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Abstract

Anovel gas chromatography—mass spectroscopy (GC—MS) database for identification and quantification of micropollutants in environmental
and food samples is reported. GC retention times, calibration curves, and mass spectra of nearly 700 chemicals were registered in the database
and the GC retention times of registered chemicals in actual samples were predicted from the retentiomtiatiesnels measured before
sample analysis. Differences between predicted and actual retention times were less than 3 s, an accuracy that is nearly identical to that obtaine
by analysis of standard substances. After the retention times were predicted, a calibration file for the GC-MS instrument was created from
the predicted retention times, calibration curves, and mass spectra of the registered chemicals. With the resulting calibration file, automated
identification of all the chemicals in actual samples was possible without the use of standards, and the identification method was as reliable as
conventional methods. When the GC inlet, column, and tuning conditions were adjusted using GC-MS performance check standards, relative
standard deviations of 20% or less for determination values could be obtained. More than 90% of the chemicals in the database could be
detected at a sensitivity sufficient for all practical purposes (100 pg or less). Because each chemical in the database, to which new substance:
can easily be added, can be determined in 1 h, micropollutants in samples can be analyzed efficiently and inexpensively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction even for monitoring trace amounts of chemicals. However,
before actual samples can be tested, standards of target sub-
More than 70,000 chemicals are currently in use, and stances must be analyzed for the determination of retention
the amounts and types of chemicals being produced havetimes and the preparation of calibration curves, which are
been rapidly increasinfll]. Various adverse effects, both often affected by subtle differences in GC-MS conditions.
expected and unexpected, have been reported for manyThe necessity for standards restricts the number of chem-
chemicalq2]. To take appropriate countermeasures againsticals that can be simultaneously analyzed by GC-MS; at
these effects, it is first necessary to determine the levelsthe present time, that number seems to be on the order of
of chemical pollutants in the environment, in foodstuffs, hundreds.
and so on. Toxic chemicals are monitored or surveyed in  We developed an analytical method that can simultane-
many countries, and gas chromatography—mass spectroscopgusly determine 300 substances by means of GC—ion trap
(GC-MS) is the most frequently used analytical technique MS [3]. In experimenting with the method, we observed
because of its high sensitivity, selectivity, and flexibility, that exact retention times are essential for correct identifi-
cation of targets; standard substances must be analyzed for
"+ Corresponding author. Tel.: +81 93 882 0333; fax: +81 93 8712535,  ©Xact retention times; and preparing all 300 standards before
E-mail addresskiwao_kadokami01@mail2.city.kitakyushu.jp sample analysis is costly and time consuming. We also dis-
(K. Kadokami). covered that quantification results for the standards do not
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vary unexpectedly as long as the GC-MS conditions are keptsystem (AMDIS)[5], which is one of the best mass spec-

constant. tral search systems available. Our second objective was to
On the basis of these observations, we have developed anvestigate variations in quantification results with different

new combined database for GC-MS to overcome some of theinstruments and at different times, which is a key determinant

limitations of traditional GC-MS analys[d]. The database of the database system’s flexibility. Our third objective was to

actually consists of three databases—mass spectra, retentiononfirm the effectiveness of the database for analyzing actual

times, and calibration curves—all of which are essential for samples.

both identification and quantification of target substances. As

long as the GC-MS conditions remain constant, the database

system can be used to predict exact retention times and to2. Experimental

obtain reliable quantification results without prior analysis of

standards. In addition, new substances can be easily added t@.1. Reagents

the database. Therefore, any chemical to which the specified

GC conditions are applicable can be analyzed by means of Chemicals registered in the database and GC-MS per-

the system. Moreover, if similar databases were constructedformance check standards were obtained from commercial

using different GC conditions, it would theoretically be pos- suppliers. The internal standard mixtufi@ple J) and then-

sible to analyze, without standards, most of the chemicals toalkane (-CgH2g to n-CasHgg) mixture were obtained from

