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ABSTRACT

Theintertidal mangrove environment of Mengkabong lagoon isimportant
as it supports the local fishing activities, nursery grounds for many fish
and shellfish species, and aswell asbeing central for ecotourism activities.
The study showed that in general, the physicochemical parameters(pH,
salinity and electrical conductivity), granulometric fractions, organic mat-
ter, base cations(Na, K, Caand Mg) and heavy metals (Fe, Cu, Pb, Znand
Al) showed an increasing loadings at high tide compared to low tide.
Multivariate statistical techniques, principal components analysis(PCA)
and cluster analysis(CA), wereemployed to better interpret information
about the sediment and its controlling factors. The PCA results revealed
six controlling factors at high tide while seven at low tide. In CA there are
two district clusterswereidentified at high and low tide. The calculation of
geoaccumulation index(lgeo) suggests the Mengkabong mangrove sedi-
ments could be classified as having background concentrations of Al, Cu,
Fe, and Zn as unpolluted with regard to Pb.
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Mangrove sediments have been extensively stud-
iedal around theworld (India, Australia, Brazil, Ma
laysia, United Arab Emirates, China, Thailand etc) and
some of theseassessed the pollution status of the sedi-
ments. For example, astudy doneby Kehrigetd.in
Jequiamangroveforest, Brazil concluded that theman-
groveforest hasbeen polluted with heavy meta sby the

anthropogeni ¢ sources surrounding the estuary, while
study done by Ramanathan et a.? concluded the con-
centration of heavy metasin Pichavaram mangrovefor-
e, Indiaweregenerally below thelevelsfoundin pol-
|uted and unpolluted estuariesand mangroves.

Heavy meta cyclingisaseriousproblem addressed
in mangrove environmentg34. The high concentrations
of heavy metal sare derived from anthropogenic inputs
fromindustrid activitiesaround theestuary such asdis-
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carded automobiles, batteries, tires, wastewater dis-
posal etc®. For an example, Shriadah™ found high
concentrationsof lead dueto theinputsfromoil spills
from discarded automobilesin addition to petrol com-
bustion while study doneby Bloom and Ayling® inthe
Derwent Estuary in reveal ed high concentration of zinc
and lead dueto azinc refining company situated near
the estuary. Sedimentsact assinksand sourcesof con-
taminantsin aquatic systems because of their variable
physical and chemical properties®+™. Pekey demon-
strated that heavy metals tend to be trapped in the
aquatic environment and accumul atein sediments.

A multivariate statistical approach alows the
researhersto manipul ate morevariables®. Principal
ComponentsAnays s(PCA) and cluster andysis(CA)
werethestati stics methods used in theinterpretation.
PCA and CA often used together to check theresults
and provide grouping of each variable. PCA and CA
areexplanatory toolsinmultivariate atistica anaysis
to discover and interpret rel ationshi ps between vari-
abled®101, According to Facchinelli et a.™?, FA and
CA are often used together to check the results and
provide grouping of each variable. Yongming et a .
explained that PCA iswidely used to reduce dataand
to extract asmal number of factorsdepending onthe
correlation matrix, whereas CA isperformed to further
classify elementsof different sources on the basisof
their smilaritieschemica properties. Hierarchicd clus-
ter andys susing dendogramsidentifiesreatively ho-

mogeneousgroupsof variablesin separateclustersand
combinesclugtersuntil only oneisléft.

Mengkabong lagoon formerly earmarked asthe
Mengkabong Forest Reserva, but released by the For-
estry Department to become a state land. The
Mengkalbong mangroves, Tuaran Didtrict, experienced
a15% decreasefrom 1991 to 2000. In 1991 the man-
grovescovered 12.6km?whilein2000it was 10.7km?.
Most of themangroves have beenlost dueto the spread
of rural development such as housing, aguaculture
projects and surrounded by anindustrial zone, Kota
Kinabalu Industrial Park (KKIP)*2, Thereis practi-
cdly nodetailedinformetion on theenvironmenta study
of Mengkabong mangroves. Threfore, it wasdecided
conduct astudy of Mengkabong lagoon mangrove sedi-
ment and its pollution status.

