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Abstract Treatment using cy totox ic drugs is considered to be the most common treatment for cancers. Howev er, the widespread use of these drugs on the health status of the staff at the oncology department has become a great concern. Due to challenges of sampling and analy sis of cy totox ic drugs, the aim of this study was to dev elopment a nov el practical method called Needle trap dev ices (NTD) for sampling and analy sis of http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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personal ex posure to cy clophosphamide drug. The sampler consisted of a stainless steel hy per needle gauge 21 of length 9 cm packed with Carbox en 1 000 for adsorbing cy clophosphamide. A total of 41 samples of staff’s air breathing zone in different wards of the oncology department were taken with the sampler. Samples were analy zed by gas chromatography coupled with electron capture detector (ECD). Linear range concentration was 21 2–1 062 μg/m3 , and LOD and LOQ were 1 00 and 1 91 μg/m3 , respectiv ely . The mean inter-day and intra-day coefficient v ariations for standards within linear range concentration were 8.9 and 4.8 %, respectiv ely . Detectable lev els of cy clophosphamide were measured in 31 .7 % of air samples. The dev eloped method is user-friendly , quick, and precise for sampling of airborne cy clophosphamide. The results showed that some staff of the oncology department were ex posed to the carcinogenic drug and their health were at risk. Since carcinogens do not hav e a threshold and oncology staffs with their continuous ex posure might be at risk, therefore, proper work practice and adequate control measures are essential to ensure their wellbeing.



Keywords Occupational ex posure monitoring Oncology staff Cy clophosphamide drug Needle trap dev ice



Introduction It is well known that the common treatment for cancer is mainly performed using cy totox ic drugs with strong cy totox ic effects. The widespread usage of these drugs for the treatment of patients with cancer hav e raised great concerns about the health status of staff who work at cancer treatment centers (Sorsa et al. 1985; Jochimsen 1992; Sessink et al. 1995; Constantinidis et al. 2011). Most anti-cancer drugs are unable to http://link.springer.com/article/10.1007%2Fs10661-016-5255-x



2/17



١٣٩۵/۵/۴ ش.ھ.



Development of a new method for sampling and monitoring oncology staff exposed to cyclophosphamide drug | SpringerLink



discriminate normal cells from cancer cells, so that they interfere with cell div ision by disrupting DNA and RNA sy ntheses. Therefore, ex posure to these drugs may lead to the harmful effects such as carcinogenicity , genetic mutation, and teratogenicity (Moretti et al. 2011). Ex posure at pharmacies and health care setting often takes place through inhalation and skin ex posures (Sorsa and Anderson 1996; Sessink and Bos 1999; Sottani et al. 2007). Many studies hav e reported airborne concentration of anti-cancer drugs in treatment centers (Sessink et al. 1992; Ny gren and Lundgren 1997; Pethran et al. 1998; Kiffmey er et al. 2002; Stuart et al. 2002; Larson et al. 2003a, b; Wittgen et al. 2006). In most cases, the percentages of air samples that contain measurable airborne concentrations of anticancer drugs were low. Most authors used paper or glass filter for capturing airborne particles containing anti-cancer drugs. Howev er, both gaseous and particle forms of cy clophosphamide hav e been reported in other studies (Kiffmey er et al. 2002; Larson et al. 2003a, b). Due to the low concentration lev els of airborne workplace contaminants and personnel biological samples, it seems essential to change sampling and analy tical strategies and more attention paid to dev elop and introduce new methods for preparation and analy sis of workplace contaminations. Since, the methods used in determining the amount of cy totox ic drugs mainly based on collecting on filter or adsorption and afterwards chemical ex traction and finally analy sis by highperformance liquid chromatography (HPLC) or gas chromatography (GC) (Wakui et al. 2013; Pretty et al. 2012; Odraska et al. 2011; Hedmer et al. 2004; Larson et al. 2003a, b). In recent y ears, researchers hav e introduced SPME and NTD as new methods of sampling and analy sis of low concentration of contaminants in air and biological samples (Y uan et al. 2001; Moein et al. 2014; Eom et al. 2008; Heidari et al. 2013). In these methods, innov ativ e ideas regarding sampling, ex traction and direct analy sis of analy tes were introduced. As a result of direct GC analy sis and solv ents free ex traction practice prior to injection, original samples without dilution were injected and analy zed with much higher sensitiv ities than prev ious methods. Howev er, SPME requires passiv e sampling, http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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but NTD uses activ e sampling which may contribute to higher precision than former techniques. Generally , both methods hav e properly addressed sensitiv ity and reliability issues concerning the analy sis of low concentration of chemicals in v arious media (Koziel et al. 1999; Ouy ang and Pawliszy n 2006; Kataoka et al. 2009; Connor et al. 2010). To the best of our knowledge, there is no report of monitoring occupational ex posure to antineoplastic drugs with new innov ativ e methods such as SPME and NTD up to now. Considering the importance of oncology department staff ex posure to anti-cancer drugs, and insufficient awareness about ex posure lev els of anti-cancer drugs in Iran, the aim of this study is to monitor the ex posure of oncology ’s staff to cy clophosphamide with NTD sampler in a major hospital located in the city of Tehran.



