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Abstract Spatial variations in estuarine intertidal sedi-
ment have been often related to such environmental variables
as salinity, sediment types, heavy metals and base cations.
However, there have been few attempts to investigate the
difference condition between high and low tides relation-
ships and to predict their likely responses in an estuarine
environment. This paper investigates the linkages between
environmental variables and tides of estuarine intertidal
sediment in order to provide a basis for describing the effect
of tides in the Mengkabong lagoon, Sabah. Multivariate
statistical technique, principal components analysis (PCA)
was employed to better interpret information about the sed-
iment and its controlling factors in the intertidal zone. The
calculation of Geoaccumulation Index (lg,) suggests the
Mengkabong mangrove sediments are having background
concentrations for Al, Cu, Fe, and Zn and unpolluted for Pb.
Extra efforts should therefore pay attention to understand the
mechanisms and quantification of different pathways of
exchange within and between intertidal zones.
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Mengkabong lagoon formerly earmarked as the Mengka-
bong Forest Reserve. The Mengkabong mangrove forest in
Tuaran District has experienced a 15% decrease from 1991
to 2000. In 1991 the mangroves covered 12.6 km?* while in
2000 it was 10.7 km®. Most of the mangroves have been
lost due to the spread of rural development such as housing,
aquaculture projects and surrounded by an industrial zone,
Kota Kinabalu Industrial Park (KKIP) (Environmental
Indicator Report 2003). Therefore, it was decided conduct
a study of Mengkabong lagoon mangrove sediment and its
pollution status.

The purpose of this study was: (1) to identify the
controlling factors by using principal components analysis
(PCA) at high and low tides and (2) to gauge the degree
of anthropogenic influence on heavy metals concentration
in mangrove sediment using Geoaccumulation Index

(Igeo)~

Materials and Methods

This study was conducted in Mengkabong mangrove for-
est, West Coast of Sabah which is 40 km away from Kota
Kinabalu. The total of study area spreads over from latitude
06°06'N to 06°11’'N and longitude 116°08’E to 116°13'E
(Fig. 1). The Mengkabong mangrove forest consists of two
shallow spurs, with the southern spur forming the admin-
istrative boundary between Tuaran and Kota Kinabalu
districts. This spur ends in Salut Bay which is entirely
surrounded by an industrial zone, Kota Kinabalu Industrial
Park (KKIP). The southern spur of the estuary has been
significantly degraded already and there is little left to
protect (Environmental Impact Assessment 1992; Town
and Regional Planning Department of Sabah 2003). Man-
grove surface sediments were sampled randomly and taken
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Fig. 1 Sampling locations of Mengkabong and mangrove surface sediment sampling sites (n = 33)

in triplicates with an auger at 33 stations from March 2006
to November 2006 (Fig. 1) at low and high tides. The
sampling was done based to the accessibility to the man-
grove forest. Mangrove surface sediments were chosen for
this study as this layer controls the exchange of metals
between sediments and water (El Nemr et al. 2006). The
surface sediments were kept cool in an icebox during
transportation to the laboratory. The physicochemical
measurements of the surface sediment were made as soon
as possible in the lab. The pH, electrical conductivity and
salinity electrodes were calibrated before the measure-
ments were taken.

For other analyses, the air-dried surface sediments were
digested using aqua regia. Approximately 2 g of each
sample was digested with 15 mL of aqua-regia (1:3
HCI:HNO3) in a Teflon bomb for 2 h at 120°C. After
cooling, the digested samples were filtered and kept in
plastic bottles before the analysis. Organic matter was
determined using Loss on Ignition (LOI) method (Radoj-
evic and Bashkin 1999; Heiri et al. 2001) while
granulometric analysis was conducted using pipette
method elaborated by Radojevic and Bashkin (1999). For
base cations (Na, K, Ca and Mg), measurement of
exchangeable cations using ammonium acetate was used.
Heavy metals and base cations were analyzed using AAS
(APHA 1995) with air/acetylene (Cu, Fe, Pb, Zn, Na, K, Ca
and Mg) and nitrous oxide-acetylene (Al) at specific

wavelengths (Atomic Absorption Spectrometer Perkin
Elmer 4100).

Results and Discussion

PCA was applied to discover and interpret relationships
between variables at high and low tides. The results
showed a different trend at high tide and at low tide.
Tables 1 and 2 display the factor loadings with a Varimax
rotation as well as the eigenvalues, percentile of variance
and cumulative percentage at high and low tides. In ref-
erence to the eigenvalues, six factors at high tide and seven
factors at low tide were extracted as they have eigenvalues
greater than 1.

