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Abstract

In the identifying process of an oil spill accident, manual integral and artificial visual comparison are commonly
used at present to determine the oil spill sources, these methods are time-consuming and easily affected by
human factors. Therefore, it is difficult to achieve the purpose of rapid identification of an oil spill accident. In this
paper, an intelligent method of automatic recognition, integration and calculation of diagnostic ratio of Gas
Chromatography-Mass Spectrometer (GC/MS) spectrum are established. Firstly, four hundreds of samples
collected around the world were analyzed using a standard method and Retention time locking technology (RTL)
was applied to reduce the change of retention time of GC/MS spectrum. Secondly, the automatic identification,
integration of n-alkanes, biomarker compounds, polycyclic aromatic hydrocarbons and calculation of the
diagnostic ratios were realized by MATLAB software. Finally, a database of oil fingerprints were established and
applied successfully in a spill oil accident. Based on the new method and database, we could acquire the
diagnostic ratios of an oil sample and find out the suspected oil within a few minutes. This method and database

can improve the efficiency in spilled oil identification.
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1 Introduction

Oil fingerprint identification is not only an important method
to determine the source of spilled oil (Wang et al., 1995, 1999;
Wang and Fingas, 1997; Wang, 2003; Stout et al., 2001), but also a
crucial factor affecting the disposal efficiency in an oil spill acci-
dent (Sun et al., 2004, 2006). In the information of an oil finger-
print, the diagnostic ratio is a parameter with a large difference
among various oil sources (Wang et al., 2004; Wang and Stout,
2007; Yang et al., 2008). Because this parameter is a ratio of typic-
al characteristic components (oil fingerprint), the analytical er-
ror has little effect on the results (Daling et al., 2002; Christensen
et al., 2005). Therefore, diagnostic ratios of oil fingerprints are
widely applied in spilled oil identification (Wang et al., 2004;
Wang and Stout, 2007; Yang et al, 2008; Bayona et al., 2015). For
the oil spill accident involved ships, it is required to draw conclu-
sions as soon as possible to release the irrelevant ship because of
the huge economic losses of delays in shipment. However, it is
difficult to achieve a rapid and accurate conclusion because it is
drawn manually in most cases. In the widely used identification
process of oil fingerprints, chromatograms are analyzed through
visual comparison, chromatographic peaks are integrated artifi-
cially and diagnostic ratios are calculated manually, so the pro-
cess is time-consuming and easily affected by human factors. For
example, the European oil spill identification standard (CEN/TR
15522-2: 2012) (CEN/TR, 2012) recommends that more than 120
compounds should be identified for each oil sample, and China’s nat-
ional standard Specifications for Identification System of Spilled

Oils on the Sea (GB/T 21247-2007) recommends that 150 com-
pounds should be identified for each oil sample. Due to the ana-
lyst’s habits on selection baseline, the starting and ending time
are different, the integral results are also different. Thus, the clas-
sical identifying method is time-consuming and lack of accuracy.
With the development of computer technology, various digit-
ized handling methods began to be used to analyze the oil finger-
prints so that spilled oil could be identified quickly and object-
ively (Qin, 2015). The German Hydrographic Bureau built a sys-
tem to detect an oil spill named computerized oil spill identifica-
tion (COSI) (Dahlman, 2016). Staniloae et al. (2001) built a pat-
tern recognition system based on infrared spectroscopy and gas
chromatography to compare spilled oil with suspected oil. Sun et
al. (2012) developed a set of software for oil fingerprint identifica-
tion which improved the investigation efficiency of the spilled oil.
Al-Kaabi et al. (2017) identified some beached oil. Additionally,
various measuring methods and oil fingerprint databases were
built in some countries (Sun et al., 2006). Because of the different
measuring methods of those database, they had no comparabil-
ity among databases and lacked applicability for every country. The-
refore, a standard method and database should be established to
analyze the source of spilled oil automatically and accurately.
Based on the above analysis, this paper intends to solve three
problems: (1) write a program that can recognize and integrate
chromatogram peaks automatically, as well as calculate a large
amount of oil diagnostic ratios automatically; (2) establish a
database for the diagnostic ratios of known oils; and (3) verify the
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accuracy of the program and database through an oil spill acci-
dent.

