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Introduction:-

Rapid and accurate detection and classification of biological agents are important for protecting personnel and
supporting military operations. Pyrolysis mass spectrometry is one analytical approach to characterizing collected
samples: the sample is thermally decomposed, and the resulting mass spectrum is used to assess its characteristics
[1]. Pyrolysis mass spectra can depend on sample composition, sample amount, and pyrolysis conditions [2—4].
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Unintended contamination can complicate mass-spectral interpretation, particularly in sequential testing where
material retained from an earlier procedure may contribute to a subsequent measurement. Such carryover is
therefore an important analytical concern [5,6].

During quality-assurance testing of the military biological detector examined here, an unexpected classification of a
biological simulant was accompanied by an overall mass-spectral pattern different from the earlier expected
response. The incident occurred after collection-efficiency qualification using polystyrene latex (PSL) particles.
During the investigation, carryover of PSL from the preceding qualification test was considered a plausible
contributor to the interference. This sequence of events motivated the carryover hypothesis examined in this study.
The objective was to investigate whether PSL used in preceding collection-efficiency qualification could affect
subsequent pyrolysis-MS analysis and automated classification. The investigation combined incident chronology,
spectral comparison, optical observation of residual material, controlled verification tests, and evaluation following
strengthening of the cleaning procedure.

Materials and Methods:-

Pyrolysis mass spectrometry system and analytical principle:-

Figure 1 summarizes the analytical workflow. Material entering the inlet is concentrated and collected on a
biological sample collection filter. IR-laser irradiation pyrolyzes the collected material. As the transfer capillary is
heated, the volatilized products reach the mass spectrometer at different times. Signal amplification and mass
detection yield a mass spectrum, and the instrument compares peak positions and intensity patterns with its internal
reference library to classify the sample.
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Figure 1. Schematic of biological sample collection, IR-laser pyrolysis, and mass spectrometric analysis. The
illustrated temperature profile is schematic and does not report measured operating temperatures.

Routine quality-assurance test sequence and test materials:-

The quality-assurance program includes collection-efficiency testing and biological detection testing among several
independent evaluations. In the routine sequence, collection-efficiency qualification generally precedes biological
detection testing, so the same collection pathway can be used sequentially. During collection-efficiency
qualification, aerosolized PSL particles are introduced into the sampling system and particle concentrations are
measured using an aerosol particle counter. PSL aerosols have been used as test aerosols in published evaluations of
filter and aerosol-sampler collection efficiency [7,8]. When diluted PSL was analyzed alone in the present detector,
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prominent responses were observed at nominal m/z 51, 78, and 104 (Figure 2). Because PSL particles are composed
of polystyrene, their thermal degradation can produce styrene and styrene-related products [9]. A PSL Py-GC/MS
method also used styrene-related ions in this nominal-mass region [10]. The NIST electron ionization (EI) reference
spectrum of styrene provides additional spectral context [11].
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Figure 2. Mass spectrum of diluted PSL analyzed alone in the present detector. Red circles mark PSL-
associated responses at nominal m/z 51, 78, and 104.

Sucrose was used as a nonpathogenic biological simulant for instrument testing and was not selected ad hoc for this
study. According to the equipment specification, nonpathogenic or low-pathogenic simulants are used for instrument
testing in place of actual biological agents because of the associated biosafety risks, and albumin or sucrose is
specified for this purpose. Accordingly, sucrose was used in the present experiments as the specified test simulant.
Sucrose is a disaccharide composed of glucose and fructose units, and its thermal degradation produces furan-
containing compounds, including furfural and related derivatives [12, 13, 14, 15]. 2,5-Furandicarboxaldehyde is also
among the pyrolysis products of sucrose [12,15]. The electron ionization reference spectrum of furfural contains
prominent peaks at m/z 95 and m/z 96, whereas that of 2,5-furandicarboxaldehyde contains prominent peaks at m/z
95, m/z 123, and m/z 124 [11]. Among these signals, m/z 95 and m/z 123 are used by the detector evaluated in this
study, and the peak-height ratio of m/z 123 to m/z 95 is one of the variables incorporated into its classification
algorithm.