Thepurposeof thisstudy was. (1) to determinethe
physicochemicd parameters(pH, € ectrica conductiv-
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ity and salinity), granulometric fractions, organic mat-
ter, heavy metals (Al, Cu, Fe, Pb and Zn) and base
cations(Ca, Mg, NaandK) at high and low tide; (2) to
identify the controlling factorsby using factor andysis
(FA) and cluster andysis(CA) at highandlow tideand
(3) to gaugethe degree of anthropogenicinfluenceon
heavy metal s concentrationin mangrove sediment us-
Ing geo-accumul ation index (Igeu).

MATERIALSAND METHODS

Sudy area

This study was conducted in Mengkabong man-
grove forest, Tuaran District, West Coast of Sabah
whichis40km away from KotaKinaba u. Thetotd of
study area spreads over from latitude 06°06°N to
06°11’N and longitude 116°08’E to 116° 13’E
(Figurel). TheMengkabong mangroveforest consists
of two shallow spurs, with the southern spur forming
theadminigtrative boundary between Tuaran and Kota
Kinabadu Didricts. Thisspur endsin Saut Bay whichis
entirely surrounded by anindudtrid zone, KotaKinabau
Industria Park. The southern spur of the estuary has
been significantly degraded already and thereislittle
left to protect. The northern spur ismuch larger and
moreirregular. Therearetill dbundant and high quality
mangroves remaining around the estuary*314,

Soil samplingand analysis

The sampling strategy wasto study the spatia vari-
ability and tidal effects on anumber of parameters.
M angrove sedimentsweresampled randomly and taken
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Figure 1: Sampling locations of M engkabong and man-
grovesurface sediment sampling sites (n=33)
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TABLE 1: A brief account of themethodsused in thisstudy

Parameter M ethod Reference
pH Glass dectrode Mettler toledo Delta 320
manual

™

EC Glass dectrode Eutech/Oakton ECTestr

11 plus manual

™

Salinity Glass dectrode Eutech/Oakton salt testr

11 plus manual

Orcanic matter . LOSSOn  Heiri et a."" Radojevic &
9 ignition (LOI) Bashkin!™®
Granulometric o iie method  Radojevic & Bashkin®®
anaysis
Total heavy AAS APHA
metals
Base cations AAS APHAE

TABLE 2: Physico-chemical properties, organic matter,
granumetricfraction, heavy metalsand base cations

Par ameter Min Max Mean SD
pH HT 54 7.6 6.5 0.4
LT 45 7.2 6.1 0.6
Sa (%) HT 15 7.4 45 2.2
LT 01 15 0.5 0.4
EC(mScm) HT 21 114 6.8 2.6
LT 04 4.8 2.6 1.0
OM (%) HT 64 117 9.0 1.3
LT 1.4 5.2 2.5 0.8
Sand (%) HT 919 951 936 0.8
LT 917 973 95 1.7
Silt (%) HT 25 5.2 3.6 0.8
LT 04 6.4 2.7 1.8
Clay (%) HT 22 4.2 2.8 0.4
LT 13 2.9 2.4 0.4
Na (g kg?) HT 142 835 475  962.8
LT 25 927 416 346
K (gkg?) HT 57 16.0 9.4 25
LT 24 106 7.8 1.8
Mg(gkg) HT 20 9.2 5.3 1.8
LT 1.0 7.6 3.8 1.9
Ca(g kg™ HT 26 529 21.3 417
LT 15 477 16.2 15.1
Fe (g kg") HT 34 142 77 2.7
LT 14 184 6.8 4.0
Cu(mgkg’) HT 41 490 28.0 14.0
LT 21 440 19.0 13.0
Zn(mgkg?) HT 240 930 57.0 17.0
LT 120 730 410 17.0
Pb(mgkg HT 240 69.0 52.0 11.0
LT 340 470 410 3.0
Al (gkg™h HT 44 35 14.8 8.2
LT 24 2.4 9.5 6.0

intriplicateswith an auger at 33 stationsfrom March
2006 to November 2006(Figure 1) at low and high
tide. The exact position of each sampling sitewasre-
corded using Global Positioning System (GPS). The
sampling was done based to the accessibility to the
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mengroveforest. Mangrove surface sedimentswere
choosenfor thisstudy asthislayer controlstheexchange
of metal s between sediments and water(*s,