2 Materials and methods

2.1 Sample treatment

All oil samples were analyzed with a 7890A Gas Chromato-
graphy (GC)-5975C Mass Spectrometer(MS) (Agilent Technolo-
gies, USA) equipped with a HP-5MS fused silica capillary column
(60 m, 0.25 mm i.d., 0.25 pm film thickness, J&W Scientific, USA) in
the pulsed splitless mode. The GC oven temperature was program-
med from 60 to 300°C at 6°C/min and maintained at 300°C for
30 min. Helium was used as the carrier gas with 1.0 mL/min const-
ant flow. The temperature of the injector, transfer line and ion sou-
rce was 290°C, 280°C and 230°C, respectively (Zhang et al., 2016).

Qualitative analysis of the oil samples was performed in selec-
ted ion monitoring (SIM) mode. All samples were analyzed twice
in order to eliminate the effect of analytical variability and sam-
ple heterogeneity.

Approximately 0.15 g of pure oil sample was extracted with
10.0 mL of high purity n-hexane (Merck, HPLC, Germany)/di-
chloromethane (Merck, HPLC, Germany) (1:1, v/v), and approx-
imately 1.0 g of anhydrous sodium sulfate was added to remove wat-
er. The mixture was vortexed for 30 s and centrifuged at 3 000 r/min.
for 5 minutes. After that, 1.0 mL of the supernatant was trans-
ferred to a vial containing 1.0 g of silica gel which was activated at
180°C for 2 hours. Then, 5.0 mL of high purity n-hexane/di-
chloromethane (1:1, v/v) was added to the vial. The mixture was
vortexed and centrifuged at 3 000 r/min. An aliquot of 1.0 mL of
each extract was subjected to analysis (Zhang et al., 2016).

2.2 Retention time locking (RTL) technology

Retention time is a very important parameter for chromato-
graphic instruments which affects the accuracy of separation and
identification of interesting analytes from complex mixtures.
However, the retention time is difficult to repeat and consistent
due to the replacement, aging and cutting the chromatographic
column, and the fluctuation of temperature and air pressure.

Retention time locking (RTL) technology is the feature of Agi-
lent Chem Station software, which is developed to lock the reten-
tion time of the target analyte by adjusting the head pressure. In
this work, RTL was applied to reduce the change of retention
time at different time and on different GC/MS instruments.

2.3 Automatic identification and integration of GC/MS chromato-

gram peaks

Before automatic identification and integration by computer,
manual identification and integration was needed to obtain rel-
evant parameters of characteristic peaks, such as the ionic spe-
cies, peak name and type (categorized into single peak, double
peak and multi peak), retention time, and start time and end time
of the peak. Among these parameters, the retention time could
provide the positional information of the peak height, and the
start time and end time could provide the integral range of peak
area. The MATLAB software was used to establish a method of
automatic identification and integration of chromatogram peaks
on the basis that the retention time of the target compounds was
basically unchanged by RTL technology. The specific steps to es-
tablish the method are as follows:

(1) Smoothing the chromatographic peaks

The chromatographic peaks need to be smoothed before
identification because of the unavoidable noise, which may af-
fect the identification of chromatographic peaks and cause mis-

judgment. It should be pointed out that the smoothed data were
just used in the process of identification (found the appeared
time of the peaks), and the raw data were still used in the integral
operation for the precision.

(2) Automatic recognition of chromatographic peaks

According to the retention time, start time and end time ob-
tained by manual integration, the peaks and valleys of chromato-
graphic peaks were founded, and then chromatographic peaks
were drew through our own program language.

(3) Automatic calculation of peaks’ areas

After the chromatographic peaks were identified automatic-
ally, the areas of the corresponding peaks were calculated by the
trapezoid area formula with the determined starting position and
end position and the corresponding horizontal baseline.