which GC is applicable. Hayashi Pure Chemical (Osaka, Japan). Standard solutions
In the previous repoifd], we (1) demonstrated the effec- for calibration curves were prepared by addingglof each

tiveness of GC-MS performance check standards (PCS)internal standard to 1 mL of a hexane solution containing

for evaluation of GC-MS performance and maintenance designated amounts of the target chemicals (0.01, 0.1, 1, or

of the instruments, (2) described a method for predicting 10.g). A PCS solutionTable 1 1 ng of each compound in

retention times, (3) accurately and precisely predicted reten-1 mL of hexane) was prepared in the same way as standard

tion times with a single instrument, (4) correctly identi- solutions of the chemicals.

fied and quantified chemicals with a single instrument, and

(5) evaluated the identification and quantification perfor- 2.2. Instruments and conditions

mance of the method using spiked samples with a single

instrument. A Shimadzu QP-2010 GC-MS (Shimadzu Corporation,
Our first objective in the present study was to investi- Kyoto, Japan) with a J&W DB-5 ms capillary column

gate how the correctness of predicted retention times varied(Agilent Technologies, San Jose, CA, USA) was used for

when several instruments manufactured by one companyconstruction of the database and for sample analysis. The

were used and when an instrument manufactured by a differ-GC—MS conditions have already been repoft§dAn Agi-

ent company was used. We also evaluated the identificationlent 6890 GC/5973 MSD instrument (Agilent Technologies)

performance of the database system by comparing it to thewas used to evaluate the retention time prediction perfor-

automated mass spectral deconvolution and identification mance and quantitative performance of the database system;

Table 1
Internal standards and performance check standards for GC-MS

Internal standards

4-Chlorotoluenedy, 1,4-Dichlorobenzends, Naphthalenalg, Phenanthrendso, Acenaphtheneh, Fluoranthenel g, Chrysened;», Perylened;

Performance check standards

Chemicals Check items Criteria

Decafluorotriphenylphosphine (DFTPP) Spectrum validity Mass spectrum of DFTPP should meet the mass
intensity criteria of EPA Method 1625

trans-Nonachlor Mass spectrum of nonachlor should be the same as that
of standard

Benzidine, pentachlorophenol Inertness of GC column andBenzidine, pentachlorophenol, and 2,4-dinitroaniline

inlet liner should be present at their normal responses, and

extreme peak tailing should not be visible

4,4-DDT Inertness of GC inlet liner Degradation of DDT to DDD should not exceed 20%

25n-Alkanes (-CgHyp to n-Cz3Hgg), n-octanol, Stability of response Determined amounts of these compounds should fall

2,4-dichloroaniline, 2,6-dichlorophenol, within 95% confidence limits of the mean values

Tris(2-chloroethyl)phosphate, decafluorotriphenylphosphine,
benzothiazole, 2,4-dinitroaniline, benzidittgns-nonachlor,
4,4-DDT pentachlorophenol, 2,4,6-trinitrotoluene
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the GC-MS conditions for this instrument were the same as 2.4. Measurement of chemicals in samples using the
those for the Shimadzu instrument. database system

