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ABSTRACT: The present study was aimed to understand the comparative abundance and source of elemental
constituents in mud of four coastal shrimp farming areas, Vunh Tau (VT), Nha Trang (NT), Da Nang (DN) and Hue
(HU) in Viet Nam using SEM-EDS analysis. Mud samples were collected from shrimp farming coastal zones and
used for SEM-EDS analysis. Obtained results clearly revealed that all muds were predominately constituted with Si
(23.39 – 47.42%), Al (4.5 – 15.9%), Fe (0.59 – 8.29%) and C (6.56 to 12.55%). Despite that K (3.67%), Al (15.9%),
Fe (8.29%) and Ti (0.65%) were distributed at highest percentage in the VT than that of the remaining three stations;
Na (3.68%) was prevalent in NT; whereas Mg (1.46%) and Si (47.42) were abundant with elevated percentage in DN
as well as C (12.55%), P (3.34%) and S (2.72%) pronounced with maximum percentage in HU. Therefore, it may
also be concluded that mud of all shrimp ponds are principally composed with Si, Al, Fe and C as major elemental
constituents, whereas remaining other elements are present in low percentage in the mud of shrimp ponds in
geochemical profile of Viet Nam. Though it is not possible to ascertain the source of all elements from this study but
abundance of Al and Fe in the mud of shrimp ponds are largely influenced by the anthropogenic sources. Moreover,
from this study it can be suggested that monitoring of elemental composition and their source using SEM-EDS would
be a potential tool for understanding the concentration level towards conserving the coastal environment. @JASEM
Soils are mixture of materials derived from substrate
weathering and decomposition of organic matters
serving several vital functions, but it has significant
effect on food production in terrestrial and aquatic
compartment in different ways. It is thus of extreme
importance to protect this resource and to ensure its
sustainability (Wong et al., 2002). Various metallic
and nonmetallic elements are responsible for the
physico-chemical properties of the soil regulating the
numerous chemical and biochemical metabolic
pathways which determines the quality of soil. A
deficit or excess of these elements can cause serious
problems in plant growth and animal and/or human
health (Ferguson 1990; Tiller 1989). The total content
of trace elements in soils depends mainly upon the
bedrock type from which the soil parent material was
derived but also on which pedogenic processes were
carried out (Mitchell, 1974). Due to natural process,
soils of the higher land is transported to the lower
land, deposited as sediment at bottom which largely
influencing the constituting properties of the mud.
Characteristic of the bottom mud is a key factor
influencing the physico-chemical properties of the
overlaying water as well as productivity in
aquaculture system. Therefore, characterization of
bottom mud is an important concern in determining
the pond quality. The mud involve inputs and losses
of substances, movement of substances within pond
water and mud, transfer of substances across the soilwater interface, and uptake or release of substances
by the soil through ion exchange, dissolution and
decomposition (Tchobanoglous and Schroeder, 1987;
Bhakta et al., 2007).
Soil micro-morphology is becoming more and more
involved in studies on soils as porous media in
relation to their physical properties (Chen, 1998).
Scanning Electron Microscopy-Energy Dispersive X-

ray Spectrometry (SEM-EDS) is a simple, rapid, nondestructive option for soil surface morphology and
elemental analysis. It has been greatly used to
observe natural soil aggregates (Remley and
Bradford, 1989; Sullivan, 1990; Robertson and
Eggleton ,1991; Watanabe et al., 1992; Boer and
Crosby, 1995; Jeong, 1998; Harris and Hollien, 2000;
Laird, 2001), also applied to inorganic soil
components and their associations and has the
potential to improve the integrity of the data (Reed,
1996). This technique has also been used to observe
the microstructure of organic soil components and
their associations with inorganic material (Tan, 1985;
Chen and Schnitzer, 1976).
Therefore, on account of the above impacts of mud in
aquatic ecosystem, the present study includes SEMEDS characterization of mud of the coastal shrimp
farming area in Viet Nam, a South East Asian country
generally richen with mountains and rapidly
developed industries which may largely be
responsible
for
constituting
the
elemental
composition of bottom mud in aquatic environment.
As there is no such information so far, therefore, the
objective of the present study has been aimed to
understand the comparative abundance and source of
elemental constituents in mud of different coastal
shrimp farming area using SEM-EDS analysis.
MATERIALS AND METHODS
Study area and sampling: Present investigation
considered four coastal shrimp farming zones; Vunh
Tau, Nha Trang, Da Nang and Hue located in Viet
Nam. Vunh Tau (VT) (10° 21' 0" N and107° 4' 0" E)
and Nha Trang (NT) (12° 13' 40" N and 109° 11' 38"
E) are situated on the coast of the southeastern region
whereas Da Nang (DN) (16° 2' 38" N and 108° 11'
58" E) and Hue (HU) (16° 28' 0" N and 107° 36' 0" E)
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are also located on the coast of the South China Sea
(Fig. 1).

