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Cyclophosphamide is a known human carcinogen. In July Paclitaxel. Taxol. HPLC

1999, in a report at a conference on cytotoxic drugs in
Sweden, it was indicated that cyclophosphamide (CP) was
not effectively controlled by high efficiency particulate air Cyclophosphamide, one of the most frequently used anti-
(HEPA) filters.® This then raised a concern that the existing neoplastic agents in clinical treatment facilities, and a known
air monitoring methods, which utilize polytetrafluoroethyl- human carcinogen (IARC class 1-&)7) was determined to be
ene (a.k.a. PTFE, or Teflon) or glass fiber filters for evalua- a primary agent in need of further method development. Other
tion of antineoplastics such as CP in air may also be ineffec- agents were included in the study based on their potential health
tive for collection and quantification of such agents. It was risks and frequency of use. These were ifosfamide, fluorouracil,
decided that further evaluation of the existing filter method doxorubicin, and paclitaxét-1%

for monitoring antineoplastics in air be conducted. This eval- Because of its physical properties, it was previously thought
uation determined that the filter method of monitoring was that cyclophosphamide could only exist in air as a particulate.
minimally effective for some antineoplastic agents, and that Typical monitoring consisted of using either Q/n glass fiber

an alternate method of monitoring should be sought. The filters or 0.45um polytetrafluoroethylene (or PTFE, Teflon)
method subsequently developed utilizes a solid sorbent tube,filters (16-22 Samples were usually collected over periods of
Anasorb 708, a methacrylic acid polymer. Evaluation of this  at least 40 hours, and frequently for more than 80 hours. Results
sorbent tube for adsorption and desorption properties found generally were very low or below limits of detection, even when
it had a greater than 90 percent recovery for both CP and monitoring in areas where high volumes of cyclophosphamide
ifosfamide. Other agents evaluated included 5-fluorouracil, were being use&®2% Further, the National Institutes of Health
doxorubicin, and paclitaxel. All three agents were able to be (NIH) recommended that work with hazardous drugs, which in-
detected and measured by use of Anasorb 708 solid sorbentcludes cyclophosphamide, be carried out in a biological safety
tube. Validation of the method was then conducted with air cabinet (BSC), which is equipped with HEPA (filters) to control
pulled through the tubes via attachment to an air manifold the agent§&?

system at air flows ranging from 1.5 to~4.0 liters per minute In July 1999, K.G. Schmidt gave a report at a conference on
for up to 24 hours. This evaluation did validate the Anasorb Occupational Exposure to Cytotoxic DruigsSwederf? He in-

708 tube as an effective media for collection of airborne con- dicated that he found cyclophosphamide, and possibly other anti-
centrations of CP from less than 1ug up to approximately neoplastic agents, are not effectively controlled by HEPA filters.
2 mg (2000p.9) per tube. This corresponds to a concentra- Such filters are used for control of aerosol contaminants in class
tion range of approximately 0.7 ug/m® (0.0007 mg/n3) to II, type A biological safety cabinets (BSC&%2% These cabi-

0.7 mg/m? in a 5.76 n? volume of air. This method can pro- nets recirculate approximately 70 percent of cabinet air through
vide accurate information on airborne concentrations of CP  HEPA filters into the cabinet, and the remainder is discharged
for purposes of conducting risk assessments or evaluation of through HEPA filters into the room. Schmidt speculated that
risk management methods. the cyclophosphamide particles are probably captured by the
HEPA filters as particles, but that it evaporates or sublimates
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off the filter and returns to the local air through the BSC exhau&halytical Method
streams. Analytical Equipment

This observation is somewhat supported by Connors et al. Analytical methods reviewed included reverse-phase HPLC,
recent work on surface ContaminatiGﬁ).They have found sev- GC, GC/mass Spectrometry' and GC/mass spec—mass spec (tan_
eral areas in cancer centers that have surface contamination fg@dfh mass spectrometi}§2224 The GC-tandem mass spec
antineoplastic agents, which may be the result of contaminagisy the GC/mass spec have very high specificity and sensitivity,
in air Settling onto solid surfaces. In addition, ina 1999 artidgut they do have some restrictions. Compncated Samp|e han-
by Sessink and Bos it was stated that “uptake of cyclophaging, often requiring derivatization, may be required in order
phamide was even found in pharmacy technicians involved & avoid the decomposition of agents like cyclophosphamide on
the preparation of cytostatic drugs other than cyclophogre columr162122) Although the GC method was determined
phamide.?) This would indicate they were likely being ex-to have the sensitivity needed to measure low microgram con-
posed by either airborne concentrations of cyclophosphamigigntrations of an antineoplastic, it does not have the versatility
or from surfaces contaminated with cyclophosphamide. Basgékired to simultaneously detect multiple agents having differ-
on the observations of Schmidt, exposure was likely occurriggt chemical characteristics because of the derivatization step.
by both mechanisms. Thus, it was decided that the reverse-phase HPLC would likely

Because of these findings, it was concluded that if cyclophase the optimum method for simultaneous analysis of the five
phamide was not effectively collected and controlled by HEPAgents of interest.
filters in BSCs, there may be a flaw in existing air monitor- A Bio-Rad reverse-phase HPLC equipped with a model 1790
ing methods, which utilize PTFE, or glass fiber filters for CO'programmabIe UV/VIS monitor was used. The system utilized

lection. If it were correct that cyclophosphamide evaporategs00,.L injection loop and a Waters 1504.6 mm Symmetry
or sublimated off the filters, it was likely that the filter mon-C18 column with 5.Qum particles?®

itoring method is not effective for monitoring cyclophos-

phamide, and an alternate monitoring method would need to be, .
considered. Mobile Phase

