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ABSTRACT
KEYWORDS

The Juru River is a highly industrialized, urbanized, and agricultural catchment. This study aimed to
Enrichment investigate trace elements in Juru mangrove sediments, including geochemical baselines and
Geo-accumulation enrichment. Sediment was collected from the mangrove in Juru, Penang, Malaysia. A total of eight

target elements was examined. Instrumentation activation analysis (INAA) was used to determine the
Mangrove concentration of Fe, V, Cr, Zn and Co. Atomic absorption spectrometry (AAS) was used to determine

the concentration of elements that not detectable by INAA (Cd, Pb, and As). In both methods, validated

CantzmrEen 57 reference material studies were used for validation of the methodology. Metal pollution was estimated

Pollution Load Index using the Enrichment Factor (EF), Geoaccumulation Index (Igeo), Contamination Factor (CF), and
Pollutant Load Index (PLI). The EF, Igeo, and CF ranges from 0.45-7.96, -2.18 — 1.95, and 0.33-5.83
Neutron activation respectively. The order of accumulation of the elemental concentration found was Fe > Zn>Cr >V > Pb

> As > Co >Cd. The computed mean value of PLI exceeds the unit (PLI > 1).
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1 Introduction

Mangrove ecosystems have high-primary productivity and are
coastal forests found in sheltered coasts, estuaries, riverbanks, and
deltas in tropical countries. Mangroves are salt-tolerant evergreen
trees that grow according to topography, climate, and water
salinity. Instead of sand, the soft ground is mostly formed of clay
and silt (Sasmito et al. 2020). The inputs of mangrove-derived
organic matter into intertidal and river estuaries are important for a
variety of fish and shellfish, including many commercial species,
because nutrients are often adsorbed onto muddy sediment
particles (Hatje et al. 2020). In recent years, the pressures due to
increasing population in coastal areas, food production, economic
activities, and urban development have caused the resources of the
world’s mangroves to be degraded (Friess et al. 2019). Growing
industrialization and urbanization harmed the environment,
particularly in mangrove areas around the world. Naturally
occurring and anthropogenic factors trigger its component
composition in the mangrove ecosystem (Zhang et al. 2009).
Physical activities such as advection and convection, turbulence,
diffusion, and others affect trace constituents, which are also
influenced by biological processes such as ingestion, excretion,
and biodegradation (Brigmann et al. 1999; Naser 2013).
Contaminating mangroves and coastal ecosystems with trace and
dangerous metals have become a serious threat to coastal
ecosystems and humans who rely on marine resources for food and
industry. Sediments are an important sink of a variety of pollutants,
especially in estuarine ecosystems (Veettil et al. 2019). Metals
such as zinc, copper, and chromium are crucial for the functioning
of living organisms. However, over-consumption of these metals
causes a variety of undesirable effects. Furthermore, due to the
bioaccumulation and biomagnification of toxic metals, toxicity
increases from low to high trophic levels in aquatic and terrestrial
ecosystems will be most severely affected (Talukder et al. 2021;
Yunus et al. 2020). Therefore, it is essential to monitor trace
elements in sediment to increase knowledge of environmental
processes. The elemental composition of nearby pollutant sources
and other factors all influence the concentration of elements in
sediment (Tiwari et al. 2020).

Many studies have been conducted to determine the level of
micronutrients in Malaysian rivers, including Selangor (Kadhum et
al. 2015), Sg. Terengganu, Terengganu (Sukri et al. 2018), Sg.
Baleh in Sarawak (Chai et al. 2018), Sg. Langat Basin, Sg.
Kepayang, Perak (Affandi and Ishak 2018), Sg. Linggi, Negeri
Sembilan (Khalaf et al. 2018), Sg. Selangor, Selangor (Othman et
al. 2018), Sg. Liwagu and Sg. Mansahaban in Sabah (Tair and
Eduin 2018). However, until today there is a lack of information
on the content of trace constituents in the mangrove sediments of
Malaysia which are suppressed by various pollutants from
upstream to downstream rivers.