The Geoaccumulation Index (/4,) introduced by Muller
(1979) was used to assess metal pollution in sediments (Eq.
1). Iy, is expressed as follows: where C, = measured
concentration of heavy metal in the mangrove sediment,
B, =geochemical background value in average shale
(Turekian and Wedepohl 1961) of element n, 1.5 is the
background matrix correction in factor due to lithogenic
effects. The calculated values for the Mengkabong man-
grove sediment are given in Table 3 and remain in either
class O or class 1, which indicates that the investigated
mangrove sediments in Mengkabong mangrove sediment
are unpolluted.
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Table 1 Rotated component matrix of mangrove surface sediment at
high tide using varimax rotation

Variable Component
1 2 3 4 5 6
Salinity 090 0.09 —0.09 0.08 0.01 —0.14
Electrical 087 0.16 —-0.16 —0.04 —-0.14 —-0.09
conductivity

Clay 0.65 —0.19 024 -025 —-035 0.20
Sand 0.04 096 —0.03 0.03 —-0.02 —-0.03
Cu 001 009 056 002 019 038
K -021 006 075 020 —-0.17 —0.23
Al -038 0.13 -057 0.64 004 0.17
Fe 0.01 —-020 026 0.65 —0.14 0.30
Ca -0.02  0.09 —0.04 081 —-0.06 —0.05
Na -0.15 —-0.11  0.09 —-0.12 0.64 0.11
pH -0.03 —-0.12 —-0.16 —-0.11 0.86 —0.08
Pb —-0.08 0.04 —-0.07 0.09 0.01 0.88
Silt -037 -0.84 —-0.10 0.10 020 -0.07
Zn —-0.54 —-0.24 —-044 0.05 —-046 -0.13
Mg -029 045 037 005 -026 0.11
Organic matter 045 029 034 —-040 —-0.03 0.15

Initial eigenvalue 352 211 171 1.48 131 1.06
2198 1320 10.67 926 821 6.64
2198 35.18 45.84 55.11 6332 69.96

Percent of variance

Cumulative percent

The bold values are factor loadings above 0.60 that taken after
Varimax rotation was performed

Ioeo = Log,(Cy/1.5B,) (1)

At high tide (Table 1), factor one in PCA results contain
salinity, electrical conductivity and clay fraction shows that
the contributions of seawater during high tide in Mengka-
bong. Seawater contains 3.5% of salinity of which 90% is
fully ionized ions. The fully ionized ions and high salinity
at high tide explained the high load of salinity and elec-
trical conductivity at high tide (Church 1989). While factor
three consists of Cu and K with total variance of 11.
According to Preda and Cox (2000), tidal flooding can
bring additional ions such as K, Mg and Na into system. It
enables ion exchange to occur, such as between K and Cu.
Grande et al. (2003) observed a negative correlation with
marine indicators such as K. The new condition induced by
tidal clash causes precipitation of metals such as Cu. These
associations are mainly related to anthropogenic inputs and
reflect the complexing nature of clay.

Pb most probably arises from indirect sources for
instance atmospheric deposition (Liu et al. 2003). Based on
PCA (factor four, factor five and factor six) showed the
relationship between Al, Ca, Fe and Zn. pH value in
estuarine sediments is one of the important factor that
regulates the concentration of dissolved metals in water
and sediment (Hsue and Chen 2000; Grande et al. 2003).

@ Springer

Seawater plays an important role in buffering the pH
change (Hsue and Chen 2000). The process of tidal clash
occurs in the Mengkabong mangrove forest. The influx of
seawater from the high tide resulted in major inputs of
selected cations which were then adsorbed by the sediment
(clay, silt and sand). Rubio et al. (2000) explained that the
association between Mg and sand is strongly controlled by
biogenic carbonates and plays an important role as a di-
lutant material of the heavy metals in the samples.
Biogenic carbonates are the dominant source of Ca, an
abundant component in shallow marine sands (Morad
1998). Adding up, Zhou et al. (2004) states that Ca is an
important components of marine biota and plays vital a role
in the marine biogeochemical cycle.