2.4 Establishment the database of oil diagnostic ratios

A total of 440 crude oil samples and fuel oil samples were col-
lected worldwide, mainly collected from China, Kingdom of
Saudi Arabia, Iraq, Kuwait, Venezuela, Korea, Singapore, etc, and
then these samples were analyzed by GC/MS locked by RTL tech-
nology. Due to the use of RTL technique, the retention time of the
target compounds in the oil samples varied little, which made it
possible to automatically identify and integrate the spectrogram.
Automatic recognition and integration of chromatographic peaks
of oil samples were realized by programming language and MAT-
LAB software. After that, the corresponding diagnostic ratios of
oil samples were calculated, and then the oil fingerprint data-
base was established based on these diagnostic ratios.

2.5 Automatic retrieval of diagnostic ratios for suspected oil

samples

The correlation coefficient method was used to study the cor-
relation between unknown spilled oil and oil samples in the data-
base. A set of relative content ratios (x;, x,, ..., x,,) of hydrocarbon
was used to represent unknown spilled oil samples and another
set of ratios (y,, ¥y, ..., ¥,,) represented oil samples in the data-
base. The Pearson correlation coefficient R between two samples
was calculated by the formula below (Xu, 2012):

R = NzxiJ’i—inZyi |
IVt (S N0 - (E)]

According to the results of R, we can distinguish the relation-
ship between unknown spilled oil sample X and suspected oil Y
in the database. The closer the R value approaches to 1, the great-
er the degree of correlation is between the two oils, while the
closer the R value approaches to 0, the lower the correlation is
between the two oils.

Generally, when the correlation coefficient R is greater than
0.95, the unknown oil can be regarded as the same kind of oil
sample in the oil fingerprint database. In contrast, when the max-
imum correlation coefficient R is less than 0.8, it indicates that
the same oil spill was not found in the oil fingerprint database.
When the parameter R is between 0.8-0.95, there is a certain de-
gree of similarity between unknown spilled oil sample and sus-
pected oil sample.

3 Results

3.1 Effect after using the RTL
Automatic recognition and automatic integration of chroma-
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tographic peaks by computer required highly accurate and repet-
itive retention time, therefore, RTL method was applied to re-
duce the change of retention time at different time and on differ-
ent GC/MS instruments.

Before using RTL, the change of retention time of C,; on two
different GC/MS instruments was 0.013 min (Fig. 1a), however,
the corresponding time reduced to 0.003 min when using RTL
(Fig. 1b). Thus, RTL technology could effectively reduce the
change of retention time of the target compound.

3.2 Verification of the accuracy of automatic recognition and

automatic integration of chromatographic peaks

To verify the accuracy of automatic recognition of chromato-
graphic peaks, the peaks redrawn by computer and the original
GC/MS spectrograms were compared. The verification of the ac-
curacy of the automatic integral program was performed by com-
paring the diagnostic ratios calculated by computer and manual
methods. Three kinds of typical oil fingerprints were analyzed
and are listed below.

3.2.1 Automatic recognition of n-alkanes

The original GC/MS chromatogram of alkanes, pristane and
phytane (m/z 85) and the chromatogram redrawn by computer
according to the retention time, start time and other information
are shown in Figs 2a and b.

It can be seen from Fig. 2 that the trend of n-alkanes redrawn
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by computer was completely consistent with the original chro-
matogram. This shows that the accuracy of automatic recogni-
tion of alkanes by computer was high and satisfactory.

3.2.2 Automatic integral of n-alkanes

The characteristic peaks of C,,, pristane (Pr), C,4, phytane
(Ph) and their diagnostic ratios of C,,/Pr, C,4/Ph and Pr/Ph were
commonly used in the semi-quantitative analysis of a spilled oil
accident. Three kinds of crude oils and three kinds of fuel oils
were selected to verify the accuracy of automatic integration. To
ensure the integration accuracy of the featured peak, it is neces-
sary to integrate the parallel sample data of oil samples, obtain
their average, and then calculate the diagnostic ratios.

The comparison between the data of diagnostic ratios ob-
tained by manual and automatic integration is shown in Table 1.