The trace and toxic elements in sediments are analyzed with
established analytical techniques which include alpha
spectrometry, X-ray  spectroscopy, Auger Electron
Spectroscopy (ICP-AES), Atomic Absorption Spectroscopy
(AAS), Inductively Coupled Plasma Mass Spectrometry (ICP-
MS), and instrument neutron activation analysis (INAA)
(Tiwari et al. 2020; Diarra and Prasad 2020). However, each
method presents advantages and disadvantages according to a
particular task and purpose. The INAA is the most employed
method for finding various types of ingredients due to its small
sample size, chemical-free procedure, high sensitivity of low
detection limit (LOD), concurrent multi-element detection (30-
40 elements), negligible matrix interference, samples changed
to radioactive materials (Win 2004; Benarfa et al. 2020;
Carvalho et al. 2019). In this work, two techniques, instrument
Neutron Activation Analytical Instrumentation (INAA) and
Atomic Absorption Spectrometry (AAS) were used. The AAS
method was used for elements not sensitive to the INAA
method. The sensitivity (10 to 30 mg/sample), accuracy, and
precision are of the same order for the two techniques and the
choice can only be made depending on the urgency or
convenience.

Determination of the concentrations of elements in the sediment of
mangrove areas are among the first steps in the quantification of
the natural and anthropogenic effects on mangrove ecosystems. A
high level of contamination can cause hazardous effects on the
ecosystem. Thus, the objective of this study is to provide important
information on the ecological risk from the mangrove environment
by evaluating enrichment factors, contamination factor, pollution
load index and the geo-accumulation index. The INAA approach is
used to determine the concentration of multi-trace elements in
sediments in this work. Alternative method (AAS) was used for
those elements not detectable in INAA.

2 Materials and Methods
2.1 Study sites and samples collection

Sediment samples were collected from the mangrove along the
Juru River in Penang, Malaysia, as depicted in Figure 1. The
sampling was carried out in January 2017 to detect hazardous
substances at a trace level of mangrove of Juru River which is
roughly a 12 km drive south of Butterworth. The Juru River, 7.95
km in length, flows from Bukit Minyak in the west to the South
China Sea. The Juru River also crosses the North-South route,
which extends 144.9 km between Ipoh and Alor Setar. The
Permatang Rawa River and the Rambai River are two rivers that
flow into the upper reaches of the Juru River. The Juru River is a
lifeline for Kuala Sungai Juru, where the majority of the residents
of Bukit Minyak are fishermen who rely heavily on fishing for
their living. Furthermore, the Bukit Minyak area is famous for its
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Figure 1 Map showing the sampling site mangrove area along Juru river, Penang, Malaysia

cockle-breeding sector (industrialization). Before the industrial
activities, the Juru River was free of pollution and its water was
crystal clear. However, since 1970, the environmental landscape
has changed as a result of industrial and building projects, as well
as human settlements along the Juru River's riverbanks.

For uniformity and to be more typical of the sampling location,
fifty sediment samples were collected and mixed. Sediment
samples within range of 3.0-5.0 m adjacent to each other and
approximately depth 5.0 cm were collected from the intertidal
muddy region in the Jura mangrove area by using a pre-cleaned
plastic scoop (Kumar et al. 2014; Yap et al. 2002). The collected
surface sediment samples were placed in re-sealable polyethylene
plastic bags labeled and held in an icebox at 4°C. For moisture
removal, surface sediments were dried in an 80°C oven for at least
72 hours on an oven-dry weight. After being crushed in an agate
mortar with an agate pestle, the powdered form of sediments was
sifted through a 63 pum stainless steel aperture. The samples were
stored in plastic pillboxes after being forcefully shaken (Ashraf et
al. 2016; Wang et al. 2010; Rezaee et al. 2011).

2.2 Chemical measurement

The powdered samples were divided into four subsamples of
approximately 150 mg and 200 mg and stored separately in heat-
sealed polyethylene vials for short and long radiation respectively.
The half-lives and gamma energies of the radionuclides were used
to identify them, and the element concentrations were determined
using a comparative method (Kumar et al. 2014; Benarfa et al.
2020). The standard reference materials SRM (IAEA-Soil-7, SL-1
(Lake Sediment) were used as a multi-element comparator. For
quality assurance purposes, blank samples, standard reference
material, IAEA-Soil-7, and IAEA-SL-1 were irradiated together in
a pneumatic transport facility at the research reactor operated at 750
KW (MINT TRIGA) with thermal neutron flux of 4.0x10% cm™ s™.