dispersive spectroscopy (EDS) facility (JSM-6500F,
JEOL) in the Center for Advanced Marine Core
Research, Kochi University, Japan.
The software was calibrated to Al and Cu reference
standard embedded in the specimen holder. The
accelerating voltage for X-ray intensity measurement
and for SEM image observation was 15 kV, applying
2.3A filament currents and 50A emission currents.
Mean values of eighteen points of six particles (6 x 3)
of powdered mud of each sampling stations were
considered for data analysis.
Statistical analysis: Data was statistically interpreted
using one-way ANOVA among the four stations.
ANOVA was followed by a LSD (least significance
difference) test using statistical package EASE and
MSTAT. All statistical tests were performed at 5%
probability level.
RESULTS AND DISCUSSION

Fig. 1 Figure representing four sampling stations in the
map of Viet Nam.

Vunh Tau is a most industrialized province of Viet
Nam comprising petroleum (the most important),
electricity, power plant, petrochemicals (urea plant,
polyethylene, steel and cement industries), fishery
and shrimp as well as tourism as important industries.
Coastal aquaculture, tourism and a number of light
industries are recognised as the major industries in
the remaining three coastal zones. Mountains are the
specific geographical criteria of these four zones of
Viet Nam.
Mud samples (0 - 5mm) were collected from
randomly selected two ponds of each four provinces
during the period from September 17 to 30, 2008.
Mud of two different ponds of each sampling zone
were mixed properly, pooled into one and preserved
in clean plastic bottle (250 ml).
Processing and SEM-EDS analysis of mud: In the
laboratory, the samples were evenly mixed and
allowed for air dried. Air dried mud samples were
ground with ceramic mortar and pestle to a
homogeneous powder and sieved through a 0.42mm
mesh to get an equal size of particles for analysis.
Metallic SEM specimen disks of brass were prepared
with double-sided adhesive carbon mounting tapes.
Dried mud powder was sprinkled onto the adhesive
carbon tapes supported on metallic mounting disks
and the disks were platinum coated using a JEOL
JFC-1600 auto fine coater. An extensive
morphological and chemical characterization of all
dried muds were carried out by scanning electron
microscopy (SEM) in 25x and 5000x magnification
using a jeol model equipment coupled with energy
JATINDRA N. BHAKTA; Y. MUNEKAGE

Morphological criteria: Morphological information
of mud particles were obtained form SEM analysis
shown in the figure 2. Mega (X25) and microscopic
(X5000) pictures of the mud exhibited a wide range
of shapes and surface texture for individual particle.
Elemental criteria: EDS analysis showed the clear
distribution criteria of ten elements, Carbon,
Phosphorous,
Sulfur,
Sodium,
Potassium,
Magnesium, Aluminium, Iron, Silicon and Titanium,
whereas remaining other elements were present in
very negligible percentage which was not detectable.
The element specific results are as below:
Carbon (C) varied between 6.56 to 12.55% in mud of
all four investigated area (Table 1). The C content in
mud of HU was 32.6 to 91% higher than that of the
remaining zones and exhibiting the following order of
variations: HU > DN > NT > VT (ANOVA, p >
0.05).
Likewise C, phosphorous (P) also revealed a variation
among the four zones investigated and ranging from
1.43 to 3.35%. The highest and lowest values were
found in mud of HU and DN, respectively (Table 1).
Sulfur (S) content in the mud of four stations ranged
from 1.21 to 2.72%. The maximum S value of HU
(2.72%) was 6, 124 and 43% higher compared to VT,
NT and DN, respectively (Table 1).
Significant variation (0.1 – 3.68%) was pronounced
in percentage distribution of sodium (Na) in the four
investigated regions (ANOVA, p > 0.05). The
maximum value (3.68%) of NT was 3.51, 36.7 and
8.06 times greater over the VT, DN and HU,
respectively (Table 1).

A Comparative SEM-EDS Elemental composition…..

In four stations, the potassium (K) content ranged
from 0.69 to 3.67%. The percentage content of K
showed the following order of variations: VT
(3.67%) > HU (2.59%) > NT (1.07%) > DN (0.69%)
(Table 1).

Percentage of magnesium (Mg) varied between 0.76
to 1.46% in mud of all sampling stations. No
significant difference was apparent in Mg percentage
between VT (0.76%) and NT (0.78%) as well as
between DN (1.46%) and HU (1.37%) (Table 1).

