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Abstract Linear alkylbenzenes (LABs) are molecu-
lar chemical markers that are used to identify anthro-
pogenic inputs in rivers and coastal ecosystems. Sur-
face sediment samples had collected from the west
and south of Peninsular Malaysia to determine the
LAB content and distribution. The samples were ana-
lyzed, and their sources were determined using gas
chromatography-mass spectrometry (GC-MS). The
statistical significance of the variations among sam-
pling stations was examined using the analysis of var-
iance (ANOVA) and Pearson correlation coefficient at
p < 0.01. The degrees of LAB degradation and the
effectiveness of sewage treatment were assessed using
long to short chains L/S, homologs C,5/C,,, and inter-
nal to external (I/E) indices. The statistical analysis
revealed that the concentration of LABs in the areas
under investigation ranged from 67.4 to 255.8 ng
g~! dw. LAB homologs were significantly different
at p < 0.01, and the majority of sampling sites had a
large number of C,;-LAB homologs. It was clear that
treated effluents from main and secondary sources
were released into the study areas since the computed
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LAB ratios (I/E) ranged from 1.6 to 4.1. In addition,
LAB deterioration ranged between 33 and 64% in the
regions studied. It is concluded that the wastewater
treatment system needs to be upgraded, and there is
a strong need to use LAB molecular markers to trace
anthropogenic sewage contamination.
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1 Introduction

Riverine and coastline environments situated near
urban locations receive frequently heavy quantities
of anthropogenic inputs (Halpern et al., 2008; Hage-
mann et al., 2018), However, release high loads of
untreated industrial effluents into these areas lead to
change the biodiversity in coastal and marine envi-
ronments (Zhang et al., 2012; Melo et al., 2019). The
monitoring of these ecosystems is important to assess
the occurrence of possible hazardous contaminants as
well as related adverse influences to marine ecosys-
tem, hence presenting the necessary data for the pos-
sible environmental protection (Chaler et al., 2004;).
Domestic sewage pollution can be measured using
chemical compounds such as linear alkylbenzenes
(LABs). The main components used to make linear
alkylbenzene sulfonates type detergents (LASs) are
LABs (Ricking et al., 2003). In the 1960s, branched
alkylbenzene components were totally switched to
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LABs for detergent manufacturing due to their excel-
lent biodegradability and low cost (Sherblom et al.,
1992). As a result of insufficient sulfonation, LABs
are widely dispersed and abundant in the aquatic eco-
system from non-treated residential and industrial
wastes (Oller et al., 2011; Alkhadher et al., 2020).
Considering their enduring and high affinities for
wastewater effluents, LABs are used as indicators of
anthropogenic input in the marine environment that
are coming from residential and industrial sources
(Cabral et al., 2020; Alkhadher et al., 2020).

Because they have different phenyl replacements
to the alkyl chain and are organized externally and
inside, LABs are also employed to show the degree
of degradation in the sediments (Alkhadher et al.,
2015; Huang et al. 2021). Furthermore, the types of
industrial and residential wastewater discharged into
an aquatic ecosystem, such as primary and secondary
effluents, had determined using LAB isomers (Takada
et al., 1990; Tsutsumi et al., 2002).

Due to the country’s dense population and the
relationship between sewage pollution and illnesses
in East Asian nations, Malaysia’s coastal areas have
demonstrated significant levels of residential wastes
(Isobe et al., 2002; Sakai et al., 2017; Thomes et al.,
2019). As a result, it is crucial to regularly assess
the anthropogenic LAB inputs and their impacts on
coastal locations in order to enhance water quality
and reduce the risk of disease (Wang et al., 2001;
Alkhadher et al., 2020).

Rivers and coasts of west and south Malaysia are
adjacent to populous as well as developed areas that
leads to land-based pollutants include municipal sew-
age, agricultural runoff, and industrial waste into sev-
eral rivers and coastal ecosystem (Alkhadher et al.,
2016; Masood et al., 2021). Because of this, the rivers
and beaches in this area may be impacted by various
anthropogenic wastes. Thus, the sources of industrial
and domestic wastewater pollution of west as well
as south Malaysia should monitor continuously for
an environment protection as well as people health.
Nevertheless, the investigation of the recent anthro-
pogenic impacts is conducted in the west as well as
south Malaysia, which they have industrialized and
populous characteristics in some locations such as
the Port Dickson, Muar river, Johor Bahru coast, as
well as Kim Kim river while they are less industri-
alized or unpopulated in the other locations such as
Pulau Merambong. The current study goals to use
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LAB as chemical tracer to evaluate an industrial and
residential wastewater contamination in the selected
stations. Measuring of concentration, distribution, as
well as LAB degradation level carried out in above-
mentioned areas. Additionally, the dispersion of LAB
isomers was carried out in order to identify the per-
formance of existing sewage treatment plants (STPs).