An evaluation of the effectiveness of the filter monitoring A combination isocratic and gradient method was found ac-

methods currently in use was conducted. Results indicated Fptable for detection of all five agents with a single analysis.
filter monitoring method to be minimally effective for collec-! "€ first 20 min used a mobile phase of 22.75 percent ace-
tion of cyclophosphamide. Based on this information, it wa2nitrile in Milli-Q water, with the water buffered by potassium
decided that a method using a solid sorbent might be more BROSPhate to a pH 6.0, and at a flow rate of 1.2 mL/min. This
fective for collection of the cyclophosphamide as a vapor. ThUOncentration of acetonitrile in water and associated flow rate
steps were taken to develop a monitoring method in whidkS f_ound_to_prowd_e the separation of all but one agent peak_ln
solid sorbents would be used as an effective sample collg Min- Thisisocratic phase was followed by a 25-minute gradi-
tion media for cyclophosphamide, as well as for some othBpt Phase to a 70 percent acetonitrile and buffered water to elute
commonly used antineoplastic agents. Because of their potd?f [ast agent, paclitaxel. The gradient was then brought back
tial toxicity and common use in cancer therapy, ifosfamid&? 2_2'75 percent gver 5 more minutes, foIIowed_by a 10-minute
5-fluorouracil, doxorubicin hydrochloride, and paclitd%e!® period to completely return to the normal baseline. Gas forma-

were included in development of a monitoring method acce;ﬂ‘-’” from the acetonitrile was minimized by first degassing any
able for cyclophosphamide solutions containing acetonitrile.

Preparation of Standards

MATERIALS AND METHODS The selectivifty of the method Wa_s_ver_ified by the finalysis
of blank and spiked samples. Quantification (peak height) was
Selection of Air Monitoring Method carried out by reference to calibration curves constructed from

Methods available for consideration included use of an inthe analysis of freshly prepared analytical standards. These ana-
pinger to collect airborne contaminants in a solvent solution thgtical standards varied from containing an individual agent at a
could be directly injected into an analytical instrument, use specific concentration to containing all five agents at select con-
a filter collection method to collect airborne particles, or use eentrations. The analytical standards used for calibration were
a solid sorbent to collect contaminants in the gas and/or vagwepared from the products indicated in Table I.
state. Use of impingers has a variety of drawbacks. For example Each of these five agents was first prepared by dilution in a
impingers can lose a portion of the collection solvent and alpdend of one part methanol and one part Milli-Q water (some
relatively easy to spill or to break. Therefore, it was decided froducts had to be reconstituted first with distilled water before
evaluate the other two types of air monitoring methods availablsitial preparation as standards). Any subsequent dilutions to
use of filters and use of solid sorbents for monitoring of airborrgepare standards of a desired concentration were obtained by
antineoplastics of interest. blending with Milli-Q water.
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TABLE |
Information on agents used to make standards
Brand name Composition Lot no. Manufacturer
Cytoxan (for injection) Cyclophosphamide (20 mg/mL) Lot 9G22823 Mead Johnson (Bristol-Myers Squibb)
Ifex (for injection) Ifosfamide (50 mg/mL) Lot KCS99 Mead Johnson (Bristol-Myers Squibb)
Doxorubicin HCI Doxorubicin HCI (2 mg/mL) Lot 123200A Novaplus
Lot 93592 Bedford Labs
Adricil (for injection) Fluorouracil (50 mg/mL) Lot FFA221  Pharmacia & Upjohn
Paclitaxel (99.99%) Paclitaxel Not available Sigma
Determination of UV Wavelength for Detector Specifically, the ability of the collection material to retain the

Each of these agents (Table 1) was scanned by spectrophaptured contaminant as air continues to be pulled through the
tometry (Beckman DU-600) to determine their individual opsorbent after the contaminant is no longer present in tHé®air.
timum UV wavelength range in nanometers (nm) for UV deBecause of the potential for cyclophosphamide to sublimate off
tection. It was learned that these agents were generally mbier material, this was an important test for this study.
detectable in the range between 190 and 200 nm.

Air Manifold System

Selection of Desorbing Solution To conduct controlled testing of the various air monitoring
Typically, the solution used for desorbing chemical agenisethods available for the antineoplastic agent of interest, it was

collected in the sorbents from either air or surface samplirgtermined that a manifold design would be most effective. An
media has been 50 percent methanol:50 percent water buffesrdmanifold was constructed using 15-inch length 6fRAVC
to pH 6.0 by blending monobasic and dibasic potassium phggpe, with a cap glued on one end and a screw-on cover at the
phate. Because of the variation in physical characteristics @iposite end. This pipe was then equipped with eight needle
the agents of interest in this study, especially polar aspectsvalves to control air flow at each air inlet port (see Figure 1).
each, various iterations of acetonitrile and methanol in water The manifold was connected to a vacuum pump able to pull
were tested for desorbing capabilities. It was determined thgs to 30 L/min total air volume through the eight ports on the
the most effective desorbent was a blend of 10 percent acetananifold. A Dry-Cal calibration unit (Bios International Corp.,
trile, 25 percent methanol, and 65 percent Milli-Q water. ThiButler, NJ) was used to measure air flow rates at each of the
blend assured optimum desorption of cyclophosphamide (Gijedle valve ports on the manifold. Once the air flows were
and ifosfamide (IF), and acceptable desorption of 5-fluorouragihown for each inlet, the sampling train to be evaluated was
(FU) doxorubicin (DX), and paclitaxel (Pac). attached to the port. After the attachment of the sample train,

the air flows were re-measured at the inlet of the train. Air flow
Evaluation of Overall Effectiveness of Monitoring Media _rates at all man_ifold inlets useq were measured a_fter any ad-

&l_stment to any inlet and before initiation of the testing. A final

One important step in determining the effectiveness of a ¢ ; . :
: . o . T T “easurement was made immediately prior to removal of the
lection media for the monitoring of a contaminant in air is tQ

- : ) Sample trains from the manifold ports. The initial and final mea-
evaluate the ability of the sorbent to retain the contaminant(s). . Lo
Stirements were averaged, then multiplied by the time in minutes

to obtain the total volume of air moved through the sample train.

