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Abstract

Automatic peak evaluation in chromatograms and subsequent quantification of compound concentrations is still a challenge in the analysis
of complex samples containing hundreds or thousands of compounds. Although a number of software packages for peak evaluation exist,
baseline definition and overlapping peaks of different shapes are the main reasons which prevent reliable automatic analysis of complex
chromatograms. A new mathematical procedure is presented which uses peak shapes extracted from the chromatogram itself and modified by
nonlinear (in fact, hyperbolic) stretching of the peak head and tail. With this approach, the peak parameters are position, height, scale of front,
scale of tail, and smoothness of transition from front to tail scaling. This approach is found to give a substantially better fit than traditional
analytically defined peak shapes. Together with a good peak finding heuristic and nonlinear optimization of parameters this allows a reliable
automatic analysis of chromatograms with a large number of peaks, even with large groups of overlapping peaks. The analysis matches the
quality of standard interactive methods, but still permits interactive refinement. This approach has been implemented and tested on a large set
of data from chromatography of hydrocarbons in ambient air samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction done automatically. A variety of software packages is offered
which are suitable for this type of routine analysis of chro-
The analysis of complex mixtures of compounds both in matograms.
process chemistry and environmental chemistry is routinely ~ However, the situation is completely different in environ-
done by chromatographic techniques. The major goal of chro- mental analysis. Depending on the sampling site, samples
matography is to separate the compounds of a sample takingpf ambient air may contain hundreds or even thousands of
advantage of compound specific parameters such as boilingcompounds, sometimes at moderate or low concentrations.
point, molecular structure, mass, charge, and diffusivity. Fol- Furthermore, the matrix contains variable amounts of major
lowing the separation the nextimportant step is an appropriatecomponents such as carbon dioxide or water vapour, which
detection of the compounds applying specific detectors. Sep-may interfere with the compounds to be analyzed. Chromato-
aration and subsequent detection delivers a chromatogramgraphic separation of such complex mixtures leads to a large
whichinthe ideal case allows to identify individual peaks and number of frequently overlapping peaks, which can no longer
to attribute them to individual compounds. The evaluation of be automatically analyzed with sufficient reliability and ac-
peaks is the crucial point of the processing of chromatograms.curacy using existing software.
Typical analytical purposes in industrial processes usually  Generic peak detection algorithms are sensitive to baseline
deal with a manageable amount of well known peaks of com- variations and signal intensity. This is especially a problem
pounds at relatively high concentrations, which can easily be in environmental analysis which has to deal with overlap-
ping peaks of different shapes, baseline drifts due to complex
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often have low signal to noise ratios which make an auto- viation from the ideal state. Chromatographic separation is
matic analysis of complex chromatograms almost impossi- a continuous process which is theoretically divided into a
ble. Therefore, a large number of chromatograms in environ- multistep dynamic equilibration between stationary and mo-
mental research have to be analysed at least partly manuallypile phase. A molecule then has a probability exjpgAX)
which is extremely time consumable and probably the causeto travel a distance\x in free flow before being absorbed
of additional errors. in the stationary phase. It then stays in stationary phase for
During the last three decades various approaches havesome time, the probability of staying for a time greater than
been published towards a more or less automatic peak de-At being exp{umAt). The average travelling distance per
tection using different criteria for the identification of peaks step,Am, and the average delay ting, depend on the com-
[1-4]. These algorithms generally seek instants of rapid in- pound and on the material of the stationary phase, and are
crease or decrease in signal intensity or intensities above adifficult to measure independently. By choice of materials,
critical threshold which are used to identify peaks in a chro- most molecules of the mixture will experience many thou-
matogram. Other peak detection software makes use of dif-sand steps of absorption and desorption, each a few millisec-
ferent metrics such as nonlinear filt§s$, intensity weighted ~ onds on average. The total delay for a molecule then has a
varianceg6], or fast Fourier transformg]. distribution that is alImost a Gaussian with an average reten-
Today, cheap high performance desktop computers pro-tion time given by the average delay timg, multiplied by
vide the advantage that elaborate mathematical procedureshe average number of stelps.,,. The peak width is propor-
are within the reach of everyone. In this paper we presenttional to the square root of the number of steps multiplied by
a new approach to resolve peak overlaps, which uses peakhe average delay time. Felingl®] discusses a number of
shapes extracted from the chromatogram to be analyzed andheoretical approaches to modelling a column as a discrete
an adaptive method for determining the baseline in order to system with a moderate number of plates which result in dis-
evaluate peak areas and thus a quantification of the individualtributions that are almost indistinguishable from a Gaussian
compounds. This procedure allows automatic analysis thatin practice.
matches the quality of standard interactive analysis, while still  Following the separation process the effluents are ana-
permitting interactive refinement. The approach described lyzed by an appropriate detector. If the detection process is
here does not need any information except the chromatogrammodelled as a single step delay line with an average delay
and possibly a calibration chromatogram for the same type time of vy, this delay has a distribution more like a Poisson
of compounds analysed on the same instrument, especially(single step) distribution
no knowledge on probable peak positions and sizes.