For detection of this simulant, the detector uses the responses at m/z 95 and m/z 123 as key variables in its
classification algorithm, but it does not classify the sample based solely on the presence of these two signals. The
algorithm considers their relative prominence and peak-height relationships within the overall mass-spectral pattern.
PSL-associated contributions can alter the overall pattern and make the expected m/z 95 and m/z 123 responses less
prominent relative to other peaks.

Incident and carryover hypothesis:-

In this test series, six systems were tested, and one showed an unexpected classification during biological-simulant
detection. The incident spectrum differed from the earlier expected-response spectrum (Figure 3). To examine
potential equipment-related causes, the IR laser, heater, sensors, biological multi-position valve (Bio MPV), related
input/output functions, and calibration status were checked, and no abnormalities were found. The investigation
focused on the similarity between the altered incident spectrum, including nominal m/z 51, 78, and 104, and the
PSL-only spectrum. The change in the overall spectral pattern, comparison with the PSL-only response, and the
preceding qualification test using PSL collectively led to the carryover hypothesis. Optical examination and
controlled verification tests were then conducted to investigate this possibility.
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Figure 3. Comparison of (a) the incident mass spectrum and (b) the earlier expected biological-simulant
response. Red circles in (a) mark PSL-associated responses at nominal m/z 51, 78, and 104; green circles in
(b) mark expected biological-simulant responses at m/z 95 and 123.

Optical examination of residual material:-

The incident filter was examined by optical microscopy and compared with a clean filter showing no visible foreign
material. In the incident filter, foreign particulate material was observed within the filter structure, whereas no
comparable material was visible in the clean filter (Figure 4).
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Figure 4. Optical comparison of (a) the incident filter with visible particulate residue and (b) a filter without
visible foreign material.

Controlled verification tests:-

Four controlled verification tests were conducted to examine different aspects of the PSL carryover hypothesis.
Ambient conditions were maintained at 23 °C and 50% relative humidity. Before each test, operation of the IR laser,
heater, sensors, Bio MPV, and related input/output functions was checked to reduce the influence of equipment-
related factors. Under the routine procedure, a simple cleaning and drying step is performed after PSL qualification.
Because PSL residue was not readily reproduced when this routine procedure was followed, cleaning after the PSL
qualification step was deliberately omitted in Tests 2—4 as an intentional diagnostic stress condition. These tests
were designed to determine whether the proposed carryover pathway could occur under conditions more favorable
for carryover rather than to reproduce routine operation. Mass spectra were obtained from detector data using the
dedicated proprietary software.
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Test 1. Direct co-loading challenge:-

PSL stock solution was diluted 7000-fold and mixed 1:1 with the biological simulant. The mixture was applied
directly to the biological sample collection filter and analyzed to determine whether simultaneous PSL and simulant
loading could produce altered classification and an interference pattern similar to the incident response.

Test 2. PSL carryover generation and verification challenge:-

After pre-test microscopy confirmed no visible foreign particles, PSL-based collection-efficiency qualification was
performed and post-qualification cleaning was intentionally omitted. The filter was re-examined for visible residue
and analyzed without added biological simulant. This test examined whether PSL qualification could leave
particulate material in the filter or collection pathway and contribute to a subsequent spectral response.

Test 3. PSL carryover interference during biological-simulant detection:-

A filter without visible foreign particles on pre-test microscopy underwent PSL collection-efficiency qualification
without subsequent cleaning. After microscopy to examine residual material, biological simulant was applied and
pyrolysis-MS analysis was performed. The evaluation considered coexistence of expected responses at m/z 95 and
m/z 123 with PSL-associated interference, changes in the overall spectral pattern, and automated classification.

Test 4. Repeat verification challenge:-

The procedure used in Test 3 was repeated once as a separate verification run to determine whether similar
interference and altered classification could be observed again. It included pre-test and post-exposure microscopy
and deliberate omission of cleaning after PSL qualification.

Results:-

Results of controlled verification tests:-

Test 1:-

Direct co-loading of diluted PSL and biological simulant produced an overall spectral pattern qualitatively similar to
the incident interference, accompanied by altered automated classification (Figure 5). The spectral comparison
indicated that simultaneous presence of the two test materials could change the expected response pattern.
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Figure 5. Test 1: (a) direct application of the PSL—simulant mixture to the filter and (b) the resulting mass
spectrum.