2 Methods and Materials
2.1 Sampling

The researched stations are located in the Sembilan
and Johor states, including rivers, estuaries, islands,
and coasts alongside of west as well as south Pen-
insular Malaysia (Fig. 1). The description of the
study locations of the Port Dickson coast with sta-
tion code (SPD1, SPD2, SPD3, SPD3, SPD4), Muar
river with station code (SMul, SMu2, SMu3), Johor
Bahru coast with station code (SJB1, SJB2, SJB3,
SJB4, SJBS), Pulau Merambong with station code
(SMel, SMe2, SMe3), and the Kim Kim river with
station code (SKK1, SKK2, SKK3) are illustrated
in Table 1. The studied areas have chosen based on
the occurrence of less and high anthropogenic activi-
ties alongside south and west peninsular Malaysia.
The collection of the surface sediments conducted to
evaluate the most recent anthropogenic LAB imports
in the aforementioned regions. To analyze the current
LAB inflow, the top 4 cm of each surface sediment
had collected using an Ekman dredge sampler (Ibra-
him, 1988). All samples were then put in pre-solvent
washed stainless steel containers before being brought
to the lab and kept in a freezer at 20 °C. In order to
prepare the sediments for further chemical analysis, a
freeze-dryer is employed to remove the moisture.

2.2 Chemical Procedures

Two columns had used for purification and frac-
tionation the sediment extracts in order to ana-
lyze the LABs (Zakaria et al. 2002). In particular,
within a Soxhlet device, 10 g of dried sediment was
placed in a cellulose thimble, followed by 250 mL
of dichloromethane (DCM) for 10 h (Masood et al.
2015). Prior to extraction, 50 L of “1-Cn” LABs
had added to each sample as surrogate standards
(S8S) for the recovery correction of target LABs.
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Fig. 1 General map of the west and south of Peninsular Malaysia, showing sites of Port Dickson coast, Muar river, Johor Bahru

coast, Merambong and the Kim Kim river

Activated copper with half spoon had added to
each extract to eliminate sulfur linked to the sedi-
ments to prevent any influence with the final chro-
matograms. The extracted sample was decreased
by a rotary evaporator, and it was then moved
into the top of a chromatography column (5%
H,0O-deactivated silica gel) with 60-200 mesh size

(Sigma Chemical Company, USA; 9 cm height, 0.9
cm i.d.). First, a pure hexane/DCM combination
(3:1, v/v; 20 mL) were used to elute the extracted
hydrocarbons, which were then reduced to 1-2 mL.
The second stage (4 mL of hexane) was using a
column with 0.47 cm i.d., 18 cm height filled with
completely activated silica gel to collect the LAB
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Table 1 Sampling sites along the west and south of Malaysia

Sample name Geographical coordination Location type Weather condition Site description

SPD1 N 02°27' 882" E 101° 50.6' 87" Beach Cloudy Urban and tourism area
SPD2 N 02°27' 638" E 101° 50.7" 35" Beach Cloudy Urban and tourism area
SPD3 N 02°28' 047" E 101° 50.7" 96" Beach Cloudy Urban and tourism area
SPD4 N 02°27'943" E 101° 50.8' 10" Beach Cloudy Urban and tourism area
SMul N 02° 04’ 06.0" E 102° 33" 18.1" River Cloudy Urban and industry area
SMu 2 N 02°03'34.9" E 102° 34’ 27.0" River Cloudy Urban and industry area
SMu 3 N 02°03'18.0" E 102° 32" 23.9" River Cloudy Urban and industry area
SIB1 N 01°27'58.2" E 103° 44’ 30.9" Coast Cloudy Industry and urban area
SIB2 N 01°27"44.1" E 103° 44' 84.7" Coast Cloudy Industry and urban area
SIB3 N 01°27'34.7" E 103° 45" 65.9" Coast Cloudy Industry and urban area
SIB4 N 01°27'72.7" E 103° 46' 47.2" Coast Cloudy Industry and urban area
SIB5 N 01°26'06.5" E 103° 55’ 8.40" Coast Rainy Industry and urban area
SMel N 01°22'76.0" E 103° 38’ 08.8" Island Sunny Uninhabited area

