pretty (86). Two filter papers 

(Whatman 42, 55 mm diameter) previously wetted with 250 µL of a desorbing solvent 

(acetonitrile: methanol: phosphate buffer 10 mM pH 6.0 10:25:65 v/v) were used to 

remove contamination from specific work surfaces. 20 x 20 mm (400 cm
2
) paper 

templates were employed to accurately measure the surface to be wiped in the selected 

locations. Figure 12 describes the wipe sample collection procedure. For all those irregular 

surfaces where the templates were inappropriate, the exact area of the surface was 

measured. The two filter papers were placed together in a 125-mL polypropylene screw-

cap jar to be processed. Afterwards, the internal standard (HMPA) at 20 µg/mL was added 

to each jar, along with an adequate aliquot of desorbing solvent to complete 10 mL. The 

jars were then sonicated for 10 minutes and homogenized. On average 9 mL of 

supernatant were filtrated with a 10-mL plastic syringe connected to a Millex® 0.22 µm 

syringe driven filter and received in 15-mL glass tubes. Immediately after, a 2-mL aliquot 

of the filtered solution was loaded and dried under vacuum for 5 minutes on a 

preconditioned Hyperserp® C18 200mg/3cc Thermo Scientific cartridge with 3 mL of 

methanol and 3 mL of deionized water. Finally, the analytes retained on the cartridges 

were eluted with 2 mL of ethyl acetate, which was completely evaporated by using a 

nitrogen-based evaporation device. Finally, the residue was reconstituted with 200 µL of 

desorbing solvent. 
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Figure 12 Wipe sample collection procedure for measuring work place contamination 

produced by the handling of ANDs on regular work surfaces. 

Commonly, 10 x 10 cm plastic or paper templates (100 cm
2
) are used to collect wipe 

samples from regular work surfaces that may have become contaminated with HDs (38, 

59, 86, 94). However, in the study described here 20 x 20 cm templates (400 cm
2
) were 

used in order to increase the likelihood of measuring chemical contamination with HDs by 

enlarging the wipe area size because of the sensitivity limitation associated with HPLC-

UV methodologies when compared to LC-MS/MS.    

2.1.5. Wipe Samples Analysis 

All surface-wipe samples were analyzed by using a previously validated more widely 

accessible  HPLC-UV method (98) as an alternative to the state-of-the-art analytical 

technology (LC-MS), which is hardly affordable for oncology health care facilities or 

government laboratories from low-to-middle income countries. Additionally, 45 % of the 

wipe samples were also analyzed through LC-MS/MS following the method of Pretty et al 

(86) to compare both analytical methodologies, given the fact that HPLC-UV methods are 

400 cm
2
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less sensitive compared to LC-MS/MS. In order to assess association between the two 

analytical methodologies, Spearman’s rank-order correlation tests were run since data 

were not normally distributed.  

3. Results 

3.1. Antineoplastic Drug Handling Information 

This study only included the compounding zone and the outpatient nursing station of the 

oncology health care facility under study for collecting wipe samples. Table 11 compiles 

the number of compounding and administration events, along with the amount of each 

drug handled in both areas on wipe sample collection days. It must be noted that for the 

majority of the cases, the relationship between compounding and administration events is 

not one-to-one due to multiple tasks associated with the handling of drugs in the nursing 

station (e.g. IV infusion, IV tubing prime, etc.). 

Table 11 Number of handling events and amount of HDs registered during surface-wipe 

sample collection days 

      Compounding zone Outpatient nursing station 

 

Cytostatic drug Number of 

compound 

ding 

events
a
 

Amount 

of 

handled 

drug 

(grams) 

Number of 

administra 

tion 

events
b
 

Amount 

of 

handled 

drug 

(grams) 

Total 

number 

of 

handling 

events
c
 

Total 

amount of 

handled 

drug in 

both areas 

(grams) 

Ifosfamide 30 60 57 23 87 83 

Cyclophosphamide 34 34 45 21 79 55 

Paclitaxel 93 9 109 5 202 14 

Other 1050 750 2067 598 3117 1348 

       

Total 1207 853 2278 647 3485 1500 

a: Compounding events were defined as any activity involving transfer of drugs from vials or ampoules to 

IV bags, powder reconstitution and drug admixing .           

b: Administration events were defined as any activity involving: IV infusion, prime of IV tubing, and IV 

push. 

c: Sum of number of compounding and administration events 
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3.2. Environmental Wipe Samples  

Table 12 shows the results of wipe samples analyzed in each area of the oncology health 

care facility including those above the limit of quantification established for the analytical 

methodology involved in the measuring of the three antineoplastic drugs.  