TABLE Il Vinyl tubing was used to connect sorbent tubes or filters to the

Optimum ultraviolet (UV) detection range for manifold as applicable.

the agents of interest

Agent UV wavelength (nm)
Fluorouracil 195t0 210 iRy
Ifosfamide 190 to 195 Vm Manifold
Cyclophosphamide 190 to 195 I 552
Doxorubicin 190 to 195, o
and 230 to 235 FIGURE 1

Paclitaxel 190 to 210

Air manifold system connected to a vacuum pump with inlets
Note Based on this information, the UV detector to the manifold equipped with needle valves for flow control of
on the HPLC unit was set at 195 nm for detection. air through each sample test train.
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TABLE I
Results from evaluation of PVC to determine stability of 2@@Dcyclophosphamide spiked
onto the filter after air pulled through

Air flow Air Cyclophosphamide
Sample no. Sample description L/Min vol.Yn  mass recovereduQ)
1 PVC filter & support pad 2.16 2.19 1530
2 PVC filter, no support pad 2.02 2.07 1510
3 PVC support pad, no filter 2.36 241 1490
Anasorb 708 tubes after filters
4 After filter—1 2.16 2.19 <0.2
5 After filter—2 2.02 2.07 <0.2
6 After filter—3 2.36 241 <0.2
Control None None 1980

Note PVC filters: 37 mm diameter, 50m pore size, polyvinyl chloride filter circle.

Filter Method Evaluation Results from this test found that the PTFE filter and the PTFE
PVC Filter Evaluation support pad without a filter both lost nearly 1709 from an

The first material tested as a possible monitoring media wal§igial loading of 2000.g (2.0 mg) or greater than an 83 percent
37-mm, 5.0um PVC filter. The PVC filter was tested both withl0ss after 5 r of air pulled through the PTFE filter cassette
and without a support pad, and the support pad was tested wsembly. It was also noted that only a very small fraction of the
out a PVC filter. In each case, the filter and/or support pad wa¢clophosphamide loss was detected in the Anasorb 708 tubes
spiked with 2.0-mg CP. An Anasorb 708 tube was connecté@wnstream of the spiked filter assembly.
downstream of the filter cassette and air was pulled through

the sample train, typically for 16-17 hours. The results for TABLE IV
both the filter analyses and Anasorb 708 analyses are found iResults from evaluation of PTFE filters and support pads to
Table IlI. determine stability of 200@.g cyclophosphamide spiked onto

Results indicate approximately 5@@ of the 200Qug spike the filter after air pulled through
was lost off the PVC filter and support pad, the filter with-= )
out a support pad, and support pad without a filter after ap- Cyclophosphamide
proximately two cubic meters of air pulled through each. Not ample L mass recovered
that a control filter was spiked with 2008y, stored at ambi- _ "°: Sample description 1)
ent temperatures but with no air movement through it, and deTFE (Teflon) media tests
sorbed. Result yielded 198, or nearly 100 percent recovery.1 PTFE filter & support 335.4
Because the cyclophosphamide lost from the PVC filters was pad—2.0 mg CP
not detected in the respective Anasorb 708 tubes, it was sygs- PTFE support pad 324.9
pected that the lost cyclophosphamide either sublimated onto only—2.0 mg CP
the sidewalls of connection tubing or sidewalls of filter casz Blank TEFLON support pad, <02
sette, or both. This was confirmed as indicated in Tables XIV no air
through XVII. 4 Field blank Anasorb 708 <0.2

Analyses of Anasorb 708 after support pad spiked with

PTFE (Teflon) Filter Evaluation 2.0mg CP .

Tested next for potential use as monitoring media Wasja Ansispoggrzgzaﬁm tbe after 4.9
37-mm, 0.45xm PTFE filter placed in 37 mm SAN (styrene )
acrylonitrile) cassettes. Also evaluated were the cellulose su?p- Anasorb 708, first tube after 18
port pads for the PTFE filters. These filters and support pads support pad
were each dosed with 2 mg of CP and evaluated. Approxdf- Anasorb 708, second tube <0.2
mately 5 n? of air (3350 cc/min for 1490 min) were pulled - after suppc_)rt pad. , .
through the filter and/or support pads (see Table V). Anaso%oetﬁa?sseglank keptin admin. office for 24 hours with

708 tubes were placed after the PTFE filters to determine_if

the CP was being lost to the air exhausting from the filter Note PTFE Filer: A 37-mm dia., 0.4%m pore size PTFE (Teflon)
cassette. filter circle.
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TABLE V TOTAL IFOSFAMIDE RECOVERY
Results from PTFE filters only to determine stability of

2000u.g cyclophosphamide spiked onto the filter after air

6
pulled through ? 5
Cyclophosphamide £ 4 DCollect Tube |
Sample mass recovered g 3 | Connectors |
no. Sample description ) g2 | Spiked Tube |
-
=
PTFE & Anasorb 708 media tests = .
1 PTFE filter source 209 1 2 3 4 5 6
#1—2.0 mg CP TEST SAMPLE TRAIN NUMBER
2 Anasorb 708, first tube after 2
filter source #1 FIGURE 3
3 PTFE filter source 192 Recovery of ifosfamide from different sample train
#2—2.0 mg CP components.
4 Anasorb 708, first tube after 1
filter source #2 to be inefficient collection media, solid sorbents were selected

Note PTFE filter: A 37-mm dia., 0.4%m pore size PTFE for evaluation.

