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Abstract

The rapid, accurate determination of headspace oxygen and moisture in various pharmaceutical packages is important for both product
packaging development and the implementation of new packaging technologies. Current headspace oxygen measurement techniques suffe
from serious drawbacks in terms of potential sampling contamination, lengthy analysis times, and large required analysis volumes. In addition,
relatively few techniques currently exist for the convenient determination of headspace moisture in packaging systems. Efforts herein focused
on the development and application of a new method for the rapid and simultaneous determination of headspace oxygen and moisture
in pharmaceutical packages using micro-gas chromatograp®¢€). Studies showed that both headspace oxygen and moisture could be
simultaneously quantified in <90s on sample volumes of 504100y employing wGC with dual chromatographic analysis modules.
Sampling issues common to manual syringe-based injections were also alleviated in the current studies by use of the built-in diaphragm pump
sampling interface of the portableGC system. The performance of the analytical approach was evaluated and shown to exhibit excellent
linearity, accuracy, and precision for both analytes. High sensitivity for headspace oxygen was demonstrated, allowing for levels of oxygen as
low as 0.03% to be accurately quantified. The subject method was applied to measure the headspace oxygen and moisture in pharmaceutice
blister packaging and glass vials.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction explored the proper fit between headspace oxygen analysis
technique and common packaging types employed for oral
Recently we reported on a critical examination of five pharmaceuticals and pointed out that no single oxygen
analytical approaches for the determination of headspaceanalysis technique is perfect for all packaging applications.
oxygen for pharmaceutical packaging applicatipbls As For example, frequency modulation spectroscopy was found
was discussed in this previous report, the development ofto be the technique of choice for examining headspace
modified atmosphere packaging is well established in the oxygen levels in optically transparent (at 762 nm) containers
food and beverage industry and may have substantial utility due to its non-destructive nature, accuracy, and analysis
for prolonging the shelf life of particularly oxygen sensitive speed1].
oral pharmaceutical dosage forms. Fast, sensitive methods Several notable challenges were described in this previ-
for monitoring headspace oxygen levels would greatly ous research as in need of further investigation, including
benefit the development and implementation of modified those associated with sampling and performing accurate
atmosphere packaging (MAP). Our previous research effortsoxygen measurements in pharmaceutical packaging of very
small headspace volumes, such as blister packaging. One
« Corresponding author. important a(_jvanta_ge of gas chromatography_ relative to
E-mail addressallen templeton@merck.com (A.C. Templeton). others techniques is small sample volume requirements, the
1 MRL Summer Intern from Delaware Valley College. chief difficulty lies in removing, transferring, and injecting
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a sample without contamination from oxygen found in purging~1h to remove residual atmosphere, 10-mL clear
atmospheric air. One approach to meet this challenge,glass vials (25 mnx 54 mm Type | untreated, Kimble,
gas-tight locking syringes, was implemented in previous Vineland, NJ) were each filled under a given atmosphere
work. Still, much care is required to circumvent contami- and 20-mm gray rubber stoppers (S-87J, 4405/50, West
nation. Even when contamination from sample withdrawal, Pharmaceutical Services, Lionville, PA) immediately put in
transfer, and injection steps is minimized, significant bias place. After filling 30 vials, the vials were removed from
can still result from residual oxygen remaining in the syringe the bag and an aluminum flip-top cap was immediately
barrel. Previously, it was shown that this bias could be crimped into place on each. Vials from each prepared
significantly reduced by utilizing syringe needles with low lot were analyzed immediately using a PBI Dansensor
barrel volumes. Another disadvantage of conventional GC CheckMat& 9900 G/CO, (PBI Dansensor A/S, Ringsted,
is the need for a relatively lengthy separation step to achieveDenmark) analyzer to confirm the oxygen concentration.
oxygen separation from argon and nitroger8(min). The validation of this measurement approach was presented