Table 12 Frequency and drug detection in environmental wipe samples in the 

compounding zone and outpatient nursing station  

Sampling area Number of 

wipe 

samples 

Number of 

wipe 

samples 

>LOQ
1 
 

Number and 

(percentage) 

of positive 

samples for 

ifosfamide 

Number and 

(percentage) 

of positive 

samples for 

cyclophosphamide 

Number and 

(percentage) 

of positive 

samples for 

paclitaxel 

Compounding 

zone 

(pharmacy) 

50 21 4 (19) 8 (38) 9 (43) 

 

Outpatient 

nursing 

station 

 

50 

 

24 

 

1 (4) 

 

20 (83) 

 

3 (13) 

 

Total 

 

100 

 

45 

 

5 (11) 

 

28 (62) 

 

12 (27) 

      

 

1: LOQ established for the HPLC-UV method Ifosfamide = 0.08 ng/cm
2
, Cyclophosphamide = 0.3 ng/cm

2 

and Paclitaxel =
 
0.1

 
ng/cm

2
 

45 out of 100 wipe samples yielded results above the limit of quantification and detection 

at least for one of the three cytostatic agents analyzed in this study. Cyclophosphamide 

and paclitaxel were more often measured as contaminants in both areas. While ifosfamide 

was only detected in 5 wipe samples, mostly from the compounding zone.  

Table 13 indicates the intensity of contamination measured for the three antineoplastic 

drugs according to the wipe sample location. All values reported for the three ANDs were 

above the limit of quantification.    
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Table 13 Quantitative levels (intensity) of contamination generated by the handling of 

HDs in the compounding zone and outpatient nursing station  

                                      Ifosfamide                      Cyclophosphamide                      Paclitaxel 

Sampling 

area 

Min-Max 

ng/cm
2
 

Mean ±SD 

ng/cm
2
 

Min-Max 

ng/cm
2
 

Mean ±SD 

ng/cm
2
 

Min-Max 

ng/cm
2
 

Mean ±SD 

ng/cm
2
 

 

Compounding 

zone 

 

0.98-15.7 

 

6.7 

±6.5 

 

3.3-60.3 

 

20.2  

±23.5 

 

0.75-21.3 

 

3.7 

±6.6 

 

Outpatient 

nursing 

station 

 

0.08-3.1 

 

1.6 

±2.1 

 

3.2-168.9 

 

33.8  

±49.6 

 

1.0-2.1 

 

1.6 

±0.53 

N=50 

LOQ established for the HPLC-UV method Ifosfamide = 0.08 ng/cm
2
, Cyclophosphamide = 0.3 ng/cm

2 
and 

Paclitaxel =
 
0.1

 
ng/cm

2
 

Contamination level ranges for the three analyzed drugs were between 0.75 and 60.3 

ng/cm
2
 in the compounding zone and between 0.08 and 168.9 ng/cm

2
 in the outpatient 

nursing station. On average, cyclophosphamide was found to be present at the highest 

concentration level compared to ifosfamide and paclitaxel in both areas.  

Figures 13, 14, and 15 show correlations between the number of handling events, the mass 

of drug handled (grams), and the contamination  levels measured (all values above limit of 

quantification) in the compounding zone and outpatient nursing station for the three 

antineoplastic drugs under study.   
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Figure 13 A) Correlation between number of handling events and level of contamination 

for ifosfamide in the compounding zone (r
2
=0.4068) and the outpatient nursing station 

(r
2
=0.6505). B) Correlation between mass of ifosfamide handled (grams) and level of 

contamination for ifosfamide in the compounding zone (r
2
=0. 0525) and the outpatient 

nursing station (r
2
=0.0154). 

 

Figure 14 A) Correlation between number of handling events and level of contamination 

for cyclophosphamide in the compounding zone (r
2
=0.3880) and the outpatient nursing 

station (r
2
=0.7847). B) Correlation between mass of cyclophosphamide handled (grams) 

and level of contamination for cyclophosphamide in the compounding zone (r
2
=0.0012) 

and the outpatient nursing station (r
2
=0.0632). 
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Figure 15 A) Correlation between number of handling events and level of contamination 

for paclitaxel in the compounding zone (r
2
=0.0802) and the outpatient nursing station 

(r
2
=0.0016). B) Correlation between mass of paclitaxel handled (grams) and level of 

contamination for paclitaxel in the compounding zone (r
2
=0.0862) and the outpatient 

nursing station (r
2
=0.3125). 

According to the graphs displayed in the above figures, it is not possible to establish 

positive correlations between the number of handling events or the amount of drug 

handled and the levels of contamination with ANDs except for figure 14 A, where the 

level of contamination for cyclophosphamide increased along with the number of handling 

event in the outpatient nursing station.    