In Table 1, the data from different means were very close and
the data of relative standard deviation (RSD%) were between 0.02
and 1.10 with an average of 0.47. All of the RSD% values were be-
low 5%, so the automatic integration of a characteristic peak and
the calculation of diagnostic ratios by computer can obtain ac-
curate results.

3.2.3 Automatic recognition of biomarkers

Biomarkers can reflect the source properties and generate
geological conditions of oil. Therefore, biomarker compounds
such as terpane (m/z 191) and sterane (m/z 217 and m/z 218),
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Fig. 2. GC/MS chromatograms of n-alkanes, Pristane and Phytane (m/z 85) (a) the original chromatogram and (b) the redrawn one

by computer.
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Table 1. Comparison of diagnostic ratios of n-alkanes between
manual and automatic integration
Samples Diagnostic ratio Manual results Automatic results RSD/%

YY036  nC,,/Pr 2.59 2.60 0.36
nC,y/Ph 2.79 2.78 0.19
Pr/Ph L11 1.10 0.61
YY088  nC,,/Pr 1.29 1.29 0.46
nC,y/Ph 0.94 0.94 0.43
Pr/Ph 0.78 0.77 0.23
YY167  nC,,/Pr 1.06 1.06 0.48
nC,4/Ph 1.80 1.77 1.10
Pr/Ph 1.76 1.73 1.05
RL022  nC,,/Pr 2.23 0.02 0.60
nC,4/Ph 2.25 0.00 0.08
Pr/Ph 0.90 0.01 0.44
RL046  nC,,/Pr 2.39 2.38 0.32
nC,4/Ph 2.22 2.22 0.10
Pr/Ph 0.88 0.88 0.19
RL121 nC,,/Pr 5.44 5.44 0.02
nC,4/Ph 6.63 6.55 0.93
Pr/Ph 1.18 1.16 0.95

and their corresponding diagnostic ratios, play a very important
role on identifying spilled oil, especially for the analysis of
weathered oil.

The original and redrawn GC/MS chromatograms of terpane
were shown in Figs 3a and b.

It can be seen that the chromatogram redrawn by computer
were completely consistent with the original one. This shows that
the accuracy of the automatic identification of biomarkers by
computer was high and satisfactory.

3.2.4 Automatic integration of biomarkers

The results of the diagnostic ratios of biomarkers obtained by
manual and automatic integration are shown in Table 2.

Table 2 shows that the data obtained by different means are
very close and most RSD% are below 5.00% and only one datum
is larger than 5%. This demonstrates that the automatic integra-
tion for diagnostic ratios of biomarkers by computer are reliable.

3.2.5 Automatic recognition of polycyclic aromatic hydrocarbons
(PAHs) and their homologues
PAHs and their homologues in oil include naphthalene,
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phenanthrene, dibenzothiophene, fluorine, chrysene and al-
kylated homologues. The composition of PAHs and their homo-
logues in crude oil and petroleum products obtained by different
refining processes are different. The relative molecular mass of
PAHs and their homologues is large, their stability is high, and
their weathering resistance is stronger than saturated hydrocar-
bons. Therefore, they are important indicators for the identifica-
tion of spilled oil.

The diagnostic ratios in PAHs and their homologues such as
2-MP/1-MP (2- methyl phenanthrene/1- methyl phenanthrene,
192 ion), 4-MD/1-MD (4-methyl dibenzothiophene/1- methyl
dibenzothiophene, 198 ion), C2-dbt/C2-phe (C2- dibenzo-
thiophene/C2- phenanthrene, 212/206), C3-dbt/C3-phe (C3-
dibenzothiophene/C3-phenanthrene, 226/220), and C3-dbt/C3-
chr) (C3- dibenzothiophene/C3-chrysene, 226/270) were used
commonly in oil spill identification. The original GC/MS spectro-
gram and the redrawn one by computer of the PAHs and their
corresponding alkylated homologues are shown in Fig. 4.

3.2.6 Automatic integration of PAHs and their homologues

The comparison results of the diagnostic ratios for PAHs and
their homologues obtained by manual and automatic integra-
tion are shown in Tables 3 and 4.