1
— X exp(_vmt) (1)
Vm
2. Peak shape As the proper peak shape of a non-interacting sequence
of devices is the convolution of the initial distribution with
2.1. Peak shapes from first principles the pulse response of the following devices, the resulting dis-

tribution is an exponentially modified Gaussian (EMG), and

The peak shapes are determined by dynamical processethis is the peak shape most available data analysis programs
and to some extent by nonlinear distribution functions which favour. The separation of peaks and attribution of the proper
are theoretically well known. The theories are often simpli- peak area then is a linear deconvolution process that would
fied in that they assume infinitely small phase transitions, in- have its limits only in the noise of the signal. Unfortunately,
finitely small plate heights, and instantaneous distribution of actual peaks cannot, in general, be accurately modelled by
the compounds between mobile and stationary phase. Thesan EMG function; obviously, the generating processes (inho-
assumptions do, of course, not match reality. More serious mogeneous transport conditions and substance interactions)
problems are the assumptions of constant and homogeneouare more complicated than the (simplified) theory assumes.
conditions along the column and of non-interference of com-
pounds. Therefore, a modelling of exact peak shapes would2.2. Peak shape heuristics
be demanding and laborious. It is much easier to determine
the peak shape experimentally and derive all necessary pa- Visual inspection of a chromatogram shows that similar
rameters to describe the peak. Peak shapes result from a confwith respect to transport and detection mechanisms) sub-
volution of the characteristics of the separation process, of stances give similar peak shapes. This is confirmed by the
the detector and of the transport processes involved. Ideally,fact that the approximation error from fitting a standard an-
the characteristics of the separation process and the detecalytical model to the peaks also gives similar shapes. There
tor are known. In a well designed chromatographic system seems to be only a very small number of basic shapes—often
the impact of other processes (injection, transport through only one—every peak being similar to one of those. Obvi-
valves, etc.) on the peak shapes are negligible. This would al-ously shifting of peak position and scaling of height are al-
low an accurate modelling of the peaks by a low-dimensional lowed, but additionally a nonlinear distortion in width and
space of analytic functions. In practice, there is a large de- some asymmetry is needed. This is easy to see with a change
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in peak description:; a peak shape may as well be given by the2.3. Automatic peak search and analysis

time At it takes for the signal to drop to the relative heiglt,

separately for front and tail. The simplest scaling\threl) In interactive analysis, the peak shape is found by visual
giving sufficient flexibility and smoothness is a linear scaling inspection. However, an automatic construction needs a se-
of the front, a different linear scaling of the tail, and a smooth quence of iterative refinement steps to reach aresult of similar
transition in between. Additionally, the scaling should be in- quality. Each step consists of an approximate determination
vertible, if peak A can be scaled to fit peak B, than an inverse of a baseline, a peak shape and a fit to peaks larger than a
scaling should be possible to scale peak B to fit peak A. This certain threshold. The goal of the first step is to extract the

can be achieved with the E(R) typical (standard) peak shapes. As these shapes depend on
equipment and operating conditions, the result may be stored
g(t, a) = a1 x go(¢p(t — a2, as, as, as)) 2 and there is no need to repeat it for every single measurement.