Table 14 displays surface levels of contamination measured in the work environment for 

each drug under evaluation.  
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Table 14 Drug contamination levels on work surfaces generated by the handling of HDs in 

the compounding zone and outpatient nursing station 

                                       Ifosfamide                   Cyclophosphamide                    Paclitaxel 

Sampling 

surface in the 

compounding 

area 

Number of 

samples 

>LOQ
1
 and 

(Min-Max) 

ng/cm
2
 

Mean 

±SD     

ng/cm
2
 

Number of 

samples 

>LOQ
1
 and 

(Min-Max) 

ng/cm
2
 

Mean 

±SD     

ng/cm
2
 

Number of 

samples 

>LOQ
1
 and 

(Min-Max) 

ng/cm
2
 

Mean 

±SD     

ng/cm
2
 

 

Pass-through 

window 

 

1 (0.080-0.98) 

 

0.53 

±0.63 

 

4 (3.3-60.3) 

 

29.8 

±30.7 

 

3 (0.75-1.1) 

 

0,91 

±0.18 

 

BSC 

 

2 (3.1-15.7) 

 

9.4 

±8.9 

 

1 (0.30-5.7) 

 

3.0 

±3.8 

 

2 (2.5-3.3) 

 

2.8 

±0.75 

 

Floor in front 

of BSC 

 

1 (0.080-6.9) 

 

3.5 

±4.8 

 

2 (5.0-25.4) 

 

12.2 

±11.4 

 

1 (0.10-1.8) 

 

0.97 

±1.2 

 

Transportation 

cart 

 

0 (NA) 

 

NA 

 

0 (NA) 

 

NA 

 

1 (0.10-1.2) 

 

0.63 

±075 

 

Chemo waste 

bin 

 

0 (NA) 

 

NA 

 

0 (NA) 

 

NA 

 

1 (0.10-1.0) 

 

0.55 

±0.64 

 

IV bag 

 

0 (NA) 

 

NA 

 

1 (0.30-

25.4) 

 

12.8 

±14.7 

 

1 (0.10-

21.3) 

 

10.7 

±15.7 

 

Sampling 

surface in the  

outpatient 

nursing 

station 

 

      

Patient’s 

armchair 

0 (NA) NA 4 (3.2-9.7) 5.9 

±2.7 

0 (NA) NA 

 

Floor in front 

of patient’s 

armchair 

 

0 (NA) 

 

NA 

 

3 (7.4-12.0) 

 

9.3 

±2.4 

 

 

1 (0.10-1.6) 

 

0.86 

±1.1 

 

 

IV tubing 

 

0 (NA) 

 

NA 

 

0 (NA) 

 

NA 

 

0 (NA) 

 

NA 

 

Transportation 

cart 

 

1 (0.080-3.1) 

 

1.6 

±2.1 

 

8 (4.9-

168.9) 

 

58.6 

±68.0 

 

1 (0.10-1.1) 

 

0.58 

±0.69 

 

IV infusion 

pump 

 

0 (NA) 

 

NA 

 

4 (7.1-87.4) 

 

34.0 

±37.1 

 

0 (NA) 

 

NA 

 

Chemo waste 

bin 

 

0 (NA) 

 

NA 

 

1 (0.30-

17.9) 

 

9.1 

±12.4 

 

1 (0.10-2.1) 

 

1.1 

±1.4 

 

IV bag pole 

 

0 (NA) 

 

NA 

 

0 (NA) 

 

NA 

 

0 (NA) 

 

NA 

       

N=50, NA: Not Applicable 1: LOQ established for the HPLC-UV method Ifosfamide = 0.08 ng/cm
2
, 

Cyclophosphamide = 0.3 ng/cm
2 
and Paclitaxel =

 
0.1

 
ng/cm

2
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Work surface contamination levels found for ifosfamide indicated that the compounding 

zone had the highest amount measured, particularly the BSC (9.4 ng/cm
2
) followed by the 

floor in front of the BSC (3.5 ng/cm
2
). However, most of the other surfaces analyzed 

showed results below the limit of the quantification for this drug. On the contrary, 

cyclophosphamide and paclitaxel were measured in almost all wipe samples collected 

from both areas. Particularly, cyclophosphamide was measured at higher concentration 

levels in pass-through windows, IV bags, transportation carts and IV infusion pumps, 

whereas paclitaxel was present at the highest concentration level on IV bags (10.7 

ng/cm
2
).  

Contamination levels produced by the handling of antineoplastic drugs in the workplace 

have been reported by many authors from high-income countries around the world over 

the years. Table 15 shows a summary of some of these studies published on this matter as 

a way of comparing results provided by this work and those already reported. 
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Table 15 Mean work place contamination generated by the handling of antineoplastic 

drugs reported in literature 

Author, year of 

publication and place 

(reference) 

Ifosfamide 

Compounding zone/ 

Nursing station  

ng/cm
2
* 

Cyclophosphamide 

Compounding zone/ 

Nursing station  

ng/cm
2
* 

Paclitaxel 

Compounding zone/ 

Nursing station 

ng/cm
2
* 

Connor 2010, U.S.A. 

(83) 

0.29/0.30 5.7/0.20 0.070/0.010 

 

 

Sottani,    2011      Italy 

(82)         

 

1.5/0.89 

 

7.8/1.9 

 

Not detected 

 

 

Hedmer, 2008, Sweden 

(91) 

 

0.019/0.014 

 

0.011/0.0020 

 

Not included in the 

study 

 

Kopp, 2012, Germany 

(80) 

 

 

Not detected 

 

 

0.024/0.013 

 

Not detected 

 

Colombian oncology 

health care institution 

under study 2015 

6.7/1.6 

 

 

20.2/33.8 

 

3.7/1.6 

 

 

*Average level of contamination reported by the author  

In general, all contamination levels measured in the environmental monitoring study were 

higher than those reported in literature. The compounding zone and outpatient nursing 

station presented contamination levels for ifosfamide and paclitaxel between 1.8 and 353 

times higher than those described in table 15. Cyclophosphamide was measured in both 

areas at concentration levels that ranged from 2.6 to 17000 times higher than the values 

published by Connor (83), Sottani (82), Hedmer (91), and Kopp (80).    