2.3. Construction of the database The GC-MS spectrum of the PCS solution was measured
under the conditions used for database construction, and the
The database system consists of the database, which wasesults were evaluated against the criteridable 1 When
created with Microsoft Access, and two interface software the PCS results satisfied the criteria, mL1aliquot of sam-
programs: Software A (trade name: Compound Composer —ple solution containing internal standards was injected into
database registration phase) transfers retention times, masthe GC—MS instrument. On the basis of the retention times of
spectra, and calibration curves in the calibration files of the then-alkanes both from the PCS analysis and in the database,
GC-MS instrument to the database; Software B (trade name:retention times of all the targets were predicted; then the cali-
Compound Composer — method creation phase) creates calbration file, which consisted of the predicted retention times,
ibration files for the GC-MS instrument from the database. mass spectra, and calibration curves, was created from the
After the GC-MS conditions were set, target tuning to meet database with Software B. The targets were identified and
the criteria for EPA Method 62f6] was performed. Thenthe  quantified by means of the created calibration file; this pro-
PCS solution was measured, the retention timesaikanes cedure is the same as that used for ordinary GC-MS analysis.
were confirmed, and GC-MS performance was determined  Fig. 1shows a screenshot of the data for an orange extract.
by evaluating the analytical results in terms of the criteria On the basis of the data, we concluded thatiCH was
in Table 1 If all the criteria were met, standard solutions of present in the extract, because two conditions were met:
a chemical were measured for preparation of a calibration (1) the GC trace showed a peak for the quantification ion
curve. Then, a calibration file for the chemical, which con- (m/z219) ofa-HCH, and the retention time (20.626 min) of
sisted of mass spectrum, retention time, quantification ion, the peak fell within the rangeH0.05 min) that included the
calibration curve, and so forth, was created according to the predicted retention time (20.617 min); and (2) the similarity
conventional method. Finally, the calibration file data and the value (93; obtained by a reverse search technique) between
retention times of twam-alkanes between which the retention the mass spectrum of the peak and that of the target chemical
time of the chemical fell were registered in the database with in the calibration curve was larger than a default value (65).
Software A. Currently, 672 compounds, including 332 pesti- The amount oft-HCH (0.2175.9) was calculated using the
cides, are registereddble 3. These chemicals are knownto peak intensity ratio of the quantification iam/z 219) and the
adversely affect human health, the environment, or both. We corresponding internal standard (phenanthréienyz 188)
selected the chemicals from lists of compounds regulated byand a calibration curve recorded in the calibration file. These
environmental protection laws in Japan or the United Statesidentification and quantification cycles were repeated until
and from lists of chemicals detected in environmental surveys the last substance in the calibration file had been identified.
by the Japanese Ministry of the Environmgfijt In addition, Because 1 h each was required to analyze the PCS solution
we registered many pesticides because a positive list systemand one sample, results for the first sample were obtained
which prohibits the use of pesticides that are not registered onafter 2 h. After this initial period, results for each subsequent
the list, will be introduced for agricultural chemical residues sample were obtained in 1 h. However, since the database sys-

in food in 2006 in Japan. tem does notinclude pretreatment of samples, the analyst has
Table 2
Types of chemicals registered in the database
Class 1 Number Class 2 Number
Polycyclic aromatic hydrocarbons 49
Chemicals consisting of C and H 160 Polychlorinated biphenyls 62
Other 49
. - Phenols 48
Chemicals consisting of C, H, and O 81 Other 33
Aromatic amines 36
Chemicals containing N 85 Nitro compounds 36
Other 13
Chemicals containing S 8 8
Chemicals containing P 6 6
Insecticides 137
. Herbicides 92
Pesticides 332 Fungicides 80
Other 23

Total 672
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Fig. 1. Screenshot of analytical data for an orange extsattCH was detected. (1) Total ion chromatogram; (2) mass spectrum of a target chemical; (3) mass
chromatogram of the quantification ion of the chemical; (4) calibration curve of the chemical; (5) name of the chemical; (6) mass number of tiaiguantific
ion; (7) retention time; (8) detected amount; (9) similarity value for the mass spectrum and (10) peak area.

to pretreat samples appropriately to obtain correct analytical the performance of the GC-MS system. Several criteria for

results. evaluating the inertness of capillary columns and inlet liners
have been publishef$,8]. We designed our PCS solution
and evaluation criteria on the basis of our own experiments

3. Results and discussion and published criteria for evaluating the inertness of capillary
columns and inlet liner$,8]. The chemicals in the PCS solu-