We turned our attention t@.GC in the present study elsewherg[l]. Results indicated that the concentration of
to take advantage of the extremely low sample volumes oxygen in the prepared standard vials was the same as that
required for analysis, sampling advantages unique®& provided in the corresponding certified cylinder. Previous
instrumentation, and the shortened analysis times that couldstudies showed that the standard vials maintained integrity
be achieved with microscale instrumentation. In addition, the against the leakage of atmospheric oxygen for at least
potential to perform a rapid, simultaneous analysis of both three monthg1]. Measurement of the vial-to-vial content
headspace oxygen and moisture seemed possible due to theniformity using the CheckMate 9900 oxygen analyzer
dual module capability ofuGC instrumentation. For many indicated no measurable differences among five randomly
products, elevated headspace moisture levels can result irpulled vials.
chemical (e.g., hydrolytic degradation) and physical changes.
The latter have been associated with a slowing in drug dis-
solution during stressing studies. Thus, it is important to
accurately measure and control headspace moisture for many
products by use of desiccants or controlling environmental
humidity to which the product is exposed. Another important
consideration is the measurement of water activity and the
important relationship this variable plays in microbial growth
in solids.

This report focuses on the development and application o
a new method for the rapid and simultaneous determination
of headspace oxygen and moisture in pharmaceutical
packages using micro-gas chromatograppsC) [2-9].
Studies focused on the development and optimization of
the analytical technique, investigation of key performance

2.1.2. Headspace moisture standard preparation
Standards containing various concentrations of headspace
oisture were selected and prepared at room temperature.
Headspace moisture standards employed in the study were
from saturated aqueous solutions6% RH (lithium bro-
mide), ~11% RH (lithium chloride),~33% RH (magne-
sium chloride)~43% RH (potassium carbonate)58% RH
f (sodium bromide), antt75% RH (sodium chloride). All salts
employed were obtained from Fisher Scientific (Pittsburgh,
PA). In brief, saturated salt solutions were prepared and filled
into 1.8-mL clear HPLC sample vials (12 nx32 mm, Ag-
ilent Technologies, Wilmington, DE). The uncapped HPLC
sample vials were then placed into 50-mL clear glass tubing
- . -~ vials (Verretubex Flacons, Paris, France) and the 50-mL clear
parameters, and application to pharmaceutical packaging . ) )
. . : L glass tubing vials capped with gray rubber stoppers (281V,
samples. Finally, studies showing the applicability of . . 2
4 West Pharmaceutical Services, Lionville, PA). The thus pre-
wGC for the simultaneous measurement of headspace . .
. ; . : pared headspace moisture standards were allowed to equili-
oxygen/moisture in blister packaging and other common ; | h bef .
harmaceutical packaging are presented brate at room tem_perature or at least 24 ' before being an-
P ' alyzed. Once equilibrated, three random vials from each lot
were analyzed using the Lighthouse Instruments Headspace
Moisture Analyzer (FMS 1400H, Charlottesville, VA) to con-
firm both the moisture concentration and uniformity of the
prepared standards.

2. Experimental
2.1. Materials

2.1.1. Headspace oxygen standard preparation 2.1.3. Glass vial sample preparation

Standards containing various concentrations of oxygen 20-mL clear glass vials (23 mm 75 mm, Agilent Tech-
in nitrogen were prepared from double-gravimetrically nologies, Wilmington, DE) were each filled with pre-
certified oxygen gas cylinders (Scott Specialty Gases, equilibrated placebo tablets or capsules under various hu-
Plumsteadville, PA). Concentrations of oxygen standards midity conditions. These vials were immediately crimped
employed were: 0.00, 1.0, 5.0, 10.0, and 20.0% oxygen in with the crimp caps (20 mm silver aluminum, 20 mm
nitrogen. Gas from each respective cylinder was slowly fed PTFE/silicone septa, Agilent Technologies, Wilmington,
into a portable glove bag (Spilfyt8r Thomas Scientific, DE). Then, the prepared samples were allowed to equilibrate
Swedesboro, NJ) via a short length of Ty§ambing. After under room temperature for 1 week before analysis.
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Scheme 1. Schematic representation of equipment used for modified atmosphere packaging of cold form aluminum blisters.