Test 2:-

No visible foreign particles were observed before PSL qualification, whereas particulate residue was visible
afterward under the intentionally permissive condition in which post-qualification cleaning was omitted. Subsequent
analysis without added biological simulant showed a PSL-associated spectral contribution (Figure 6). These
observations linked the qualification step to retained material and a later analytical response.
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Figure 6. Test 2: (a) filter before PSL qualification, (b) visible residue after qualification without subsequent
cleaning, and (c) mass spectrum without added biological simulant. The red circle in (b) marks visible
residue, and the red circles in (¢) mark PSL-associated responses at nominal m/z 51, 78, and 104. Microscopy:
100x.

Test 3:-

Visible particulate residue appeared after PSL qualification without subsequent cleaning. Following biological-
simulant addition, expected responses at m/z 95 and m/z 123 coexisted with the PSL-associated interference pattern,
and automated classification differed from the expected result (Figure 7). The overall peak-height relationships were

altered.
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Figure 7. Test 3: (a) filter before PSL qualification, (b) residue after qualification without subsequent
cleaning, and (c) spectrum after biological-simulant addition. The red circle in (b) marks visible residue. In
(c), blue circles mark PSL-associated responses at nominal m/z 78 and 104, and red circles mark expected
biological-simulant responses at m/z 95 and 123. Microscopy: 100x.

Test 4:-

The separate repeat verification again showed visible residue after PSL qualification with cleaning omitted, followed
by a qualitatively similar interference pattern and altered classification during biological-simulant analysis (Figure
8). This provided a second observation under the Test 3 procedure.
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Figure 8. Test 4: (a) filter before PSL qualification, (b) residue after qualification without subsequent
cleaning, and (c) spectrum after biological-simulant addition in the separate repeat verification. The red
circle in (b) marks visible residue. In (c), blue circles mark PSL-associated responses at nominal m/z 78 and
104, and red circles mark expected biological-simulant responses at m/z 95 and 123. Microscopy: 100x.

Discussion:-

The four tests addressed complementary questions within the carryover hypothesis. Test 1 showed that simultaneous
PSL and simulant loading could produce incident-like interference and altered classification. Test 2 connected the
PSL qualification step, visible residue, and a subsequent spectral contribution without added simulant. Test 3
showed that simulant analysis under this residue condition could yield altered spectral relationships and
classification, and Test 4 showed a similar outcome in one separate repeat verification. Together, these observations
support a pathway by which material retained after PSL qualification may influence later analysis.

A distinction exists between the actual incident and the controlled verification tests. The existing cleaning and
drying procedures had been completed before the incident, whereas cleaning after PSL qualification was deliberately
omitted in Tests 2—4. Because carryover was not expected to be readily observable under routine conditions, these
tests intentionally created conditions more favorable for carryover so that the proposed pathway could be examined
directly. Despite this difference, the preceding history of PSL use, the altered incident spectrum, the PSL-only
response pattern, visible residue, and the complementary test results consistently support the interpretation that
residual PSL contributed to the interference. In the incident-spectrum comparison, prominent PSL-associated
responses at nominal m/z 51, 78, and 104 altered the overall spectral pattern and reduced the relative prominence of
the expected responses at m/z 95 and m/z 123. Previous carryover studies have likewise shown that material retained
from preceding analytical procedures can persist within an analytical pathway and influence subsequent
measurements [6,16], supporting the relevance of carryover as an explanation for the present observations.
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The incident prompted strengthening of the existing cleaning procedure, including mechanical cleaning with a soft
brush under flowing distilled water, two 20-min ultrasonic cleaning cycles using distilled water, microscopic
inspection at 40x magnification after drying, and further cleaning if residue remained. After implementation of the
revised procedure, an expected detection result was documented. This outcome supports the practical importance of
removing residual material and verifying the cleanliness of the shared collection pathway before subsequent
biological detection testing.

Conclusion:-

An incident occurred during biological detection testing following PSL qualification, in which the mass spectrum
and automated classification result differed from the expected response. Complementary observations and controlled
verification tests support the interpretation that residual PSL contributed to the interference. This study examined the
proposed pathway under deliberately created conditions favorable to carryover and included one separate repeat
verification. The strengthened cleaning and residue-inspection procedure had practical relevance, and the expected
result was documented after its implementation. These findings suggest that carryover control should address the
entire collection pathway, because residual material remaining before subsequent analysis can affect the mass
spectrum and detection classification.
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