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ABSTRACT

Maritime transport has become an important method of comprehensive
connectivity for imports and exports for major centers of economic activity
all over the world. However, transport and port activities have grown
without addressing their pollution impact on the environment. Marine
water samples in a port in Malaysia were collected to find the similarities
and differences in the physicochemical aspect. The principal component
analysis concluded that 87.0% of the variance was explained by the four
components at high tide, each accounted for 33.6% (physicochemical),
26.9% (correlation between pH and organic matter), 14.1% (trace metals),
and 12.4% of the total variance (the concentration of Copper). Then, 94.5%
of the total variance of the five components contributed 37.9% (turbidity, pH,
organic parameters, and suspended solids), 19.6% (parameter Zn), 17.4%
(parameter Ni), 11.7% (average of organic pollutants) and 7.7% of the total
variance (DO and physical factors associated with TSS), each at low tide
have been identified. Hierarchical cluster analysis grouped eight sampling
stations into four clusters of similar water quality characteristics at both
tides. Therefore, water quality monitoring and the control of untreated
Copyright© 2021 UiTM Press.
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metal and organic waste discharge into marine waters are indispensable.
© 2022 MySE, FSPU, UiTM Perak, All rights reserved
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INTRODUCTION

A port is an important national asset that needs to be carefully protected.
Ports should be maintained to preserve both public health and the natural
environment (Jani et al., 2021). Maritime transport is considered the most
cost-effective way of moving goods and materials, with data showing that
more than 90% of the world’s trade is carried by sea (IMO, 2018). However,
transport and port activities have grown without addressing their pollution
impact on the environment. Based on a study by AAPMA (2001), shipping
and port operations contributed to approximately 12% of the total marine
pollution. According to a study by Jo O'Brien (2002) and Diane et al.
(2004), port operations, including ship waste, oil spills, runoff, dredging,
port development, and other entities, have been sources of marine pollution.
Major sources of oil spills include marine terminals, pipe leaks in harbours,
offshore drilling leaks, destruction of oil tankers and barges, and the washout
of oil into storm drains (Ford et al., 2008; Soe, 1996).

In addition to operating as a trade route for cargo vessels, the ocean
has an important role as a buffering agent. The ocean acts as a thermal
buffer, balancing the greenhouse gas carbon dioxide and pollutants in the
earth's climate, thus protecting people from sudden changes in the Earth's
increasing temperature as a result of modernization. However, marine
pollution is rapidly spreading globally, which could affect this buffer.
According to Derraik (2002), marine pollution occurs when there is an
inappropriate change in the ocean’s composition, condition, colour, and
quality, making the water unusable. Contamination may occur in terms of
biology, chemistry, and/or physics. Although pollutants might not be seen
by the naked eye, impacts can and do occur as a result of human arrogance,
which is continually destroying the oceans. Besides, sustainability of
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the coastal water areas is important to be maintained due to the benefits
they have towards economic and ecological roles (Kamaruddin et al.,
2020). Sustainability development and management such as protection,
conservation, and prevention of marine pollution allow future generations
to appreciate marine resources and utilized them for better use (Kamaruddin
etal., 2018).

Water quality assessment encompasses monitoring, data evaluation,
reporting, and dissemination of the condition of the aquatic environment
(Wuetal., 2015). A growing number of marine water monitoring programs
is crucial to collect huge datasets. Huge datasets are important to obtain a
better understanding of how anthropogenic activities influence the marine
water environment. The application of different multivariate approaches
(cluster analysis (CA) and principal components analysis (PCA)) for the
interpretation of these complex data matrices offer a better understanding
of the water quality and ecological status of the studied systems (Li et al.,
2018; Rehman et al., 2018). This method of analysis has been used in many
investigations to classify and characterize surface or groundwater quality
data at a range of spatial and temporal scales (Gulgundi & Shetty 2018;
Machiwal & Singh, 2015; Masoud, 2013). Plus, these methods can be
applied in water studies for in-depth knowledge of water quality conditions,
and they can be used as practical tools for water resource management (Kazi
et al., 2009). According to previous studies, the integrated use of various
multivariable approaches is preferable for mutual verification of the results
obtained (Su et al., 2011).