_ _ The first part is finding all large peaks. Any point where the
wherego(t) is the peak shape typical for the column, com-  second derivative of the signal has a local minimum that is
pound type and operating conditions, and the scaling is givenlarger than a tenth of the global minimum is a first-rate candi-

by Eq.(3) date for the top of a large peak. An estimate for the width of
) ) a peak is given by the distance between the adjacent strongly

¢(t, as, as, as)=az x (t — aaxsqrt¢“+(as)?) + as x as). positive local maxima of the second derivative. The baseline

©) is estimated by a straight line through the minima of the signal

in intervals to the right and left of the suspected peak position

This is a hyperbola passing through the origin, wese with a.length of about 1.0 times the peak width. This allows
a4 give the asymptotic slope at times far after and far before an estimate of peak height, every peak less then 10% of the
the peak maximum (the scaling of front and tail) while tallest peak will be d|sregarded_ at the moment as being too
gives the width of the transition regioas, as, as are bounded small, and therefore too much influenced by noise, to enter
such as to give a monotonous function and to restrict tailing the standard. These peaks are tested for usability. They are
to about four times the amount of the standard peak tailing, @PProximated with a standard analytical peak model for the
fronting to somewhat less. With proper standard pg#®, process (EMG for chro_matography). Those peaks not allow-
this model results in a very good fit, better than the EMG ing at least a low quality approximation (least square error
model in most tests—in the example ®ify. 1 e.g. the best ~ 8S indicator) are excluded—they are most likely not isolated.
EMG fit does not show strong enough tailing—and with a fit The peaks kept are testgd for being well sepgrated from other
error close to the noise level. The basic peak sty may peaks—anythmg that StI.CkS out from the neighbourhood by
be obtained by averaging a number of suitably scaled peaksMore tha_m afewtimes noise Ievel_. thtls leftmakes upthe_set
[9]. More descriptive parameters like peak width, skewness from which the standard shape is defined. Another, possibly
etc. can be easily calculated from the basic shape and the fietter, way to get the standard is to extract it from the cali-
parameters. bration measurements of the instrument, if that is available.

What peaks this model can describe depends very much orft may also be transferred from other chromatograms gener-
the standard pea(t), it allows arbitrary changes in height ~ated with the same instrument and operating conditions, but

and position, but changes in width, fronting, tailing (and thus different load. _ _
excess and skewness) are restricted by heuristics. Fig. 2shows an example chromatogram of volatile organic
compounds in a typical air sample. The organic compounds

were preconcentrated from 500 mL of air on a Silco Stéel
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Fig. 1. Example of an individual peak (taken from the chromatogram shown Retention time, minutes

in Fig. 2 The solid line is the original chromatogram, the open circles rep-

resent the fit with the new procedure the crosses represent the best EMG fitFig. 2. Example chromatogram of an air sample (for details see text). Peaks
to this peak. used for construction of standard peak shape are marked by an arrow.
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Fig. 5. Base lines created by the methods described in the text. The baseline
04 -02 . 0 0‘_2 ?‘4 0‘_6 0.8 1 determined by method 1 is shown as the solid line; the baseline determined
Relative retention time, minutes by method 2 is shown as the dashed line. The section shown here is a part
of the chromatogram shown kig. 2
Fig. 3. Selected peaks (sE&y. 2 normalised and superimposed.

construct the baseline from piecewise linear functions. In a
'sequence of overlapping intervals the highest straight line
strictly below the signal is found. The baseline is then made
up of the highest continuous connection of line segments, in-
creased by one noise level. Finally, the edges situated below
a peak or peak group are cut off by a straight line through the
R - . : values of the baseline before and after the peak. This construc-
230°C at a rate of SC min . Hellum was_used asacarier sy works well except for those parts of the chromatogram
gas at a flow rate of 4.2mL mTH' F_rom this example chro- where operating conditions change rapidly, e.g. temperature
matogram the peaks at retention times of 13.4,17.3,19.3 anqS increased. If these points are given, they can be made an

