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An internal standard system has been developed for a mass spectrometer equipped with an
atmospheric pressure chemical ionization source. The system has been used to overcome
sensitivity drift problems that are commonly encountered when the spectrometer is used
for long-term environmental monitoring. Additionally, the internal standard has been used
to correct sensitivity changes induced by the matrix being analyzed. Principal components
of the system are a low concentration internal standard source and a flow-delivery system
for introducing the standard to the reagent gas delivery stream of the spectrometer.
Following an experiment, real-time data are downloaded to a personal computer where
internal standard correction and data analysis are performed. Application of the internal
standard to the measurement of nicotine and pyridine is demonstrated. (J Am Soc Mas»
Spectrom 1991, 2, 427-431)

A
SCIEXI5 (Thornhill, Ontario, Canada) TAGAI5
6000 atmospheric pressure chemical ionization
(APCI) mass spectrometer is used to monitor

environmental tobacco smoke (ETS) generated in an
18-m3 stainless steel controlled environment test
chamber in which temperature, humidity, and venti
lation can be controlled [1-4J. Real-time measure
ments of ETS constituents are typically obtained over
a 0.5 to 7 h sampling period. One drawback of the
system is that quantitative results can be adversely
affected by instrument sensitivity changes that can
arise from several sources. Compounds present in the
sample matrix may affect the sensitivity of the instru
ment to selected analytes. During long sampling peri
ods, instrument sensitivity can drift by as much as
50%. In addition, sudden changes in instrument sen
sitivity have been observed on occasion.

A system to overcome the problem of changes in
instrument sensitivity was developed. A steady con
centration of an internal standard is blended with air
sampled from the environmental chamber. The re
sponse of the spectrometer to the internal standard is
used to correct analyte data for both natural and
electronically induced changes in instrument sensitiv
ity. Results from tests of this system with Dg-pyridine
and D3(methyl)-nicotine as internal standards for
pyridine and nicotine are presented here.
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Experimental

Reagents

Pyridine (certified ACS grade) was obtained from
Fisher ScientifIc (Pittsburgh, PA) and highest avail
able purity (99% min.) nicotine was obtained from
Eastman Kodak Company (Rochester, NY). Both
chemicals were used as received. CertifIed pyridine
(calibration) and Ds-pyridine (internal standard) per
meation tubes were obtained from Kin-Tek Labs
(Texas City, TX). D3(methyl)-nicotine was synthe
sized, and its identity and purity (99 + %) were
checked by nuclear magnetic resonance and mass
spectrometry. Aldrich Chemical Company (Milwau
kee, WI) glycerol (99 + %) was used to reduce the
vapor pressure of D3(methyl)-nicotine. Inlet glassware
was silylated with SYLON-CT obtained from Supelco
(Bellefonte, PA).

Instruments

Pyridine calibration standards were maintained in a
Kin-Tek Labs model 580-3C precision gas standards
generator. The nicotine calibration standard and inter
nal standards were kept in separate Kin-Tek models
585-A and 485 precision gas standard generators. A
SCIEX~ TAGA~ 6000 tandem mass spectrometer
equipped with an APCI source was used to obtain all
real-time measurements. For the experiments de
scribed here, the instrument was operated in the
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Data Treatment

Prior to each experiment, the TAGAe was calibrated
by the method of Thome et al. [2]. Permeation sources

forced through an annular orifice in the transducer.
This causes a reduced pressure in a vacuum passage
connected with the chamber. Flow rates of 2 to 8
L/min can be induced from the chamber depending
upon the size of a flow restrictor placed within the
chamber. The combined flow of analyte and dilution
air is then directed into the glass inlet tube shown in
Figure 2.

The deuterated nicotine internal standard was
shown to undergo reversible adsorption on the stain
less steel "T" fitting used in a previous version of this
system. The adsorption of the nicotine internal stan
dard followed by its desorption in the presence of
ETS led to unstable behavior of the internal standard.
A new inlet tube was developed (see Figure 2) that
minimizes the surface onto which the internal stand
ard can adsorb. To further retard adsorption, glass
ware surfaces exposed to the internal standard were
silylated. The threaded side-arm is used to introduce
calibration gases into the ion source. The side-arm is
capped during chamber sampling. A sample line from
the air-vac transducer is attached to the other threaded
tube, The internal standard is introduced through the
tube mounted axially within the larger tube. A glass
ball and a support (not shown in Figure 2) mounted at
the end of the internal standard inlet tube help to
provide thorough turbulent mixing of the internal
standard and sample streams. At flow rates of > 1.5
L/min, good mixing occurs and stable internal stand
ard and analyte signals are obtained. Noise in the
real-time spectra is further reduced at higher internal
standard flow rates. But as the flow rate is increased
sample dilution is also increased with a concurrent
reduction of analyte signal. The best compromise be
tween signal and noise for this system was found at
internal standard flow rates between 1.75 L/min and
2.5 L/min.