In GC-MS analysis, retention times, mass spectra, andtion and the relevant evaluation criteria are showfidhle 1
calibration curves of target chemicals are essential for both As long as the analytical results for the PCS solution met the
identification and quantification, and these data are registeredcriteria, we considered the GC-MS performance to be nearly
in calibration files. But because retention times and calibra- the same as that used to construct the database, and therefore
tion curves are often affected by GC-MS conditions, such aswe eXpeCted the database system to prOVide reliable results.
the carrier gas flow rate and the inertness of the GC inlet liner
and column, standards for targets compounds should be mea3.1. Accuracy of predicted retention times
sured to confirm retention times and calibration curves before
sample analysis. Since this procedure is time consuming and  The retention time prediction method and the accuracy of
costly, the number of targets that can be analyzed by GC-MSpredicted retention times using a single instrument have been
is restricted. The database system we have developed willdiscussed in detail in a previous repptt; the differences
enable analysts to detect and identify many chemicals effi- between predicted and actual retention times were less than
ciently and inexpensively. However, correct results can be 3s. In the present study, the accuracy and precision of the
obtained only when the GC-MS is maintained appropriately, predicted retention times for the PCS were investigated under
that is, when the GC-MS conditions used to analyze samplesthe designated GC conditions using multiple columns and
are the same as those used to construct the database. multiple GC-MS instruments, including an instrument made

To obtain correctanalytical results, we used a PCS solution by a different manufacturer (Agilent 6890 GC/5973 MSD).
to predict retention times, tune the target mass, and evaluatdn all cases, the differences between predicted and actual
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retention times were less than 3s, which indicates that theis recommended. By using additional clean-up procedures
method can be used to accurately predict retention times asfor the vegetable sample, we were able to decrease the dif-
long as the designated GC conditions are used. ference between predicted and actual retention times to less
Establishing the designated GC conditions is not difficult, than+3s.
except with regard to column length; usually a column must
be cut. When the column length was changed, the accuracy3.2. Correctness of identification
of the predicted retention times was still good as long as the
same linear velocity, 40 cm/s, was used. However, we occa- Because many chemicals are registered in the database,
sionally observed unexpected variations due to differences infalse negatives are difficult to avoid. Both high-quality mass
the film thickness of the stationary phase and/or the internal spectra and correct retention times are essential for reducing
diameter, even with a new column. We compensated for thesethe chance of false negatives. Although high-quality mass
variations by increasing the column head pressure from thespectra are rarely obtained in actual environmental samples
initial pressure to 0.669 psi per 1s delay of peryleagto because hazardous substances in such samples are usually
obtain correct predicted retention times. present at very low concentrations, the retention time predic-
The injection solvent and sample matrix also affected tion method can correctly estimate retention times as long
retention times. Because the solvent used to construct thethe GC conditions are identical to those used to prepare the
database was hexane, using a solvent with a boiling pointdatabase. In addition, we narrowed the search range as much
higher than that of hexane increased the retention times ofas possible, to 3s.
chemicals relative to the predicted times. The difference In the previous study, we found that reverse searching
seemed to be caused by the solvent effect. We solved thisis more effective than forward searching to identify coelut-
problem by measuring-alkane solutions prepared with the ing substanceft]. Therefore, we used the combination of
same solvent as that of a sample extract. a reverse search and a narrow search range to detect target
Changes in retention times due to the same mechanism asubstances.
the solvent effect were observed when samples containinga Because AMDIS is one of the most powerful software
large amount of matrix were analyzed. For example, when programs for analysis of GC-MS data, we compared the per-
we analyzed a vegetable sample that had been insufficientlyformance of our database system with that of AMDIS using
cleaned up and therefore contained a large amount of matrixvarious samplesTable 3. We prepared a target database for
(which saturated the detector), the retention times of some AMDIS that contained most of the chemicals registered in
of the pesticides, such as isophenphos oxon, were longerour database. Both identifications procedures were performed
than the predicted retention times, the largest difference with a set of default values for parameters.
being approximately 10s. Phosphate esters such as tris(2- When the concentrations of the targets were high and the
chloroethyl)phosphate also exhibited longer-than-predicted quantity of matrix was low, such as in the water and soll
retention times, a phenomenon that was easily confirmed bysamplesTable 3, automated identification of all the spiked
measurement of a PCS solution. In these situations, we usedsubstances could be performed correctly. However, some of
one oftwo measuresto avoid false negatives: we expanded thehe spiked substances in the spinach and orange samples,
search period or carried out additional clean-up procedures.which contained a large amount of matrix, could not be iden-
Since expansion of the search period increases the chancéfied automatically (there were false negatives). False neg-
of false positives, the use of additional clean-up proceduresatives were also observed in the sediment samples. Because