4_5.8|m|n alr:e_ szlechted. Tr?e peaIT at ?'4 ml|(n IS not_ really ‘Zedge or even a discontinuity of the baseline, but at present
single onekig. 3shows these selected peaks SUperimposed, o information is not included in the data. In general, this

an no'rmatlihsed.'(;?]eyt Iﬁ O.k %’f(r)y;itmitls & bet tdiffedr Ln Wlidth' d construction gives a slightly low estimate of the baseline, re-
veraging the width at height ©.5 o Ine front and back, an sulting in an overestimation of the peaks, especially the small
scaling each peak to this average, results in the peaks showQ)rles Eig. 5)

n .F|g. 4 where_ the _dnffergnces are minute except .for the Another approach to baseline construction uses the fact

height of the tail. This is likely to result from errors in the that the signal shape is dominated by noise only in the small

basis. The standard shape is now constructed by averagingalreas on top of the peaks or in the minimum between two

the scaled_ peaks. - . , . overlapping peaks, or in possibly larger areas where no peak

Aft_er this procedure, itis possible to define an |mpro_ved gives a substantial contribution. Therefore, any area that is

baseline for the entire chromatogram. One method is to dominated by noise for more than the average peak width is
considered true baseline. These areas may be connected by

column packed with porous glass beads (length=150 mm
i.d.=2mm. Volume =0.47 mL) a+196°C. Following the
cryogenic preconcentration the sample was thermally des-
orbed and separated on a PLOT column (ASTEC Gas-Pro
GSC, length=60m. i.d. =0.32 mm). The initial temperature
of the GC was held at ZC for 6.5 min and then ramped to

12 straight lines or by spline functions with widely spaced knots
that approximate the signal from below. While the latter has
14 the advantage of smoothness and higher accuracy in most
places, the danger of overshoot errors in difficult areas is
0.8 - larger, so this may not be any better than the simpler approach
(Fig. 4). This baseline estimate tends to be a little too high.
0.6 1 After this, the final peak fitting proceeds for the reduced

signal (original signal minus baseline) as usual. If there are

Normalized detector signal

041 different basic shapes, suspected peaks have to be classified.
02 4 Classification may be possible using width and asymmetry,
\ but if this is not sufficient, it may be necessary to try different
0 : : —— , : shapes and choose the one giving the best fit. As the scaling
04 02 0 02 04 06 08 1 function¢(t, as, a4, as) is nonlinear and the possible values
Relative retention time, minutes of az, a4, as, as are bounded, a Newton method for bounded

regions serves well. Peaks are searched for startirg@by
Fig. 4. Selected peaks (sEg. 2) fully scaled for optimal similarity. analyzing the maxima of the reduced signal and the minima
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Fig. 6. Group of five peaks with measured chromatogram (black squares),

drift. Small peaks, even if sharp, that can not be fitted are
considered noise. Setting the threshold is a problem, too low
a threshold generates a large number of nonsense peaks, too
high a threshold might miss an actual one. A list of known
approximate peak positions would help, and may frequently
be available. For every single peak or group of overlapping
peaks found, the parameters of the peaks are optimized using
an iterative nonlinear weighted least squares procedure. For
examples of such a fit séégs. 6 and 7In all cases, the plot

of the sum of the peaks differs from the smoothed measured
curve by less than the thickness of the line, so it is not plotted
in the two figures. This gives some confidence in the results,
although itis still possible to mistake two peaks close to each
other for a single one or a strongly distorted single peak for

the fitted individual peaks (crosses), and the sum of the fitted peaks (solid & collection of overlapping peaks. These errors, however, are

line).

of its second derivative. If a peak (or an overlapping group

of peaks) is found, it is subtracted from the reduced signal

just as likely with manual analysis.