Water quality degradation can make it unusable for human needs, and
it has a negative impact on the environment. Therefore, evaluation of water
quality is necessary (Masoud & Amir, 2016). Because of that, the purpose
of this study was to apply multivariate techniques of Spearman’s Rank
Correlation Coefficient (SRCC), PCA, and Hierarchical Cluster Analysis
(HCA) to find the similarities and differences in the physicochemical
composition of the water in one of the ports located in Peninsular Malaysia.
Moreover, this analysis sought to examine the relationship among the various
parameters of marine water quality.
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METHODOLOGY

Sampling Location

Studies of marine pollution in Malaysia were conducted in a port
located in Peninsular Malaysia. This port is one of the largest multi-purpose
ports in South Asia and is capable of handling up to 60% of the country's
trade activities. Water samples were taken from eight different sampling
sites with tidal influences, representing the context of the marine ecosystem
in a Malaysian port. Figure 1 shows the location of the program plan in
8 sampling stations consisting of areas with environmental context and
different port activities. The location, date, and description of the sampling
sites are shown in Table 1.

Figure 1. The Layout Plan Showing the Water Sampling Stations at a
Malaysian Port

Table 1. Information and Description of Sampling Stations

No. | Pier Distance Water Depth | Description of Cargo
(Wraft) from Pier 1 (m)
(m)
1 w8 120 11.0 Container from Asia and Europe
2 W10 755 13.2 Container from Asia and Europe
3 W14 1560 15.0 Container from Asia and Europe
4 W16 1840 12.7 Container handling kernel oil
5 W19 2585 13.0 Container from coastal areas
6 W22/23 3355 11.7 Containers of liquid petroleum gas
(LPG)
7 W24/25 3800 11.7 Container handling fine particles
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[8 [w2s26 [ 3985 12.0 Container handling fine particles
Source: Author

Sampling Operation

Samples from eight different pier locations were taken from 0-5
cm below the surface of the water by using a water sampler (Model 110,
Australia). Sampling was carried out under two different water conditions,
at low tide (1300 hours to 1500 hours) and high tide (1930 hours to 2100
hours). Water samples were collected from 5 different dates in duplicate for
both high tide and low tide (volume of approximately 1500 ml). Samples
were stored in clean polyethylene bottles using the standard method APHA
4500-P. Then, the samples were stored in a refrigerator at 4°C prior to
laboratory analysis to maintain quality.

Parameter Measurements

The samples involved in this study were characterized by their
physical properties, chemical properties, organic pollutants, and trace
metals according to interim marine water quality standard (IMWQS).
Physical analysis included two parameters, namely the temperature and
turbidity. The chemical analysis consisted of dissolved oxygen (DO), pH,
total suspended solids (TSS), and ammonia nitrogen (NH3-N). Finally,
the concentration of organic contaminants in marine waters was measured
using the following parameters: biochemical oxygen demand (BOD), oil
and grease (O&G), chemical oxygen demand (COD), and trace metal
concentrations of Aluminum (Al), Chromium (Cr), Copper (Cu), Iron (Fe),
Zinc (Zn) and Nickel (Ni). All samples were run in triplicate to determine
the average and the accuracy. The reading was acquired from many different
points to represent the location where the water samples were collected.

The results of physical and chemical parameters, the concentration
of organic contaminants, and the concentrations of NH3-N in the eight
sampling stations for both the high and low tides in the studied harbour
are shown in Table 2. The overall trace metal concentrations in the harbour
are shown in Table 3.
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Multivariate Analysis

The IMWQS provided by the Department of the Environment (DOE,
2019) was used as a reference for the analysis of each parameter in this
study. These standards are used to identify the status and classification of
marine waters for a port in Malaysia. The results of the statistical analysis
obtained will be represented using SPSS.

Statistical methods of multivariate analysis; SRCC, PCA, and HCA
analysis were used to analyze the data. SRCC was used in this study
specifically to determine the relationship between two parameters, related
either directly or inversely. It is important to identify high-risk parameters
contributing to the quality of other parameters and vice versa. Through this
analysis, the resulting high-risk parameters need to be monitored in more
detail to ensure that the marine water quality in the study area is preserved.
PCA analysis is used in this study to create new components or groups based
on all the 15 parameters studied. Through this method, each new batch
produced has its own impact on the pollution in the study area. Elements of
parameters in each cluster are linear with each other. Therefore, pollution
control efforts can be focused by selecting the largest groups, and a limited
number of experiments can be conducted. Finally, HCA was carried out
to detect the behaviour and similarities among the sampling stations. This
analysis is important because the studies were conducted in eight locations
with different site conditions, as well as different shipping and port activities.
With HCA analysis, the study will determine the parameters of the major
contributor to marine pollution at each location.