Table 3

Comparison of the identification performance of the database system and AMDIS

Sample Number of spiked chemicals Detected number Number of false negatives Number of false positives
Database system AMDIS Database system AMDIS Database system AMDIS

River wateP 13 13 12 0 1 0 0

Soil® 56 56 51 0 5 0 1

SpinacH 150 117 82 33 68 0 4

Orangé‘ 150 138 101 12 49 0 6

Sediment & 8gf 57 33 32 59 1 4

Sediment B 68 46 24 22 46 0 2

@ Chemicals in river water, soil, spinach, and orange were identified automatically using default values for identification parameters.

b One microgram of each chemical was added to 1 mL of the concentrate obtained by extraction of 1L of water,@ith CH

¢ One microgram of each chemical was added to 1 mL of the concentrate obtained by silica-gel column chromatography of an extract from 20 g of soil.

d After the addition of 0.Jug of each pesticide to 2 g of each sample, pretreatment involving supercritical fluid extraction and siead\t4rbon graphite
cartridge column chromatography was performed.

€ After the extraction of 50 g of a sample with acetone, the extract was added to water and extractedy@ith &tdl then sulfur was removed with a copper
powder.

f Chemicals were manually identified.
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the sediment samples were raw extracts (the only clean-upTable4 _ _ . _ _ _ _
procedure was sulfur removal with a copper powder), the Rfery;)vrocliggblfllgy off||ntenst|t_yr:at|olO;fraghment ions relative to the intensity
extracts contained a lot of matrix. These results showed that®. T ~>° o' decafiuorotriphenyphosphine

automatically identifying all chemicals in a dirty sample is M2 Mean ratio SD RSD (%)
difficult. However, in these cases, the analyst can determine 51 118 021 177
whether a target is present by manual identification, as long 7/ 107 010 95
as a quantification ion peak appears at the predicted retentiorﬁg 18? 883 gg
time, as inFig. L Chemicals in sediments ifable 3were 167 120 020 168
found in this way. 186 110 011 a7
The numbers of both false negatives and false positives224 Q96 008 86
were higher for AMDIS than for our database system. How- 255 089 011 119
ever, we did not use retention time data in the AMDIS system; %2 ggg gii igg
if the AMDIS database had contained retention time data, 3,3 094 014 151
the number of false positives may have been reduced. Thesss Q98 025 251
reason that the identification performance of our database423 134 034 251
system was better than that of AMDIS seems to be the differ- 442 120 023 193

ence in the search direction. The database system determineean ratio: the ratio of the intensity of each fragment ion to thatafl 98,
whether a peak for a registered chemical is present at the preyvhich was obtained with one GC-MS instrument, was set to 1; the repro-

o - . . . ducibility of the intensity ratio of each ion tw/'z 198 was calculated using
dictionretentiontime inthe TIC, whereas AMDIS determines ) ; ) ; Ry