Sampling bottlesand thelaboratory gpparatuswere
acid soakedindiluted nitric acid beforethe analysis.
After acid soaking, they were rinsed thoroughly first
with tapwater and then with distilled water to ensure
any traces of cleaning reagent wereremoved. Finaly,
they weredried and stored in aclean place. The sedi-
mentswerekept cool inanicebox during transporta
tion to thelaboratory. The physicochemica measure-
ments of the surface sediment were made as soon as
possiblein the Environmental Science Postgraduate
Laboratory, School Scienceand Technology, Universiti
Malaysia Sabah. Thephys cochemica parameters(pH,
electrical conductivity and salinity) weremeasured on
1:2 soil towater ratio extracts as soon asthe samples
reached thelaboratory*®. The pH, electrical conduc-
tivity and sdlinity electrodeswere calibrated beforethe
measurementsweretaken.

For other analyses, the surface sedimentswereair-
dried, and after homogeni zation using pestleand mor-
tar, passed through a2-mm mesh screen and stored in
polyethylenebags. M ethodsand referencesfor various
analysesaregivenin TABLE 1. For thedetermination
of heavy metdss, the samplesweredigested using aqua
regia. Approximately 2g of each samplewasdigested
with 15mL of aqua-regia(1:3HCI: HNO,) inaTeflon
bomb for 2h at 120°C. After cooling, the digested
sampleswerefiltered and kept in plastic bottlesbefore
theanalysis. Radojevic and Bashkin® stated that agua
regiaisadequatefor extraction of total metalsin soil
sampleandiswidely used inmost soil analyses.

For basecations(Na, K, Caand Mg), the method
used inthisstudy isthemeasurement of exchangeable
cationsusingammonium acetate. Heavy metd sand base
cationswere analyzed using AAS with air/acetylene
(Cu, Fe, Pb, Zn, Na, K, Caand Mg) and nitrous ox-
ide-acetylene (Al) at specific wavelengths (Atomic
Absorption Spectrometer Perkin Elmer 4100).

RESULTS

Descriptive statistics

Thedescriptive datiticsof physco-chemica prop-
erties(pH, sdinity, eectrica conductivity) granulometric
fraction, organic matter, heavy metals (Fe, Cu, Zn, Pb
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andAl) and basecations(Na, K, Mg, and Ca) lowand TABLE 3: Rotated component matrix of mengkabong man-

hightidearegiveninTABLE 2.
Principlecomponentsanalysis(PCA)

PCA was applied to discover and interpret rela-
tionships between variablesat high andlow tide. The
results showed adifferent trend at hightideand at low
tide. TABLES 3 and 4 display thefactor loadingswith
aVarimax rotation aswell asthe eigenva ues, percen-
tile of variance and cumulative percentage a high and
low tide. Inreferenceto thee genvaues, six factorsat
high tide and seven factors at low tide were extracted
asthey have eigenvalues greater than 1 (TABLES 3
and 4).

At hightide, factor one accounted for 22% of total
varianceand ismainly characterized by high levels of
sdinity, dectrica conductivity and clay fraction. Factor
two accounted for 13% of thetotal variancewith sand
loadings. Factor three consits of Cu and K with total
variance of 11%. Factor four characterized by 9% of
total variancewith highloadingsof Fe, CaandAl. Fac-
tor fivewith 8% of total variance, containshigh loading
of Naand pH. Factor six with 7% of total varianceis
characterized by highloading of Pb.

At low tide, factor oneaccounted for 24% of total
varianceand ismainly characterized by highlevelsof
silt, Al and Zn. Factor two accounted for 13% of the
total variance with Mg, Caand Pb loadings. Factor
three consits of Cu and clay with atotal variance of
10%. Factor four is characterized by 9% of total vari-
ancewith highloadingsof salinity and K. Factor five,
with 8% of totd variance, contains highloading of pH
whilefactor six, with 7% of totd variance, ischaracter-
ized by highloading Fe. Factor seven has 6% of total
variancewith Naloading.

