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Abstract. The contamination of heavy metals gives bad implications to
the aquatic environment. Thus, a study was conducted to assess the
sediment quality by using different contamination indices such as
Enrichment Factor (EF), Geo-accumulation Index (Igeo), and Pollution
Load Index (PLI). Each sediment sample was collected at the surface (015cm) at 5 locations based on the land use activity; jetty port (A), seaside
restaurant (B), roadside area (C), power plant (D) and residential area (E).
All samples were undergoes acid digestion and analyzed with AAS. Four
elements identified from the sediment samples which are Cr, Cu, Pb and
Zn were used to calculate the respective indices. Results show that, the
highest EF value of Pb which categorized as very severe enrichment was at
point E. Meanwhile minor enrichment was detected at point B for Cu while
Cr and Zn at point A. Based on Igeo value the sediment quality along Kuala
Perlis was in the unpolluted-moderately polluted condition (class 1). As for
PLI it shows that the sediment of the coastal area is unpolluted (PLI<1).
Therefore, this study revealed that, the main contributor of heavy metals in
this area is Pb while the sediment quality of Kuala Perlis was in minor
pollution condition.

1 Introduction
The increasing of industrialization and urbanization activities in Kuala Perlis, more waste
waters that containing various types of toxic contaminants such as heavy metals were
release to the rivers, surface runoff and finally reach the coastal waters [1]. The
transportation of the toxic contaminants to the coastal water ways finally deposited in the
marine sediment over the time exposure [2].The heavy metals contaminated the aquatic
environment, through the bioaccumulation in the sediments thus toxicity of the metals that
altered the environmental background conditions. This resulting the long term bad
implications to the marine habitat and human health along the food chain in the
ecosystem[3]. In order to overcome this problem, a pollution study must be conducted to
assess the sediment quality in the coastal area. This assessment is very significance to give
an understanding the degree of sediment pollution as well as basic information for future
supervision such as monitoring and the mitigation of pollution control. Therefore, this study
is aimed to identify the type of heavy metals that polluting the sediment of coastal area
 Corresponding author: farahnaemah@unimap.edu.my
© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 34, 02018 (2018)
CENVIRON 2017

https://doi.org/10.1051/e3sconf/20183402018

based on the land use activities as well as to assess the pollution degree by using different
contamination indices such as Enrichment Factor (EF), Geo-accumulation Index (Igeo), and
Pollution Load Index (PLI). The enrichment factor (EF) of metals is an indicator reflecting
the status and degree of environmental contamination of that metal while Geo-accumulation
Index (Igeo) shows the various degree of enrichment above the background value ranging
from unpolluted to very polluted sediment quality [4]. Pollution Load Index (PLI) is the nth
root of the product of n contamination factors (CF) values and also one of the indices to
assess the pollution in the sediment [4].

2 Materials and methods
2.1 Sampling location
Five sediment samples pointed as A, B, C, D and E were taken along the coastal area of
Kuala Perlis as shown in Fig. 1. The distances between each point approximately 1 km-3
km and these 5 locations were selected based on different land use activity. The sample on
each location was collected at the subsurface (0-15cm) by using hand mud auger before
taken to laboratory for analysis.

Fig. 1. Location of each sampling point based on land use activity.

2.2 Experimental methods
The sediment samples were oven dried at 110°C for 24 hours. The moisture content of the
sediment was measured and the pH value was determined by pH meter. Then, the dried
samples were sieved to obtain the particle size distribution of the sediment (ASTM D42263). Some of the dried samples were also sieved into 60 µm to identify the types of heavy
metal by using XRF (X-Ray Fluorescence) analyser [1]. Then, by following aqua regia
method [5], 2g of sample was diluted with 25ml deionized water (wetting), and digested
with H2O2, HNO3, HCIO4, and H2SO4. The digested samples were filtered into 50ml of
volumetric flask [5,6] and analysed by AAS (Atomic Absorption Spectrometer) to
determine the element’s concentration.
The quality of sediments in this study was assessed through three ways which are EF,
Igeo and PLI. In this study, Fe is used as a reference element [10] while average shale
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concentrations given by Wedepold and Turekian [11] are used as the background
concentration for the element tested. Therefore, the equation 1, 2 and 3 are used to calculate
EF, Igeo and PLI.
𝐸𝐸𝐸𝐸 =