. : . . the data obtained with each of the six GC-MS instruments; SD: standard

whether a chemical found inthe TIC existsina database, suchyeyiation: RSD: relative standard deviation.
asthe NIST database. Therefore, combining the database sys-
tem with AMDIS may synergistically improve identification  which were low intensity or far froomvz 198, had higher

performance. RSDs. Because the quantification ion intensities of both the
target substance and an internal standard affect a quantifi-
3.3. Accuracy and precision of quantification cation result, in the worst case, a quantification result will

have an RSD of 50%. In order to reduce the high RSD,

The most difficult task for our database system was to improvement of the reproducibility of tuning among different
obtain correct quantification results with any GC-MS instru- instruments is needed.
ment. Several factors affect the quantification of chemicals:  Next, we analyzed the PCS solution to determine the over-
the nature of the column and the inlet liner and the tuning of all effect of the different instruments on the accuracy and
the MS. EPA Method 625 uses system PCS to evaluate theprecision of quantification. We carried out three experiments:
influence of these factof6]. The analyst can relatively easily  the first was performed using four columns and a Shimadzu
control the performance of the column and the inlet liner, but GC-MS; the second used one column and five Shimadzu
evaluating and controlling the tuning performance are diffi- GC-MS instruments; and the third used one column and an
cult. However, tuning affects quantification results because Agilent GC-MS Fig. 2). In the first and the third experi-
the database system quantifies concentrations of chemicalsnents, the GC-MS performances met the criterigable 1
by the internal standard method using peak areas of quantifi-In the second experiment, however, the spectrum validity for
cation ions of a chemical and an internal standard obtained inDFTPP was the only criterion that was met. In the first test, all
the scanning mode. If a fragment pattern of a chemical at thethe chemicals—except for highly polar compounds, such as
time of sample analysis differs from that of the chemical inthe pentachlorophenol, benzidine, and 2,4-dinitroaniline—could
database, correct quantification results of the chemical are notbe determined accurately; the mean value and the mean RSD
obtained. Therefore, we examined the reproducibility of tun- were 1.06 ng and 9.0%, respectively. These results were not
ing under various conditions using decafluorotriphenylphos- markedly worse than the results obtained by the conventional
phine (DFTPP). We used DFTPP to minimize effects other internal standard method, which indicates that if GC-MS per-
than tuning and because the GC-MS used in our study hadformance satisfies the criteriaTable 1 common chemicals
a tuning method for DFTPP. We obtained peak intensities can be determined with a high reliability even with different
of fragment ions of DFTPP from PCS analyses with one columns.
GC-MS instrument, and we set the peak intensity ratio of  The analytical results of the second experiment were
each fragment ion with respect to the intensity of the base ionworse than those of the first experiment. Quantification
(m/z=198) to 1. Then we analyzed the PCS solution with six results for basic substances were low; in particular, benzidine
instruments, obtained fragment intensities for DFTPP, and was not detected. The cause of the false negative seemed to be
compared those intensities to the ratios, which were set tothat the column conditions were slightly acidic. In addition,
1 (Table 9. Five fragment ions showed good reproducibil- the detected amount ofCzgHg2 and the corresponding RSD
ity: their means were close to 1, and their relative standard were very large. Since-alkanes are usually not affected by
deviations (RSDs) were below 10%. These ions were high- column conditions, we suspect that improper tuning was the
intensity ions or were close 'z 198. The remaining ions,  cause of the poor results. Thus, we examined the fragment
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4 - Software B for the Shimadzu instrument, for the database and
3s R different manufacturers’ instruments were created, reliable
results could be obtained with any instrument as long as the
designated GC-MS conditions were used. Another way to
© One Agilent 6830 GC/5973MSD, one column, § injections analyze measurement data obtained with different manufac-
2 i turers’ instruments is to convert the data file to an analytical

data interchange file (NetCDF file), which can be interpreted

by the Shimadzu system.