RESULTS AND ANALYSIS

Correlation Evaluation on Parameter using Spearman’s Rank
Correlation Coefficient (SRCC)

Table 4 and Table 5 show the SRCC analysis of the physical
parameters, chemical parameters, organic pollutants, and heavy metal
concentrations. Based on the analysis, it was found that the DO parameter
is directly proportional to COD (rs = 0.719), but inversely proportional to
the concentration of O&G (rs = -0.802) and metallic Al (rs = -0.771) for
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each tide. This shows that the high COD is not due to low BOD, since that
would cause low DO; instead, the high COD is believed to be caused by the
high concentration of Al compounds from W24/25 and W25/26 (container
handling fine particles). However, there was insufficient evidence from the
previous study to support that statement.

DO also tends to be inversely proportional to dissolved heavy metals,
such as Al (rs =-0.760) and Cu (rs = -0.783) at the low tide. The oily and
liquid petroleum runoff then dissolved into the ocean, lowering the DO.
Furthermore, the DO content decreased due to the usage of rusted tools
on the port's shoreline, as well as small particles that release contaminants
like Al into the water during loading and unloading activities at the bulk
material wharves W24/25 and W25/26.

In high tide conditions, the pH is directly proportional to the NH3-N
(rs = 0.758) and inversely proportional to the temperature of marine water
(rs =-0.826). Obviously, an increase in the concentration of NH3-N directly
increases the pH level. The high pH resulted from runoff caused by busy
port activities with cargo, private vehicles, and untreated sewage by using
toilets that are drained directly into marine water containing high ammonia
levels. Besides, increased runoff also lowers the temperature of marine water.

Based on the SRCC analysis, although the concentration of Al metal
is proportional to the COD (rs = 0.756), it is inversely proportional to pH
(rs =-0.760), DO (rs = -0.760) and TSS (rs = -0.756) at the low tide. This
result is due to the decrease in water level at low tide, increasing the total
suspended solids and particles in the water. The enhancement of Fe and
Al will also directly increase the concentration of COD due to carbon-
containing Fe and Al compounds.

Principal Component Analysis (PCA)
Techniques for producing new variables that are linear combinations of

the original variables can be obtained through PCA. Through this technique,
the new variables that result will not correlate (Liu et al., 2003).
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a)PCA at High Tides

Four components (eigenvalues > 1) contribute to 33.6%, 26.9%, 14.1%
and 12.4% of the total variance, during high tide (Table 6). The results from
the analysis of the varimax matrix components at high tide with the four
extracted components are shown in Table 7.

Table 6. The Output Value of the Total Variance of Water Quality in the High
Tide using PCA

Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component | Total % of Cumulative | Total % of Cumulative %
Variance % Variance
1 5.040 33.598 33.598 4.357 29.045 29.045
2 4.042 26.949 60.547 3.745 29.969 54.014
3 2.110 14.067 74.614 2.875 19.167 73.182
4 1.857 12.381 86.995 2.072 13.814 86.995

Source: Author

Table 7. Rotated Component Matrix for the Quality of Water in a Malaysian
Port at High Tide Conditions (Rotated Component Matrixa)

Parameter Component
1 2 3 4

Temp. 0.837 -0.254 0.282 -0.035
pH -0.304 0.885 0.072 0.177
DO -0.244 -0.506 -0.715 -0.005
Turbidity 0.499 -0.452 0.350 -0.074
TSS 0.319 -0.619 -0.180 0.182
BOD 0.046 -0.903 0.072 0.278
COD -0.794 -0.081 -0.552 0.066
0&G 0.399 0.850 0.230 -0.031
NH3-N -0.888 0.351 0.118 0.237
Al 0.122 0.023 0.966 0.029
Cr 0.493 0.295 0.609 -0.337
Cu -0.040 0.330 0.257 0.869
Fe -0.151 0.092 0.105 -0.974
Ni 0.984 0.104 0.076 0.048
Zn 0.568 0.414 -0.601 0.205
xtraction Method: Principal Component Analysis