The internal standard permeation tube and bottle
are housed in a Kin-Tek model 485 precision gas
standards generator with oven temperature main
tained at 30 "C. Nitrogen is passed through the oven
at a flow of 700 mL/min, and diluted with nitrogen to
obtain a total flow of 2.00 L/min.
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To Cono-crtcn
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Air-voc
Vacuum Transducer

From TAGA
Reagent Gcs Inlet System

Transfer Line
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Internal Standard Introduction

Proton transfer is the principal ionizing reaction in the
APCI ion source, and sensitivity of the APCI ion
source is strongly dependent on the gas-phase basic
ity and protonation kinetics of the compound being
analyzed [5,6]. In order for an internal standard to
correct for the effects of other compounds present in
the sample matrix, its energetics and kinetics should
be as similar as possible to those of the compound
being quantifIed. The mass-to-charge ratio of the in
ternal standard should also fall at a mass where no
interfering ions appear. In this lab, both pyridine and
nicotine are frequently analytes of interest; proto
nated molecular ions of these compounds appear at
m ] z 80 and 163, respectively. Fully or partially
deuterated analogs of these compounds are expected
to exhibit similar ionization behavior in the mass spec
trometer. Protonated Ds-pyridine and D3(methyl)
nicotine appear at m I z 85 and 166, respectively. No
interfering ions are observed at these two masses
when ETS is sampled.

The presence of an internal standard must not
have a significant effect on the ionization efficiency of
the analytes of interest. If ionization of the internal
standard requires a large fraction of available reagent
ions, then the sensitivity of the instrument to other
analytes may be reduced. The Ds-pyridine permeation
tube used has a certified permeation rate of 1021
ng/min at 60 ·C. By reducing the oven temperature to
30°C, the permeation rate was reduced to approxi
mately 180 ng/min. When the internal standard is
fully diluted, its concentration is "" 5 ppb and it
produces approximately 150,000 counts per second.
The D 3(methyl)-nicotine was not readily available in
permeation tubes, and its vapor pressure at 30°C is
too great to be used as an internal standard. The
nicotine was mixed with glycerol in a permeation
bottle until it produced approximately 30,000 counts
per second in the spectrometer, which corresponds to
a nicotine evolution rate of "" 80 rig/min and a fully
diluted concentration of "" 0.7 ppb. At these concen
trations, the internal standards provide signals large
enough to be used for performing internal standard
corrections, but not large enough to interfere with the
sensitivity of the spectrometer to other ions of inter
est.

Internal Standard Selection

single mass spectrometer mode. Internal standard
correction and data analysis were performed on a
COMPAQ (Houston, TX) Deskpro 386/20 personal
computer.

A general diagram of the internal standard introduc
tion system is shown in Figure 1. Air from the con
trolled environment chamber is sampled through an
air-vac vacuum transducer (Air-Vac Engineering Co.,
Milford, CT). Dilution air, flowing at '"' 8.7 L/min, is

Figure 1. Block diagram of an internal standard introduction
system.
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Figure 2. Glassware for blending the internal standard with the sample flow and introducing the
combined flow into the ion source.

were used to generate standards of known analyte
concentration. The standard was then diluted to
working concentrations in a capillary dilution appara
tus. A small flow of standard was blended with air
(8.7 L/min) and introduced into the ion source. By
changing the flow of standard through the capillary, a
calibration curve was obtained which bracketed the
expected sample concentration. Response factors were
calculated from the calibration curve.

