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Abstract

Comprehensive two-dimensional gas chromatography coupled with time-of-flight mass spectrometry (GC× GC–TOF-MS) is a highly
selective technique ideal for the analysis of complex mixtures. The instrument yields an abundance of data, with complete mass spectral
scans at every time point in the GC× GC separation space. The development and application of appropriate tools for data mining is essential
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n making sense of the wealth of information available. An algorithm for locating analytes of interest based on mass spectral si
C× GC–TOF-MS data, called DotMap, has been previously reported and is rigorously evaluated herein. A thorough investigatio
erformance characteristics of DotMap, including the performance near the limit of detection and dynamic range of the algorithm as
apacity of the algorithm to deal with peak overlap, is investigated using jet fuel as a complex sample matrix. For instance, the alg
uccessfully identify a spiked compound at the single�g/ml level in a jet fuel sample with an overlapping interferent. The performance
otMap algorithm in situations with very limited mass spectral selectivity, specifically in the evaluation of spectra from isomer com
s well as the ability to tune DotMap results to provide the location of a specific analyte or of a class of compounds is demonst
otMap algorithm is demonstrated to be a sensitive tool that is useful in the analysis of complex mixtures and which possesses t

o be easily “tuned” to discern the location of analytes of interest.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Two-dimensional comprehensive gas chromatography
oupled with time-of-flight mass spectrometry (GC×
C–TOF-MS) has been demonstrated as a highly selective

nstrument, perfectly suited for complex mixture analysis
1–15]. Recent complex sample analyses in the literature
nclude fuels[1], pesticide residues in food[3,4], cigarette
moke [6,7], airborne particulate matter[11], metabolite
xtracts of plants[14], etc. This instrument creates an

mmense amount of data, which requires the development
f tools to assist the user in mining the data to give informa-
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tion pertinent in answering a question. The algorithm, ca
DotMap, studied herein is a tool designed to locate ana
or classes of analytes that are of interest.

Often in complex mixture analysis, there is a need to lo
specific analytes of interest[1,4,16–20], and in many com
plex mixtures, matrix effects may make peak locations in
sistent from one mixture separation to the next[21–24]. With
current software approaches, peak locations are found by
erating a list of all of the peaks present in the data set
matching each peak to a library of spectra. This process c
excessively time consuming, even when automated, an
requires the user to scroll through lists of perhaps hund
of peaks to find the compound(s) of interest. This appr
is very inefficient in situations where the analyst may o
be interested in a small subset of the compounds prese
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Sometimes to, it is important to locate an entire class of
compounds in a complex mixture[25], and in some cases, to
more fully describe the chemical characteristics of a sample
it is necessary to quantify the percent composition of dif-
ferent chemical classes. In cases such as these the DotMap
algorithm can also be of assistance. These reasons demon-
strate a need for the development of an algorithm such as
DotMap, which was recently reported and demonstrated on
an organic acid metabolite sample of human infant urine
[26].

The DotMap algorithm searches an entire GC×
GC–TOF-MS data set for a target analyte of interest. In some
applications only a relevant portion of the entire data set needs
to be searched. A correlation value is calculated, via a dot
product calculation, at every point in the GC× GC separa-
tion space between the spectrum at that point and the target
analyte spectrum. A contour plot is then generated by the
algorithm showing only the location(s) of the highly cor-
related mass spectra. The mass spectrum at the location of
maximum similarity is extracted from the GC× GC–TOF-
MS data set and searched against a mass spectral library to
confirm the identification.

In the current study a thorough investigation into the
performance characteristics of the DotMap algorithm for a
jet fuel sample is reported.O,O,O-Triethylphosphorothioate
(TEPT) was spiked into the jet fuel at varying concentra-
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ing the signals such that higherm/zsignals contribute more
to the classification. The symbol “·” represents the dot prod-
uct. The mass spectral signal intensities in the data set and
spectrum of interest are also scaled to the one-half power to
enhance the small intensity signals relative to the high inten-
sity signals.

The result of the algorithm is displayed as a contour plot
indicating the location of signals above a threshold. The
empirically determined and applied threshold used in all
DotMap analyses reported herein is defined as 90% of the
maximum dot product value above the median value of all
dot products in the raw DotMap data.