SMe2 N 01°20'61.7" E 103° 36’ 72.0" Island Sunny Uninhabited area

SMe3 N 01°20"40.3" E 103° 36’ 27.7" Island Sunny Uninhabited area

SKKI1 N 01°27'28.2" E 103° 57" 76.2" River Rainy Urban and industry area
SKK2 N 01°26'77.6" E 103° 58" 04.6" River Rainy Urban and industry area
SKK3 N 01°25'09.6" E 103° 58’ 3.31" River Rainy Urban and industry area

fraction. The extract was then moved to a 2-mL
amber vial and more reduced by a nitrogen gas till
near dryness. Prior to gas chromatography-mass
spectrometry (GC-MS) measurement, an internal
standards with IS = biphenyl-d10 (m/z = 164) had
injected into the LAB extract.

A gas chromatograph with a capillary column
(DB-5MS) from Agilent Technologies (7890A
series) has been used to identify the target chemi-
cals. Briefly, a fused silica capillary column with
length of 30 m, 0.25 mm i.d., and a film thickness
of 0.25-pm has been employed. Helium, which
had a steady pressure (60 kg cm™) , served as the
carrier gas. The mass spectrum data had collected
using the selective ion monitoring (SIM) mode.
Furthermore, LAB chromatographs had detected
at m/z = 91, 92, and 105. The working condition
of the GC-MS was set at 70 eV, and the ionization
stage had used an external source (200 °C) as well
as ~ 1250 eV. The sample injection using splitless
mode was then performed with an injection port
(300 °C) at a 1-min purge then followed. The tem-
perature of column was maintained at 70 °C for 2
min, 30 °C min~' to 150 °C, and lastly 4 °C min™"
to 310 °C for 15 min.
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2.3 Method Quality and Assurance

The range of LAB surrogate standards (1-Cn LAB)
recovery for all sediment in this study was 87-98%
within the allowable percentage (60—120%), showing
only a small loss of the targeted chemicals through-
out LABs’ analytical procedure. A blank sample that
contains all the chemicals present in the normal sam-
ple had used with every batch of samples (4 samples),
to avoid any possible pollution from various ambi-
ent sources over the analysis. At fixed volumes, daily
freshly manufactured SS, IS, and native standards had
spiked into the samples. Additionally, limits of quan-
titation (LOQ) and detection (LOD) were calculated
by determiningthe lowest concentration levels of each
calibration curve (Takada and Eganhouse 1998).

2.4 Statistical Analysis

For statistical analyses, IBM®-SPSS 25 software has
been employed, and analysis of variance (ANOVA)
was performed to demonstrate the significance of the
variations in LAB contents and distribution among
the sample locations at p < 0.01. The Pearson cor-
relation coefficient was employed in the correlation
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analysis of sampling stations. Regression coefficients
efficient were carried out to indicate the potential
contribution of multiple sources of LABs.

2.5 TOC Analysis

To find the total organic carbon (TOC) in the sedi-
ments, the samples were dried over the night in an
oven at 60 °C; then, they were ground using a mor-
tar and pestle. Two milliliters of 1 M HCI was poured
to 2 g dried sample until it was completely wet to
remove the carbonates. The sediment sample was
then dried at 100 °C for 10 h in order to remove the
HCIl. The TOC % was calculated using an LECO
CR-412 Carbon Analyser at 1350 °C and an O, boost
period of 1 min (Nelson and Sommers 1996). Table 2
shows the calculated TOC percentages.

3 Result and Discussion

3.1 Composition, Distribution, and Concentration
LABs

LAB individual congeners are shown in Fig. 2, with
form “n-Cm” LAB, where “n” indicates location of
phenyl group on the straight alkyl chain and “m”
denotes alkyl carbons figure. All of the investigated
sediments contained LAB with C,;;~C,,. Table 2
shows LAB concentration ranged from 67.4 and
255.8 ng g~! dw, in samples of the Pulau Merambong
as well as Port Dickson coast, respectively.

Figure 3 shows the composition profile of LAB
homologs in sampling locations. It observed that the
composition of homologs with C;; in all study sta-
tions has a significant significance for LABs in the

Fig. 2 Gas chromatograms E
of LABs in surface sedi- 41IS
ments of the west and south 3
of Peninsular Malaysia. IIS E
(internal injection standard-
biphenyl, d,(), surrogates
1-Cn-LABs (n:8-14) from
left to right) indicated by
asterisks. Subscripts indi-
cate the alkyl chain length.