Rotation Method: Varimax with Kaiser Normalization
a rotation centered in 12 iterations
(Note: The analysis of the components above 0.500)

Source: Author
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PC1 comprises physicochemical factors, the temperature of the
water (strong), and turbidity (in moderation) (33.6%). While meeting the
standards set by the IMWQS, these parameters are the largest contributors
to the effects on marine water quality in this Malaysian port. Stable water
temperature plays an important role in water quality, as most of the physical,
chemical and biological features of the ocean are directly influenced by
marine water temperature. An increase in water temperature will result in
areduction in the amount of DO. Said et al. (2004) and Smith (2004) argue
that generally, there is less oxygen in the water at a high temperature, which
would ultimately lower the DO. Changes in marine water temperature in the
study were influenced by the ambient temperature, surface runoff, turbidity,
and direct contact with sunlight.

PC2 explained 26.9% (Table 6) of the total variance and has a high
correlation between pH and O&G. This component measures the relationship
between the chemical parameter pH and the organic parameter O&G. Only
some of the pH values exceed the standards. However, all O&G readings
on all sampling dates and locations exceed the standards, even at very high
concentrations. Surface runoff is mixed with oil, and daily washing activities
in each pier area contribute to the flow of oil into marine waters. The
combination of small oil spills from ships into the water during loading and
unloading of liquid petroleum cargo containing chemicals also contributes
to the increase in the concentration of O&G. Surface runoff increases the
pH of the water, according to SRCC findings. As a result, the pH rise is
affected by O&G. According to ITOPF (2011), an oil spill is a release of a
liquid petroleum hydrocarbon into the environment due to human activity;
the term often refers to marine oil spills. Oil spills include releases of
crude oil from tanker ships, directly from accidents, and indirect from ship
operations, offshore platforms, drilling rigs, and wells, as well as spills of
refined petroleum products, such as gasoline, diesel, and their by-products
and heavier fuels such as bunker fuel used by large ships, or the spill of
any oily white substance refuse or waste oil (Hulsey and Ludivina, 2012).

PC3, explaining 14.1% (Table 6) of the total variance, represents
a strong concentration of Al and Cr (medium). Therefore, PC3 can be
categorized as the factor of trace metals. Other parameters included in
this component are excluded, as they are low or negative. Based on this
analysis, it is clear that Al is the largest contributor to metal contamination
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in this Malaysian port, followed by Cr. PC4, accounting for 12.4% (Table
6) of the total variance, representing trace concentrations of Cu. Identified
waste materials containing Cu in the water come from ship antifouling
paints designed to protect them from chemical degradation, weathering,
and biological effects (Chen et al., 2013). An increase in the concentration
of Cu was observed from the pier to W24/25 and W8 because the flow of
the water carried Cu from one pier to the next.

It can be concluded that the water temperature, turbidity, pH, O&G,
and concentration of trace metals such as Al, Cr, and Cu are major sources
of water pollution in this tidal port study under high tides conditions.

a)PCA at Low Tides

Four components (eigenvalues > 1) contribute to 33.6%, 26.9%, 14.1%
and 12.4% of the total variance, during high tide (Table 8). The results from
the analysis of the varimax matrix components at high tide with the four
extracted components are shown in Table 9.

Table 8. The Output Value of the Total Variance of Water Quality in the Low
Tide using PCA

Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component | Total % of Cumulative | Total % of Cumulative
Variance % Variance %
1 5.688 37.922 37.922 4.969 33.124 33.124
2 2.945 19.634 57.557 2.652 17.679 50.803
3 2.615 17.434 74.991 2.565 17.099 67.902
4 1.758 11.721 86.712 2.200 14.666 82.568
5 1.161 7.742 94.454 1.783 11.885 94.454

Source: Author

Table 9. Rotated Component Matrix for the Quality of Water in a Malaysian
Port at Low Tide Conditions (Rotated Component Matrixa)