(Teflon) filter circle.

Results in Table V indicate air pulled through the PTFE filtcﬁ"eth‘)d? for Eva!uatlon Of_SOI'd Sor.bents
alone reduced the concentration from 2.0 mg cyclophosphamide! M€ first step in evaluation of solid sorbents was to select an
to approximately 20Qug. This indicates a loss of CyC|0phos_acceptable me_zthod_ for determining th_e optimum sorbent. The
phamide off the PTFE filters only of approximately 90 perceﬁ?EthOd used in this study for evaluation of the sorbents was
due to air being pulled through the filter (see Table V). This fenerally based on procedures developed in the 1970s by the

a greater loss than that off the filter and support pad or suppbtiona lenz%tltute [for Occupational Safety and Health
pad only. (N!OSH).( ) In this method, air spiked with contaminants

After analyses of the spiked PTFE filters and/or support paag'me,reSt is drawn through a sample tube containing a sorbept
and the Anasorb 708 collection media, it appeared that a Siaaterlal. After the sorbent potentially traps_: the contamln_ants, it
nificant amount of cyclophosphamide mass had been remoﬂ/%&ater desorbed and_e_m_alyzed to determine acceptablllty, both
from the filter. There was only a minimal amount of cyclophod? 'écovery and sensitivity. Development of a method using a
phamide mass collected on the Anasorb 708 media downstre3fjd Sorbent for air monitoring has a number of advantages.
of the spiked filters. For purposes of mass balance, that is, gntweight pumps and sample tubes are relatively cheap and
identify where the cyclophosphamide had moved to, the ﬁn_g?er-acceptab_le._Increasmg _theflow rate ortime of sampling can
cassettes were rinsed, and the rinse was analyzed. Results #iiffase sensitivity. Many different chemicals can be sampled
analyses of the rinse found a significant amount of the origin&Find @ single sorbent, and a time-weighted avelage (TWA) is
cyclophosphamide mass was on the interior walls of the casseR8SSiDle over relatively short periods (e.g., 8 holifsj?) The
(average of 17%g cyclophosphamide). Since filters were foun§€Xt Step was selecting sorbents to test.

TOTAL CYCLOPHOSPHAMIDE

TOTAL FLUOROURACIL RECOVERY RECOVERY
-6 s
® 4 OCollect Tube @ 400 [ [ RS O Collect Tube
E 3 W Connection 5 300 FOF L Lot - \E Connector
52 WSpkedTue | g 200 [SHSS IS | mSpied Tube
= 5 1.00 | R
* 0 S 000 .

1 2 3 4 5 6 1 2 3 4 5 6

TEST SAMPLE TRAIN NUMBER TEST SAMPLE TRAIN NUMBER
FIGURE 2 FIGURE 4
Recovery of fluorouracil from different sample train Recovery of cyclophosphamide from different sample train

components. components.
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Selection of Sorbent Reviewing the characteristics related to specific retention and

The initial selection of sorbents to be evaluated was focuskteakthrough volumes for a variety of solute and adsorbent com-
on monitoring of cyclophosphamide. This was because cyclinations, three solid sorbents appeared to be candidates for
phosphamide is a known human carcinogen; is widely used, egaeening. These are Anasorb 708 (Amberlite XAD-8), Porapak
in relatively large quantities; and has therefore been evaluatedasind activated carbon.

: . ) 9 _ .
a marker of antl.neoplas.tlc agent gontammaf?@ﬁ. However, £\ -luation of Selected Solid Sorbents
because of the interest in also being able to detect and measurg . . .
valuation of the sorbents was a multi-phase activity. The

other contaminants of interest, itisimportanttoidentifyas:orbeﬁrtSt phase was to determine the ability for the antineoplas-

that has the capability for adsorption and subsequent desorpttli%g of interest, especially CP, to be desorbed from the sorbent
of other agents in addition to cyclophosphamide. ' ' ’

In 1096, Stanetzek et 8°) evaluated several adsorbents fOThIS phase would likely determine which, if any, of the first

o . "fhree solid sorbents selected for evaluation would be accept-
specific breakthrough and retention volumes, and for their re- . .
spective adsorption enthalpies for various organic compoun gle. The next phase was to evaluate the collection ability of

e sorbent found able to be acceptably desorbed. After lab

Adsorption enthalpy is a measure of the strength of the adsog\)/élluation the method was field evaluated in a cancer infu-

tive interactions with the adsorbent surface. : . - . .
. . . sion therapy area to determine its acceptability (see discussion
One of the organic chemicals evaluated in the study b ction)
X .

Stanetzek, which has a chemical structure somewhat similar

cyclophosphamide, was cyclohexylamine. Cyclohexylamine ,

(CéH13N) has a molecular weight of 99.2 and is a polapC'Pents Selected for Testing

chemical®3% Cyclophosphamide (&1;5Cl.N,0,P[H,0]) has As indicated earlier, three sorbents were selected for test-

a molecular weight of 279.1 and is also pdlgtAlthough the ing (SKC, Inc., Eighty Four, PA). Specific information on each

molecular weights are different, the structures are similar in tié@roent is indicated in Table VII.

each only has a single ring, and both have nitrogen moleculeslnitially, tests were conducted on each sorbent at various con-

attached to the ring. centrations of antineoplastic agents to obtain a rough indica-
Cyclophosphamide, being a polar material, requires a sdjen of the ability_for aQsprption and des_orption for each agent.

bent having both favorable adsorption and desorption prop&esults from this spiking and desorbing of the sorbents at

ties. Since the interest also is in simultaneous monitoring ¥&TYing concentrations are shown in Tables IV-VI.