Materials and methods Preparation of needle trap device NTD consists of 9 cm length hy per dermal stainless needle (Hamilton Co.) size 21 -gauge packed with grinded Carbox en-1 000 (Supelco Co.) for mesh size range of 60–80 μm. (Fig. 1). First, the granular absorbent was weighted. From 9 cm of needle length, 5 cm dedicated to absorbent and remain of needle was not packed because it remained outside of GC liner. One end of sampler needle was blocked by using a filling needle. Three-millimeter supporting fiberglass was inserted from the tip of sample needle using another filling needle. The tip of another needle was placed on tip of sampler needle (tip to tip) the sampler needle was filled with weighted absorbent. Then another supporting fiberglass was inserted to pack the sampler needle. After packing, the NTD was thermal conditioned in an ov en at 220 °C for 3 h and subsequently washed with clean nitrogen gas.



http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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Fig. 1 Hyper dermal needle (gauge 21)



Preparation of standards Atmospheric standards were prepared with air sampling tedlar bags (SKC Co) of v olume of 1 , 5, and 1 0 l. The gas tight sy ringe and glass sy ringes with Luer-Lock tip with a v olume of 5–1 000 μl (Hamilton Co.) were used to injected different quantities of drugs diluted in ethanol into tedlar bags. For preparation of standard samples, 1 5 mg of cy clophosphamide dissolv ed in ethanol and then amount of cy clophosphamide in 1 5 μl which was taken from stock solution calculated. It was injected v ery slowly into a tedlar bag (1 0 l) which was placed in front of an air heater. Afterwards, by using the C1 V 1 = C2 V 2 dilution equation, amount of air required to draw from bag (1 0 l) was calculated to produce ultimate standard concentration when injected into a 1 -l tedlar bag. Six atmosphere standard’s concentrations lev els include the following: 21 2-382-552-7 22892-1 062 μg/m3 .



Method validation The calibration curv es used for cy clophosphamide quantification reflected the latest FDA guidelines (FDA 2001). For quantification of cy clophosphamide drug in air samples, the v alidation method was performed to determine the accuracy and



http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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precision of analy zing this drug in air samples. In ov er 5 day s, intra/inter-day v ariations were obtained. The linear range concentration for cy clophosphamide using internal standard ifosfamide was constructed. For plotting calibration curv e, concentration points were plotted along the x -ax is (cy clophosphamide concentration/ifosphamide concentration) and peak area points were plotted along the y -ax is (cy clophosphamide concentration/ifosphamide peak area). Linear regression equation (y = 0/009x + 663) for plotted points using Microsoft ex cel software was obtained. The calibration curv es were linear ov er six concentrations for cy clophosphamide with an R 2 of 0.996. It was used to obtain unknown concentrations of cy clophosphamide samples which were taken from an oncology ward. The limit of detection (LOD) was described as the lowest concentration lev el resulting in a peak area of three times the background peak. The limit of quantification (LOQ) was described as the lowest concentration lev el resulting in a peak area of ten times the background peak. LOD and LOQ were calculated based these definitions. The precision test was ev aluated by the intra-day and inter-day v ariability . Three different concentrations (low, medium, and high) of the cy clophosphamide standards were prepared in a tedlar bag. Three replicates of the samples at each concentration were ev aluated on the same day for intra-day precision, whereas repeated analy sis at each concentration of the samples three times per day ov er fiv e successiv e day s for inter-day precision. The quantity of analy te was obtained from calibration curv e. The relativ e standard dev iation (R.S.D) was taken as a measure of precision. In order to check the accuracy of method, the recov ery ex periments were carried out as follows: three different quantities (low = 1 00 μg/m3 , medium = 500 μg/m3 , and high = 900 μg/m3 ) of the cy clophosphamide standards that dissolv ed in ethanol were spiked