From the tables, we can see that in the crude oil and fuel oil
samples, some diagnostic ratios such as 2-MP/1-MP, 4-MD/1-
MD, C2-dbt/C2-phe, and C3-dbt/C3-chr have little differences
between manual and automatic integration, and the RSD% val-
ues are almost lower than 5%. While the C3-dbt/C3-phe has
slightly larger differences, the overall results are satisfactory.

Compared with manual integral and artificial visual compar-
ison method, the automatic recognition and integration method
significantly shortened the working time. However, the difficulty
of the new method lied in how to accurately determine the start-
ing and ending position of the chromatographic peaks, espe-
cially for low concentration chromatographic peaks.

3.3 Application of the diagnostic ratios database

In 2015, an unidentified oil spill was found in the sea area of
Shandong Province, China. Samples of spilled oil were collected
immediately and brought to the laboratory for analysis and iden-
tification.

3.3.1 Automatic calculation of the diagnostic ratios for unknown
spilled oil
After the analysis was completed, the spectrogram of the un-
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Fig. 3. GC/MS spectrum of terpane (m/z 191) the original chromatogram (a) and the redrawn one by computer (b).
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Table 2. Comparison of the diagnostic ratios of biomarkers
between manual and automatic integration

Samples Diagnostic ratio Manual Automatic RSD/%
results  results

YY036 27Ts/27Tm 0.61 0.59 1.86
290B/30ap 0.54 0.55 0.75
29Ts/300f3 0.16 0.15 2.60
29Ba/30ap 0.08 0.08 0.99
300/30ap 0.11 0.12 6.49
30B0/30ap 0.21 0.22 0.55
30G/300f 0.19 0.18 3.13
C310B(S/(S+R)) 0.64 0.64 0.39
C32aB(S/(S+R) 0.57 0.58 0.52
C330aB(S/(S+R) 0.56 0.59 3.01
27BB(S+R)/[28BR(S+R)+ 0.39 0.39 1.25
29BB(S+R)]
28BB(S+R)/[27BR(S+R)+ 0.57 0.59 1.62
29BB(S+R)]
29BB(S+R)/[27BP(S+R)+ 0.55 0.54 0.55
28BB(S+R)]
2900S/29a0R 0.91 0.92 0.83
29BB(S+R)/2900(S+R) 0.97 0.91 4.73

known spilled oil was recognized and integrated automatically
using the self-written program language. The diagnostic ratios
were calculated according to the obtained peak area, and the
data are shown in Table 5.

3.3.2 Automatic retrieval of the diagnostic ratios for unknown
spilled oil

The diagnostic ratios of the unknown spilled oil were com-
pared with the known samples in the oil fingerprint database us-
ing the self-written program language. The diagnostic ratios of
the samples in the database were screened and sorted and 10
samples closest to the unknown one are shown in Table 6. Ac-
cording to the results of the automatic retrieval by computer, the
fuel sample with the highest similarity to the oil fingerprint data-
base was a sample collected in a certain engine room in 2007.

3.3.3 Comparison of spectral characteristics of unknown spilled
oil and suspected oil

According to the automatic retrieval results from the oil fin-

gerprint database, a known sample that had the highest similar-

a
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ity with the suspected oil was found in the database. This known
sample was a fuel sample that was collected from a certain en-
gine room in 2007. The spectrograms of n-alkanes, PAHs, bio-
markers were extracted and analyzed further based on the exper-
ience of the analyst, and the detailed features of the spilled oil
sample and the known one were achieved.

From the spectra, we can see that the distribution character-
istics— spectrogram of alkanes, biomarker and PAHs of the two
samples were very similar; therefore, the sample in our database
and the unknown sample were likely from the same source. Their
relationship was calculated and analyzed further.

3.3.4 Comparison of the diagnostic ratios of spilled oil and suspec-
ted oil with the repeatability limit

The comparison method of the repeatability limit was recom-
mended by the European Oil Identification System (PD CEN/TR)
and had been verified by researchers (Sun et al., 2011).