other antineoplastic agents, some of which are nonpolar, it was

also necessary to try to identify a sample media that had ch&maluation of Selected Sorbents for Desorption Acceptability

acteristics acceptable for effective sampling and desorption of Procedures for evaluating each of the sorbents began with

nonpolar as well as polar agerts. spiking each sorbent with a specific concentration of CP. The

TABLE VI
Properties of candidate sorbents for cyclophosphamide moniforing

Amberlite XAD-8

Sorbent name (Anasorb 708) Porapak R Activated carbon
Specific surface area @) 140 450-600 1000
Average pore diameteA] 250 76 Not obtainable
Monomer composition Methacrylic acid N-vinyl pyrrolidine  Carbon (coconut charcoal)
polymer polymer
Adsorption enthalpy4H) 70.5-kJ/mol 55-kJ/mol No values
(re: cyclohexylamine)
Retention (\§) & breakthrough volumes (), 560 V,(Vp) 330V No values
& specific breakthrough volume 310 (L/g) 330 (L/g) Decomposition possible
(re: cyclohexylamine)
Mesh size Not available 50/80 Not available

ARef: Stanetzek et al., 1996.
Note V4 = Retention volume (retention time of solute moleculedt min/gram] multiplied by the mobile phase flow rate [F or
L/min], or L/g).
Vp = Breakthrough volume (breakthrough time of solute molecule, which is when it is first detectable at the colummautlet [t
min/gram] multiplied by the mobile phase flow rate [F or L/min], or L/g).
L/g = Specific breakthrough volume.
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TABLE VIl
Information on each of the three solid sorbents in sampling tubes tested
Sorbent name Exp. date Tube size (mm)  Sorbent quantity (mg)  Catalog number

Amberlite XAD-8 (Anasorb 708 or 4/04 & 70 100 (Lot 1124) 226-30-08

Chromasorb 108)
Porapak R 4/04 & 70 35/70 (Lot 896) 226-59-04
Anasorb CSC (coconut charcoal) 8/04 =x8L10 350/350/350 (Lot 2000) 226-09-02

Note All sorbents purchased from SKC South, Appomattox, VA. (SKC, Inc. Headquarters, Eighty Four, PA.)

TABLE VIl
Desorption results for activated carbon after spiking with agents

Mass recovereddg)

Sample no. Sample description FU IF CP DX Pac
1 Blank activated carbon tube <0.2 <02 <0.2 <05 <0.2
2 5.0ug IF, CP, DX; 2.5ug FU, Pac <0.2 <0.2 <0.2 <05 3.5
3 33.3ug IF; 13.3CP, DX; 1.3%tgPac <0.2 <0.2 <0.2 <0.5 2.1

Note: Fluorouracil (FU) results are hidden in solvent peak.
FU = 5-Fluorouracil, IF= Ifosfamide, CP= Cyclophosphamide, DX Doxorubicin HCI, Pac=
Paclitaxel.

TABLE IX
Desorption results for Porapak R tubes

Mass recoveredug)

Sample no. Sample description FU IF CP DX Pac
1 Blank Porapak R tube <02 <02 <02 <05 <0.2

2 5.0ug/mL IF, CP, DX; 2.5 FU, Pac <0.2 <0.2 <0.2 <0.5 <0.2

3 5.0ug/mL IF, CP, DX; 2.5 FU, Pac <0.2 <0.2 <0.2 <0.5 <0.2

4 25ug/mL IF, FU; 10 CP, DX, 1 Pac <0.2 30.9 15.3 2.15 15

Note Fluorouracil peak hidden in solvent peak.
FU = 5-Fluorouracil, IF= Ifosfamide, CP= Cyclophosphamide, DX Doxorubicin HCIl, Pac=

Paclitaxel.
TABLE X
Results for Anasorb 708 (Chromosorb 108, XAD-8)
Mass recoveredug)

Sample no. Sample description FU IF CP DX  Pac
1 Blank Anasorb 708 tube <0.2 <02 <02 <05 <0.2

2 1.0ug IF, CP, DX; 0.5ug FU, Pac <0.2 15 1.3 0.2 0.7
3 1.25ug IF, CP, DX, FU; 0.626.g Pac <0.2 11 0.9 0.1 2.1

Note: Fluorouracil results were hidden in solvent peak.
FU = 5-Fluorouracil, IF= Ifosfamide, CP= Cyclophosphamide, DX Doxorubicin HCI, Pac=
Paclitaxel.



20: 53 9 Septenber 2010

Downl oaded By: [Centers for Disease Control and Prevention] At:

NEW MONITORING METHOD USING SOLID SORBENT MEDIA 127

TABLE XI TABLE XIll
Recovery evaluation results for five Anasorb 708 (ChromosorBlow rates, test period, and total volume of air for each of six
108) tubes sample sets
Mass recoveredug) Sample Air flow Sample Sample
no. rate (L/min) time (min) vol. (if)
Sample no. IF CP DX Pac
1 1.80 1330 2.21
1 22.4 9.1 5.0 10 , 1.66 1330 239
2 214 72 120 11 4 1.01 1435 275
3 24.4 7.8 13.0 08 4 1.88 1435 270
4 24.6 75 10.0 0.8 5 276 1435 3.06
5 239 101 9.0 0.7 ¢ 237 1435 3.40
Average recovereduQ) 23.3 8.3 9.8 0.9
Average recovery (%) 93.2 83.3 98.0 87.0 Note Flow rates were chosen that would be comparable to those
S.D. (ug) 1.4 1.2 3.1 0.2 likely to be used in actual monitoring situations.
- 0
ir%ifﬁnc;fs\;?liﬁgzg)(c'v’ %) 255_69 11(;'64 1?61_(')8 11902 polypropylene, catalog no. 430790, Corning Corp., Corning,

NY). After desorbing, analysis of the desorbate was conducted

IF = Ifosfamide, CP= Cyclophosphamide, DX Doxorubicin by the analytical method developed earlier.
HCI, Pac= Paclitaxel.