http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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into the tedlar bags. The quantity of analy te was subsequently obtained from calibration curv e. Stability of samples was tested for the duration of 1 to 1 2 day s (maintained in refrigerator at −4 °C) at two low and high concentrations of 250 and 950 μg/m3 , respectiv ely .



Sampling flow rate and breakthrough volume investigation For breakthrough v olumes (BTV), two packed needles were connected in series (NTD-1 in front and NTD-2 in back) and standard atmosphere 950 μg/m3 with v ariable v olumes of 2–7 l were drawn through the two NTDs. Both NTDs were injected in GC port. Finally , the max imum flow rate with the highest BTV was selected as the proper sampling flow rate. The breakthrough percentage was also calculated v ia Eq. (1), where FN and BN show the ex tracted amounts in the front and back NTD, respectiv ely . Break through percentage = 100 × BN/ (FN + BN)



(1)



A sampling pump was set to 300 ml/min in which the sampler needle flow rate was measured at 20 ml/min. This flow rate was monitored for sampling duration per 60 min using a soap bubble flow meter. No considerable change was observ ed ov er time. This work was performed by two people, and the same result was obtained.



Chromatographic conditions The GC (Shimadzu) with a capillary column (BP5 with 30 m length) equipped with ECD detector was employ ed. The GC ov en was initially kept at 80 °C for 2 min, and then, it was gradually increased (6 °C per minute) to 1 60 °C. After 1 min, the temperature was increased (8 °C per minute) to a final temperature of 230 °C, making a total of 25 min. The carrier gas was nitrogen (99.9995 %), and the column flow was 2 ml/min. Peak v erification of cy clophosphamide and ifosfamide in our study through GC-ECD was http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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ex amined by GC-MS (Agilent 597 5c) with the same chromatography conditions and column according to a general procedure reported by Fred Fey erherm (Fey erherm et al. 2014).



Description of the hospital This study was conducted at a hospital in Tehran, Iran from December 201 4 until August 201 5. The hospital included two preparation rooms, 31 inpatient beds, and 1 0 outpatient beds in which 35 people worked at the oncology ward.



Sampling by NTD Personal sampling was achiev ed in the breathing zone of staff, and air was drawn through the NTD sampler using a low v olume sampling pump with a flow rate of 20 ml per minute. Forty -one samples were collected within 4 h from the different location in pharmacy and nursing stations near the breathing zone of staff who were potentially ex posed to cy clophosphamide drugs.



Desorption in GC injection port To reduce the analy sis time and increase the life time of the sorbent, the minimum desorption time that occurred with the highest peak response was selected as the optimum desorption time. Desorption times and temperatures were assessed for NTDs packed with carbox en in and of four lev els of 30 s to 2 min and fiv e lev els of 260– 31 0 °C. Optimum desorption time and temperature for NTD/carbox en were 30 s at 300 °C, respectiv ely . After sampling with NTD, the samples were kept at −4 °C in a cold box containing dry ice and was then sent to the laboratory for analy ses. The NTD was inserted into the injection port of the GC coupled with ECD detector and kept for desorption for up to 30 s at a temperature of 300 °C, and then using sy ringes that connected to the needle, 200 μl of clean air was injected through the needle and into the column. http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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Results A new sampler, called needle trap dev ice (NTD), was used for staff monitoring at the oncology ward. Their mean age (range) was 30 (24–45) y ears old and the mean work ex perience was 5 (1 –8) y ears. Samples taken from different sections of the oncology ward and pharmacy were analy zed by GC-ECD. The retention times of cy clophosphamide and ifosfamide (internal standard) were 1 7 .5 and 1 6.7 1 min, respectiv ely . Cy clophosphamide and ifosfamide peaks were ex amined by GC-MS, and their identities were confirmed with 95 % confidence. Linear range concentration for GC analy sis was 21 2–1 062 μg/m3 , and LOD and LOQ 1 00 μg/m3 and 1 91 μg/m3 , respectiv ely , was obtained. The calibration curv es were linear ov er six concentrations for cy clophosphamide with an R 2 of 0.996. Break through v olume (BTV) of NTD sampler with 5 cm length of packing at v olume of 5500 ml was measured. NTD samplers were effectiv ely used at least ten times prior to its disposal. The intra-day and inter-day accuracies were 95.2–1 08.5 % and 97 .3–1 04 % and inter-day and intra-day precisions were 8.9 and 4.8 %, respectiv ely . Stability results shows the samples can be stored at temperatures −4 ° C up to 1 0 day s and recov ery from the NTD samples is still greater than 95 %. We found detectable lev els of cy clophosphamide in breathing air of 31 .7 % of ex posed staff. The data regarding personal monitoring of staff in v arious locations of oncology ward are shown in Table 1. Cy clophosphamide was not detected in four locations as shown in Table 1. Staffs working in the preparation room (A and B) and pharmacy were ex posed to cy clophosphamide drug. These results showed the highest occupational ex posure of cy clophosphamide in the range of 280 ± 1 1 5 μg/m3 in the preparation room B. http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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Table 1 Personal exposure of staff to cyclophosphamide (μg/m3 ) Location