2.2. Instrumentation 2.2.3. Headspace moisture measurements by frequency
modulation spectroscopy
2.2.1. nGC A Lighthouse Instruments FMS-1400H (Lighthouse In-

nGC was carried out using an Agilent 3000 micro-GC struments, Charlottesville, VA) frequency modulation spec-
(Agilent Technologies, Wilmington, DE) equipped with two trophotometer equipped with a tunable diode laser source
gas chromatographic modules. Each module is equipped(1410nm) and photodiode detector was used for headspace
with an injector, separations column, and thermal conduc- moisture measurements. The instrument was allowed to equi-
tivity detector. A built-in diaphragm pump was used to librate for 30 min prior to taking measurements. The sample
withdraw samples for presentation to the analysis module holder was constantly purged with dry nitrogen set at a flow

injectors. Analysis module A contained a PLOR Snolec- rate of 3 standard L/min and measurements were acquired
ular sieve column (10 m length0.32 mm i.d., 12um film at a sampling rate of 100 Hz. The instrument was calibrated
thickness) and analysis module B contained a co-polymer with saturated sodium chloride solution (75% RH) prior to
PLOT U column (6 m lengtkx 0.32 mm i.d., 3Qum film measurement.

thickness). PLOT U consists of a co-polymer of divinyl-

benzene/ethylene glycol dimethacryld®}. Simultaneous  2.3. Blister package samples preparation

analysis of headspace oxygen and moisture on module A and

B, respectively, was completed in slightly under 90s. Argon  The modified atmosphere packaging (MAP) blister sam-

was selected as the carrier gas for module A in order to matchples containing placebo tablets were prepared using a custom-

conductivities with residual atmospheric argon, thus making designed blister flushing machine. The base film consisted of

the instrument blind to residual atmospheric argon that could standard 45-micron composite cold form aluminum film. The

not be separated from oxygen on the short column. Helium lidding foil consisted of 20-micron hard tempered aluminum

was selected as the carrier gas for module B for the determina<foil. The nitrogen flushing station was located past the cavity

tion of moisture. To eliminate moisture from the carrier gas, forming station just prior to the sealing station and oriented

a moisture trap was installed in-line with the helium carrier such as to flush the formed cavities on the base film (see

gas feed. Scheme 1 Pure nitrogen (<0.01% £pwas used to flush the
blisters at a machine speed of 30 cycles per minute prior to
blister card formation. Following the nitrogen flush, 50 blis-

2.2.2. Headspace oxygen measurements by ter cards were produced in the each run. The volume of each

electrochemical methods blister cavity was approximately 152@Q., while that for the

A PBI Dansensor CheckMdte 9900 G/CO, (PBI placebo tablet was 320L. The blister card was labeled in

Dansensor A/S, Ringatl, Denmark) analyzer equipped with  the order of production starting from 1 to 50.

a solid-state zirconia ion-selective electrode for oxygen de-

termination was employed. The instrument was allowed

to warm up for 10 min prior to taking measurements and 3. Results and discussion

was calibrated according to vendor specifications. The in-

strument was set to withdraw 2mL of headspace using a3.1. Method development

small internal diaphragm pump, which fed the headspace

sample into a small cell containing the measurement There are a number of similarities and differences be-