Cluster analysis(CA)

Cluster anaysi swas performed on thedataset us-
ing averagelinkage between groups (Rescd ed Distance
Clugter). Although not substantidly different from PCA,
CA can be used asasubstitute method to confirm the
resultsof PCA. Theresultsareillustrated in the den-
drogramsonHierarchicd Cluster Analysis(Figure2and
Figure3). At hightide (Figure 2), two district clusters
can beidentified. Cluster onecontainssalinity, el ectri-
cal conductivity, clay, organic matter, Cu, Pband K.
Cluster two containspH, silt, sand, Na, Zn,Al, Fe, Mg
and Ca. At low tide (Figure 3), two district clusters

groveforest at hightide

Variable Component
1 2 3 4 5 6
pH 003 -012 -016 -0.11 0.86 -0.08
Sa 090 009 -0.09 008 001 -0.14
EC 087 016 -0.16 -0.04 -0.14 -0.09
oM 045 029 034 -040 -0.03 0.15
Clay 065 -019 024 -025 -0.35 0.20
Silt 037 -084 -010 010 020 -0.07
Sand 004 096 -003 003 -0.02 -0.03
Al 038 013 -057 064 004 0.17
Cu 001 009 056 002 019 038
Fe 001 -020 026 065 -0.14 0.30
Pb 008 004 -007 009 001 0.88
Zn 054 -024 -044 005 -046 -0.13
Mg 029 045 037 005 -026 0.11
Ca 002 009 -004 081 -0.06 -0.05
Na 015 -011 009 -012 064 0.11
K 021 006 075 020 -017 -0.23
Iniid a5 991 171 148 131 1.06
Eigenvalue
Parcentof 51 98 1320 1067 926 821 6.64
variance
Cumulalive 51 g5 3518 4584 5511 63.32 69.96
Percent

TABLE 4: Rotated component matrix of mengkabong man-
groveforest at lowtide

Variable Component

1 2 3 4 5 6 7
pH -0.09 032 001 0.03 080 -0.16 0.16
Sa -0.17 0.01 -003 0.73 0.04 -0.37 0.04
EC 028 024 001 -0.12 -0.75-0.14 0.13
OM -0.04 0.45 -042 033 -0.15 0.33 -0.11
Clay -052-006 061 011 010 -0.32-0.08
Silt 0.91 -0.18 -0.08 0.06 -0.26 0.04 0.03
Sand 0.89 021 -0.05 -0.09 0.26 0.03 -0.02
Al 0.78 020 -0.18 -0.29 022 0.11 -0.12
Cu -007 006 0.84 010 -0.09 0.17 0.01
Fe 0.05 0.03 0.05 -0.03 -0.01 0.87 0.06
Pb 0.33 058 023 -0.34 0.13 0.15 -0.10
Zn 057 -0.12 -0.45 025 -0.26 0.03 -0.22
Mg 016 0.83 0.13 0.09 0.2 -0.23 0.05
Ca 1020 063 -0.19 0.04 020 021 -0.03
Na -0.05 -0.01 0.02 0.06 0.02 0.06 0.97
K 024 007 019 081 011 0.32 0.05
Initial 380 204 163 149 127 111 1
Eigenvalue
Percentof ) 26 12731021 934 792 7 6.28
variance
Cumulative ), o6 35.99 47.20 56.53 64.45 71.4577.72
Percent

were observed, Cluster one contains silt, Al, Fe, K,
Zn, dectricd conductivity and sdinity; Cluster two con-
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TABLE 5: Geoaccumulation indexeq 19] of heavy metalscon-
centration in sediment of M engkabong mangr ovefor est

Heavy metals
. (I geo Class for
Geoac_cumulatlon Pollution Intensity M engkabong
index
lagoon
sediment)
0 Background = | ', Fe zn
concentration
0-1 Unpoalluted Pb
12 Moderately to
unpolluted
2-3 Moderately polluted
3.4 Moderately to highly
polluted
4-5 Highly polluted
>5 Very highly polluted
P s | CEEICEN NSRSV RSP JOEEN ] RS F R Mo |
o5 —
S T .
e § ————
Pt g | :
K 11
Mg 12 [ |
Sapd 16
pi: 2
ol = }7
En 7 | —
Al ]

Fa 3 T
Ca 10

Figure 2: Dendrogram showing hierarchical cluster
analysisat hightide

tains Ca, Mg, organic matter, clay, sand, pH, Pb, Cu
and Na.