3. Results

and the procedure iterated. Acceptance of a peak is based on  The jdeas described above have been implemented in a

height, width and least square error of the fit. The wider it

Scilab™ cod€[10]. Scilab was chosen because itis a portable

is, the higher it has to be for not to be regarded as baseline(yersions for all Unix derivates and Windows flavours are

Detector signal
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Fig. 7. Example of the fit results of a small peak on the shoulder (a) or on

available), easy to install public domain system that offers
all necessary mathematical functions, a simple but sufficient
graphics system and a graphical user interface with dialog
boxes. The code was tested heavily against the results of
the traditional interactive analysis ferl000 chromatograms.
The code gives the position and area of each peak along with
an estimate of the quality of fit. Judging the quality of fit
for an individual peak in a group of overlapping peaks is not
always possible, so the quality indicator is defined for the
group of peaks only.

The detailed example was run with an analysis for hy-
drocarbons in an ambient air sample. The automatic pro-
cedure found most of the peaks that the interactive analy-
sis found, and for almost all peaks the areas agreed within
the limits of accuracy of the determination of the baseline.
Where there were differences, the new procedure was su-
perior in characterizing small peaks on the sides of large
ones, and inferior only for distorted peaks that happen to
coincide with areas where operating conditions vary. This
information is used in interactive analysis to improve the es-
timate, while the automatic analysis does not have the in-
formation and—at the time being—would not know how to
use it. The automatic analysis also found a few very small
peaks missed by the interactive analysis, but those could not
be identified. It disregarded some peaks found interactively
as too small. One of those, 2,3-dimethyl-butane, could be
identified, but its height is only two times the noise level
and it sits on the tail of 2-methyl-pentane, so the interac-
tive detection is possible only because of a priori knowl-
edge on the peak position. The results are summarized in
Table 1 The automatic procedure for this example takes

the front of a large peak (b). The squares and the solid line represent the /0S 0n @ 1.2 GHz Athlon under Linux. The time needed

measured peaks; the fitted peaks are plotted as dashed lines.

depends heavily on the number and arrangement of over-
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Table 1
Comparison of retention times, peak areas, and peak heights of an example chromatogram analyzed manually (with APEX software) and autdmatically wit
the method described here

Compound Retention time, Retentiontime, Area, manual Area, automatic Height, manual Height, automatic Remarks
manual (min) automatic (min) (nVs) (rVs) (rVs) (rVs)
?7?? 6782 204510 1792
??? 6868 14222 2015
Ethane 7410 7415 1445428 130215 33057 35177 Double
7?? 7535 967943 36132
Ethene 020 9008 894799 838928 33058 33717 Disturbed
??? 9269 116370 6416
Propane 1385 13385 1437088 1420958 171874 173633
Propene 1802 17300 1445645 1420043 237768 239522
i-Butane 1986 19285 1981306 1922830 185118 185476
Propyne 23731 23731 1250892 1272450 247709 247815
1,3-Butadiene 2937 24037 2288166 2284181 163902 161739
(E)-2-Butene 24719 24718 2020290 1929006 328940 326482
2,2-Dimethyl-propane 2855 25154 2036822 1870640 304849 303763
Water 28365 490225 11424
Cyclohexane 3008 31000 1112893 1133312 75078 74254
2-Methyl-1-butene (2) 3970 31980 133686 70945 5119 3624 On tail
2-Methyl-pentane 33828 33829 19066 23725 2778 2860 Small
2,3-Dimethyl-butane 3850 6893 609 Classified as noise
3-Methyl-hexane 3967 35970 3424855 3120798 247637 243432
??? 36270 267376 12978 On tail
n-Heptane 3684 36885 720036 700922 82798 81314
??? 37140 37135 104592 38644 11481 5527 On tail
1-Hexene 3608 37611 53993 35316 6145 5406 On tall
Octane 41572 41576 1081097 1050082 125164 125375
?7?7? 42879 15585 1474 Classified as noise
Toluene 4330 43530 1696590 1652065 179516 178737
n-Nonane 4301 45804 372570 359172 43650 43924
7?7? 47420 16779 1528 Classified as noise
Ethylbenzene 4790 47774 791527 807756 85502 86334
Styrene 4870 48075 480657 395524 40197 33955 On tail
?7?7? 48490 48540 56669 42257 4632 2778
p.m-Xylene 48710 48700 812232 779928 51854 78898
o-Xylene 49200 4994 595389 565759 51854 50376
7?7? 49%50 51319 2812 Classified as noise
Cumol 50859 50858 431886 435799 41781 41352
n-Propylbenzene 5318 51318 316576 279731 29330 28189
7?? 52520 33724 2086 Classified as noise
1,3,5-Methyl-benzene 5280 52974 121744 205279 14032 14036 Double
7?? 53100 53114 145643 71268 11829 4810 Double
1,2,4-Methyl-benzene 5835 53785 211170 190720 12010 11322