Activated Carbon
spiked sorbent tubes were sealed (capped) and stored at ambiewctivated carbon was evaluated first by injection ofid@of
temperatures for at least 12 hours. The tubes were than cut opéh IF, CP, and DX and p.g of Pac. After desorption in 2.0 mL
and the sorbent was put into a desorbing vial (a clear 10 mL gladsdesorbent, the expected results would be m@mL IF, CP,
microvial with a screw-on cap and septum [Kimble Glass, Ind3X; 2.5 FU, Pac if 100 percent desorption. When results at this
Art. No. 60710-10, Vineland, NJ]). Typically, 2 mL of desorbingconcentration were found to be poor, the sorbent was tested at
solvent was injected into each vial for desorption of the contandi®0 g for IF, 40 ug for CP and DX, and 4g of paclitaxel,
nants. The solventblend determined to have optimum desorpthart this time desorption was with 3 mL of desorbing solution.
capabilities, based on trials of various blends, was a mixtureDiis would provide an expected concentration of 33g3mL
10 percent acetonitrile, 25 percent methanol, and 65 percéft13.3 CP, DX; 1.33 Pac.
Milli-Q water. After the solvent was added, the vial(s) were Results for this concentration were also poor. It was noted
placed on an orbital shaker (Lab-line orbital shaker) and shakéiat the FU could not be detected at either concentration due
for 30 min at 150 rpm. After shaking, the desorbate was removeits peak being hidden in the solvent peak at the beginning
via a syringe equipped with a syringe filter (a 13-mm Syringef the chromatogram. These results indicated an inability for
Filter, 0.2.um PVDF Filter Media, sterile and non-pyrogenicactivated carbon to be effectively desorbed for IF, CP, and DX,
Catalog No.6791-1302, Whatman International, Ltd., Maidstoaad possibly FU. Therefore, activated carbon was found to be
England) and placed into a 15-mL disposable tube with a scremnacceptable as a solid sorbent for monitoring the antineoplastic
on cap (disposable centrifuge tubes wi/flat cap, non-pyrogenigents of interest in this study.

TABLE XIl
Results from evaluation of Anasorb 708 spiked with 2@PCP and air pulled through
Sample Cyclophosphamide

Sample no. description (flow rate) Air vol. &n mass recovereq«Q)
1 Spike #1 (1704 cc/minute) 2.13 161.5
2 Spike #2 (2541 cc/minute) 3.17 274.7
3 Spike #3 (2929 cc/minute) 3.65 263.9
4 Spike #4 (3186 cc/minute) 3.97 151.2
5 Spike #5 (1830 cc/minute) 2.28 138.3
6 Spike #6 (2061 cc/minute) 2.57 150.0
Average mass recoveredd) 189.9
Standard deviation4g) 62.0
Coefficient of variation (C.V., %) 32.6
Spiked quantity £9) 200.0

Note Period for pulling air through spiked tubes was 1247 minutes for each tube.
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TABLE XIV
Analytical recovery results for fluorouracil from test sample train, 5.0 mg
spike onto Anasorb 708 tubes

Mass recovered (mg)

Sample no. Airvol. (M) Initial Connectings Collectors  Total

1 2.21 2.0 1.8 1.6 54
2 2.39 2.0 13 1.7 5.0
3 2.75 2.0 0.9 2.3 5.2
4 2.69 2.0 1.0 2.3 5.3
5 3.96 2.0 1.2 1.5 4.7
6 3.40 2.0 0.8 2.2 5.0
Avg recovered (mg) 2.0 1.2 1.9 5.1
Avg recovery (%) 40 23 39 102
S.D. (mg) <0.1 04 04 0.3
C.V. (%) 0.9 31.2 20.3 4.9
Note Bias of 10.0%, precision (based on C.V. of 4.9%), and estimated accuracy

of 19.8%.

Porapak R Further Evaluation of Anasorb 708

Results from screening tests on Porapak R tubes for use inBased on these screening test results for Anasorb 708, it was
monitoring antineoplastic agents are shown in Table IX belowecided to conduct spiking and analyses on a set of five tubes of
Like the activated carbon tubes, these tubes were tested blankttri® sorbent for a more accurate evaluation (see Table XI). Re-
spike), then with different concentrations of the antineoplastslts from the five tube analyses found that the average recovery

agents of interest to determine desorption efficiency. of cyclophosphamide, ifosfamide, doxorubicin, and paclitaxel
from Anasorb 107 were quite acceptable, ranging from 83.3 per-
Anasorb 708 cent for cyclophosphamide to 98 percent for doxorubicin. How-

Results from the screening tests on Anasorb 708 (Chromasewuer, precision and accuracy were very poor for doxorubicin,
108, XAD-8) were very good. Results indicated detection fromarginal for cyclophosphamide and paclitaxel; ifosfamide data
the initial testing at spike concentrations of L@/mL for IF, CP, were acceptable. Fluorouracil was also added to each spiked tube
and Pac. Results from the screening tests are shown in Tableaa concentration of 2&g, but it was not detected. Itis believed

TABLE XV
Analytical recovery results for ifosfamide from test sample train, 5.0 mg
spike onto Anasorb 708 tubes

Mass recovered (mg)

Sample no. Airvol. (M) Initial Connectings Collectors Total

1 221 2.2 1.0 1.6 4.8
2 2.39 2.2 1.0 0.5 3.7
3 2.75 2.2 0.9 2.2 5.3
4 2.69 2.2 1.3 2.2 5.7
5 3.96 2.2 0.9 0.8 3.9
6 3.40 2.2 11 1.9 5.2
Avg recovery (mg) 2.2 1.0 15 4.8
Avg recovery (%) 44 20 30 95