electrode. tween conventional andGC that should be noted. The basic
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principle for the techniques is the same in terms of fundamen- in the present case for the simultaneous analysis of oxygen
tal operation and both share the same technology platform inand moisture. Owing to the excellent flexibility of th&C
terms of available separation columns and detectors. Due toemployed, attention turned toward developing an appropriate
the design of the injection port systepGC instrumentation  set of methods for the analysis.
provides no means to volatilize analyte species and thus To separate oxygen from argon and nitrogen in an air sam-
cannot handle liquid samples. While sampling with a ple, anGC analysis module (A) consisting of a thin-film
conventional GC is either performed via manual syringe PLOT capillary column coated with a }2m thick zeolite
injection or by use of an autosampler, with&C the sample  molecular sieve (5m pore size) film was employed. This
is introduced by use of a diaphragm pump. Becgu&€s column was selected from previous work that indicated that
are constructed from micromachined parts, the instrumentssuch a separation was feasifl¢. The mode of separation is
are typically small enough to be portable. Thus, much of based on the size of the analyte molecule or atom; retention
the application ofuGCs has been focused on field analysis time is as follows: nitrogen > oxygen >argon. For the mod-
for environmental and industrial use. For example, Crume ule employed, oxygen and argon (natural abundance 0.93%)
[5] reported the rapid and continuous monitoring of volatile could notbe separated and argon was thus used as a carrier gas
organic compounds (VOC) and carbon dioxide in air using to circumvent this interference through subtraction of argon
wGC, and Lambert and Owerji8] utilized wGC to obtain signal due to the match in conductivity between the mobile
VOC emission profiles in various manufacturing facilities phase and interfering species.
to help control fugitive emissions in a pharmaceutical To separate moisture from air (argon, oxygen, nitrogen) in
plant. a headspace samplep&C analysis module (B) consisting
Fig. 1shows the schematic for thegGC employed inthe  of a polar co-polymer thin-film PLOT U capillary column
present study. The inlet can be fitted with tubing for on-line coated with a 3Qsm thick film was employed. The mode
applications, such as petrochemical fractionafibd]. On of separation is based on the polarity of the analyte, with
the other hand, the inlet can be outfitted with a short piece moisture eluting later relative to air.
of tubing and a syringe needle placed on the end to inter- Inthe present study, a series of experiments were explored
face the sample inlet with packaging samples or for gen- in orderto develop and optimize the separation of oxygen and
eral static headspace gas analysis. In either of the describedanoisture on eaclnGC analysis module. First, we describe
configurations, sample is introduced into the instrument by experiments for oxygen analysis. A generic inlet and injector
use of a small internal diaphragm pump. The pumping time temperature of 90C was employed under conditions of vary-
is usually adjusted to allow adequate time to purge the in- ing column temperature. Over the entire column temperature
jector and internal tubing~350p.L) that connects the inlet  range of 50—70C explored, the oxygen peak was always well
and injector. Thg.GC employed in the present case was of separated from nitrogen and maintained sufficientretention to
modular design with replaceable sample analysis modulesbe quantified relative to the front of the chromatogram. Based
consisting of injector, column, and detector on a single card. on the above studies, the inlet and injector temperatures were
Depending on the desired separation, various sample moduldixed at 90°C with a column temperature of 6C. An exam-
cards can be purchased and easily switched into the instruple chromatogram illustrating the separation of oxygen from
ment. Two sample modules were employed in the present casenitrogen is shown itfrig. 2
(vide infra). Secondly, the experiments for the optimization of
Following a purge step, the sample in each sample analysisheadspace moisture are described. With constant inlet
module ¢~1-10p.L) is swept onto the column with specified (120°C) and injector (95C) temperatures, the temperature
carrier gas for the separation step. A different carrier gas may of the column was varied from 100-130 and three samples
be employed for each sample modyl&C detector options  of lab air were analyzed at each temperature. The reason for
are typically limited to thermal conductivity detection when selecting a higher inlet temperature is to prevent retention of
compared to conventional GC. Due to the significant differ- moisture in the inlet during sampling. Thiable 1data shows
ences in their polarities and overall properties, the quantita- that retention time expectedly decreased with increased col-
tion of oxygen and moisture is difficult to achieve on a single umn temperature, but analysis S.D. decreased with higher
stationary phase; thus, the two-module design proved pivotalcolumn temperature. The data suggests operating at a higher

Inlet
== ; ;@; TN
Injector i \—
Sample inlet Detector signal

Detector filament

Column head Colng

pressure

Sample pump

Fig. 1. Simplified schematic of a typicpiGC.
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100 With the .GC employed, both sample analysis modules