Table 16 exhibits the contamination levels found (all wipe samples identified as above the 

limit of quantification) prior to and after executing the terminal disinfecting/cleaning 

procedure on work surfaces that may have been contaminated by the handling of the three 

antineoplastic drugs in both areas of the oncology health care setting under study. 
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Table 16 Drug contamination levels measured in the compounding zone and outpatient 

nursing station prior to and after the terminal disinfecting/cleaning procedure 

                             Prior to terminal disinfecting/cleaning          After terminal disinfecting/cleaning* 

 Ifosfamide Cyclophos 

phamide 

Paclitaxel Ifosfamide Cyclophos

phamide 

Paclitaxel 

Surface 

sampling in the 

compounding 

zone 

Mean 

ng/cm
2
 

Mean 

ng/cm
2
 

Mean 

ng/cm
2
 

Mean 

ng/cm
2
 

Mean 

ng/cm
2
 

Mean 

ng/cm
2
 

 

Pass-through 

window 

 

0.53  

 

 

1.8  

 

 

0.98  

 

 

<LOQ 

 

1.8  

 

 

0.42  

 

 

BSC 

 

<LOQ 

 

<LOQ 

 

0.45 

 

 

9.4  

 

 

3.0  

 

 

2.8  

 

 

Floor in front 

of BSC 

 

3.5  

 

<LOQ 

 

0.97  

 

 

<LOQ 

 

5.6  

 

 

<LOQ 

 

Transportation 

cart 

 

<LOQ 

 

<LOQ 

 

0.63  

 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

Chemo waste 

bin 

 

<LOQ 

 

<LOQ 

 

0.55  

 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

Sampling 

surface in the  

outpatient 

nursing station 

 

      

Patient’s 

armchair 

<LOQ 4.4  

 

<LOQ <LOQ 7.3  

 

<LOQ 

 

Floor in front 

of patient’s 

armchair 

 

<LOQ 

 

8.0  

 

 

<LOQ 

 

<LOQ 

 

6.3  

 

 

0.86  

 

 

IV tubing 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

Transportation 

cart 

 

1.6  

 

71.0  

 

 

0.58  

 

 

<LOQ 

 

51.5 

 

 

<LOQ 

 

IV infusion 

pump 

 

<LOQ 

 

21.0  

 

 

<LOD 

 

<LOQ 

 

47.2  

 

 

<LOQ 

 

Chemo waste 

bin 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

9.1  

 

 

1.1  

 

 

IV bag pole 

 

<LOQ 

 

1.3 

 

 

<LOQ 

 

<LOQ 

 

<LOQ 

 

<LOQ 

N=50 

*Wipe samples were collected from the closest measurable surface to the original spot 

LOQ established for the HPLC-UV method Ifosfamide = 0.08 ng/cm
2
, Cyclophosphamide = 0.3 ng/cm

2 
and 

Paclitaxel =
 
0.1

 
ng/cm

2
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These results showed that there was high variability between the contamination levels 

produced by the handling of ifosfamide, cyclophosphamide, and paclitaxel in the 

compounding zone and outpatient nursing station. In some cases there was no 

contamination detected, reported as below LOD prior to the terminal cleaning process, but 

there was measurable contamination in wipe samples collected after the cleaning 

procedure, and vice versa. Possibly, mobility of AND residues from one surface to another 

within the same location when executing the cleaning procedure may contribute to spread 

contamination, especially if non-disposable cleaning wipes are used to execute 

decontamination procedures.   

Human factors and work practices may have contributed to the high contamination levels 

for CP. Informal interviews revealed that assignment of cleaning duties may have been 

unclear.  
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3.3. Confirmation Analysis of Surface-wipe Samples by LC-MS/MS 

Table 17 shows the results obtained when analyzing 45% of wipe samples through both 

analytical methodologies (HPLC-UV and LC-MS/MS).  