Parameter Component

1 2 3 4 5
Temp. 0.089 0.271 -0.746 -0.445 -0.399
pH 0.852 0.326 -0.309 0.115 -0.213
DO -0.541 0.314 0.426 0.195 0.681
Turbidity 0.919 -0.160 0.294 0.058 0.143
TSS 0.854 -0.022 0.024 0.403 -0.017
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BOD 0.252 0.206 -0.904 0.020 0.054
COD 0.852 -0.210 0.323 0.102 0.227
0&G 0.259 -0.017 -0.093 0.957 0.088
NH3-N 0.445 0.391 0.204 0.562 -0.139
Al -0.929 0.003 0.138 -0.022 0.199
Cr 0.608 0.171 -0.213 -0.684 -0.097
Cu -0.131 0.110 -0.044 0.020 -0.980
Fe 0.082 -0.902 0.220 -0.164 -0.012
Ni 0.195 0.614 0.747 -0.131 -0.084
Zn 0.125 0.935 -0.010 -0.176 0.227

a rotation centered in 6 iterations
(note: the analysis of the components above 0.500)
Source: Author

Table 9 shows that PC1 was strongly affected by physical parameters
(turbidity), chemical parameters (pH), organic parameters (COD), and
the parameters associated with suspended solids (TSS) (37.9%). These
components can be categorized as organic factors, with the source of
contamination resulting from the disposal of domestic waste and nutrients
(Hamza & Hafizan, 2015). Domestic waste and nutrients from human
activities such as inland and water shipping and untreated sewage from
toilets discharged straight into marine water have resulted in parameter
difficulties. The concentration of particles in the water will increase due
to decreased water depth at low tide. Therefore, an increase in TSS and
turbidity will result in interference and reduced light penetration. Therefore,
marine photosynthesis will be reduced (Gupta et al., 2005). These parameters
will damage and kill fish and marine organisms and lead to high pH values.
Moreover, it can be concluded that suspended solids and organic sediment
caused the higher concentration of COD in water at low tide.

PC2 and PC3 accounted for 19.6% and 17.4%, respectively (Table
8) of the total variance; Zn and Ni were strong components. While both of
these parameters meet the standards of IMWQS, Zn and Ni were the greatest
metal pollutants in this Malaysian port at low tide conditions, followed by
Fe and Cu. PC4 was associated with concentrations of NH3-N and O&G
and identified as organic pollutants. People's waste is dumped into the water
without treatment; hence there are no toilet facilities right on the shoreline.
This directly increases the NH3-N concentration of marine water. Then,
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surface runoff is mixed with oil, and daily washing activities in each pier
area contribute to the flow of oil into marine waters. The combination of
petroleum oil spills from ships into the water body during the loading and
unloading of goods and chemicals also contributes to the increase in O&G.

In conclusion, pH, turbidity, TSS, COD, O & G, NH3-N, DO and
trace metals such as Cr, Zn and Ni are major sources of water pollution in
this Malaysian port at low tide conditions.

Hierarchical Cluster Analysis (HCA)

Four statistically significant HCA clusters were identified for the HCA
analysis at both tidal conditions as shown in Figures 2 and 3, respectively.
For the high tide condition, Cluster 1 corresponds to the sampling stations on
piers W16, W19, and W22/23, while Cluster 2 corresponds to the sampling
stations on piers W8 and W14, which both serve cargo ships from Asia and
Europe. Cluster 3 corresponds to the sampling stations on piers W24/25
and W25/26, serving cargo ships handling fine particulates, and Cluster 4
corresponds to sampling stations on pier W10.

While the stations categorized in Cluster 1 serve different types of
ships resulting in the release of varying forms of pollution, including
kernel oil particles at pier W16, marine litter at pier W19 and LPG spills
at pier W22/23, these groups have similar values of pH, O&G, Cu, Ni and
Zn concentrations. Washing activities on daily basis in the driveway of the
W16 pier to clear excess kernel oil particles have contributed to the direct
flow of o0il into marine waters at the W19 and W22/23 piers. Moreover, the
small oil spills released into the water from containers and ships during
loading and unloading of containers of liquid LPG have increased the
concentrations of O&G. Research clearly indicates that the combinations
of Cluster 2 and Cluster 3 are due to the shared environmental context and
the port activities at the relevant sampling stations. Cargo from Asia and
Europe and construction activities on pier W8 aimed at improving and
developing the port system has resulted in highly similar values of BOD
and COD in Cluster 2. This suggests that an increase in the concentration of
NH3-N does not directly increase the BOD concentration. As construction
has progressed, the number of workers has increased rapidly, resulting in
a higher discharge rate of untreated sewage. Toilet facilities located on the
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waterfront at W8 and W14 do not have proper septic systems, leading to
the discharge of untreated sewage into the water without treatment. This
suggests that the high COD concentrations were caused by a layer of organic
antifouling compounds released from ships.