Abundance
" 1

position on the alkyl chain
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examined areas, followed by C;, and C,;. On the
other hand, C,;, and C;; homologs had less level,
conforming that those chemicals preferentially
degrade through wastewater effluent release. In gen-
eral, LABs in the rivers and coasts dominated by
long-chain LABs (C5 and C,,), compared to other
LAB homologs (C,, and Cy;), suggesting that LABs
have long laterally transport in the marine environ-
ment. The specific analysis of LAB composition
showed that C,;; homologs were high in the first sta-
tion of the Port Dickson coast (SPD1), implying that
these chemicals pass through anaerobic degradation
(Dauner et al., 2015; Alkhadher et al., 2020).

Similarly, C,, and C;; homologs (short-chain
LABs) had low abundance in all sites of this study,
suggesting that the most likely explanation in this com-
position variation of LAB chain lengths is that LABs
become more hydrophobic as chain length increases
(Sherblom et al., 1992). Additionally, it was observed
that C,, homolog of this study had less level than those
in detergents that had studied by Luo et al. (2008).

The study’s findings show that there is a high
significant of Pearson connection among the LAB
concentrations in the analyzed locations (p < 0.01,
r = 0.81), signifying that LABs could be employed
as a tracer of anthropogenic contamination in tropi-
cal areas (Table 3). LAB concentrations recorded
between 87.4 and 255.8 ng g~! dw, with the first sta-
tion of the Port Dickson coast (SPD1) recording the
highest level and the third station of Pulau Meram-
bong recording the lowest value (SMe3; Fig. 4). It
was conforming with a significant difference at p <
0.01 of LAB concentration among the study locations
(Table 4).

Based on the LAB concentration, the most plausi-
ble reason for the spatial dispersion of LABs in the

3

AL

L1 -

2

*

10 1 12 13 14 15 16 17 18 19 20

Retention Time (min)
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(d) Compositional profiles of LABs in Merambong
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(e) Compositional profiles of LABs in the Kim Kim river

Fig. 3 Compositional profile of LABs in the west and south sediment samples. Standard error bars are shown

investigated areas turned to the discharge of wastewa-
ter effluents and their dilution with organic particulate
matters that may affect the LABs distribution on the
riverine and coastal ecosystems (Zeng et al., 1997,
Cabral and Martins, 2018). Instead, a high industriali-
zation, urbanization, and insufficient of sewer system

could be behind LABs spatial distribution in those
regions (Shahbazi et al., 2010; Sakai et al., 2016).
LAB concentrations in the locations under inves-
tigation are significantly less than those in Malacca,
Penang estuary, Indonesia, and Anzali wetland
(Isobe et al., 2004; Bakhtiari et al., 2018). However,
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Table 3 Pearson correlation coefficients between total LAB
concentration in the west and south of Peninsular Malaysia.
Significant Pearson correlation (p < 0.01)

Location Total LAB
concentra-
tion

Pearson correlation 1 —0.81*
Sig. (2-tailed) 0.01
N 18 18

*Correlation is significant at the 0.01 level (2-tailed

especially in comparison to those observed in the
Southern Brazil and Pearl river, LABs were observed
with high and comparable levels in this research (Luo
et al., 2008; Zacchi et al., 2018).

Obviously, it was found that LAB congeners dis-
tributed as such trend: the Port Dickson > Johor
Bahru > Muar river > Kim Kim > Pulau Meram-
bong. Thus, it demonstrates that the spatial distri-
bution of LABs in aquatic environments might be
affected via the geographical situation of sample
stations. Furthermore, it indicated that LABs as an

Fig. 4 Concentration of
LABs in the west and south
sediment samples. Standard
error bars are shown

indicator of anthropogenic contamination along the
investigated areas relative to those in Malaysia and
around the world was low to moderate (Table 5). In
addition, it was discovered that the LAB level of this
study was high in comparison to those noticed by
Isobe et al. (2004).

3.2 TOC Evaluation

Due to of their high hydrophobicity, LABs are more
prone to cling to organic matter when they intro-
duce to the aquatic environment. As a result, TOC in
the sediments had a relationship with LAB content
(Wang et al., 2001).