The chromatogram is shown Fig. 2 ??? indicates an unidentified compound.
2 Known interference with C@

lapping peaks, it is hard to predict. In the routine usage 4. Verification
for chromatograms with 50-100 peaks, average time used
was about 2 min. The program is presently not optimized for A comprehensive verification of any method requires a
speed. trusted reference. The only way to do this for chromatogra-
Interactive refinementis possible. For each group of peaksphy is to analyse a synthesised mixture of compounds, but
it is possible to interactively split the group into two groups, this is restricted to a small number of compounds and there-
change the threshold for peak size, delete peaks, add peakd$pre not viable for the problems addressed her. Instead we
and perform additional iterations of the nonlinear optimiza- used a synthetic chromatogram to do this. Two series of 43
tion. In practice, this has rarely been done; the verification peaks, one of Fazer—Suzuki type, the other a bi-Gaussian one,
data results from fully automatic runs with every parameter were analysed, both having identical random positions and
set to default, while for thé&igs. 5 and 6groups of peaks  sizes, with similar random width and skewness, and different
were split at a point where the overlap was too small to be of random noise added. Most of the peaks where found with
any importance—the automatic estimate of overlap is rather accurate position and an error in area of less than 1%. Larger
cautious. errors appeared for very small peaks and for strongly over-
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Fig. 8. Synthetically generated peaks for a test of the new procedure. The Mixing ratio, ppt, manually integrated
insert shows an enlarged plot of the first three peaks.

Fig. 10. Plot of the isoprene peak area obtained by automatic integration vs.
the peak area obtained by manual integration.

lapping multiple peaks. For the bi-Gaussian peaks, even a
separation ot/2 was enough to give fairly correct (2% er-  show two examples (séggs. 10 and 1)lof a large (isoprene)
ror) peak areas for peaks of same size. However, small peaksand a rather small (methyl vinyl ketone) peak. Obviously, all
within an overlapping group where not estimated reliably. small values have a large error margin due to the influence of
For the Fazer—Suzuki type peaks the required separation is &oise and even more due to the uncertainty in the level of the
little larger. baseline, and this error is present in the traditional method as

The result of a fit to peaks of a very difficult group of five  well asin the new one. Therefore, itis no surprise that there is
peaks (the synthetic peaks are showiFig. 8) is given in  considerable deviation from the regression line for small con-
Fig. 9. The fit to the first small peak and the two large peaks centrations. For larger values, the isoprene plot shows excel-
is almost perfect. The area estimates for the two small peaksjent agreement of the methods except for three points where
in between have large errors, which shows the limitations of the ‘manual’ values are slightly larger. The chromatographic
the method. The sum of these two peaks, however, fits theseparation of the samples has been done on a DB-5 capillary
data well. column. On this column isoprene elutes immediately after

Whatis also possible is to check the new procedure againstacetone in the chromatogram, and the acetone peak shows
standard—though not perfect—procedures with real chro- 3 considerable tailing on this column. The manual analysis
matograms and have a close look at the differences. This hasyill thus add the end of the acetone tail to the area of the
been done for eight compounds frer1000 chromatograms  jsoprene peak. If the acetone peak is very large as it was
obtained during a field campaign in 2002. The peaks of thesejn these cases, this leads to an overestimate of the isoprene
compounds (acetone, isoprene, methacrolein, methyl vinyl peak area. The mechanism of this error may easily be seen in
ketone (MVK), benzene, toluene, ethylbenzgmetxylene, Fig. 6, where the manual procedure would give about 10%
and o-xylene) have been integrated both interactively and smaller area of the leftmost peak than the obviously correct
with the approach described here. From this comparison, weautomatic procedure, and distribute this onto the following