The samples were radiated for 1minute and counted for 5 and 20
minutes after a cooling time of 20 minutes and 24 hours
respectively during short radiation. For long radiation, the samples
were irradiated for 6 hours and counted for lhour after a cooling
time of 3-4 and 21-28 days respectively. Counting of radiated
samples was performed by using calibrated high-resolution
HPGe detector. Distance between detector and sample was
maintained approximately at 12 cm (short radiation) and 2 cm
(long radiation). Specific energy of delayed gamma rays was
used to identify the elements present in the sample and their
concentration. The efficiency of the gamma spectroscopy system
was calibrated with an energy range of 60-2 MeV under the
same geochemical configurations by using ***Ba, *°Co, *'Co,
1¥7¢Cs, **Mn, and 2*'Am standard point sources. All the counting
was performed under the condition with a dead time lower than
10% (Kumar et al. 2014).

Approximately 500 mg of powdered sediment sample was digested
in ratio 4:1 of nitric acid and perchloric acid (BDH Analar grade).
All the digestion tubes were placed into a digestion block at 40 °C
for the first hour and then were completely digested approximately
at 140 °C for at least 3 hours (Yap et al. 2002). 40 mL of double
distilled water was used to dilute the resulting solution. The
solution was then filtered out through a Whatman TM No. 1 filter
paper Cat No 1001 090 (diameter: 90 mm) into a polyethylene
container. A Perkin Elmer Model Analyst 800 and an air-acetylene
atomic absorption spectrophotometer (AAS) were used to
determine the concentrations of the elements. All the samples were
analyzed in three replicates (Yap et al. 2002).

2.3 Heavy metals enrichment and data treatment
Several indexes including the enrichment factor, contamination

factor, geo-accumulation index, and pollution load index were
considered to assess the metal status for the sampled sediments.
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2.3.1 Enrichment Factor (EF)

The enrichment factor is one of the most useful methods for
determining if anthropogenic contamination exists based on the
computation of the normalization of each element concentration to
Fe or Al. The significance of anthropogenic metal inputs was
analyzed by enrichment factor (EF) (Zoller et al. 1974) and can be
assessed by using the equation below:

[ M exp J
FeEXp sample
EFrnelaI = Mi
ref
{ Fe'Ef Jshale

Where Myt Or Fers refers to a common abundant element in the
average shale, while My, or Feqp refers to element concentration
in the experimental sample (Mucha et al. 2003) (Table 1).

2.3.2 Geo-accumulation Index (lIgeo)

Muller (1969) developed the Geoaccumulation index (Igeo), which
is one of the most dependable indexes for calculating a system's
contamination state. Based on the Geoaccumulation index (lgeo),
the degree of metal pollution can be divided into seven enrichment
classes as given in Table 2. Geo—accumulation index is calculated
by the following equation:

C
I =10 .
o g{l.sxs }

Where C, and B, refer to the element's concentration in the
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sediment samples and its baseline value, respectively. Factor 1.5 is
used to remove the effect of background value changes that could
be attributed to lithology variations in the sediments (Turekian and
Wedepohl 1961; Stoffers et al. 1986).

2.3.3 Contamination Factor (CF)

Contamination Factor (CF) suggested by Hakanson (1980) and
requires at least five surficial sediment samples which are averaged
to produce a mean pollutant concentration and then compared with
baseline pristine reference level (Abrahim et al. 2008). The
contamination Factor is calculated by the following equation:

C
C

sample

CF =

background

Where Csampie is the metal concentration and Chpackground represents
the mean background value of the metal in sediment (Table 3).

2.3.4 Pollution load index

The pollution load index (PLI) was proposed by Tomlinson et al.
(1980). PLI values indicate heavy metal loads near the background
level or define as no pollution if the value is lower than one, while
the values greater than one indicate soil pollution or contamination
(Cabrera et al. 1999). PLI is calculated by the following equation:

PLI =3/CF, x CF, x CF, x

Where CF is the contamination factor; n, number of metals (Table 4).

Table 1 EF classification and sediment contamination status

Index Classification Sediment enrichment status Reference
<2 Low enrichment
2-5 Moderate enrichment
EF 5-20 High enrichment Diop et al. 2015
20-40 Very high enrichment
> 40 Extremely enrichment
Table 2 Igeo classification of the polluted samples
Index Classification Sediment pollution status Reference
<0 Unpolluted
0-1 Unpolluted to moderately polluted
1-2 moderately polluted
lgeo 2-3 moderately to strongly Wang et al. 2015
34 Strongly
4-5 strongly to extremely strongly
>5 extremely polluted
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Table 3 CF classification and sediment contamination status