(1) Brief introduction to the repeatability limit

The basic principle and comparison method of the repeatab-
ility limit were described in the literature (Sun et al., 2011; Qin,
2015). The repeatability limit means that the probability of the
difference between two methods for the same sample should be
less than the repeatability limit r, which is 95% (General Adminis-
tration of quality supervision, inspection and Quarantine of the
People’s Republic of China, 2007). The formula of repeatability
limit 7y, is shown as below:

Tos59, = 2V2r, = 2.8r4, )

where r; is the relative standard deviation.

If the absolute deviation of two diagnostic ratios does not ex-
ceed the repeatability limit, the two diagnostic ratios are consist-
ent. Generally, RSD% of diagnostic ratios used for spilled oil
identification should not be more than 5%; therefore, we used
this value for subsequent calculation. The sample mean was used
in the formula to replace the population mean, and formula 3
was changed into

rosy, = 2.8 X X x 5% =X x 14%, 3)
where X is the sample mean.

For spilled oil identification, if the absolute deviation of two
diagnostic ratios is less than ry, then the two samples can be
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Fig. 4. GC/MS spectrum of methyl phenanthrene (m/z 192). a. The original chromatogram; and b. the redrawn one by computer. As
shown in this figure, the spectrogram automatically recognized by the computer agrees well with the original one obtained by GC/MS.
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Table 3. Comparison of the diagnostic ratios of PAHs and their
homologues between manual and automatic integration of crude
oil

Samples Diagnostic ratio Manual results Automatic results RSD/%

YY036  2-MP/1-MP 1.12 1.11 0.14
4-MD/1-MD 3.11 3.11 0.05
C2-dbt/C2-phe 0.28 0.29 1.72
C3-dbt/C3-phe 0.33 0.35 5.19
C3-dbt/C3-chr 1.20 1.14 3.43

Table 4. Comparison of the diagnostic ratios of PAHs and their
homologues between manual and automatic integration of fuel
oil

Samples Diagnosticratio Manual results Automatic results RSD%

RL022 2-MP/1-MP 1.23 1.22 0.56
4-MD/1-MD 2.07 2.06 0.39
C2-dbt/C2-phe 1.49 1.54 2.52
C3-dbt/C3-phe 2.15 1.98 5.64
C3-dbt/C3-chr 10.75 11.37 3.93
Table 5. Diagnostic ratios of unknown spilled oil
Diagnostic ratios Results
Cy,/Pr 3.95
Cys/Ph 2.31
Pr/Ph 0.50
27Ts/27Tm 0.75
29ap/300 1.19
29Ts/300p 0.17
29Ba/30ap 0.10
300/30ap 0.10
30Ba/300p 0.09
30G/300f 0.16
C31af(S/(S+R)) 0.58
C32aB(S/(S+R)) 0.57
C330B(S/(S+R)) 0.62
27BB(S+R)/[28BP(S+R)+29BP(S+R)] 0.48
28BB(S+R)/[27BP(S+R)+29BB(S+R)] 0.41
29BB(S+R)/[27BP(S+R)+28BP(S+R)] 0.62
2900.S/2900.R 0.93
29BB(S+R)/2900(S+R) 1.17
2-MP/1-MP 1.17
4-MD/1-MD 2.10
C2-dbt/C2-phe 0.52
C3-dbt/C3-phe 0.53
C3-dbt/C3-chr 2.16
Table 6. Research results of the unknown spilled oil
No. Information of samples R
1 goal 0.98
2 RL056 0.92
3 RL049 0.92
4 RLO057 0.90
5 RL058 0.90
6 RL053 0.90
7 RL060 0.89
8 YY043 0.88
9 RL093 0.88
10 RL055 0.88

considered to be the same.

(2) Screening of diagnostic ratios

Parallel samples were analyzed for all oil samples using
GC/MS, then all spectrograms were integrated and the diagnost-
ic ratios were calculated. The absolute deviations of all pairs of
parallel diagnostic ratios were compared with the repeatability
limit ryg,,. Those diagnostic ratios whose absolute deviations
were larger than repeatability limit 7y, were rejected, while those
diagnostic ratios whose absolute deviations were smaller than
Tq455, Were used to identify the unknown spilled oil.