Threshold= (0.9 × (maximum− median))+ median (2)

The algorithm then extracts the spectrum from the
GC× GC–TOF-MS data that corresponds to the location of
the maximum dot product value, presumably the peak max-
imum of the analyte peak, and performs a traditional mass
spectral similarity search, to confirm the identification.

3. Experimental

Two standard solutions of compounds commonly found
in fuels were analyzed to obtain analyte spectra, Proposed
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nd dynamic range for this algorithm. Two isomers
ethylnaphthalene and 2-methylnaphthalene, were ana
ith DotMap to determine the algorithm performance w
ery little mass spectral selectivity. The ability to tune
mplementation of DotMap to provide single analyte in

ation and class information was also investigated usin
lkanen-dodecane and the alkane compound class in th

uel sample.

. Theory

The DotMap algorithm has been discussed in detail
revious publication[26], and will be described only briefl
ere to provide clarity. DotMap is an algorithm that searc
n entire GC× GC–TOF-MS data set to find those spe

hat best match the target spectrum of interest. The Do
lgorithm calculates the dot product of the baseline corre
caled, weighted, and normalized target analyte mass
rum with the mass spectral signal in the data set for
oint in the GC× GC plane as follows:
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hereAu is the abundance or ion counts ofm/zsignals in
he target spectrum of interest,Ad are the abundances ofm/z
ignals at each point in the two-dimensional GC× GC “data”
pace, andm is the vector containing values used for weig
PONA System Validation Mixture (AccuStandard, N
aven, CT, USA) and Gasoline Refinery Aromatics S
ard (AccuStandard). A sample of jet fuel diluted 10:1 w
cetone was analyzed to generate a searchable data ma

he DotMap Algorithm. This sample was spiked withO,O,O-
riethylphosphorothioate, ranging in concentration from
o 324�g/ml. The analysis of the fuel sample was perform
sing a LECO Pegasus 4D GC× GC–TOF-MS instrumen
LECO, St. Joseph, MI, USA). The first column wa
0 m× 250�m I.D. capillary column with a 0.5�m 5%
iphenyl/95% dimethyl polysiloxane (DB-5; J & W Scie

ific, Alltech, Deerfield, IL, USA). The second column wa
.5 m× 180�m I.D. capillary column with a 0.2�m film of
00% polyethylene glycol (AT-Wax, Alltech). These colum
ere joined using a Vu2 union (Restek, Bellefonte, PA, US
hermal modulation was used to transfer first column e
nt onto the second column. Cold nitrogen gas was us
oncentrate the column 1 effluent at the head of colum
t the start of each second column separation the cold n
en was shut off and heated air jets (40◦C above the ove

emperature) were switched on for a length of time equ
.4 s. For the remainder of the column 2 separation, the
itrogen gas was applied at the modulator. The total co
modulation time was 2 s. Half a microliter of the jet f

ample was injected using a 50:1 split. The column 1
ial oven temperature was 40◦C with a hold time of 0.5 mi
hen increased at 5◦C/min to 220◦C. Column 2 was house
n a separate oven and held at a constant 5◦C higher than
he column 1 oven temperature. The carrier gas was
igh purity helium and operated at a constant flow rat
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1.5 ml/min, corresponding to a pressure program starting at
1.39× 105 Pa above ambient room pressure and extending
to 2.51× 105 Pa at the end of the temperature program. No
mass spectra were collected during the solvent delay for the
first 4 min of each run. The transfer line was maintained at
260◦C and the ion source set point was 200◦C. The detector
voltage was−1600 V and the filament bias was−70 V. Mass
spectra were collected at 100 spectra/s in the range fromm/z
41–300 unless otherwise noted. Data were then exported as
a comma separated value (.csv) file and loaded into Matlab
6.0 R12 (The Mathworks, Natick, MA, USA) for data pro-
cessing. Mass Spectral similarity searches were performed
using NIST MS Search 2.0 (NIST/EPA/NIH Mass Spectral
Library; NIST 02).