Classification

Sediment contanination status

Reference

Nasr et al. 2006

<1 low contamination
1-3 moderate contamination

cF 3-6 mean considerable contamination
>6 high contamination

Table 4 PLI classification and sediment contamination status

Classification

Reference

Sediment pollution status

<1

no pollution

1-2
PLI

moderate pollution
Zarei et al. 2014

2-3

heavy pollution

>3

extremely heavy pollution

Table 5 The analysis of the standard reference material and comparison with certified values of SL—1 and Soil-7(in mg/kg)

Elements Standard Value Measured Value Recovery (%) z-score
Fe 67400 + 1700 67939 + 1332 101 0.25
Cr 104 +9 86+6 83 -0.44
Pb 60+8 49+5 82 -0.33
\Y 170 £ 15 1575+214 93 -0.03
Zn 223+10 247 17 111 -0.08
As 276+29 255+4.2 92 -0.10
Co 19.8+15 20429 103 0.06
Cd 13+08 16+04 123 0.31

2.4 Statistical analysis

The Z-test was used to assess the precision and accuracy of the
analytical processes used. The standardized difference Z is
calculated by taking into account the uncertainty in the SRM
measured results as well as the uncertainty in the certified value to
determine the analytical method's accuracy. The Z-test data is
defined by:

7 — Cin — Cre
2 2
O-m + O-ref
Where cm and cr referred to measured and reference values of
SRM, om, and oy are the standard deviation of measured and the
reference value of SRM. If the value of Z-test < |3], it shows that
the results of the analysis of the SRM should be in the 99 %
confidence interval of the certified value. If the Z-test value is <3|,

the results of the SRM analysis should be within the 99 percent

confidence interval of the certified value (Alnour et al. 2011,
Alfian et al. 2020).

3 Results and Discussion

The quality and validity of the analytical method were checked
with standard reference material SRM IAEA-Soil-7 and SL-1.
Analytical results of the standard reference material and measured
values (concentrations and its standard deviation) of IAEA soil-7
and SL-1 are shown in Table 5. The recoveries between the
standard reference material and measured are within the range of
acceptable (82-123%) as shown in Table 5.

As shown in Table 5, the Z-test scores calculated by the analysis
technique for all elements are within the acceptable range of -3 to
+3. It's worth noting that the measured SRM values were randomly
distributed (above and below) to the certified levels, indicating that
the analytical procedure did not make any systematic errors. The
correlation coefficient of the linear regression between the
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determined concentrations of IAEA SRM Soiil-7 and SL-1 with
those certified values was 0.9997.

The INAA and alternative technique, AAS were used to identify
and quantify a total of eight elements in sediments. Iron (Fe) was
the most abundant harmful element in seawater at trace levels,
while cadmium (Cd) was the least abundant. Overall, target
element abundance was found to be in the following sequence in
sediments: Fe > Zn> Cr > V > Pb > As > Co > Cd. The
composition of natural sediments and their anthropogenic sources
around the sampling site may determine the order of abundance of
the compounds. The levels of target hazardous elements observed
in sediments from the Juru River in Malaysia (the current study)
were comparable to data from other sections of the surface

sediments collected from Kerteh mangrove forest where the
average concentration of Co (8.91pg/g), Cu (29.0 pg/g), Pb (11.7
ng/g), Zn (22.3 pg/g) and Cr (13.2 pg/g) (Yunus and Chuan
2008) and Tanjung Lumpur mangrove forest the average
concentrations of Pb, Cu, Co, and Mn were 44.41 pg/g, 32.79
neg/g, 5.79 ng/g and 117.73 pg/g respectively (Yunus et al. 2011).
As shown in Table 6, the mean concentration of trace elements
of the study area is about the same as other studies except for
Co(8.23 mg/kg) which is much lower compared with the
concentration of Co (276 mg/kg) from Badovci Lake (Kosovo)
(Malsiu et al. 2020). Relative to the USEPA guidelines (PEL
Indicators), the concentration of trace element Zn and Pb in the
Juru river were much higher than the USEPA limit (USEPA
1994).