Hitrogen employ a common inlet and thus only one temperature can
be set. Each module consists of its own injector, column,
80 flow control valve, and a thermal conductivity detector;
therefore, the chromatographic parameters such as the
— carrier gas, injector temperature, and column pressure can
E 60 be independently controlled and optimized for each module.
g An inlet temperature of 120C was chosen to reduce the
g possibility of moisture being trapped in the inlet. Optimized
E 40 chromatographic conditions are as follows:
20 .
Oxygen Moisture
Oxygen k Carrier gas Argon Helium
0 b—— N Sample inlet temperaturéQ) 120 120
0 0.5 1 15 Injector temperature’C) 90 95
Time (minute) Column temperatureC) 60 130
Sampling time (s) 15 15
F_ig. 2. Example chromatogram illustrating the separation of oxygen and Inject time (ms) 50 50
nitrogen in the blister sample. Column: PLOTA5molecular sieve, Run time (s) 90 90
10 mx 0.32 mm; column temperature: 6Q; flush volume: approximately .
Column pressure (psi) 30 25

600p.L; injection volume: approximately L.

Table 1

Moisture retention and peak area S.D. as a function of column temperature With methods in hand to rapidly (90 S) and simultaneously
(average oN=3) _ _ separate and quantitate both headspace oxygen and mois-
Column temperatur€€)  Retention time (min)  PeakareaS.D. (%)  tyre usinguGC, attention turned toward understanding the

100 1.182 0.61 minimum sample volume required for analysis in order to
110 0.965 0.44 understand the capabilities of the instrument for measuring
120 0.808 0.24

extremely small volume samples. The sampling time was ex-
amined to evaluate the potential for sample carryover from
run-to-run. As noted previously, theGC uses a diaphragm
column temperature will provide results with slightly less pump to remove a portion of sample to purge the inlet and
variability. Based on these results, a column temperature ofjnjector before filling the injector loop. Based on the dimen-
130°C was selected. An example chromatogram illustrating sjons of tubing and length of sample transfer line connecting

130 0.697 0.13

the separation of moisture from air is showrfiig. 3. the inlet with puncture needle, the estimated dead volume
of the wuGC system is on the order of 50—4%&. To test the
100 minimum quantity of sample required for accurate measure-

ment of headspace oxygen and moisture, sampling time was
gradually increased in 2-s intervals (4ZD) in an experi-
ment to explore sample volume requirements. Sampling was
performed from scintillation vials (50 mL) to ensure that an
adequate volume existed to minimize depletion of the pack-
age headspace. An air sample was run before each injection
of test sample (1% oxygen standard) so that the system would
have to purge from relatively high oxygen conditions. For the
analysis of moisture, a 75% RH standard (saturated NaCl so-
lution) was analyzed prior to the injection of 6% RH sample
20 (saturated LiBr solution). All the measurements were per-
formed in duplicate.
The results, displayed ifig. 4, show that sample car-

ryover from air during oxygen analysis is significant when

0 05 1 1.5 the sampling time is less than 4s. The oxygen approaches

Wires (Prirtei e within 0.05% of the nominal 1.0% ©value with a sampling
- . . . . . time >8s. The carryover for the moisture measurement
ig. 3. Example chromatogramiillustrating the separation of air and moisture . . . .

in a blister. Column: PLOT U, 6 it 0.32 mm; column temperature: 130; slowly decreases with the increase of sampling time. The
flush volume: approximately 6QfL; injection volume: approximately gL moisture approaches within 0.5% of the nominal 6.0% RH

80

[e2]
o

B
o

CO» Water

Response (mV)
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10 10 Table 3
Comparison of headspace moisture measuremep@sy and FMS-1400H
approaches (average Nf= 3)
8 8 Moisture Measured Measured
standard (%) (LGC) (%) (FMS-1400H) (%)
6 65 6 6.7 77
T o
i = 11 1Q7 141
P —e— 6% RH moisture standard e} 33 327 359
4 " -0+ 1% Oxygen standard 4 2 43 431 479
58 573 591
5 ] 2 75 757 762
e}
[ Tt SORREYs SO ST
0 ‘ : : ‘ ‘ 0 Likewise, similar experiments were performed to evaluate

2 4 6 8 10 15 20 25

Sampling Time (seconds) the performance of theGC method for moisture analysis.