8000 -
¢
5 7000 { %
800 w
= 6000 a 300
o 0 = y = 0.9485x + 3.0408
g, 5000 o 'é 250 R?=0.6705
2 40004{" 2
o w0 = 200
5 g
2 3000 4 . %
3 2000 £ 150
1000 , B 100
7 T o
0 : ; ; ; : S sl
31.8 32 32.2 324 32.6 32.8 33 E
T
Retention time, minutes o 0 < Y . . . i
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Fig. 9. Plot of the fits to the synthetic peaks showfi 8 The solid line is s Mixing ratio, ppt, manually integrated

the sum of the five synthetic peaks. The circles represent the fitted peaks. The
insert shows an enlarged plot of the first three peaks. Note the considerableFig. 11. Plot of the methyl vinyl ketone peak area obtained by automatic
different peak shape of the third peak (for details see text). integration vs. the peak area obtained by manual integration.
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70 5. Conclusion
T o5 We present a new mathematical approach which makes use
5 of peak shapes extracted from the chromatogram to be anal-
g ysed. This approach gives substantially better fit results than
8 601 traditionally defined peak shapes. A test of this approach on
g a large set of chromatographic data compared with standard
55+ peak detection and integration software showed the strength
of this procedure. Even for chromatograms where there is
50 . . . . no good analytical model for the peak shape, our procedure
515 52.5 535 54.5 55.5 allows a reliable automatic analysis.

Retention time, minutes The peak detection of extremely small peaks in a diffi-

cult synthetic chromatogram shows that there is much room

Fig. 12. Plot of the group containing 1,3 5-trimethvibenzene and 1,2.4- for improvement. Especially the heuristics for determin-
trimethylbenze_ne. The_ so_li(_j line is the original (_:hromatogram, the circles ing the baseline—while obviously quite accurate in many
represent the fit of the individual peaks (for details see text). . - . . .
cases—has problems treating variations in operation condi-

tions, and has little theoretical foundation.

Further, there are some parameters (thresholds, initial

peaks. With MVK, the situation is more complicated. Itis pre- 9U€SSes, etc.) of the implementation that allow tuning. The

ceded and followed closely by peaks of about half the size Qefaultchoice tries to avoid over-fitting, even if it means miss-

of MVK, with large variations in relative size. Therefore, ing actual peaks. The approach focuses on the problem of

the manual procedure may overestimate or underestimate thé’;\nalysin%o_verlappli(ng peaksa'ghe prc;bl;zrr]n of delfje;tin dg Welkl)
concentration of MVK depending on the relative sizes of the §eparate .tlny peaxs Is nota ressed. This could be done by
neighbouring peaks. Of all the substances checked, MVK incorporating suitable methog] into the parameter initial-

had the largest differences between manual and automatidSation h.eunst.lcs. .
analysis. Applying this procedure for the peak detection and calcu-

Afurther test was detailed comparison of the entire analy- lation of the peak areas makes a fully automatic processing of

sis with old and new method for a chromatogram. The result complex thomatogr_ams possible. D_espite some remainin_g
for the chromatogram shown Fig. 2 is given inTable 1 probllems |tmayconS|derany_reducg time neededfora_maly3|s
Most peaks agree very well but there are a few deviations thata‘nd increase the throughput in environmental analysis.
require close scrutiny. The ethane peak produces the largest

difference. As may be seen frofig. 2, there is a very sharp
peak at the left flank of a rather broad and strongly asym-
metric one. While the APEX analysis sees only one peak,
the automatic one sees two, as is obviously correct. The re-

maining difference may be explained by differences in the viding hints to prqblems as well as guidance for the user in-
estimate for the basis, which shows strong variations in this terface. P"’?” of this work was fu_nded by the German Mlnlstr)_/
area. The automatic analysis uses a higher—more Cautiougor Education and Research within the German Atmospheric

Research Program AFO 2000 under grant no. 07ATF47.
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estimate. Further large deviations are for 2-methyl-1-butene,

where APEX adds a part that should be attributed to cyclo-

hexane. For 3-methyhexane again APEX combines two peaks
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