S.D. (mg) <0.1 0.1 0.7 0.8
C.V. (%) 0.5 13.6 47.0 16.9

Note Bias of 4.8%, precision (based on C.V. of 16.9%), and estimated accuracy
of 38.7%.
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TABLE XVI
Analytical recovery results for cyclophosphamide from sample train, 5.0 mg
spike onto Anasorb 708 tubes

Mass recovered (mg)

Sample no. Airvol. (M) Initial Connectings Collectors Total

1 2.21 2.2 0.4 0.9 3.4
2 2.39 2.2 0.7 0.8 3.7
3 2.75 2.1 0.8 1.9 4.9
4 2.69 2.2 0.8 1.7 4.6
5 3.96 2.2 1.1 0.8 4.1
6 3.40 2.2 0.8 1.4 4.4
Avg recovered (mg) 2.2 0.8 1.3 4.2
Avg recovered (%) 44 15 25 84

S.D. (mg) <0.1 0.2 0.5 0.6

C.V. (%) 11 317 39.2 13.2

Note Bias of 16.3%, precision (based on C.V. of 13.2%), and estimated accuracy
of 42.7%.

the solvent peak on the chromatogram hid the fluorouracil peaaxorubicin was 98 percent, but the precision was 31.7 percent,
Because of the good average recovery for each agent, it wasaled estimated accuracy was 65.5 percent.
cided that this was the sorbent of choice for subsequent methodAverage recovery for paclitaxel was acceptable at 87 percent,
development. but again, there was a fairly wide range of results. Precision for
Results from the five samples above provide informatiquaclitaxel was estimated at 19.18 percent, and estimated ac-
on the accuracy and precision in desorption of ifosfamide andracy was 51.36 percent. Fluorouracil could not be evaluated
cyclophosphamide. The average recovery for ifosfamide abacause its peak could not be separated from the solvent peak
concentration of 25:.g was 23.3ug, or 93.2 percent averageon the chromatogram at the concentration testeg«@5
recovery. Bias was 7 percent, and precision, based on a C.V.Although the solid sorbent media were able to detect pa-
was 5.9 percent. Accuracy, based on bias (100%—avg. recolitaxel from the injected concentration, because of its physical
ery, or 8.6%) plus twice precision 2 C.V.), was 20.4 percent. characteristics it was determined that paclitaxel would not subli-
The average recovery for cyclophosphamide at a concentratinate or evaporate. And since it would remain a particulate, con-
of 10 ugwas 8.3u9, or 83.3 percent average recovery. Precisidinued use of the filter method would be a more accurate method
was estimated to be 14.4 percent, with a bias of 16.7 perceot. collection of paclitaxel in air. Based on this conclusion, pa-
Accuracy was estimated at 45.5 percent. Average recovery ftitaxel was not included in subsequent tests for this method.

TABLE XVII
Analytical recovery results for doxorubicin from test train, 2.0 mg
spike onto Anasorb 708 tubes

Mass recovered (mg)

Sample no. Air vol. () Initial Connectings Collectors Total
1 221 0.8 0.2 <0.1 1.0
2 2.39 0.7 0.4 <0.1 11
3 2.75 0.4 <0.1 1.2 1.6
4 2.69 0.5 0.4 <0.1 0.9
5 3.96 1.0 0.3 <0.1 1.2
6 3.40 0.8 <0.1 0.5 1.3
Avg recovery (mg) 0.7 0.2 0.3 1.2
Avg recovery (%) 34.0 10.5 145 60.0
S.D. (mg) 0.2 0.2 0.5 3
C.V. (%) 29.6 87.0 170.8 21.3

Note Bias of 40.5%, precision (based on C.V. of 21.3%), and estimated accuracy of 83.1%.
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TOTAL DOXORUBICIN RECOVERY ulate form; thus, the use of filters for monitoring would be most
2-mg Spiked effective. However, the information obtained during the devel-
opment of this method confirms the observations by Schifidt.
? 2 . : That is, CP may be captured by air filters, but then sublimate or
@ 15 ™ O Collection Tube evaporate off the filter. In such a case, even if diffusion of the CP
E 1 B Connection Tubing particles occurs at the surface of the filter, once it sublimates, the
S o5 @ Spiked Tube | filter surface area is miniscule compared to that of the surface of
= the solid sorbent. Consequently, collection of the now gaseous
s 0 molecules by the filter is inefficient. This explains why monitor-

1 2 3 4 5 6

ing results for cyclophosphamide from methods utilizing filters
TEST SAMPLE TRAIN NUMBER

were generally very low or below detection limits, even when

FIGURE 5 the monitoring periods were for relatively long periods of time
Recovery of doxorubicin from different sample train ~ (€.9., several days).
components. In addition to the filter method not being acceptable for air