Table 1. Mean values (± S.E.) of different constituting elementals in mud samples of four sampling stations.
Constituting
elements
(% in dry
wt.)
C
P
S
Na
K
Mg
Al
Fe
Si
Ti

Sampling stations

VT

NT
D

6.56±0.01
1.54±0.3C
2.56±0.1B
1.04±0.02B
3.67±0.02A
0.76±0.05B
15.9±0.9A
8.29±0.26A
30.84±0.4B
0.65±0.1A

DN
C

7.5±0.2
1.84±0.5B
1.21±0.03D
3.68±0.09A
1.07±0.5C
0.78±0.03B
13.15±1B
4.55±0.45B
27.61±1.2C
0.36±0.05B

HU
B

9.46±0.005
1.43±0.44C
1.9±0.11C
0.1±0.022D
0.69±0.05D
1.46±0.06A
4.5±0.04C
0.59±0.001C
47.42±3A
0

12.55±1A
3.35±0.6A
2.72±0.5A
0.45±0.03C
2.59±0.003B
1.37±0.1A
12.80±0.5B
7.64±0.06A
23.39±0.9D
0.54±0.005A

Same script among stations (rows) revealed lack of significant difference.

There was a significant variation (4.5 – 15.9%) in the
aluminium (Al) percentage of four stations (ANOVA,
p > 0.05). The highest percentage of Al in VT
exhibited 20 to 253% elevated value over the
remaining three stations (Table 1).

Mg (1.46%) and Si (47.42) were abundant in DN as well as
C (12.55%), P (3.34%) and S (2.72%) were found with
maximum percentage in HU. Results also clearly signified
that highest abundance of Al, Fe and Ti in VT compared to
that of other three investigated areas is possibly due to high
industrialization - anthropogenic sources.

Likewise other elements, iron (Fe) also showed a
remarkable variation in the percentage distribution of
all the stations investigated (ANOVA, p > 0.05). The
percentage of Fe (0.59 – 8.29%) showed the order of
variations as follows: VT > HU > NT > DN (Table
1).
There was a noticeable significant difference (ANOVA, p >
0.05) in the percentage of silicon (Si) ranging from 23.39 to
47.42% in the four examined muds. Maximum percentage
was 47.42% in DN showing 53, 71 and 102% higher values
compared to that of the VT, NT and HU, respectively
(Table 1).
Titanium (Ti) also showed a significant variations (0 –
0.65%) among the four investigated stations as that of other
elements. Though highest value 0.65% was found in VT
but no Ti was observed in the DN (Table 1).
Above results of the present study clearly demonstrated that
morphological criteria and percentage distribution pattern
of ten elements in muds of investigated shrimp ponds were
varied significantly among the four stations. The
distribution pattern also obviously revealed that all muds
were predominately constituted with Si (23.39 to 47.42%),
Al (4.5 – 15.9%), Fe (0.59 – 8.29%) and C (6.56 to
12.55%). Despite that it may also be suggested from the
EDS analysis, Si and Al are the first and second priority
constituents followed by C and Fe of the mud in
investigated shrimp ponds of four stations. K (3.67%), Al
(15.9%), Fe (8.29%) and Ti (0.65%) were distributed at
highest percentage in the VT than that of the remaining
three stations; Na (3.68%) was prevalent in NT; whereas
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Fig. 2 SEM macro and micrographs of mud (figure represents
only one particle of each sampling station) of four

investigated sampling stations.

A positive correlations was pronounced between the major
metal constituting two elements Al and Fe (r = 0.9221),
whereas a negative correlation was found Al and Si (r = –
0.8466) as well as Fe and Si (r = –0.8363) which clearly
implied that both Al and Fe have the common industrial
sources in the four investigated regions. Correlation of C
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with Al (r = –0.3119) and Fe (r = 0.0140) showed a
negative and very poor correlation, respectively which also
signified that availability of C in the mud of four sampling
stations is not dependent on the abundance of Al and Fe.
Conclusion: Above elastration elucidates to draw the
inference that mud of all shrimp ponds are principally
composed with Si, Al, Fe and C as major elemental
constituents, whereas remaining other elements are present
in low percentage in the mud of shrimp pond geochemical
profile of Viet Nam. Percentage composition of Fe (0.59 –
8.29%) and P (1.43 to 3.35%) are higher than that of the
natural background (Approximately Fe 3.52% and P
0.22%) level generally considered for soil. Excepting Fe
and P, all elements in the mud of the investigated ponds are
appeared within the normal percentage of the geochemical
elemental constitutional level of the soil. Though it is not
possible to ascertain the source of all elements from this
study but obtained results suggested that abundance of the
Al and Fe in the mud of shrimp ponds are largely
influenced by the anthropogenic sources. Further study
concerning elemental constituents of mud and mountainous
rock is needed to find out the origin of the abounding
elements in the bottom mud. Moreover, from this study it
should be mentioned that monitoring of elemental
composition and their source using SEM-EDS would be a
potential tool for understanding the concentration level
towards conserving the coastal environment. Haley et al.
(2006) proposed that SEM-EDS can provide accurate and
precise concentration of elements (Al, Fe, Mg, Ca, K and
Si) in estuarine particles as that of ICP-AES.
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