Geo-accumulationindex (I )

The geoaccumulation index (I ) introduced by
Muller®® wasa o used to assessmetd pollutionin sedi-
ments. Geoaccumulation index isexpressed asfollows:
| n=L09,(C/L5B)
where C_ = measured concentration of heavy metal inthe man-
grove sediment, B, = geochemical background valuein aver-
age shalé?? of element n, 1.5 isthe background matrix correc-
tion in factor due to lithogenic effects. The calculated values
for the Mengkabong mangrove sediment are givenin TABLE
5 and remain in either class 0 or class 1, which indicates that
the investigated mangrove sediments in Mengkabong man-
grove sediment are unpolluted.

DISCUSSION

At hightide, factor onein PCA resultscontain sa-
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linity, electrical conductivity and clay fraction. Thiscor-
respondsto the associationsin Cluster oneresultsat
hightide. Sdinity and eectrical conductivity clustersat
thedistance of one (Figure 2), showsthat the contribu-
tions of seawater during high tidein Mengkabong. Ac-
cording to'?Y, seawater contains 3.5% of salinity of
which 90%isfullyionizedions. Thefullyionizedions
and high salinity at hightide explained thehighload of
sdinity and eectrica conductivity a hightide. Thesa
linity and éectrical conductivity thenformancther clus-
ter with organic matter and clay fraction. These asso-
ciationsthen formed another cluster with PCA results
of factor one, factor six and factor three. Whilefactor
three consistsof Cu and K, with total variance of 11%
inagreement with CA results (Cluster one) wherethe
association of Cu, Pb, Mg, K and sand. Tidal flooding
can bring additional ionssuch asK, Mgand Nainto
the system. It enablesion exchangeto occur, such as
between K and Cu?, Similar findingswere obtained
between K and Cu by Grandeet a .1, who observed
anegativecorrdationwith marineindicatorssuch ask.
Thenew condition induced by tidal clash causespre-
cipitation of metalssuch as Cu. These associationsare
mainly related to anthropogenicinputs and reflect the
complexing natureof clay. Pb mogt probably arisesfrom
indirect sourcesfor instance atmospheric deposition,
Based on PCA (factor four, factor five and factor six)
and CA (Cluster 2),Al, Ca, Feand Znwerecorrelated
in PCA and CA results. The CA results showed the
relationship betweenAl, Ca, Feand Zn a the distance
of 12, 15 and 19. pH vauein estuarine sedimentsis
one of theimportant factor that regul atesthe concen-
tration of dissolved metalsinwater and sediment!2*2,
The CA results showed associ ations between pH, Na
siltand Mg. According to Hsueand Chen?¥, dissolved
saltssuchasNa" and Mg@?* played animportant rolein
bufferingthe pH change. The processof tidal clash oc-
cursinthe Mengkabong mangroveforest. Theinflux of
seawater from the hightideresulted in magjor inputs of
selected cationswhich were then adsorbed by the sedi-
ment (clay, slt and sand). Theassociation between Mg
and sand isstrongly controled by biogenic carbonates
and playsanimportant roleasadilutant materid of the
heavy metalsin the samples?, Biogenic carbonates
arethe dominant source of Ca?*, an abundant compo-
nent inshdlow marinesandd?’. Caisanimportant com-
ponents of marine biotaand playsvital aroleinthe
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Figure 3: Dendrogram showing hierarchical cluster
analysisat lowtide

marinebiogeochemicd cycle®!.