(3) Comparison of the diagnostic ratios

The screened diagnostic ratios were compared. If the abso-
lute deviation between samples was larger than repeatability lim-
it 454, the oil fingerprints of two samples were different. If all ab-
solute deviations of the diagnostic ratios were smaller than r,
the oil fingerprints of two samples were the same.

According to the rule of repeatability limit, the diagnostic ra-
tios of the unknown spilled oil and the fuel sample in our data-
base were analyzed and are shown in Table 7.

By comparing the absolute deviation with r,,, of each dia-
gnostic ratio, we can intuitively judge the consistency of the un-
known spilled oil with the fuel oil sample in our database. It can
be seen from Table 7 that all of the absolute deviations of the dia-
gnostic ratios after screening were less than the corresponding
To55- Therefore, the oil fingerprint characteristics of the unknown
spilled oil were consistent with that of the suspected oil samples.
Using this comparison method, we can obtain more precise res-
ults that are consistent with the literature (Sun et al., 2011).

Through this database of diagnostic ratios of different kinds of
oil, we can determine the unknown oil rapidly and accurately. It

Table 7. Absolute deviation and g, of the diagnostic ratios of
unknown spilled oil and the oil in the database

Diagnostic ratios Unknown Oilin Absolute Tos%
oil database deviation

nC,,/Pr 3.95 4.17 0.22 0.57
nC,4/Ph 2.31 2.42 0.11 0.33
Pr/Ph 0.50 0.51 0.01 0.07
2-MP/1-MP 2.09 2.06 0.03 0.29
4-MD/1-MD 2.10 2.08 0.02 0.29
C2-dbt/C2-phe 0.52 0.53 0.01 0.07
C3-dbt/C3-phe 0.53 0.53 0.00 0.07
C3-dbt/C3-chr 2.16 2.25 0.09 0.31
27Ts/27Tm 0.75 0.67 0.08 0.10
29a/300p 1.19 1.23 0.04 0.17
29Ts/300f 0.17 0.18 0.01 0.02
30d/30ap 0.03 0.03 0.00 0.00
29B0/3003 0.10 0.10 0.00 0.01
300/300f 0.10 0.08 0.02 0.01
30B0/300 0.09 0.10 0.01 0.01
30G/300f 0.16 0.15 0.01 0.02
C310B(S/(S+R)) 0.58 0.58 0.00 0.08
C32aB(S/(S+R)) 0.57 0.57 0.00 0.08
C330B(S/(S+R)) 0.62 0.63 0.01 0.09
27BP(S+R)/[28BB(S+R)+  0.48 0.51 0.03 0.07
29BB(S+R)]
28BB(S+R)/[27BB(S+R)+  0.41 0.40 0.01 0.06
29BB(S+R)]
29BB(S+R)/[27BB(S+R)+  0.62 0.61 0.01 0.09
28BB(S+R)]
2900S/29a0R 0.93 0.95 0.02 0.13
29BB(S+R)/2900(S+R) 1.17 1.28 0.11 0.17
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will be a very important application in the identification of spilled
oil sources.

4 Conclusions

Based on the results and discussion, the main conclusions are
listed as follows:

(1) The program is written with MATLAB software to realize
the automatic recognition and integral of chromatographic peaks
and calculate the diagnostic ratios automatically. The character-
istic chromatographic peaks can be n-alkanes, biomarker com-
pounds, PAHs, etc.

(2) Hundreds of oil samples collected worldwide were ana-
lyzed by GC/MS and diagnostic ratios were obtained. Using these
diagnostic ratios, a database of oil fingerprints was established
and could be used to determine the watercrafts causing the oil
spill accident.

(3) The methods of automatic recognition and integration
and the database were tested in a sudden marine oil spillage. The
suspected sample in the oil fingerprint database was retrieved
rapidly and accurately; therefore, this intelligent treating method
could improve the efficiency of oil spill identification in routine
enforcement.
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