Table 6 The concentrations of trace elements (in mg/kg)

Element Minimum Maximum Average Standard deviation Other studies Maximum permissible limit
Fe 33405 37232 34579 1797 359007 -
Cr 78.85 89.04 82.21 4.62 62.8° 160*

100.94° .
Pb 27.64 45.25 34.52 9.41 14.2-79 28 8.1
\Y 69.94 87.72 77.13 8.71 88.2¢ -

273.29° N
Zn 335.24 360.71 348.10 11.44 168.08_682.31" 81.0
As 9.15 11.47 10.50 0.98 11.2° 15.0*
Co 7.70 8.89 8.23 0.49 276" 23.0%*

4.713 N
Cd 0.572 0.696 0.639 0.063 0.9.48 38.0

3Chen et al. 2016;° Ghannem et al. 2016; °Li et al. 2008; “Avni Malsiu et al. 2020; *USEPA 1994, **PAAS

25

Igeo of trace element

2

15

1

05

lgeo

0

-0.5

-1

-1.5

-2

-2.5

I1Cr =Ph BV

-—Zn %As MCo = Cd

Figure 2 Geo-accumulation index (Igeo) of the elements in the sediment
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The Igeo, EF, CF, and PLI of As, Cd, Cr, V, Pb, Zn, and Co in the
sediment samples are shown in Figure 2, Figure 3, and Figure 4
respectively. The lowest EF (0.45) was found for the Co while the
highest (7.96) for the As. Most of the trace elements showed higher
EF values except for Co and V. The EF value of the studied location,
Juru indicates minor to moderately severe enrichment of Cd, Pb, Zn,
and As. Based on the lge index as shown in Figure 3, the lowest Igeo
found was -2.18 (Co) and the highest 1.95 (As). The EF of As and
Zn of the current study is about the same as reported by another
study 7.3 and 6.6 respectively (Yii et al. 2020). Most of the trace
elements fall in class 0 and 1 are defined as unpolluted and

unpolluted to moderately polluted respectively, except for As and Zn
which are 1.95 and 1.29 respectively. The CF and PLI were used to
assess the status of the heavy metals in sediments (Bhuiyan et al.
2010). Like other parameters, the lowest CF was found 0.33 for Co
and the highest 5.83 for As. The Cr, V, and Co showed low
contamination. The Pb and Cd reach moderate contamination. The
computed mean value of PLI exceeds the unit (PLI > 1).

It was found that all pollution tools (EF, Igeo CF, and PLI) indicate
sediments from mangrove areas, Juru river contaminated with As
and Zn compared other trace constituents in this work. Special

Enrichment Factor of trace element

[ |
Zn As Co Cd

Figure 3 Enrichment Factor (EF) of the trace elements in the sediment
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Figure 4 Contamination factor (Cf) and Pollution Load Index (PLI) of the elements in the sediment
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consideration needs to be given to As and Zn for their mobility
and bioavailability in the aquatic ecosystem. The highest
enrichment factor (EF) is mostly due to anthropogenic sources of
heavy metals, such as waste disposal, industrialization,
urbanization, and others (Gao et al. 2020). This could occur as a
result of untreated industrial, residential, and agricultural waste
products (Talukder et al. 2021; Jahan and Strezov 2018). As
reported by other studies, these could be due to the Juru River
receiving a discharge of waste product from several small rivers
that flow through urban areas which are active with human
activities and originated from non-natural weathering processes
or non-crustal materials caused by anthropogenic sources (Yap et
al. 2009; Valiela et al. 2002). On the other hand, other activities
such as loading and unloading fish from the fisherman and
cleaning of boats and maintenance may be also contributing
enrichment factors is higher than other sampling locations.
Human activities such as tourism, agriculture, aquaculture, and
urban sprawl are the main drivers linked to the destruction of
mangrove areas. Uneaten fish feed, fish waste, and any organic
material that is produced by fish farming activities also destroyed
mangrove areas and vary between regions (Al-Shami et al.
2011). There are approximately 300 local fishermen who depend
on fish and shellfish catches in rivers and estuaries who are
worried about the potential impact on the environment following
the implementation of shrimp farming projects in the area near
the river Juru (Press Statement, 9 October 2012).

Conclusions

Juru mangrove sediments were found to be significantly impacted
by toxic levels of trace metals (Zn and Pb) above the EPA
standard. The EF and lgeo values indicate that sediments of
mangrove Juru river severely contaminated with As and Zn. The
continued discharges of abandoned metals components and
effluents from industrial and commercial activities along the Juru
River, such as fishing (nets, hooks, etc.), shipping, lumber
processing, and outboard engine boats, may have increased the
possibility of these metals (As and Zn). As a result, there are
serious environmental issues when a bioavailable proportion of
hazardous materials directly damages estuarine fish and other biota
by incorporating them into the food chain. This study thus provides
baseline information on metal concentration and anthropogenic
impacts on mangrove forests of Juru and requires the continuous
monitoring.
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