Table 17 Comparison of average drug contamination levels measured through two 

methods: 1) HPLC-UV and 2) LC-MS/MS 

Antineoplastic drug Total number  

of samples > 

LOQ
1,2

 in the 

compounding 

zone 

Total number 

of samples > 

LOQ
1,2

 in the 

outpatient 

nursing station 

HPLC-UV 

method 

Mean 

±SD 

ng/cm
2
 

LC-MS/MS 

method 

Mean 

±SD 

ng/cm
2
 

Spearman’s 

rank-order 

correlation 

(N=45) 

Ifosfamide 4 1 6.7 ± 6.5 5.7 ± 4.2 

 

0.999* 

Cyclophosphamide 8 20 20.2 ± 23.5 21.5 ± 22.6 

 

0.995* 

Paclitaxel 9 3 3.7 ± 6.6 3.6 ± 3.1 

 

0.989* 

*Significance p value < 0.001 

1 LOQ established for the HPLC-UV method Ifosfamide = 0.08 ng/cm
2
, Cyclophosphamide = 0.3 ng/cm

2 

and Paclitaxel =
 
0.1

 
ng/cm

2
 

2: LOQ established for the LC-MS/MS method. Ifosfamide = 0.07 ng/cm
2
, Cyclophosphamide = 0.07 

ng/cm
2 

and Paclitaxel =
 
0.02 ng/cm

2
 

Given the high level of contamination generated by the handling of ifosfamide, 

cyclophosphamide, and paclitaxel in the oncology health care facility, the less sensitive 

HPLC-UV method was still able to determine that 45 out of 100 wipe samples contained 

one drug at least, expressed as above LOQ. This finding was confirmed through LC-

M/MS analysis of those same wipe samples indicating that the HPLC-UV analytical 

methodology is sufficiently sensitive when conducting environmental monitoring studies 

as a benchmark of contamination in the work place. Also, Spearman’s rank-order 

correlation values for each drug suggested that there is a strong association between the 

two analytical methodologies (p< 0.001) when measuring contamination levels by IF, CP, 

and PX.  
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4. Discussion 

As it has been pointed out by many authors to date, that contamination of the work place 

with antineoplastic drugs is an issue that cannot totally be avoided (26-27, 60). 

Substitution of hazardous drugs with some other less harmful but equally effective drug is 

not possible so far. As well, the introduction of engineering and administrative controls, 

along with the availability of personal protective equipment do not guarantee absolute 

health care worker protection from occupational exposures. Under these circumstances it 

is not surprising that most of the oncology health care settings, either in high or middle-to-

low income nations have measurable amounts of antineoplastic drugs in preparation and 

administration areas. Over the past two decades, periodic environmental and biological 

monitoring studies conducted in high income nations have shown a reduction in 

contamination of the work place due to the introduction of the aforementioned safety 

measures, recommended by the safety guidelines and alerts published by several 

Occupational Safety and Health institutions around the globe.  

This scenario has partially been followed by the low-to-middle income nations in terms of 

incorporating safety measures in oncology health care settings; however monitoring 

studies to assess occupational exposures are uncommon.  

It was the authors’ understanding that the best way to promote safer work places, 

especially those linked to low-to-middle income countries where hazardous drugs are 

handled, was to perform an environmental monitoring study collecting surface-wipe 

samples in order to measure the transferable amount of contamination with certain specific 

hazardous drugs. Thus, results obtained from the analysis of surface-wipe samples 
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allowed establishing a baseline of the current levels of contamination in preparation and 

administration areas in the oncology health care facility under observation. Moreover, the 

analytical methodology used to analyze the wipe samples was specifically developed and 

validated with the purpose of offering a more accessible alternative (HPLC-UV) to the 

state-of-the-art analytical technology (LC-MS/MS), which is usually unaffordable and 

does not constitute a routine expense in health care settings or Ministries of Health with 

limited resources (17). 

The environmental monitoring study described here constituted the initial approach to 

assess, for the first time, contamination levels generated by the handling of antineoplastic 

drugs in the oncology health care facility under evaluation in Colombia. Ifosfamide, 

cyclophosphamide, and paclitaxel were three of the most frequently handled cytostatic 

drugs in the work place, therefore they represented an appropriate estimation of the 

potential contamination produced for all antineoplastic agents handled in the facility.  

Analysis of the wipe samples showed that contamination was wide spread on almost all 

surfaces sampled in the compounding zone (pharmacy) and outpatient nursing station 

(administration place). There were almost no correlations between the number of handling 

events or the amount of drug handled and the levels of contamination with ANDs in 

preparation and administration areas of the selected oncology health care facility, except 

for contamination generated by the handling of cyclophosphamide in the outpatient 

nursing station, apparently caused by unawareness of HCWs in charge of cleaning duties.  

Paclitaxel had the largest number of handling events in the compounding zone and 

outpatient nursing station area (202), and the lowest handled amount (14 grams), however 
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it was in the compounding zone where this drug presented the highest percentage of 

positive wipe samples as can be seen in table 12. Moreover, paclitaxel is prescribed to 

patients at lower doses compared to the other two ANDs, which explains the lower 

amount. 

Cyclophosphamide was most frequently detected in the outpatient nursing station (83%). 

This drug however, had the lowest number of handling events in this particular location. 

In general, cyclophosphamide was measured more often in the outpatient nursing station 

at the highest concentration levels, whereas ifosfamide and paclitaxel were frequently 

quantified in the compounding zone at higher concentrations compared to the outpatient 

nursing station.  

Most of the positive wipe samples collected from the compounding zone contained 

cyclophosphamide and paclitaxel in combination, and ifosfamide alone. In contrast, the 

majority of positive wipe samples collected in the outpatient nursing station presented 

cyclophosphamide alone or in combination with paclitaxel, which does not necessarily 

reflect that these two drugs were administered to patients as a combination therapy.   