Data from each experiment were collected by se
lected ion monitoring of each analyte'8 protonated
molecular ion: pyridine-m I z SO, Ds-pyridine-m I z
85, nicotine-m I z 163, and 03(methyl)-nicotine-m I z
166. Following collection, the data were transferred
from a PDP 11/73 minicomputer (Digital Equipment
Corp., Maynard, MA) to a personal computer. Data
analysis was then performed. AU the data were first
smoothed by using a sliding average routine. The
average counts per second for each internal standard
was then determined for the first 10 min (background)
of the experiment. Real-time data for each internal
standard were then normalized to their average back
ground value. The normalized data were then used to
correct analyte intensities for changes in sensitivity
that occurred during the course of an experiment.
Finally, analyte intensities were converted to concen
trations by using previously determined response fac
tors.

Results and Discussion

Correction of Long-Term Sensitivity Drift

When measurements are carried out over a long pe
riod of time, the sensitivity of the instrument can vary
considerably. For the TAGAtIl, factors such as contam
ination of the discharge needle, partial blockage of the
ion extraction orifice, and accumulation of frost on

cryo-cooled lens surfaces may aU influence inlltrument
sensitivity. An example of sensitivity drift is illus
trated in Figure 3. A constant concentration of Os
pyridine was introduced into the ion source and the
ion signal was measured over a 4-hour period. During
the first 30 min of the experiment, the sensitivity of
the TAGAtIl to Dg-pyridine remained fairly constant.
During the fmal 3t hr of the experiment. the sensitiv
ity slowly declined. Overall, the sensitivity of the
TAGA<» to a constant analyte concentration decreased
by 35%.

During the same experiment, pyridine vapor was
generated in the chamber by volatilizing a 10% pyri
dine solution. Four microliters of a 10 % solution of
pyridine in water were volatilized in the chamber at
12 min into the experiment. The uncorrected pyridine
concentration line in Figure 4 shows the real-time
concentration of pyridine measured with the TAGAIil.
The decrease in sensitivity to pyridine is proportional
to the decrease in response to D:;-pyridine illustrated
in Figure 3.
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Figure 3. Os-Pyridine internal standard raw data. The slow
decline in response is due to long-term drift of instrument
sensitivity.
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Figure 4. Correction of long-term changes in instrument sensi
tivity. Real-time concentration of pyridine in controlled environ
ment test chamber that has (solid) and has not (dashed) been
corrected with its internal standard is shown here.

The Corrected Pyridine concentration line in Figure
4 shows the results of correction. Initially, TAGA~
sensitivity showed little drift, which is reflected in the
similarity of corrected and uncorrected data for the
first 30 min of the experiment. As the experiment
progressed, sensitivity gradually declined, which
caused the increasing divergence of the Corrected and
Uncorrected Pyridine lines. Reliance on the uncor
rected data would lead to an estimation of time
weighted-average concentration, which was biased
low by 19%, and the final concentration would be low
by 35%. The corrected pyridine concentration exhibits
a slight decline due to the effect of air exchange
within the chamber. The chamber is not perfectly
sealed, and inftltration and exfiltration cause a small,
real decrease in the actual concentration of com
pounds in the chamber.

Correction of Short-Term Sensitivity Changes

Occasionally, the mass spectrometer will exhibit large
changes in sensitivity that take place nearly instanta
neously. Causes for such variations may include elec
tronics problems and partial blockage of the ion ex
traction orifice. An experiment was performed to
determine the ability of the internal standard to cor
rect for such variations. Four microliters of a 10%
aqueous pyridine solution were volatilized in the
chamber, and real-time pyridine concentrations were
monitored for a period of 4 hr. Sharp changes in
instrument sensitivity were effected by manually
changing the potential applied to one of the focusing
lenses. Although this particular type of change is
unlikely under normal operating circumstances, the
resulting change in sensitivity is similar to those that
have been observed in normal operation.

illustrated in Figure 5 are the uncorrected and
corrected pyridine concentrations measured with the
TAGA@. Because the internal standard experiences
the same relative changes in sensitivity as the analyte,
the proportional change can again be used to correct
the analyte raw data. In this case, the corrected pyri
dine concentration showed an expected slow decay in

60 ~20 180 240
TIME (min)

Figure 5. Correction of short-term changes in instrument sen
sitivity. Rapid changes in sensitivity were effected by changing
the potential of a focusing lens. The Corrected Pyridine line
shows the utility of the internal standard for eliminating the
effect of the short-term sensitivity changes evident in the Uncor
rected Pyridine line data.

the chamber, and the electronicaUy induced sensitiv
ity changes were eliminated from the data. The dis
placement of the uncorrected pyridine trace below the
corrected pyridine trace gives evidence that some
long-term sensitivity drift also took place during this
experiment.