No. of



No. of



Average ± SD



sample



samples >LOD



cyclophosphamide concentration



Preparation room (A)



8



5



236 ± 106



Preparation room (B)



8



5



280 ± 115



Inpatient beds



5



0



NDa



Outpatient beds



5



0



NDa



Reception (A)



5



0



NDa



Reception



5



0



NDa



5



3



200 ± 83



(B) Pharmacy a Not



detectable 


Discussion http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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This study , with the objectiv e of personal monitoring of oncology staff ex posed to cy clophosphamide, used a NTD sampler. Prior studies with similar objectiv es used a more elaborate purge and trap sy stem in which subsequent analy sis by gas chromatography mass detector or HPLC-UV detector (Hedmer et al. 2004; Larson et al. 2003a, b; deWerk Neal et al. 1983; Sorsa et al. 1988). Considering our v alidation data, new sampler along with GC-ECD analy sis produced a comparable performance while it was less complicated and costly . In this study , personal monitoring of the oncology staff in one of the Tehran’s Hospital was conducted with NTD sampler and subsequent GC-ECD analy sis. A total of 31 .7 % of samples that were taken from the oncology staff had higher ex posure to cy clophosphamide than the analy tical detection limit. The same time in a study by Thomas H. Connor showed air samples (total of 67 env ironmental air samples and 60 personal air samples) collected in pharmacy and nursing areas were below the LOD (3.1 to 6.9 ng/m3 ) for cy clophosphamide, ifosfamide, paclitax el, 5-fluorouracil, and cy tarabine, and just one personal air sample rev ealed a 84.5 μg/m3 concentration of cy clophosphamide (Connor et al. 2010). The contrast between our staff with their foreign coworkers, clearly demonstrated higher ex posures for our staff, which might be due to improper work practice and inadequate control measures. Cy clophosphamide is a human carcinogenic drug according the IARC (IARC 1987). Since there are no risk criteria for risk ev aluation of cy clophosphamide, further tox icological studies are needed to conduct risk assessment. Howev er, due to the carcinogenicity of cy clophosphamide, there is no threshold concentration for its effects, and therefore, ex posure, higher or ev en lower than LOD to the cy clophosphamide, could pose unacceptable risks to the health of oncology staff. Generally , further effort is recommended to upgrade the NTD method for optimizing its sensitiv ity for achiev ing more thorough monitoring for carcinogenic drugs.



http://link.springer.com/article/10.1007%2Fs10661-016-5255-x
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A new method for occupational monitoring of ex posed staff to cy clophosphamide was dev eloped and v alidated in this study . It was apparent that the oncology staff in this study might be at some risk. The presented method could facilitate a more frequent and thorough monitoring of ex posed groups due to its lower costs compared to ongoing methods at present. Howev er, further efforts should focus on acquiring better sensitiv ity for the personal monitoring of ex posed staff. It is also recommended that this method should further be dev eloped for the biological monitoring of ex posure for the carcinogenic drugs.
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