Atlowtide sltand Al clustersat thedistanceof 1.
Then, thisassociation clusterswith Fe (factor six in
PCA). Sdinity and el ectrica cnductivity clustersat the
distance of 14 at low tide. Thisdistanceisfar higher
compared to the association of el ectical conductivity
and salinity at hightide (Figure2 and Figure 3). This
demongtartesthelower contributionsof seawater at low
tidecompared to hightide. Whileat low tide, in PCA
(TABLE4), it showsthe, factor oneaccounted for 24%
of total variance and ismainly characterized by high
levelsof silt, Al, Z nand EC. Cluster one (Figure 3)
showsthesilt and Al isassociated at the distance of 1.
Besides, thereisal so an association of Zn of factor one
in PCA with Fe(factor sxinPCA), K and dinity (fac-
tor four in PCA). Zhou et a ./ stated that besides
antropogeni c enrichment, heavy meta soccur naturaly
indlt and clay-bearing mineradsof terrestia and marine
geologica deposits. The natural occurrence of heavy
metals complicates the assessment of potentially con-
taminated estuarine sediments. The measureable con-
centrationsof metalsdo not automaticaly infer anthro-
pogenic enrichment in the estuary. Therefore, heavy
metal enrichment assessment isconductingin detail.
While association of K*isexplained asafunction of
ionic strength. K*isamonovaent cation with low re-
placing power compared with divalent cationssuch as
Fe*, Zr?* etd®, Cluster 2 at low tide (Figure 3) shows
clustersof Ca, Mg, organic matter, clay fraction, sand
fraction, pH, Pb, Cu and Na. These associations are
cong stent with PCA resultswith theloading factor of
factor two, factor three, factor five and factor seven.
PCA and CA results show associ ations between or-
ganic matter and pH, clay fraction, sand, Cu, Pb, Ca
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and Mg. In coastd environmentssuch asin mangroves,
the associ ati ons between organic matter, granulometric
fractions, heavy metalsand base cations are become
asfunctionsof ionic strength of sediment solutionand
surface cation complexation(?®. The concept of cation
exchange capacity at low tideimpliesthat ionswill be
exchanged between wetlands, colliod surface and the
surrounding water. Sediment organi c matter hashigher
ion exchange capacity than sediment colloidsand plays
an important rolein cation exchange capacity®. As
el obrated by Hussien and Rabenhurst??, thereplacing
power of the cation exchange complex dependsonits
valence, ionic strength, itsdiameter in hydrated form
and itsconcentrationin water. Thisclarifiestheload-
ingsof marineindicator divalent cations (Mg?, Ca?)
together with organic matter and Pb?* duetotheionic
strength. Moreover, it dso observed that the dissolved
saltssuchasNa, Mg, Ca?* etc. Therolein buffering
the pH changeat low tidewas a so observed.

| oo has been appplied to the set of sediment data
to assessthe sediment quality in Mengkabong man-
grove forest. The | index proposed by Muller™)
showed that all thegheavy metals arein Class 0 and
Class1(TABLEDY) at high and low tide. Buccolieri et
a .BYinthe Gulf of Taranto, Italy, also reportssimilar
findingswiththisstudy. Thissuggeststhat themangrove
sediment of Mengkabong isunpolluted. Soto-Jimenez
and Paez- Osund®¥ demonstrated theinput of metals
into sediment that are located seawardsto below in
thetota concentration of most of theelementsandthis
could bedueto the mixing of enriched particulte mate-
rid withrelatively clean marine sediments.

CONCLUSIONS

Theapplication of multivariate analysis (PCA and
CA) technique hasbeen proved to be an effectivetool
for factorsidentificationin Mengkabong mangrove sedi-
ment at high and low tide. PCA analysis extacted fac-
torsweresix at hightidewhilethereweresevenat low
tide. Accordingto CA results, two clusterswereformed
a highandlow tide. Thesdinity and €l ectrical conduc-
tivity component loadingsand clustersat high and low
tideexplainedthetidd processwherethereishigh con-
tribution of seawater. Thetidal clash causesthe pre-
cipitation of metals. Therelationships between organic
matter, graunometric fractions, heavy metals, base cat-
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ionsbecomeasafunction of ionic strength of sediment
and surface compl exation were observed. The asso-
ciations between the parametersmainly related to an-
thropogeni cinputsand refl ect the complexing nature of
clay. Thel o cd culationsreved ed that the M engkabong
mangrove sediment wasin unpolluted condition.
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