The linearity was determined in duplicate from 6 to 75%
Fig. 4. Results of experiments designed to assess sample carryover an(BH by analyzing the headspace over saturated salt solutions
minimum sample volume requirements determined in a 50-mL scin- (See Sectior for details on sample preparation). Excellent
tillation vial. Headspace oxygen: column: PLOTASmolecular sieve, linearity, demonstrated by a correlation coefficight 0.999
10mx 0.32mm; column temperature: 6G; injection volume: approxi-  was achieved for duplicate sample analyses. The precision of
Trﬁtnegnl:;';r ;Sf‘eqslpg:e_ i:}thtiz:]e\:/;z';':_”;gp"ﬁ;n?étgsﬁxzmm; - the method, as gauged by the reproducibility of 10 replicate

’ ’ ' ' injections of 43 and 75% RH standards were also excellent,

yielding R.S.D. of 1.4 and 1.5%, respectively. The LOQ of

value with a sampling time=8s. The results indicate that moisture for the technique is estimatechdl. 1% RH.
a sampling time of 8 s is enough to eliminate the carry-over

from previous injections for both headspace oxygen and 3.3. Application of analytical approach for the

moisture measurements. For both analytes a purge time ofdetermination of headspace moisture and oxygen in
8s (~750uL) was found to be sufficient to produce analyses pharmaceutical packaging
without significant carryover from run-to-run.

As mentioned earlier, sample introduction is one of

3.2. Evaluation of method performance the more problematic aspects of headspace oxygen mea-
surements. Prior experience showed that manual sample
In the present study, the linearity @fGC method for introduction at a conventional GC proved problematic in that

the determination of oxygen over the range of 0.00-20.0% Sample contamination was possible from sample withdrawal,
was evaluated. Oxygen standard vials containing 0.00, 1.0,transfer, and injection steps. Gas-tight locking syringes, as
5.0, 10.0, and 20.0% oxygen were assayed (see Seztion well as great care, were required to avoid contamination.
for details on sample preparation). As mentioned previously, Additionally, another source of error proved to be the volume
for a given concentration, vials from the same lot of pre- of residual atmospheric gas remaining in the syringe needle.
pared samples were analyzed for comparative purposes byduch a volume of gas proved to be a significant contributor to
the PBI Dansensor CheckM&8900 G/CO, analyzer. The the bias and overall accuracy of the technique at low oxygen
technique displayed excellent linearity across the concentra-levels and in small headspace volumes. In the present case,
tion range exploredr? = 0.99999). Precision was evaluated use of thguGC eliminates many sources of error found with
by performing 10 replicate analyses of 20.9% (air, high) conventional GC. The sample needle was connected to the
and 1.00% (low) standards. These experiments yielded andiaphragm pump via a short piece of tubing. To perform
R.S.D. of 0.3 and 0.9%, respectively. The limit of quantita- sample injections, a self-adhesive rubber septum was placed
tion (signal-to-noiseSN > 10) of oxygen for the technique  on the packaging seal of interest and punctured with the

is estimated at0.03% (Tables 2 and 8 sampling needle. Sample was immediately withdrawn using
the sample pump for a fixed interval of time. A portion of the

Table 2 sample was used to purge the syringe needle volume and sam-
Comparison of headspace oxygen measuremem&#y and PBI Dansensor pling lines of residual atmospheric gases. Following purging,
approaches (average Nt 3) a portion of sample was split and sent to the injection ports of
O standard (%)  MeasuredGC) (%)  Measured (Dansensor) (%) €ach of the analysis modules for separation. In the procedure

0 0.0 o1 employed, the sources of contamination are minimized to

1.0 0.9 11 only the sample/sampling needle interface and transfer;

5.0 5.0 49 manual injection, and syringe barrel volume were eliminated.
100 9.9 9.9

Blister packaging is widely used in the pharmaceutical

200 200 199 industry. Some common blister packaging materials include
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Table 4 Table 5
Headspace oxygen and moisture in cold form aluminum blidterX) Headspace moisture in various vial packages as determingdsi@y and
Blister card Headspace Headspace FMS-1400H N=1)
number oxygen (%) moisture (% RH) Sample rGC (% RH) FMS-1400H (% RH) A
4 1.00 49.0 A 17.2 19.0 1.8
7 0.97 43.4 B 85.3 78.1 7.2
8 0.97 48.5 C 17.7 19.8 2.1
20 0.74 48.6 D 48.6 48.1 0.5
27 0.63 50.6 E 29.6 32.2 2.6
31 0.81 48.1 F 51.2 50.5 0.7
42 0.74 46.8 G 19.3 19.0 0.3
44 0.58 51.6