Additionally, cyclophosphamide was detected at the highest concentration level on two 

surfaces in the outpatient nursing station, the transportation carts (58.6 ng/cm
2
) and IV 

infusion pumps (34.0 ng/cm
2
). It was learned from the facility’s Occupational Safety and 

Health Program liaison that disinfection and cleaning of these two surfaces relied on the 

nursing personnel and not on the housekeeping staff as it may be thought. This particular 

situation may have created confusion among health care workers regarding their duties, 
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which finally lead contamination to accumulate on both work surfaces and facilitated 

unnecessary occupational exposures.  

It is our understanding that assigning specific tasks to health care workers and 

housekeeping staff and evaluating the accomplishment of them may improve safety issues 

in the work place. In this case, properly trained housekeeping personnel should take care 

of disinfecting and cleaning of work surfaces that may have resulted from contamination 

during the handling of hazardous drugs in the entire facility.  

It has been described by some authors that ifosfamide and cyclophosphamide remain on 

surfaces that resulted in contamination by these two drugs for extended periods of time 

(83, 99). Also, it must be considered that these drugs are readily hydrophilic compared to 

paclitaxel, which is generally dissolved in an alcohol/oil-based solvent. Therefore, more 

research on this matter is needed in order to clarify whether or not there is any difference 

among hazardous drugs with dissimilar physicochemical properties when applying 

disinfecting and cleaning protocols given the fact that there is no solvent that efficiently 

removes all HDs from contaminated work surfaces. 

Wipe samples collected in both areas to evaluate the terminal cleaning/disinfecting 

procedure showed high variability of results indicating deficiencies of the process. The use 

of non-disposable wipes to perform cleaning procedures may have contributed to spread 

contamination from one surface to another either in the compounding zone or in the 

outpatient nursing station. Also, it must be noticed that HDs administration areas have 

more irregular or non-flat surfaces than preparation areas where most surfaces are flat or 

regular. Thus, efficacy of decontamination procedures may negatively be affected by the 
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shape of surfaces to be decontaminated. Therefore, it is important that housekeeping 

personnel are properly and periodically trained regarding the disinfecting/cleaning 

protocols employed in the oncology health care setting. At this time, it was not possible to 

determine whether the commercial products used to perform the disinfecting/cleaning of 

contaminated surfaces were optimal in completely removing contamination from all 

surfaces.  

Despite that the more accessible HPLC-UV method demonstrated lower sensitivity levels 

compared to the LC-MS/MS methodology for the analysis of the three drugs analyzed in 

the study, contamination was still measurable due to highly contaminated surfaces, which 

made the proposed alternative analytical methodology an adequate choice when 

establishing contamination of the work place with HDs, for the first time, in oncology 

health care settings with limited resources.  

5. Conclusions 

Results of the surface-wipe sample analyses showed wide spread contamination with the 

three antineoplastic drugs selected in the study. Both, the compounding and outpatient 

nursing station, representing the preparation and administration locations of the oncology 

health care facility demonstrated measurable amounts of contamination, which facilitated 

unnecessary occupational exposures among health care workers when considering skin 

absorption as the main route of exposure to antineoplastic drugs. Accordingly, a 

comprehensive review of current safety guidelines and protocols followed by the health 

care facility should be done, as well as incorporation of specific modifications of work 

practices in order to reduce contamination levels. Likewise, health care workers, who are 
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considered as the human factor when handling HDs, must enhance their efforts in 

understanding and maintaining appropriate work practices at all times to achieve this goal. 

Finally, assessment of these modifications should be evaluated through a second 

environmental monitoring study.  
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Chapter 4 

Conclusions and Future Directions 

1. Conclusions 

Occupational exposures to HDs constitute one of the main risk factors for developing 

chronic diseases among health care workers who are exposed to these chemicals for long 

periods of time (100).  

Scarcity of documented occupational exposures to antineoplastic drugs in low-to-middle 

income countries make it difficult to assess occupational risks for workers who directly or 

indirectly participate in the handling of ANDs. To date, environmental and biological 

monitoring studies conducted in health care settings with limited resources are 

uncommon; therefore quantitative information about contamination levels produced by the 

handling of HDs is unknown. Furthermore, it is believed that by adopting and endorsing 

international safety guidelines for the handling of HDs, safer work places are achieved. 

However, many published works have documented that despite incorporating these safety 

guidelines in oncology HCFs, occupational risks still exist due to the highly toxic 

properties of ANDs (2, 14, 101).  

In general, HCFs with limited resources lack of experience in regards to evaluating 

occupational risks among HCWs who participate of HD compounding and administration 

processes. Often, medical surveillance programs contribute to partially assess occupational 

risks associated with exposures to HDs by gathering qualitative information from workers 

(17). Nevertheless, availability of quantitative information is more desirable when aiming 

to protect HCWs from occupational exposures in the work place, especially when dealing 
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with ANDs. Thus, identification and characterization of preventable or unnecessary 

occupational exposures plays an important role in providing HCWs with safer work 

places. 