TOC in the sediment samples was identified, and
the relationship between TOC and LABs was assessed
by calculating the linear regression and coefficient in
this study. TOC recorded from 4.9 in the Johor Bahru
(SJB1) with the lowest reading to 81 mg g™! in the
Kim Kim (SKK3), with the highest amount of TOC
(Table 2). Port Dickson, Muar river, and Merambong
island have relationship between LABs and TOC (R?
= 0.64, 0.54, and — 0.97), respectively (Fig. 5). These

300
250 il *I
< 200 | * I I
L
w150 f " I
2 L I
£ 100 | I I ] I | I i I ]
50 F L
0ot
d D P O QO VDD T LICLDOO
ST TN FFTFF I F &
Station
Table.4 Overall analysis Source DF Sum of square Mean square F value Sig.*
of variance for surface
S??Amfﬂtstof west and south Side 1 92,278.39 9227.39 10.11 <.0.01
of Malaysia Locations 5 114,597.32 2291.46 50.20 <.0.01
Error 25 0.00 0.00
*The mean difference is Corrected total 18 143,098.47

significant at the 0.01 level
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results indicate that TOC may be the key factor in the
spatial distribution of LAB in those stations. This is
in line with the TOC findings from the Dongjiang
river, where it was discovered that LAB concentra-
tions were linearly linked with TOC (R? = 0.82). This
result revealed that wastewater discharge was the pri-
mary source of organic carbon in the sediments.
However, the Kim Kim and the Johor Bahru shore
sediments showed a limited association between LABs
and TOC (R? = 0.29 and — 0.42, respectively) (Fig. 5).
This shows that TOC was not a decisive factor in LAB
distribution and that the main determinant in the redis-
tribution of LABs in those locations was wastewater

inputs level from several anthropogenic activities
(Fig. 5). Prior researches had noticed that the Selangor
and Perak Rivers in Peninsular Malaysia had a weak
LABs-TOC relationship with R? values of 0.008 and
0.17 Magam et al., 2015; Masood et al., 2015).

3.3 Evaluation of LAB Degradation and Effluent
Treatment’s Effectiveness

LAB degradation and sources in aquatic ecosystem
surface sediments depends on LAB ratios. In the
aquatic environment, I/E ratios are applied to gauge
the LABs’ degradation and the effectiveness of

Table 5 Total concentrations of ZLABs from different areas around Malaysia and the world

Location N Maximum LABs  I/E ratio® Degradation® Reference

(ngg™)? (%)
South Atlantic Estuary 15 210 2.5 47 Cabral and Martins (2018)
Southern Brazil 3 15.3 1.4 27 Zacchi et al. (2018)
Humber Estuary and Wash, UK 18 84.8 2.1 41 Raymundo and Preston (1992)
Anzali Wetland, Iran 167 109,000 1.3 24 Bakhtiari et al. (2018)
Malacca, Malaysia 1 1080 2.0 39 Isobe et al. (2004)
Muar River, Malaysia 1 32 2.8 51 Isobe et al. (2004)
Penang Estuary, Malaysia 1 3000 1.5 29 Isobe et al. (2004)
Prai River, Malaysia 1 25 34 58 Isobe et al. (2004)
Kim Kim River, Malaysia 1 122 1.8 36 Isobe et al. (2004)
Kim Kim Estuary, Malaysia 1 6 1.2 21 Isobe et al. (2004)
Nibong Tebal, Malaysia 1 168 2.1 41 Isobe et al. (2004)
Indonesia 20 42,600 2.1 41 Isobe et al. (2004)
Sarawak River, Malaysia 9 7390 1.0 15 Magam et al. (2012)
Sembulan River, Malaysia 6 5570 1.8 36 Magam et al. (2012)
Zhujiang River 11 2330 1.5 29 Luo et al. (2008)
Dongjiang River 10 566 1.9 38 Luo et al. (2008)
Xijiang River 8 69.4 1 15 Luo et al. (2008)
Pearl River Estuary 8 26 1.5 29 Luo et al. (2008)
South China Sea 28 23 0.9 11 Luo et al. (2008)
The Pearl River Delta 96 11,200 1.7 34 Ni et al. (2008)
Santos Bay, Brazil 14 117 2.9 55 Martins et al. (2008)
Dongjiang River 45 410 1.4 27 Zhang et al. (2012)
Outfalls of paper mills 3 3270 1.3 24 Zhang et al. (2012)
Jakarta Bay 7 86,800 0.9 12 Rinawati et al. (2012)
Tokyo Bay 2 1110 2.8 51 Rinawati et al. (2012)
Detergents 10 5,300,000 1.7 34 Raymundo and Preston (1992)

N the number of samples

*LAB = sum of concentrations of all secondary LAB congeners having C10-C14 alkyl chain

PI/E = (6_C12+5_C12)/4_C12+3_C12 +2_C12)
‘LAB deg =81*log (I/E ratio) +15 (+* = 0.96)

@ Springer
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Fig. 5 Scatter plots of LABs and TOC in sediment samples of the west and south sediment samples

wastewater treatments (Takada and Ishiwatari, 1990,
Alkhadher et al., 2021).