4. Results and discussion

The DotMap algorithm studied herein is designed to
take a user chosen target spectrum and search a given
GC× GC–TOF-MS data set for mass spectra that are similar
to the target spectrum, highlight those regions with similar
spectra in a GC× GC contour plot, extract the mass spec-
trum from the raw data in the highlighted region and search
that extracted analyte spectrum against a library of spectra
using the NIST MS Search program. This complete process is
a time.
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in Fig. 2A. The threshold, shown as a dotted line, was auto-
matically calculated by DotMap as 90% of the difference
between the maximum point and the median of the DotMap
raw data, as defined in Eq.(2) of Section2. An analogous
figure showing the raw data in the column 2 dimension was
omitted for brevity. Only one signal (i.e., analyte peak) is
above the threshold in this raw DotMap data indicating that
the similarity between the analyte spectrum and the spectra
corresponding to this location in the raw data is high. Fur-
ther, the presence of only one signal location indicates that
the DotMap algorithm shows a high degree of selectivity for
the analyte (TEPT) in this matrix.

DotMap analysis was performed on additional data sets
with decreasing concentrations of TEPT. At concentrations
below 8�g/ml (signal (S)/noise (N)∼100), the DotMap anal-
ysis was not able to pinpoint the location of TEPT while
searching against the full data set. The signal to noise was
calculated usingm/z65, the most abundant ion in the library
spectrum for TEPT, where signal is defined as the maximum
peak height and noise is defined as three times the standard
deviation of the noise in a representative section of base-
line signal. Below 8�g/ml TEPT and using the full data set,
the location of 1-methylnaphthalene is identified instead due
to the very high S/N and degree of mass spectral similarity
of this compound compared to that of TEPT, the analyte of
interest. If prior knowledge of the expected retention time of
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utomated and requires approximately 30 s of analysis
n the first report on this algorithm[26], complex metabo
ite extracts were explored as a challenging applicatio
he DotMap algorithm. In this report, the capabilities
imitations of the algorithm are studied in greater detail
ifferent, yet very complex matrix, jet fuel.

The jet fuel sample used for this study is shown inFig. 1A
s a total ion current (TIC) GC× GC chromatogram. To stud

he ability of the DotMap algorithm to cope with decre
ng S/N, a test analyte, TEPT, was spiked into aliquot
he jet fuel sample at a range of concentrations. The
entrations of TEPT in 10 spiked jet fuel samples ran
rom 1.6 to 324�g/ml. These spiked jet fuel samples,
ddition to the pure component spectrum of TEPT obta

n-house, were used for the DotMap analysis. The sub-re
f the entire GC× GC separation space containing TEP
hown inFig. 1B. The specific sample shown inFig. 1B is
hat of the lowest concentration spike evaluated in this s
1.6�g/ml). Despite the small size of the analyte pea
ig. 1B, it can be seen that there are multiple modulat
cross the first column elution profile for the TEPT ana

n this system. The minimum number of modulations (
odulation number) needed to produce “comprehen

wo-dimensional chromatographic separations is consid
o be three to four modulations per peak[27,28]. It can be see
hat even the lowest concentration spike of TEPT qualifie
omprehensive.

The resultant matrix from the DotMap analysis of TE
piked at 324�g/ml in jet fuel (i.e., highest concentration
ange), projected on to the column 1 dimension, is sh
n analyte exists, this information can be used to reduc
hromatographic time window within the full data matrix t
s searched. Thus, only a portion of the full data set wou
earched using DotMap.

As an example, the TEPT-containing region of the jet
hromatogram spiked with 1.6�g/ml TEPT was used as t
ata matrix for a DotMap analysis. This is the region that
hown inFig. 1B, and it can be seen that there is an interfe
nalyte close to the TEPT peak. The S/N for TEPT in
ample is 33, calculated usingm/z65 as described abov
he raw data from this DotMap analysis is shown inFig. 2B
s the column 1 projection of the raw DotMap results. T

mage is of the same form as wasFig. 2A. It can be seen th
sing DotMap in a selected region of the data set, whe

he analyte is expected to elute, yields one peak that ma
he analyte of interest in this region. The task of searc
or a target analyte mass spectrum in a selected region
hromatographic separation space has the added adv
f speeding up the already rapid DotMap analysis pro
ith total analysis times for reduced data sets being o
rder of 1 s.

The DotMap algorithm outputs the results of the DotM
earch in a user-friendly contour plot of the separation s
nalyzed. A contour plot of the DotMap raw data for
nalysis of the 324�g/ml TEPT spiked sample is shown
ig. 3A with a single contour line drawn at the threshold in
ated inFig. 2A. This view is referred to as the “DotMap” f
he analysis. The result of DotMap analysis on the sele
egion used to study the low concentration spike (1.6�g/ml)
as successful as indicated inFig. 2B, and the generate
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Fig. 1. GC× GC–TOF-MS analysis of jet fuel. (A) A selected region of the GC× GC separation space containing the majority of the analyte peaks is shown
as a TIC plot. (B) The submatrix (m/z65) of the full separation space that was used for the DotMap analysis ofO,O,O-triethylphosphorothioate (TEPT) spiked
into jet fuel (1.6�g/ml). The location of TEPT is indicated and there is evidence of overlap with an interfering component in the jet fuel sample that shares the
same selected ion.