𝐶𝐶𝐶𝐶

(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
(

(1)

𝐵𝐵𝐵𝐵
)
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

where Cn (sample) is concentration of the examined element in examined environment,
Cref (sample) is the concentration of the examined element in reference environment, Bn is
the concentration of the reference element in examined environment and Bref is the
concentration of the reference element in reference environment.
𝐼𝐼geo=Log2 (

Cn
1.5Bn

)

(2)

where Cn is the concentration of metal in examined environment, and Bn is the
concentration of metal in reference/background environment.
1

𝑃𝑃𝑃𝑃𝑃𝑃 = (𝐶𝐶𝐶𝐶1 × 𝐶𝐶𝐶𝐶2 × 𝐶𝐶𝐶𝐶3 × … × 𝐶𝐶𝐶𝐶𝐶𝐶)𝑁𝑁

(3)

where CF is the contamination factor (C sample/Cbackground) of the element while N is the
number of metals.

3 Results and discussions
3.1 Sediment characteristics
Sediment moisture content, sediment pH and sediment classification of each sample
collected at 5 locations are determined in this study. Table 1 shows the moisture content of
each sediment collected at different location. It shows that Point A and B recorded high
moisture content with more than 60%. This condition is due to the watery sediment
condition. On the other hand, sediment sample taken from Point C, D and E have lower
percentage of moisture content ranging from 46% to 51%. Based on the observation, it was
found that the sediment in Point C,D and E was a little bit dry thus the water content is
lesser than sample in Point A and B.
Table 1. Moisture content and pH value of sediment sample.
Parameter
Moisture content (%)

Point A
65.7

Point B
63.5

Point C
46.1

Point D
47.5

Point E
50.9

pH

7.48

7.51

7.99

8.17

8.01

As stated in Table 1, the sediment pH value in point A, B, C, D and E are 7.48, 7.51,
7.99, 8.17 and 8.01 respectively. Normally, the pH value of marine water is closely to 8.2
since most of the water has some capacity to resists the changes of pH value due to the
effects of carbonate-buffer system [7]. Bicarbonate ions which are the main component in
the system, were produce from the weathering of silicate or carbonate minerals as rainwater
passes through the soil zone [7]. During the hydrolysis of bicarbonate ion, hydroxyl ions
are produce to neutralise hydrogen ions thus maintain the pH near the constant level [7].
However, the presence of contaminants carried by the contaminated waterways altering
the normal pH conditions. In this study, pH value in point A and B are in the range of 7.13
3
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7.5 which shows the environment is in slightly alkaline condition. The pH condition was
quite similar to the study done by Idris and Ahmad [8] which shows that Juru river
sediment condition were also in slightly acidic to slightly alkaline condition which are due
to the presence of heavy metals (nickel and chromium) in the sediment. Meanwhile, point C,
D and E were exists in moderately alkaline environment since the pH range between 7.68.3 which the pH where not mainly altered by the waterways contaminants. According to
Singare et al.[9] the sediment can be considered as acidic and hazardous if the pH<6, while
it can be also harm the aquatic life if the pH>10 which contaminated with strong base such
as NaOH and Ca(OH)2[9]. Therefore, in this study, since the pH is in the range of 7.4 to 8.1
thus, the sediment in each location can be considered as not in hazardous condition.
Particle size distribution is also studied in this study to classify the sediment. Table 2
shows the sieve analysis of the sediment in each point along Kuala Perlis coastal area.
According to Unified Soil Classification System (USCS)[10], point A, B, C, D and E gives
a similar soil type which is silt and clay. Silt and clay is the smallest grain in soil
classification. According to Seyedeh Belin [11] the concentration of heavy metal enriched
more in fine sediment particle compared to sand particle. This is due to the adsorption of
metal from water to deposit at the bottom sediment are more significant. Besides, the
capacity of fine grained particles are high to retain the heavy metals within the sediment
compared to other sand fraction types[11-13].
Table 2. Sieve analysis.
Soil type (%)
Sand
Silt & Clay