Sampling station Rescaled Distance Cluster Combine
5 o =

W19 5—I :
W22/23 Cluster 1

W16

20
i

W8 !
Cluster 2

3}—

Wi4

7
Wa4j25 J Cluster 3
W25/26

W10

Cluster 4

Figure 2. The Cluster Analysis Dendrogram at High Tide at 8 Sampling
Stations
Source: Author

Then, at low tide, Cluster 1 corresponds to the sampling stations on
piers W10, W14, and W16, while Cluster 2 corresponds to the sampling
stations on piers W19 and W22/23. Cluster 3 is ideal, including only the
sampling stations on pier W8, and Cluster 4 corresponds to the sampling
stations on piers W24/25 and W25/26. Only the piers groups W24/25 and
W25/26 had the same port activities, while other groups had a similar
environmental context but different port activities.

Cluster 1 shows a relationship between TSS and NH3-N concentration.
The handling of kernel oil particles (kernel) on W16 and W10 and port
development at W14 improved the NH3-N and TSS. Cluster 2 (sampling
stations W19 and W22/23) had similar values of TSS, O&G, COD, Cu, Ni,
and Zn. This group had similar contamination properties as at high tide;
furthermore, the release of small oil spills from the pier and ships into the
water during the loading and unloading of containers containing liquid LPG
at W22/23 increased the value of O&G. Cluster 3 (W8), which includes
the first wharf at this Malaysian port, has the greatest temperature and the
highest concentrations of NH3-N and COD but the lowest Cu concentrations.
This is because Cluster 3 is different from other clusters. High ambient
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temperatures at the time of sampling, the inclusion of groundwater flow and
the amount of suspended particles upstream and at pier W8 itself caused the
rise in temperature and the concentration of NH3-N, while the COD value
and the low Cu concentration were due to lower shipping activity on the
pier as a result of the construction of the new pier. In conclusion, further
studies are important to assess port quality.

Sampling station

Rescatad Distance Clustor Combine

W10 3
Cluster 1
wis
Wwi4
w19 (Cluster 2
p
W22/23
w8 Cluster 3
w25 |
Cluster 4

W25126 °C
Figure 3. The Cluster Analysis Dendrogram at High Low at 8 Sampling

Stations
Source: Author

CONCLUSION

A port in Malaysia is an important asset for a country that needs to protect
in every aspect from time to time. It should be maintained to preserve
both public health and the natural environment. The multivariate analysis
comprised SRCC, PCA, and HCA. According to the Spearman’s Rank Order
correlation analysis, there is a strong correlation between DO, pH, and Al
concentration with other study parameters. Principal component analysis
decided that 87.0% of variances explained by four components accounted
for 33.6%, 26.9%, 14.1%, and 12.4% of the total variance during high
tides. Then, 94.5% of the total variance with five components accounted for
37.9%, 19.6%, 17.4%, 11.7%, and 7.7% of the total variance, respectively,
during low tides. PC1 identified by physicochemical factors, namely water
temperature, and turbidity, cause major factor changes in water quality.
During low tide, the PC1 with 37.9% comes from organic-nutrient factors
and is the largest contributor to water quality. Next, hierarchical cluster
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analysis clustered eight sampling stations into four groups with similar water
characteristics at both tides. Based on the information received, the cluster's
similarity level unites the most similar sampling stations in terms of similar
characteristics, pollution levels, and locations with similar environmental
surroundings and port operations. In conclusion, the types of contaminants
found in the harbour at high tide include water temperature, turbidity, pH,
0&G, and the concentration of trace metals such as Al, Cr, and Cu. However,
increasing pollution at low tide was also observed: pH, turbidity, TSS, COD,
0&G, NH3-N, DO, and concentrations of trace metals such as Cr, Zn, and
Ni were major sources of pollutants in this marine water port study. As a
result, a thorough investigation into the causes of various contaminants in
ports should be considered. The analysis of noise pollution, air pollution,
and marine water pollution should be combined, and the findings of this
research should be used to determine better follow-up action to improve
the existing value, particularly while maintaining the port's overall quality.
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