monitoring for CP, and possibly some of the other antineoplas-
Validation of Anasorb 708 for Monitoring Antineoplastics tics, e.g., ifosfamide and fluorouracil, this information also sup-
Six Anasorb 708 tubes were spiked with 2090f cyclophos- ports the observation that the HEPA filter is not an acceptable
phamide. Air was then pulled through each of them, into ammbntrol for BSCs that return filtered air to the work area. Be-
through another Anasorb 708 tube for downstream collection@duse of this, CP exposures to healthcare professionals are likely
any agent that might be released from the spiked tubes. to have been occurring, even when results from long-term air
After pulling air through the spiked tubes into and throughonitoring by filter method of the work environment indicated
the collection tubes, all tubes were desorbed with 2.0 mL ab or very low exposures to be occurring.
desorbent each. Results for the spiked tubes after air was pulledrhis method was tested by monitoring in an infusion therapy
through them are shown in Table XII. Cyclophosphamide watinics oncology pharmacy preparation hood (BSC). Results did
not detected in any of the downstream sample tubes, only in identify levels at 0.35:.g/m®, indicating monitoring of air con-
spiked tubes. centrations for CP below 1.0g/m® was able to be achieved
The average recovery results from this testing of Anasoviith a 24 h sample, as observed in lab tests. But, it is likely that
708 for effectiveness in collecting cyclophosphamide were gotitese results were lower than actual CP in air concentrations
(~190 g average recovery from 2Q0g spike). However, the due to the sampling having been compromised by the attach-
precision at a C.V. 32.6 and estimated accuracy of 75.3 waent of the filter cassette and filter ahead of the Anasorb 708
not as good as desired. This was attributed, at least in partfube. The cyclophosphamide would likely go through the fil-
the likelihood that the capacity of the 100 mg Anasorb 70@r, but some could be attracted to the interior sidewalls of the
sorbent tube was greater than 20§, Thus, the mass of 2Q0g filter cassette. Thus, a reduced concentration would reach the
cyclophosphamide injection did not exceed the capacity of th@masorb 708 tube. It is important that there be no cassette or
spiked tube to allow for excess cyclophosphamide to be releasebing ahead of the inlet to the Anasorb 708 tube when moni-
from the tube and be collected in downstream tubes. Basedtoring for cyclophosphamide, ifosfamide, or fluorouracil.
this observation, it was decided to spike the Anasorb 708 tubesThis study found that the method utilizing Anasorb 708 solid
while the manifold system was operating, and with a larger masarbent for air monitoring is accurate to measure ifosfamide and
of each agent of interest. cyclophosphamide concentrations from less than 1.0 ug/mL to
Anasorb 708 collection tubes were placed behind the tube:td .0 mg/mL. This provides a monitoring range<c®.35..g/m*
be spiked on the sample train. A syringe was used to inject tteeapproximately 35Q.g/m® when sampling is conducted for
antineoplastic mass into the first set of tubes as air was beR#hr at 2 L/min. Thus, the lower limit of detection for cyclophos-
pulled through them. A total mass of 5.0 mg FU, IF, and CBhamide provides adequate sensitivity to detect concentrations
and 1.0 mg DX was added slowly to each Anasorb 708 tubé cyclophosphamide in air well below the recommended ex-
to be spiked during the evaluation period. The collection ambsure limit of 0.001 mg/fh (1.0 ug/n?). Further, it is also
retention abilities of the combination of spiked source tubeacceptable for monitoring fluorouracil and ifosfamide.
connecting tubing, and both collection tubes are shown for eachResults from analysis of the spiked Anasorb 708 tubes indi-
agent in Tables XIV through XVII and in Figures 2 through 5cated the maximum capacity of cyclophosphamide to be a con-
Table XllI indicates the average flow rate (cc/min), period dfistent 2.17.4g, with a standard deviation (S.D.) of 0.02 and a
the test (min), and the total volume for each series of tubes arakfficient of variation (C.V.) of 1.08. This was observed with air
connecting tubing, otherwise referred to as the test sample traiolumes pulled through the tubes in the range from 2.2to 8.9 m
This indicates very good precision and accuracy over arelatively
DISCUSSION AND CONCLUSIONS wide range of air volume. Similar results were seen for fluo-
Historically, based on the physical characteristics for agentsuracil and ifosfamide. Average tube capacity for fluorouracil
such as CP, it was believed that these agents remained in pattias 1.99 mg, with an S.D. of 0.02 and C.V. of 0.88 percent.
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Average tube capacity for ifosfamide was 2.18 mg, with an S.D2.
of 0.01 and C.V. of 0.54 percent.

This method may be acceptable for monitoring doxorubicid3.

but further evaluation is needed due to the relatively rapid de-
composition of doxorubicin, especially whenitis in contact with4:
other chemical agents.

Based on desorption efficiency and capacity tests, this metl‘iq‘g
has the sensitivity and precision to conduct assessments for air-

IFEX (Ifosfamide) Rx Information Sheet.: MeadJohnson Oncology
Products. Bristol-Myers Squibb Co., Princeton, NJ (1997).
Adrucil (Fluorouracil Injection, USP) Rx Information Sheet. Phar-
macia & Upjohn Company, Kalamazoo, Ml (1997).

Doxorubicin HCI for Injection Rx Information Sheet. Ben
Venue Laboratories, Inc. Manufactured for Bedford Laboratories,
Bedford, OH (1998).

Taxol (Paclitaxel) Rx Information Sheet.: MeadJohnson Oncology
Products. Bristol-Myers Squibb Co., Princeton, NJ (1998).

borne concentrations of not only cyclophosphamide, but algg pyy, | : Sorsa, M.; Hakala, E.: Ambient Monitoring of Cyclophos-
fluorouracil and ifosfamide wherever they may be ué@d-ur-

ther, high accuracy can be expected for cyclophosphamide, fluo- 49:314-317 (1988).

rouracil, and ifosfamide based on the consistency in the masd@f McDevitt, J.J.; Lees, P.S.J; McDiarmid, M.A.: Exposure of Hos-
each recovered (the capacity) from the spiked tubes in lieu of a pital Pharmacists and Nurses to Antineoplastic Agents. J Occup
wide range of total air volume pulled through each tube (from Med 35:57-60 (1993).

~2.2 mto~4.0 m?). This method can therefore be used to pr018- Sessink, P.J.M.; Boer, K.A.; Scheefhals, A.P.H.; et al.: Occupa-
vide credible exposure information for use in epidemiological

studies, risk assessment studies, risk management purposes, an
establishment of compliance standards based on dependable in

formation. Relative to risk management, availability of accuratgy
monitoring data can also provide important information on the

effectiveness of various engineering and administrative expo-
sure controls available where cyclophosphamide is or may bg@

handled.
21.
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