LAB degradation in the surface sediments of
studied areas varied in the range from low (33%) at
SMu2, SMu3, and SMe3 of Muar river and Pulau
Merambong to high (64, 61%) at SPD1 and SPD2 of
Port Dickson coast, showing that Port Dickson’s coast
has the greatest rate of LAB biodegradation com-
pared to other sampling sites in Peninsular Malaysia

(see Table 2).

@ Springer

Figure 6 shows that the first station of Port Dick-
son (SPD1) has the highest I/E ratio with 4.1 and
the stations SMu2, SMu3, SMel, SMe2, SMe3, and
SKK3 of the Muar, Pulau Merambong, and Kim Kim
have the lowest I/E ratios, indicating that most of
LABs in studied areas came from secondary and pri-
mary treatment sources. This explained the presence
of many STPs in Peninsular Malaysia.

The results showed that the Kim Kim, Pulau Meram-
bong, and most stations of the Muar have higher
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Fig. 6 Values of the C,5/
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concentrations of primary wastewater effluents (SMu2
and Smu3) and the Johor Bahru (SJB2 and SIB4), while
the secondary wastewater effluents discharged into the
Port Dickson coast, the Muar station (SMul), and Johor
Bahru stations (SJB1, SIB3, and SJIBS5). Multiple sources
emit LABs into the environment, for example, wastewa-
ter from cities or industries. Wastewater particles have a
strong attachment to organic matters and sewage particles
and may therefore improve the transfer of LASs between
their originating sources and eventual transportation into
the oceans (Zhang et al., 2012; Harwood, 2014; Cabral
etal., 2018).

Furthermore, ratios of L/S and C,3/C,, determined
to more assessment of LAB degradation in stud-
ied areas. L/S ratios in this study ranged from 1.6 at
SPD1, SPD2, and SPD4 of Port Dickson coast to 2.6
at SKK3 of the Kim Kim river, and they had more
than 1.8 that was detected in detergents (Ni et al.,
2008), representing improvement of LAB biodegra-
dation. Furthermore, C,5/C,, ratio ranged from 4.1
at the third station of Pulau Merambong (SMe3) to
14.3 at the fourth station of the Port Dickson station
(SPD4), and this ratio was more than 1.7 found in the
sediments of coastal areas (Liu et al., 2013).

In recent years, there has been a significant direct
discharge from ferries and boats due to the fact that
locals use the river for recreational and fishing pur-
poses (Abu Samabh et al., 2011). As a result, detergent
residues and boat wash cause an increase in LABs
in the sediments, which drastically affects molecu-
lar indices. In developing countries like Malaysia, it
is evident that raw, primary, and additional second-
ary processed effluents discharged into the aquatic
environment comprise LAB inputs. However, prox-
imity to places with high population densities, main

T T
8 10

industrial and tourism-related activities can result
in a rise in LAB concentration and a decrease in I/E
ratios in certain locales. Instead, the locations with
low urbanized, industrialized, and population close
to the river causing in low concentration in the Pulau
Merambong and the Kim Kim compared to the other
sampling locations.

4 Conclusion

LAB concentrations with significant differences in
the sediments of the analyzed places of the west and
south of Peninsular Malaysia were 67.4-255.8 ng g~!
dw. The Port Dickson coast has the highest LABs than
other sampling locations. Compared to LC- ones, SC-
homologs are less prevalent, with the lowest levels in
the Pulau Merambong. The results of I/E ratios demon-
strated that the majority of LABs are from the primary
treatment effluents, whereas secondary treatment was
the predominant source along the Port Dickson coast.
A large LAB content could be caused by insufficient
STPs, which might not be able to serve a high popu-
lation in the studied. As a result, the study’s results
revealed that as the population increase, untreated
industrial and residential wastewater concerns could
remain for a very long time. It is expected that the level
of industrial waste and municipal wastewater flow into
Malaysia’s coasts and rivers would rise in the near
future. As a result, it is crucial to take the appropriate
actions to upgrade the wastewater treatment system. In
light of this, routine wastewater pollution assessments
should be performed in addition to sewage system
improvements to lessen environmental concerns and
promote public health in riverine and coastal areas.

@ Springer
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