To date, the state-of-the-art analytical technology for measuring contamination levels 

generated by the manipulation of HDs in the work place is based on either LC or GC 

coupled to MS. These techniques provide high levels of sensitivity when analyzing 

organic compounds. This feature makes LC/GC-MS ideal for quantifying ANDs in 

environmental wipe samples collected from work surfaces in oncology HCFs, especially if 

these drugs are present as contaminants at low concentration. Unfortunately, the costs 

associated with the use of this state-of-the-art technology are often unaffordable for Health 

Ministries of low-to-middle countries. Accordingly, it is this unfavorable scenario that 

originated the realization of this research study as a countermeasure for providing 

countries with limited resources (i.e. Colombia) the capability of assessing occupational 

risks through using a more affordable methodology to conduct environmental monitoring 

studies that quantify contamination levels generated by the handling of HDs in oncology 

health care facilities.  

The primary goal of this research study was to establish more accessible analytical 

methods that can be used by low-to-middle income countries in Latin America to give 

them the ability to measure levels of environmental contamination generated by the 

handling of antineoplastic drugs in oncology health care settings with limited resources.  

The research hypothesis was: although the Colombian National Cancer Institute has 

introduced the recommended safety guidelines for the safe handling of antineoplastic 
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drugs, environmental contamination of the work place with these agents does occur and 

preventable occupational exposures of health care workers take place.  

The research specific aims were: 1) to determine the level of contamination with 

antineoplastic drugs in preparation and administration areas of the Colombian National 

Cancer Institute by collecting and analyzing environmental wipe samples; 2) to develop an 

environmental sample concentration methodology in order to better detect and quantify 

the level of contamination generated by the handling of antineoplastic drugs in the 

Colombian National Cancer Institute when HPLC-UV is employed; and 3) to evaluate the 

efficacy of internal decontamination procedures in antineoplastic drug preparation and 

administration areas of the Colombian National Cancer Institute.  

A more widely available HPLC-UV methodology was implemented to efficiently 

establish levels of contamination produced by the handling of ANDs through the 

collection and analysis of surface-wipe samples. Pre-existent analytical methodologies 

were considered for developing and validating the method described here to detect and 

quantify ANDs.     

Ifosfamide, cyclophosphamide, and paclitaxel were investigated as markers of 

environmental contamination in the work place, because they were one of the most 

frequently drugs used in the oncology HCF under study (97). 

Additionally, solid phase extraction was included as an initial step in the methodology for 

sample enrichment in order to improve sensitivity levels of the HPLC-UV method 

compared to the LC/GC-MS state-of-the-art analytical technology. Analytes present in the 

wipe samples were concentrated 10 fold over their original concentration. This 
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achievement allowed the HPLC-UV method to detect AND concentration levels as low as 

1 ng/mL (i.e. IF: 1 ng/mL, CP: 4 ng/mL, and PX 1 ng/mL), which are similar to those 

provided by LC-MS/MS methods (86) (i.e. IF and CP 1 ng/mL, and PX: 0.1 ng/mL). 

Extracted wipe samples containing IF, CP, and PX were stable on SPE cartridges stored at 

room temperature and protected from light for two months. This particular advantage 

becomes more relevant when shipping samples from one research facility to another for 

partial or complete analysis. In this case, some wipe samples collected in Colombia were 

shipped to Baltimore city (MD, U.S.A.) for LC-MS/MS confirmation analysis. At the time 

of the analysis, wipe samples demonstrated to be chemically stable. Furthermore, once 

analytes are extracted, they remain adsorbed on the SPE cartridge sorbent material and 

little amount of solvent is retained. Thus, likelihood of leakage or spill during 

transportation can be avoided. Similarly, if samples cannot be analyzed immediately after 

collection, the proposed methodology allows storing extracted wipe samples on SPE 

cartridges at room temperature and protected from light until further processing within 

two months since the sample collection date, so specific storage temperature is not 

required (e.g. -20 °C).  

Therefore, the more widely available HPLC-UV methodology is an adequate alternative to 

substitute expensive LC-MS/MS instrumentation when establishing contamination levels 

by HDs for the initial evaluations in HCFs with limited resources.  

As for the Colombian health care facility selected to conduct the environmental 

monitoring study, the Colombian National Cancer Institute was chosen because its 

importance from a public health point of view. This public institution serves one third of 
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the Colombian cancer patients; therefore it was an excellent opportunity to start not only 

assessing occupational risks associated with the handling of HDs, but also encouraging, by 

means of the realization of this environmental monitoring study, other HCFs with limited 

resources to begin gathering quantitative information in this matter.  

The environmental monitoring study focused on measuring contamination levels by HDs 

in two areas within the Colombian National Cancer Institute, the compounding zone and 

the outpatient nursing station. These locations were thought to represent adequate work 

areas where contamination is produced and occupational exposures take place due to daily 

work activities (31, 102-103).  