At low tide (Table 2), salinity and electrical conductivity
have low loadings compared at high tide demonstrates the
lower contributions of seawater at low tide compared to
high tide. Table 2 shows the factor one accounted for 24%
of total variance and is mainly characterized by high levels
of silt, Al, Zn and EC. Besides, there is also an association
of Zn of factor one in PCA with Fe (factor six in PCA), K
and salinity (factor four in PCA). Heavy metals occur nat-
urally in silt and clay-bearing minerals of terrestrial and
marine geological deposits. The natural occurrence of
heavy metals complicates the assessment of potentially
contaminated estuarine sediments. The measureable con-
centrations of metals do not automatically infer
anthropogenic enrichment in the surface sediment; fur-
thermore heavy metal enrichment assessment must be
conducted in detail (Zhou et al. 2004). While association of
K is explained as a function of ionic strength, a monovalent
cation with low replacing power compared with divalent
cations such as Fe, Zn etc (Hussien and Rabenhurst 2001).
These associations are consistent with PCA results with the
loading factor of factor two, factor three, factor five and
factor seven showed associations between organic matter
and pH, clay fraction, sand, Cu, Pb, Ca and Mg. In coastal
environments such as in mangroves, the associations
between organic matter, granulometric fractions, heavy
metals and base cations are become as functions of ionic
strength of sediment solution and surface cation complex-
ation (Hussien and Rabenhurst 2001). The concept of cation
exchange capacity at low tide implies that ions will be
exchanged between wetlands, colloid surface and the sur-
rounding water. Sediment organic matter has higher ion
exchange capacity than sediment colloids and plays an
important role in cation exchange capacity (Matagi et al.
1998). The replacing power of the cation exchange complex
depends on its valence, ionic strength, and its diameter in
hydrated form and its concentration in water. This clarifies
the loadings of marine indicator divalent cations (Mg, Ca)
together with organic matter and Pb®" due to the ionic
strength (Hussien and Rabenhurst 2001).
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sediment at low tide using 1 2 3 4 5 6 7
varimax rotation
Zn 0.57 —0.12 —0.45 0.25 —0.26 0.03 —-0.22
Silt 0.91 —0.18 —0.08 0.06 —0.26 0.04 0.03
Al 0.78 0.20 —0.18 -0.29 0.22 0.11 —0.12
Pb 0.33 0.58 0.23 —0.34 0.13 0.15 —0.10
Mg —0.16 0.83 0.13 0.09 0.02 —-0.23 0.05
Ca —-0.20 0.63 -0.19 0.04 0.20 0.21 —0.03
Clay —0.52 —0.06 0.61 0.11 0.10 —-0.32 —0.08
Cu —0.07 0.06 0.84 0.10 —0.09 0.17 0.01
Salinity -0.17 0.01 —0.03 0.73 0.04 —-0.37 0.04
K 0.24 0.07 0.19 0.81 0.11 0.32 0.05
pH —0.09 0.32 0.01 0.03 0.80 —0.16 0.16
Fe 0.05 0.03 0.05 —0.03 —0.01 0.87 0.06
Na —0.05 —0.01 0.02 0.06 0.02 0.06 0.97
Sand —0.89 0.21 —0.05 —0.09 0.26 0.03 —0.02
Electrical conductivity 0.28 0.24 0.01 —0.12 —0.75 —0.14 0.13
Organic matter —0.04 0.45 —-0.42 0.33 —0.15 0.33 —0.11
The bold values are factor Initial eigenvalue 3.89 2.04 1.63 1.49 1.27 1.11 1.0
loadings above 0.60 that taken Percent of variance 24.26 12.73 10.21 9.34 7.92 7.0 6.28
after Varimax rofation was Cumulative percent 2426 3699 4720 5653 6445 7145 7772

performed

Table 3 Geoaccumulation Index (Muller 1979) of heavy metals
concentration in sediment of Mengkabong mangrove surface

sediment

Heavy metals
in Mengkabong
lagoon sediment

Geoaccumulation Pollution intensity
Index

Al, Cu, Fe, Zn 0

Background concentration

Pb 0-1 Unpolluted
1-2 Moderately to unpolluted
2-3 Moderately polluted
34 Moderately to highly polluted
4-5 Highly polluted
>5 Very highly polluted

The Iy, index proposed by Muller (1979) showed that

all the heavy metals are in Class 0 and Class 1 (Table 3) at
high and low tide. Karbassi et al. (2006) elobrated that /4,
values can be used effectively and more meaningful in
explaining the sediment quality. This suggests that the
mangrove sediment of Mengkabong is unpolluted. The
input of metals into sediment that are located seawards to
be low in the total concentration of most of the elements
and this could be due to the mixing of enriched particulate
material with relatively clean marine sediments (Soto-
Jimenez and Paez-Osuna 2001).
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