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Abstract — The 2024 Manila Bay oil spill was an impact
of the monsoon rains enhanced by Super Typhoon
Carina. Investigations utilizing chemical forensics were
conducted to evaluate the impact of the accident. In this
study, the application of multivariate analysis to aid the
assessment was also explored.

Samples collected at different points around the
spill site and nearby coastal areas were prepared by
extraction with dichloromethane followed by drying
over sodium sulfate, while analysis was accomplished
using gas chromatography — mass spectrometry (GC-
MS) in Scan and SIM modes.

Common diagnostic biomarkers were used for
comparison of the different oil samples. Principal
component analysis and K-means clustering were also
performed.

The study aims to provide an alternate approach
to gaining insights into the properties of oil samples.
The study also emphasizes the vital role of chemical
measurements in making informed decisions and
response efforts during environmental crises.

I.  INTRODUCTION

The 2024 Manila Bay oil spill was a series of incidents
involving three different tankers [1-3]. Due to the rains
brought upon by Super Typhoon Carina at the time, it was
feared that the oil slick will swiftly bring disastrous effects
impacting different sectors, especially aquaculture [4-6]. It
was especially crucial to determine the spread and impact
of the spill given the prevalent weather conditions at the
time.

Investigations and disaster relief efforts were swiftly
initiated. A crucial part of these proceedings involved the
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identification of the type of oil/s as well as the source
tanker/s of the spill. However, comparing multiple data
sets with correlated variables simultaneously is a complex
and tedious process.

Multivariate analysis (MVA) is a means of statistical
treatment performed when several interrelated properties
contribute to the variance of the sample set. This is
particularly useful for complex samples, such as oil
samples. Consequently, MVA was found effective in
discriminating differences between similar types of
various oil samples [7-13]. For this study, MVA was
performed to determine supplementary information to
support the investigation.

II.  METHODOLOGY

A. Sample Preparation

Samples were obtained at multiple locations around the
location of the accident and affected coastal areas. Around
250 mg of oil sample was extracted with 10 mL
dichloromethane, then dried using sodium sulfate.
Ultrasonication was also performed prior to drying
samples with insoluble debris [14].

B. GC-MS Parameters

Gas chromatography was performed using the
PerkinElmer Clarus 690 with the following temperature
programming: (1) an initial temperature of 42°C for 1.5
minutes; (2) increase the temperature to 330°C at a ramp
rate of 5.5 C°/min; and (3) hold at 330°C for 10 minutes.
The equipment was fitted with an Elite 5-MS column with
a length of 30 m, internal diameter of 250 um, and 0.25 um
film thickness. Helium was used as carrier gas at 1.1
mL/min constant flow [15].
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Fig. 1. Total ion chromatograms of the samples.

Mass spectrometry was accomplished with the
PerkinElmer Clarus SQ8T equipped with a 70-eV electron
impact ionization source. Data acquisition was done in
Scan and selected ion monitoring (SIM) modes.

C. Comparison of diagnostic biomarkers
Common diagnostic biomarkers used in organic
geochemistry and oil spill identification were used to
compare the samples due to their specificity, diversity, and
resistance to biodegradation and weathering. These
include hopanes and tricyclic terpanes (m/z 191); steranes
and diasteranes (m/z 217, 218); triaromatic steranes (m/z
231); and sesquiterpanes (m/z 123) [14][15]. The n-alkane
profile (m/z 85) provides a general overview as well as
weathering effects on the samples [14][15]. Diagnostic
ratios were calculated for numerical comparison [15].
There are four different match levels for sample
comparison [15]:
e  Positive match (Ps)
Comparison of chromatographic patterns and
diagnostic ratios reveals minimal differences, which
are either within the method variability or attributable
to factors like weathering. This similarity indicates a
high degree of scientific certainty that the samples
match.
e  Probable match (Pr)
While chromatographic patterns and diagnostic ratios
show differences that may not immediately indicate a
definitive match, these discrepancies can be plausibly
attributed to external factors such as weathering,
mixing, or sample heterogeneity, suggesting a
possible link between the samples.
e Inconclusive (I)
A match is considered inconclusive if the differences
in chromatographic patterns and diagnostic ratios
cannot be ruled as either probable or non-matching,
such as samples with low concentration.
e  Non-match (N)
Significant differences in chromatographic patterns
and diagnostic ratios exceed method variability and
cannot be attributed to external factors like
weathering, contamination, or heterogeneity,
indicating that the samples do not match with a high
degree of scientific certainty.

D. Multivariate Analysis

Multivariate analysis was accomplished using principal
component analysis (PCA) and K-means clustering. PCA
is a means of dimension reduction in large data sets. Linear
transformations of the data set are performed to obtain a
smaller set of variables, called principal components,
which represent most of the variance occurring in the data
set [8,10,12,16]. K-means clustering is a means of iterative
unsupervised clustering based on the distance between the
centroids of the identified clusters. Data points are grouped
into k clusters such that each data point belongs to the
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cluster with the closest cluster centroid [17-18].

The total ion chromatogram of each sample was
extracted without further data cleanup. These were
compiled in a single comma-separated values (CSV) file,
then subjected to PCA, followed by K-means clustering.