Results obtained from surface-wipe sample analyses allowed establishing current 

contamination levels produced by the handling of ANDs in the CNCI. This quantitative 

information was utilized by the institution’s Occupational Safety and Health personnel to 

incorporate corrective measures in order to avoid unnecessary occupational exposures to 

HDs. 

Data interpretation demonstrated that contamination with IF, CP, and PX was wide spread 

on almost all surfaces sampled in the compounding zone and outpatient nursing station, 

suggesting that deficiencies in adhering the current institution’s safety guidelines and 

protocols for the handling of HDs do exist.  

It was learned from the study described here that CP was most frequently detected in the 

outpatient nursing station (i.e. 83%). Also, CP was measured at the highest contamination 

levels on two work surfaces, the transportation carts and IV infusion pumps. These 

findings raised concerns about how HDs are compounded and administered in the 
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oncology HCF, especially for cyclophosphamide, HD classified as Group 1 (i.e. 

carcinogenic to humans) according to the IARC monographs.  

As for IF and PX, these two drugs were more frequently measured in the compounding 

zone and their contamination levels were higher than those reported in previously 

published works (80-83, 91), assuming that contamination of the work place with these 

agents is a common feature among oncology HCFs that needs to be addressed in order to 

reduce occupational risks. 

Efficacy of decontamination procedures was partially evaluated in this environmental 

monitoring study. Data collected through the analysis of surface-wipe samples before and 

after conducting the terminal cleaning/disinfecting procedure in the compounding zone 

and outpatient nursing station confirmed high variability of contamination levels for IF, 

CP, and PX. Several factors may have contributed to the occurrence of this phenomenon: 

1) the use of non-disposable cleaning wipes is likely to spread contamination from one 

surface to another; 2) the technique utilized by the housekeeping staff to conduct the 

cleaning procedure; 3) the frequency of the procedure; and 4) the shape of surfaces to be 

decontaminated (i.e. regular, irregular), understanding that irregular surfaces are harder to 

clean compared with regular surfaces.   

In summary, the environmental monitoring study conducted in the Colombian National 

Cancer Institute covered the main goal of the research project by providing a more 

accessible analytical capability to quantitatively measure, for the first time, contamination 

levels generated by the handling of ANDs in preparation and administration areas. 

Sensitivity levels achieved with the developed methodology were close to those offered by 
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the state-of-the-art technology. Sources of work place contamination, and therefore 

potential preventable occupational exposures were identified.   

2. Future Directions 

The environmental monitoring study described here was the first approach for establishing 

a baseline of work place contamination generated by the handling of ANDs in the 

Colombian National Cancer Institute. Quantitative results obtained through the analysis of 

surface-wipe samples showed high levels of contamination with IF, CP, and PX in the 

compounding zone and the outpatient nursing station.  

Particularly, drug contamination levels found in this study were much higher than the 

LODs estimated for IF, CP, and PX. Consequently, the developed HPLC-UV 

methodology needs to be tested when measuring field wipe samples containing the target 

ANDs at lower levels. However, it is hard to predict contamination levels with HDs in 

HCFs with limited resources that have endorsed the international recommended safety 

guidelines. 

In accordance, periodic environmental monitoring studies (e.g. evaluation of work place 

contamination every 6 to 12 months) are recommended to assess corrective measures that 

were implemented in the institution under evaluation. 

Also, incorporation of other HDs to be measured along with IF, CP, and PX in the event 

of other HCFs do not handle one of the three target ANDs or handle them at a lower rate 

would constitute an improvement of the HPLC-UV methodology, thus allowing a wider 

spectrum of drugs to be measured as contaminants in the work place.  
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Additionally, as a complement to the environmental monitoring studies, biological 

monitoring studies should be conducted in the intermediate term (e.g. 1 to 2 years) for 

better assessing occupational risks associated with the handling of HDs among HCWs 

once environmental work place contamination levels have been documented. In this 

particular case, approval of the Institutional Research Board is needed since human 

subjects (i.e. workers’ urine) would be involved in the study. Under these circumstances, 

the HPLC-UV methodology should be tested for measuring HDs contained in workers’ 

urine, an organic matrix completely different from that analyzed in the work described 

here. Also, it has been reported that HDs are detected in workers’ urine at lower 

concentration levels than those detected in environmental wipe samples (104). Thus, 

modifications or even replacement of the original HPLC-UV methodology for a more 

sensitive analytical method may be needed.  

In regards with the efficacy of decontamination procedures in oncology HCFs, more 

research is necessary for establishing an appropriate universal protocol to achieve 

complete chemical deactivation and removal of ANDs from work surfaces. Also, physical 

and chemical properties of each HD play a relevant role in allowing disinfecting/cleaning 

agents to exert their action. Furthermore, it has been described that CP and IF remain on 

work surfaces for long periods of time compared with other ANDs (99). These findings 

may indicate that work surfaces interact with HDs to different extents (74, 105). 

Therefore, it is necessary to better understand how different work surface materials (e.g. 

stainless steel, Formica
TM

, and vinyl) may condition HDs’ removal from contaminated 

surfaces.   
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