A
38.5
61.5

Sampling Point
B
C
D
41.7 24.5 36.9
58.3 75.5 63.1

E
32.9
67.1

3.2 Pollution assessment
3.2.1 Sediment Quality Guidelines (SQG)
Sediment Quality Guidelines (SQG) has been developed by MacDonald[14] in order to
predict the adverse effects in polluted sediment [15]. In this study, the concentration of
metals were compared with SQG of PEL: Probable Effect Level, SEL: Severe Effect Level,
and TET: Toxic Effect Threshold [14].
Table 3 shows the metal concentration in subsurface sediment of this study area. The
results reveal that, the concentration of Cu, Cr, Pb and Zn contain in the sediment sample
does not exceed the probable effect level, severe effect level, and toxic effect threshold of
the sediment quality guidelines. Thus, this indicates that, the sediment of Kuala Perlis
coastal area can be considered as a good quality and will not give the harmful effect to the
marine environment.
3.2.2 Contamination Indices : Enrichment Factor (EF), Geo-accumulation Index
(Igeo), Contamination Factor (CF) and Pollution Load Index (PLI)
Table 4 shows the types of contamination indices and the terminologies[16]. The
assessment of sediment contamination in this study was carried out by using the
Enrichment Factor (EF), Geo-accumulation Index (Igeo), Contamination Factor (CF) and
Pollution Load Index (PLI). Enrichment factor (EF) of metals (Cu, Cr, Pb and Zn) on each
study point were tabulated in Table 5.
4
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Table 3. Comparison of metals concentration and Sediment Quality Guidelines (SQG).
Point
A
B
C
D
E
PEL
SEL
TET

Heavy metals concentration (mg/kg)
Cu
Cr
Pb
Zn
0.538
1.182
5.119
1.469
0.315
0.367
3.088
0.687
0.165
0.588
3.722
0.514
0.266
0.414
4.218
0.655
0.314
0.058
4.428
0.545
USEPA : Dry weight (mg/kg)
197
90
91.3
315
110
110
250
820
86
100
170
540

Among the metals studied, Pb gives the highest enrichment in the sediment collected at
Point A and E since the EF values are ranging between 25 to 50 which categorized as very
severe enrichment. Meanwhile, point C shows that Pb is in the severe enrichment since EF
value is in the range of 10-25. The minor enrichment of Zn (1<EF<3) was shown in point
A,B,D and E while there are no Zn enrichment in point C. There is also minor enrichment
of Cr in point A and no enrichment on the other points. For Cu, there are minor enrichment
detected at point A, B, E and no enrichment in point C and D. Therefore, it can be seen that
there is enrichment of elements in Point A, B, and E which are the Jetty Port, Seaside
restaurant and Sg. Bahru Estuary respectively.
Since Pb gives the highest enrichment factor so, it can be considered as the possible
contamination from these land use. The shipping and ferries activities that operates daily
may incidentally expelled the discharged of fuel and oil spillage directly to the coastal
waters [2]. This is because in the marine environment there are two main factors of metal
leaching into the waters such as from the anthropogenic activities and the earth natural
processes from minerals and the physical characteristics of the sediments [17].
Previous studies proved that, the combustion of fuels by the vehicles and boat activities
resulted in the high enrichment of Pb in the sediment [18]. Besides, Ong and
Kamaruzzaman[19] also reported that the sediment of eastern coast of Johor resulted from
high Pb enrichment due to the natural erosion of earth’s surface.
Table 6 shows the results of Geo-accumulation Index (Igeo), Contamination Factor (CF)
and Pollution Load Index (PLI) of the sediment in 5 locations. For I geo assessment, it shows
that Point A gives the highest Igeo value followed by Point E, D, C and B. According to the
mean of Igeo value, all the sediment samples in the study area are in unpolluted- moderately
polluted condition and categorized as class 1. As for CF assessment, the result reveals that
Point A gives the highest CF value while the lowest of CF value is identified at point B.
Overall, it can be concluded that low elements contaminations were detected in the
sediments of study area since the CF value are less than 1. As the overall assessment, the
Pollution Load Index (PLI) shows the highest value in point A while the lowest was in
point D. Since the PLI values in all the sampling points were <1, this has shown that the
sediments of Kuala Perlis coastal area are in unpolluted condition.
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Table 4. Contamination indices categories and terminologies.
EF