The appropriate number of k clusters to describe the data
set was calculated via the average silhouette method. The
average silhouette method is a means of quality checking
for the effectiveness of the clustering. The silhouette
coefficient is a function of cluster cohesion (i.e. the
average distance of a point to the other data points within
the cluster) and cluster separation (i.e. the average distance
of a given point to the other data points in the nearest
cluster). The silhouette coefficient ranges from -1 to +1,
where a value closer to +1 implies effective clustering at
the given k value [18-21].

The overall results are then assessed in comparison to
those obtained from the use of diagnostic ratios.

III.  RESULTS AND DISCUSSION

A. GC-MS Analysis

Figures 1 and 2 summarize, respectively, the total ion
chromatograms and n-alkane profiles obtained. All
samples were determined to be characteristic of heavy oil
with different degrees of weathering.

Chromatograms for each of the diagnostic biomarkers
were also acquired. These were assessed, via visual
inspection [14][15] and numerical comparison using
diagnostic ratios [15], in relation to Sample 1, which was
obtained closest to the spill site and suspected to be the
source oil. The interpretation of the comparison of the
chromatographic patterns of Sample 1 with each sample is
summarized in Table 1.

The chromatographic patterns of the biomarkers for
Samples 3 and 4 were found to be positive matches with
Sample 1. Overall, these were concluded to be positive
matches with Sample 1. All three samples can be
ascertained to have originated from the same source.

For Samples 7, 9, 14-18, biomarker comparison yielded
probable matches with Sample 1. The differences may be
attributed to external factors such as sample weathering
and heterogeneity, among others. Thus, Samples 7, 9, and
14-18 were determined to be probable matches with
Sample 1.

On the other hand, Samples 2, 6, 8, and 10-13 showed
striking differences with Sample 1 which cannot be
accounted for by external factors. Hence, these samples
were ruled out as non-matches.

Lastly, Sample 4 was found to be inconclusive due to the
lack of content viable for analysis.
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Fig. 2. Chromatograms of n-alkanes (m/z 85).




B. Multivariate Analysis

Principal component analysis was performed to
transform the sample set to principal components by linear
transformations, thus reducing the number of variables in
the sample set while maximizing the variance among the
components. The first three PCs (PC1, PC2, and PC3)
account for 88.53% of the variance in the sample set as
shown in Figure 3.

% Variance Explained by Component

% Variance Explained

Principal Components
Fig. 3. Scree plot showing the variance as contributed by
the calculated principal components.
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Fig. 4. Average silhouette coefficient results evaluated for
different values of k.

With the K-means clustering, it was determined using
the average silhouette method (as shown in Figure 4) that
k=2 is sufficient to discriminate the sample sets.

Clusters were then determined using the value k=2
(shown in Figure 5). Upon closer inspection of the clusters,
most of the samples in the set belong to one cluster (Cluster
1), with the rest found in another group (Cluster 2).

Cluster 1 contains most of the sample set. Almost all
samples which were determined to be positive or probable
match with the suspected source (Sample 1) are found in
this cluster. This strongly suggests that the samples
identified to be either positive or probable matches are
very similar to Sample 1.

Cluster 2 contains only four samples: Samples 7, 11, 12,
and 14. This implies that these samples share fewer
similarities with Sample 1. Hence, these samples may not
have originated from the same source. It should be noted
that Samples 7 and 14 were classified as probable matches,
while Samples 11 and 12 were determined as non-matches.
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Fig. 5. PCA plot showing the identified clusters.

In general, the results from the multivariate analysis
agree with the evaluation from the comparisons performed
with the GC-MS results, corroborating with the findings as
calculated using diagnostic ratios. Thus, multivariate
analysis can be performed to aid investigations on oil spill
fingerprinting.

Table 1. Interpretation of the comparison of the
chromatographic patterns of Sample 1 to oil samples
based on the five sets of biomarkers.

m/z m/z m/z m/z m/z Over-
191 217 218 231 123 all
Sample 2 I N N N N N
Sample3 Ps Ps Ps Pr Ps Ps
Sample4 Ps Ps Ps Ps Ps Ps

Sample

Sample 5 N I I | I 1
Sample 6 I N N N N N
Sample7 Ps Pr Pr Pr Ps Pr
Sample8 N N N N N N
Sample9 Pr Pr Pr Pr Pr Pr
Sample 10 N N N N Pr N
Samplell N N N N N N
Sample12 N N N N N N
Sample13 N N N I N N
Sample 14 Pr Pr 1 I Ps Pr
Sample 15 Pr Pr 1 I Ps Pr
Samplel6 Pr Pr Pr Pr Ps Pr
Sample 17 Pr Pr 1 I Ps Pr
Sample 18 Pr Pr 1 I Ps Pr

IV.CONCLUSION
The results suggest that 2 out of the 17 samples show a
positive match with the suspected oil source, while 7 were
classified as probable matches, and 7 were found to be
non-matches. One of the samples was ruled out as
inconclusive due to low concentration.
Multivariate analysis showed that all the positive
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matches and most of the probable matches are grouped
with the suspected source sample, suggesting similar
origins. Furthermore, the similarities of the multivariate
analysis results with the comparison assessment show that
multivariate analysis can be a useful tool in oil spill impact
surveys.
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