A minor drawback of the system is that use of the
internal standard can increase the noise of the cor
rected Signal. This occurs because the noise associated
with the internal standard signal is combined with the
noise associated with the analyte signal. For example,
the signal-to-noise ratio of the corrected data is 20%
lower than that of the uncorrected data in Figure 5.
However, because both the analyte and internal stan
dard signals are smoothed during processing, noise
associated with the corrected signal is still much lower
(3-4 x ) than that associated with unsmoothed, un
corrected data.

Correction of Matrix-induced Sensitivity Changes

When the TAGA@is used to determine concentrations
of ETS constituents in the controlled environment
chamber, matrix interference effects can cause diffi
culties. If concentrations of analyte molecules in the
ion source overwhelm the available supply of reagent
[H 30 . (HzO)nl+ ions in the spectrometer's ion
source, competition for the reagent ions between ana
lytes can induce changes in sensitivity. In this case,
suppression of ionization is not constant for all com
pounds. Stronger gas-phase bases compete more ef
fectively for the limited number of reagent ions than
compounds with lower basicity. To correct for this
problem properly, it is imperative that the internal
standard has similar gas-phase basicity and protona
tion kinetics as the analyte being measured. For this
reason, deuterated analogs of pyridine and nicotine
were chosen as internal standards for these com
pounds.

To examine the effect of matrix interference on
sensitivity, high ETS concentrations were generated
in the controUed environment chamber. Following a
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12-min background period, a smoking machine was
used to smoke three pairs of cigarettes in sequence.
This was done to elevate the ETS concentration in the
chamber rapidly. For the remainder of the 5-hr experi
ment, individual cigarettes were smoked consecu
tively to maintain a nearly constant ETS concentration
in the chamber. Throughout the experiment, the
chamber was ventilated at six air changes per hour,
and the temperature and relative humidity were regu
lated at 22 ·C and 50%, respectively.

Raw, unsmoothed, Ds-nicotine internal standard
datal'lfe pictured in Figure 6. During the first 12 min
of th¢ experiment the instrument response was con
starlt.;'As smoke levels in the chamber increased be
tween tmnutes 15 and 30, the instrument response to
the internal standard decreased. This decrease was
caused by competition between various components
in the matrix for a limited number of reagent ions.
Throughout the rest of the experiment, sensitivity
slowly decreased. This is most likely due to a slight
increase in ETS matrix concentration as the experi
ment progressed and the effect of long-term sensitiv
ity drift. Overall, the instrument response to a con
stant concentration of internal standard decreased by
"" 50%. Internal standard data obtained for Os-pyri
dine displayed a similar temporal profile, but the
relative decrease in sensitivity was slightly greater.

When the internal standard response was used to
correct the real-time nicotine concentration measured
in the chamber, the results shown in Figure 7 were
obtained. Although there is some noise associated
with the corrected nicotine data in Figure 7, it is
possible to pick out the increase in nicotine signal that
occurred with the smoking of each individual
cigarette. Each peak that appears at 10-min intervals is
due to changes in nicotine concentrations induced by
the burning of each cigarette. Without internal stan
dard correction, estimates of the nicotine concentra
tion in the chamber would have been biased signifi
cantly. From Figures 6 and 7, it can be seen clearly
that the matrix can interact strongly with the analyte
of interest in the APCI ion source, and that interaction
can lead to significant errors in quantitation. How-
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Figure 6. D3(methyl)-nicotine internal standard raw data. The
sharp drop in sensitivity occurring between 15 and 30 min is
caused by matrix interferences.
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Figure ,. Correction of matrix-induced sensitivity changes.
Real-time concentration of nicotine in a controlled environment
test chamber that has (solid) and has not (dashed) been cor
rected with its internal standard is shown here.

ever, an internal standard with similar ionization
properties to the analyte of interest can be used to
correct matrix-induced changes in sensitivity.

Conclusions

The utility of an internal standard system for correc
tion of sensitivity changes in a mass spectrometer
equipped with a corona discharge APCI ion source
has been demonstrated. Introduction of a constant,
low concentration of an internal standard with gas
phase basicity and protonation kinetics similar to those
of an analyte of interest can be used to overcome both
long- and short-term changes in sensitivity, as well as
correct for matrix-induced changes in sensitivity. The
system is .simple and could probably be adapted to
work with other spectrometers that can perform at
mospheric sampling in real time.
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