EF<1

Enrichment
condition
No enrichment

EF=1-3
EF=3-5

Value

EF=510
EF=1025
EF=2550
EF>50

Igeo

CF

PLI

Value

Class

Igeo condition

Value

Condition

≥0

0

CF<1

Low CF

Minor enrichment

0-1

1

1≤CF<3

Moderate CF

Moderate
enrichment

1-2

2

Unpolluted
Unpollutedmoderately
polluted
Moderately
polluted

3≤CF<6

Considerable
CF

Moderately severe
enrichment

2-3

3

Moderatelystrongly polluted

Severe enrichment

3-4

4

Strongly polluted

Very high CF

5

Strongly-extremely
polluted

CF≥6

4-5
>5

6

Extremely polluted

Very severe
enrichment
Extremely severe
enrichment

Value

Condition

>1

Polluted

<1

Unpolluted

Table 5. Enrichment Factor (EF) of metals.
Point
A
B
C
D
E

Cu
1.56
1.58
0.41
0.9
1.22

EF value of each metal
Cr
Pb
1.71
33.31
0.92
34.79
0.72
20.56
0.7
32.06
0.11
38.86

Zn
2.01
1.63
0.6
1.05
1.01

Through observation it is believed that the source of pollution in point A and point E are
mainly form the shipping and boat activities. Since the boat are operates daily, the coastal
water are contaminated with the effluent from the boats such as the oil, fuel and other toxic
agent for boat antifouling paints[20]. Point A gives the highest sediment moisture content
so, the overlying waters carries the pollutants [21] and finally deposited and settled on the
bottom of the sediment. Besides, both point A and E are located at nearby estuary which all
the municipal and domestic wastes created by the residents in the area are flown in the
waterway before ended up to the sea. On the other hand, the existence of metals in point C
are from the surface runoff of the road or the effect of paddy field activities which
surrounding the area.
As mentioned by Wahidatul [1]the present of Pb is mainly from the using fertilizers and
pesticides in the paddy fields. In point D, the present of Cr, Cu, Zn and Pb might be from
the power plant that release the vapour effluent containing metals contaminants to the air.
Thus, the metal contains in the air will cause the acid rain at nearby area. These acid rain
will effects the costal water quality and finally deposited in the sediment [22].
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Table 6. Geo-accumulation Index (Igeo), Contamination Factor (CF) and Pollution Load Index (PLI)
of sediments taken from 5 locations.
Point

Igeo value of each metal

Cf value of each metal

PLI

Cu

Cr

Pb

Zn

mean

Cu

Cr

Pb

Zn

mean

A

0.0023

0.0026

0.0514

0.0031

0.015

0.012

0.013

0.256

0.015

0.074

0.028

B

0.0014

0.0008

0.031

0.0014

0.008

0.007

0.004

0.154

0.007

0.043

0.013

C

0.0007

0.0013

0.0373

0.0011

0.010

0.003

0.006

0.186

0.005

0.050

0.012

D

0.0012

0.0009

0.0423

0.0013

0.011

0.006

0.004

0.211

0.006

0.056

0.011

E

0.0014

0.0001

0.0444

0.0012

0.012

0.007

0.001

0.221

0.005

0.058

0.014

4 Conclusions
This study has shown that the sediment of Kuala Perlis coastal area is currently contain
with four elements which are copper (Cu), chromium (Cr), zinc (Zn) and lead (Pb). The
result reveal that the highest enrichment of element in the sediment is Pb, thus indicating it
as the most contributors of heavy metals in the sediment of Kuala Perlis. The high
enrichment of Pb is effected by the land use resulting from the anthropogenic activities that
are operates daily in the area. Point A and E were identified to have high metals enrichment
since each location has lots of activities that contribute to the release of these metals to the
environment. However, according to SQG, the sediments are in good quality since the
metal concentration does not exceed the Probable Effect Level (PEL), Severe Effect Level
(SEL), and Toxic Effect Threshold (TET). Based on the geo-accumulation index the
sediment were consider as class 1 which is unpolluted- moderately polluted condition.
While PLI assessment shows that the coastal area is unpolluted sediment.
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