Finally, we examined the accuracy and precision of quan-
tification results for actual samples, because samples matrices
sometimes affect quantification. We used three types of sam-
ples: water, soil, and foodstuff§gble §. The accuracy and
precision for water and soil samples were similar to those
obtained by the internal standard method; because clean sam-
ples, which contain only small amounts of matrix, do not
differ substantially from standard solutions, this result is not
surprising. However, the accuracy and precision for food sam-
ples were worse than those for water and soil. The poor results
Fig. 2. Reproducibility of quantification results for GC-MS system perfor- seemed to t_)e due to matrix effects and the Sma"?r injection
mance check standards. The injection amount of each chemical was 1 ng2mount, which was 1/10 that of the water and soil samples.
except fom-C1sHs» andn-CaoHs2, which were injected at 2 ng. Since similar phenomena are often observed in conventional

analysis of dirty samples, sufficient clean-up procedures are
) . _ needed to obtain correct results. To make best use of the
pattern for DFTPP with each instrument. We found that with ¢, o+ ,res of the database system, however, simple clean-up

two instruments, the intensity ofVz 77, which is close 1o 4cequres may be better than complicated ones, as long as
m/z 85 of the quantification ion af-CzgHep, was larger than satisfactory screening results are obtained.

usual, whereas the intensitiesrofz 255 and 277, which are
close tom/z 264 of the quantification ion of perylerig» o
(which is the internal standard foFCsoHgy), were smaller 34 Detection limits
than usual. Therefore, the high result feC3gHg, was due . . . .
to the fact that the fragment pattern of DFTPP differed from The calibration curves registered in the database were pre-
the usual pattern, even though the criteria of EPA Method Pared atfour concentrations: 0.01, 0.1, 1, anghgnL. As
625 had been met. This result indicates that a criterion for & result, detection limits of 64 and 30% for the registered
DFTPP more stringent than that specified by EPA Method Shemicals were less than 0.01 and @gImL, respectively.
625 is necessary for correct analytical results: increasing the 1 €€ low detection limits are sufficient for ordinary environ-
number of evaluation ions and reducing the width of toler- Ment and food analyses but not for ultratrace analysis, such
ance (e.g., 30-60% ofiz 198 form/z51), including setting &S dioxin analysis.
an upper limit (e.g., >40% afVz 198 fornvVz442) or a lower
limit (e.g., <2% ofm/z 69 fornm/z 70). 3.5. Application to actual samples

Theresults of the third experiment, which used the Agilent
GC-MS instrument, were nearly equivalent to those obtained  To evaluate the usefulness of the database system, we
with the Shimadzu GC-MS instrument&d. 2). This result applied it to various samples, such as environmental water,
indicates that if an interface software, such as Software A andeffluent water, sediments, soils, and foodstuffs. If chemicals

O Five QP-2010, 1 column, 5 injections each
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Table 5

Accuracy and precision of quantification results for actual samples

Samplé Number of spiked ~ Spiked amount  Detected number Detected amoumg} RSD (%)
chemicals (r0)

Database system Conventional internal Mean Maximum Minimum
standard method

River water 13 1 13 - 86 12 0.37 265
Soil 56 1 56 - 14 153 061 203
Spinacﬁ 150 Q1 143 147 Q096 Q41 0007 535
Orangé& 150 Q1 144 146 Q107 Q38 0012 510

@ SeeTable 3for an explanation of the sample pretreatment procedures.

b Mean, maximum, minimum, and relative standard deviation (RSD) were calculated from the ratio of analytical results obtained with the datatease to tho
obtained by the conventional internal standard method with an Agilent 6890 GC/5973 MSD.

¢ Chemicals were found by manual identification after automatic identification.
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Fig. 3. Total ion chromatograms of sediment extracts. Sediment 1: taken from a tidal flat and sediment 2: taken from a closeéhbéa3fdea description
of the sample pretreatment procedures.

registered in the database were present in the samples, théo which GC-MS is applicable will be measurable using the
chemicals could be accurately identified and quantified. The database without standard substances in the near future.
procedure is easy to perform; no special skills are required.
The database system is applicable for various uses, such
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