) . . . . are reported inTable 5 As a comparison, the headspace

polyvinyl chloride, polyvinyl dichloride, Acldf, and  \qisture data obtained by Lighthouse headspace moisture
aluminum. Among these blisters, cold form aluminum is analyzer (FMS-1400H) are also included. The results
considered one of the most impermeable against moistureéy oy yeen the two techniques are comparable within the error

and oxygen ingress. Typical small volumes in blister oo measurements. The data indicatesii@€ is a rapid,
cavities (estimated 200-16Q) and their geometrical  5.crate means to determine headspace moisture values.
shape present challenges for headspace analysis in terms

of sample volume requirements for analysis and sample
removal. The utilization ofuGC to analyze oxygen and
moisture overcomes such limitations for the larger blister

cavities (e.g., >40QL, see Table 4 and offers several g 56 of micro-gas chromatography provides a conve-
advantages, such as rapid analysis time and the capability, o way to determine both headspace oxygen and moisture
to simultaneously quantify oxygen and moisture in a single g jtaneously. The headspace oxygen and moisture were
analysis run. Headspace moisture and oxygen data fromgpayy 76 in two separate modules.@®C simultaneously in

a set of cold form aluminum blister samples1500u.L less than 90 's. The method was shown to exhibit excellent ac-
cavities) is reported ifable 4 The blister card samples a0y inearity, and sensitivity. Application of the method

were prepared as described in the experimental section,as demonstrated in the analysis of headspace oxygen and
using a prototype modified atmosphere packaging system t0istre in various pharmaceutical packaging types. Exten-

flush the blister cavities with nitrogen (<0.01%)dprior to sion of the technology to measure smaller blister cavities i.e.,

sealing. The measurements were performed by analyzing six.40q,,1 ) would require minimization of purge volumes
blister cavities on each individual card listedTiable 4 As
expected, the headspace moisture levels are fairly constant
across the various bllster_ c_aro_ls measured gnd is reflectl\_/e OReferences
the ambient relative humidity in the packaging room, which
was uncontrolled. Overall, the headspace oxygen level in the [1] A.C. Templeton, Y.-H.R. Han, R. Mahajan, R.T. Chern, R.A. Reed,
blisters gradually decreases across the process of production  Pharmacol. Technol. 26 (2002) 41-61.
from the start to the finish, consistent with residual atmo- [2] Z. Ji, RE. Majors, E.J. Guthrie, J. Chromatogr. A 842 (1999)
spheric gases being removed with continued flushing. The _ 115-142. _
. . . . [3] R.H. Lambert, J.A. Owens, Field Anal. Chem. Technol. 6 (1997)

data suggests that pre-flushing the MAP unit tooling will be 367374,
necessary prior to start of prodgction to ensure uniformity. (4] z. Ji, S. Hutt, J. Chromatogr. Sci. 38 (2000) 496-502.

A series of 20-mL glass vials containing tablets and [5] C. Crume, Env. Test. Anal. 10 (2001) 22-24.
capsules at various humidity conditions were measured for [6] M.W. Bruns, Am. Env. Lab. 7 (1995) 29-34.
headspace moisture to further examine the feasibilipy®€ [7] ';-7 Sﬁ'fmers’ D. Heigel, A. Spilkin, Chem. Eng. World 32 (1997)
for different packaging type_s. The Vla!s were We_”'StOppered [8] H. Wang, B.Z. Dlugogorski, E.M. Kennedy, Energy Fuels 16 (2002)
and sealed to prevent leaking. The vials were first tested by =~ 5g6_592.
the Lighthouse FMS-1400H and then the same vials were [9] J. Mills, Am. Lab. 34 (2002) 34-40.
then measured byGC. The results of the experiments [10] M. Feeney, P. Larson, Agilent Publication 5988-6700EN.

4. Conclusions
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