DotMap for this analysis was essentially a zoomed-in ver-
sion of that shown inFig. 3A (not shown for brevity). From
the contour plot inFig. 3A, the retention indices on both col-
umn 1 and column 2 were determined. At those coordinates a
spectrum was extracted from the original baseline corrected
GC× GC–TOF-MS data matrix and sent to the NIST MS
Search program where a similarity search was conducted.
The NIST MS Search program returns a match factor on a
scale of 0–999 describing the quality of the match between
the spectrum being searched and the spectra of the library
hit to which it is matched. A match factor of 999 indicates
a perfect match or total spectral similarity. A reverse match
factor is also calculated in a similar fashion, but in the case
of the reverse match, peaks that are present in the sample
spectrum but not present in the library best match spectrum
are not penalized when computing the reverse match factor
[29]. For each DotMap analysis performed in this study, the

extracted mass spectrum from the region of the 2D separation
space selected by DotMap was searched against the user built
library containing the mass spectra for TEPT. For the highest
concentration TEPT spiked sample (324�g/ml) the reverse
match factor (818) was much higher than the similarity match
factor (716). This difference in the reverse and similarity
match factors can be used as an indicator of peak overlap.
A similarity and reverse match that are nearly identical indi-
cates a pure peak and a discrepancy as described above for
similarity and reverse match factors can indicate peak overlap
due to the effect of interfering, overlapping peaks. In the case
of the lowest concentration TEPT spiked sample (1.6�g/ml),
the extracted spectrum did match to the library spectrum for
TEPT (Fig. 3B), but the match factors were reduced rela-
tive to the match factors for the higher concentration TEPT
samples (similarity: 523 and reverse: 554). Reasons for the
reduced match factor values include the effect of the interfer-

F tions o for TEPT
a e loca um dot
p DotMap , not
s iked je ap
a hold in
ig. 2. DotMap analysis of TEPT spiked into jet fuel: column 1 projec
t a spiked concentration of 324�g/ml. The maximum peak indicates th
roduct value above the median value of all dot products in the raw
hown for brevity. (B) DotMap result on the submatrix of the TEPT sp
nalysis projected onto column 1 and the peak that crosses the thres
f DotMap results. (A) Raw DotMap results projected onto column 1
tion of TEPT on column 1. The threshold shown is 90% of the maxim

data (Eq.(2)). The location on column 2 is found in an analogous fashion
t fuel at a concentration of 1.6�g/ml is shown. The raw data from the DotM
dicates the column 1 location of the analyte.
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Fig. 3. DotMap analysis of TEPT spiked into jet fuel. (A) The contour plot output, or “DotMap,” from the algorithm with the location of the analyte indicated.
This is the DotMap for the high concentration TEPT spike (324�g/ml). (B) The extracted mass spectrum from the DotMap analysis of TEPT (1.6�g/ml) in
the submatrix shown inFig. 1B is displayed. The spectrum was extracted from the original GC× GC–TOF-MS data at the maximum point in the DotMap
analysis. The spectrum was matched to TEPT using the NIST MS Search program and the NIST02 library. The library spectrum is also shown in the lower
portion of the figure. (C) The PARAFAC deconvoluted mass spectrum for TEPT (1.6�g/ml). The spectrum was also matched to TEPT using the NIST MS
Search program and the NIST02 library.

ing analyte (Fig. 1B) as well as the effect of the lower S/N of
TEPT at a concentration of 1.6�g/ml. The presence of peaks
atm/z57, 91 and 105 in the extracted spectrum but not in
the library spectrum (Fig. 3B) provides further evidence that
TEPT is overlapped with an interferent. Indeed, it is note-
worthy that even though the match factor for TEPT was quite
low, the DotMap algorithm was able to locate TEPT in the
presence of the interferents.

While DotMap can be used to find an analyte that is highly
overlapped with interferent signals, Parallel Factor Analysis
(PARAFAC) can be subsequently used to deconvolute the
chromatographic and mass spectral profiles from each analyte
and interferent in that region thereby refining the mass spec-

trum of the analyte of interest, in this case TEPT. PARAFAC
provides a deconvoluted mass spectrum, generally excluding
mass peaks from the overlapping interferent compound(s)
and which therefore provides better match values for TEPT
at 1.6�g/ml in the sample (similarity: 739 and reverse: 859),
as demonstrated inFig. 3C [26].

Since the DotMap algorithm is strongly influenced by
mass spectral similarity, it is important to investigate the
results of DotMap analyses of isomers, which generally have
very similar spectra. In this case, the spectra for 1-methyl
and 2-methylnaphthalene standards were obtained in-house
to reduce spectral variations due to differences in instrumen-
tation. Spectra in commercial libraries are produced from
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Fig. 4. DotMap analysis of 1-methylnaphthalene present in jet fuel. The raw
DotMap results projected onto column 1 are shown. The results give the loca-
tions of both the isomers 1-methylnaphthalene and 2-methylnaphthalene,
shown as “1” and “2” respectively. The algorithm notes both peaks due to
the mass spectral similarity of the two compounds’ spectra.

many instruments with instrumental parameters that inflict
differences in the spectra and could potentially reduce the
accuracy of DotMap. The initial jet fuel sample, diluted
in acetone and analyzed by GC× GC–TOF-MS was used
as the data set. The raw DotMap data projected onto col-
umn 1 using 1-methylnaphthalene as the search analyte is
shown inFig. 4. There are clearly 2 peaks that have virtually
identical dot product intensities. While the dot product inten-
sity is slightly greater for the true 1-methylnaphthalene, the
algorithm also identifies 2-methylnaphthalene as a potential
match. Similarly, when the data matrix is searched against
2-methylnaphthalene both peaks are found with the peak
for 2-methylnaphthalene being slightly larger (not shown
for brevity). This indicates that the mass spectral similarity
between these spectra is too high for DotMap to distinguish
the individual isomers and therefore, that the contour plot
generated indicates the location of both isomers, not shown
for brevity. This does, however, bring up the potential ability
of DotMap to be “tuned” to give the locations of individual
analytes or classes of compounds that share spectral features

This concept of tuning DotMap to find individual analytes
of a class of compounds was explored using the spectrum,
collected in the laboratory, of a dodecane standard and the
jet fuel data set studied previously. The raw DotMap results
projected onto column 1 from the DotMap generated using
the entire dodecane spectrum is shown inFig. 5A. While
t , the
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t o the
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lyte,
d ding a
m ches

shown for brevity), and the best results were obtained using
a portion of the analyte’s mass spectrum that distinguishes
the spectrum of the desired analyte from that of similar
compounds. In the case of dodecane, that selected region
was found to bem/z86–200, thus omittingm/z45–85 was
required. The raw results of the DotMap analysis usingm/z
86–200 of the dodecane spectrum and the jet fuel data is
shown inFig. 5B. When comparing the column 1 projections
of the DotMap results inFig. 5A and B, it can be seen that
the dot product intensity for dodecane is greatly enhanced
by using a selective portion of the dodecane spectrum. The
extracted spectrum that corresponds to the analyte location
indicated in the DotMap inFig. 5B was matched successfully
to the library spectrum collected in-house of dodecane.

To optimize the DotMap analysis to identify a class of
compounds, in this example the alkanes, several approaches
were also investigated using selected ions (again not all
approaches shown for brevity), but the best results were
obtained using a portion of the dodecane spectrum that is
common to all alkanes in the sample. The regionm/z45–85
of the dodecane spectrum was used as the search spectrum
for the DotMap analysis. The raw DotMap data for column
1 and the ensuing contour plot are shown inFig. 6A and B.
The raw data indicate a high degree of mass spectral similar-
ity between many compounds in the sample and the portion
of the dodecane spectrum that it was searched against. While
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here is clearly one peak that falls above the threshold
xtracted spectrum was found to be that of octane rathe
odecane. IfFigs. 5A and 2Aare compared, it can be se

hat there are many more compounds which are similar t
earch compound (dodecane) inFig. 5A than to the searc
ompound (TEPT) inFig. 2A.

To optimize the DotMap analysis for the search ana
odecane, several approaches were investigated inclu
ethod using a variety of selected ions (not all approa
.

he highest dot product intensity inFig. 6A corresponds t
odecane, all compounds that reach the threshold are s

n the DotMap contour plot (Fig. 6B). All of the major alkane
rom octane to hexadecane were found in this jet fuel sa
sing this approach. Although peaks for heptane (C7)
eptadecane (C17) have similar mass spectra to that of
lkanes, it can be seen inFig. 6A that the DotMap intensit

or these compounds does not cross the threshold. The th
ld chosen by the algorithm is set at 90% of the differe
etween the maximum point and the median of the Dot
esults. This is an empirically determined set point cho
ecause it afforded the best compromise between spec
nd completeness in its representation of DotMap res
he threshold selection is a parameter that could be mo

o fit user needs for a specific application or sample ma
pecifically in the case of the alkane group identification
oteworthy that the bulk of the peak intensity in the sep

ion space is concentrated in the region from 10 to 30 m
eparation time (Fig. 1A), the peaks for heptane and hepta
ane are outside this region (Fig. 6A), and therefore woul
ave lower S/N ratios and correspondingly lower match
ther alkane compounds. This is a similar phenomeno

he effect of decreased S/N on the match factors for T
iscussed earlier.

It is important to emphasize that DotMap provides
lternate method for the elucidation of compound gro
elected ion monitoring is the typical method used for lo

ng groups of compounds in a separation space, but the
roblems and limitations with this approach. Detailed
f mass spectral peaks common to the target members
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Fig. 5. DotMap analysis ofn-dodecane present in jet fuel. (A) The raw DotMap results projected onto column 1 are shown. The DotMap analysis was performed
using the entire mass spectrum (m/z45–200) of dodecane to search the entire separation space. The mass spectrum of the peak that exceeded the algorithm’s
threshold, however, matches to that of octane. (B) The raw DotMap results projected onto column 1 for the analysis ofn-dodecane using the portion of the
spectrum unique to dodecane among alkanes (m/z86–200) is shown. In this case the mass spectrum of the peak that exceeded the algorithm’s threshold matches
to that of dodecane.

Fig. 6. DotMap analysis ofn-dodecane present in jet fuel using the portion of the spectrum common to alkanes (m/z45–85). (A) Raw DotMap results projected
onto column 1. (B) Contour plot output from DotMap. The location of the alkanes as a class of compounds is depicted in this analysis. The peak labels indicate
the identification of then-alkanes located using the DotMap algorithm. Labels refer to the number of carbons in the straight chainn-alkane molecule.

pounds must be constructed and optimized and a detailed
understanding of the matrix is also needed in some cases
to avoid the selection of matrix masses. InFig. 1B we see
an example of a situation in which selected ion monitoring
would fail due to matrix interferents. The image shown is
that of a selected ion (m/z 65) and it is obvious that there is
a large interferent overlapping with TEPT in that location.
Were selected ion monitoring used to locate such a low con-
centration of TEPT in jet fuel, a false identification would be
likely. It has been observed by van Deursen et al. that when
doing selected ion monitoring in GC× GC separations that
“Unique masses that were used were not quite as unique as
it seems” and that unique masses “have to be chosen with
great care to show the differences between two groups”[1].
In many cases, such as in the aforementioned study, it is
necessary to sum multiple selected ions to obtain reliable
group-type information. Furthermore, DotMap incorporates
more information than a simple selected ion approach. Infor-

mation about the relative intensities of target ion peaks is
retained and used in the searching algorithm thus providing
enhanced selectivity.

5. Conclusions

The DotMap algorithm is demonstrated to be a sensitive
tool that is useful in the analysis of complex mixtures to elu-
cidate the location of analytes of interest. This is particularly
useful for analytes in samples exhibiting substantial matrix
effects. The results of DotMap can potentially be tuned to pro-
vide specific analyte locations or compound class locations.
Spectra of interest can be from either a commercial database
or from a user’s collected library. The algorithm performs
successfully under a large range of signal intensities. Condi-
tions of peak overlap can at best have little detrimental effect
on DotMap results for two analytes with very different spec-
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tra. The degree of spectral similarity and chromatographic
resolution will ultimately dictate the success or failure of
finding and identifying analytes of interest that are overlapped
with interfering components. Additional study is warranted
to investigate more deeply the impact of chromatographic
overlap on the performance of DotMap.
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