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Abstract: A study to determine the heavy metal content in paddy soils was carried out at KETARA, Besut,
Terengganu, Malaysia. The objective of the study was to determine the heavy metal content of the soil types
in the study area. The heavy metals studied were Pb, Cd, Cu, Zn, Fe, Mn and Cr. Heavy metals in the soil were
extracted using the sequential extraction method, which consists of four fractions namely the easily leachable
and ion exchange (EFLE), acid reducible (AR), oxidizable organic (OO) and resistant (RR). Heavy metals were
detected using an inductively coupled plasma mass spectrometer (ICP-MS). The study showed that the highest
concentration of heavy metals was found in the resistant fraction (RR) for all the studied soils. Fe was the most
dominant metal whereas Cd had the lowest concentration for all studied soil types. With the exception of Fe
and Mn, the soils were naturally low in the respective heavy metals (Zn, Cu, Cr, Pb, Cd). The high amount of
soil Fe and Mn in the studied soils could be attributed to the occurrence of Fe-Mn hydrous-oxide mottles.
Meanwhile, the higher levels of Mn in the ELFE and AR fractions suggest that the continuous usage of
agrochemical materials for paddy cultivation activities, rendered high bioavailable Mn in the soils. The elevated
levels of Pb and Cd in the soils could possibly be attributed to anthropogenic sources.
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INTRODUCTION showed an increase in the levels of Cd, Cu, Pb and Zn in

Paddy is one of the most important economic crops surface erosion). 
grown in Malaysia. In order to increase the crop yield, Metals from both natural and pollutant sources have
various types of fertilizers have been used. Furthermore the potential to be assimilated by the plant through foliar
many types of herbicides, insecticides and fungicides or root absorption processes [3]. The heavy metals in the
have also been applied as crop control measures to plant or crop may enter the food chain and later pose a
protect the crop from weeds, pests and diseases. These risk to human health. Heavy metals which are easily taken
activities have been reported as contributors to heavy up by plants occur in the available form in the soil. But
metal pollution in many agricultural areas and may also not all metals in the soil are in the available form and some
cause chemical degradation of the soil, as a result of are strongly bound to various components in the soil. 
accumulation of compounds at undesirable levels. The bioavailability of elements in the soil to plants is
Because fertilizers are not sufficiently purified during the controlled by many factors associated with soil and
process of manufacture, for economic reasons, they climatic conditions, plant genotype and agronomic
usually contain several impurities and among them are management including: active/passive transfer processes,
heavy metals. Furthermore, heavy metals often constitute sequestrian and speciation, redox state, the type of plant
the active ingredients of pesticides [1]. Another source root system and the response of plants to elements in
reported to contribute to heavy metal pollution in the relation to seasonal cycles [4]. Most metals that are
paddy field is mining activities. The mining and milling available to plants come mainly from anthropogenic
activities of the Daduk mine (Au-Ag-Pb-Zn) in Korea [2] sources. The objective of this study was to determine the

the paddy and forest soil at the vicinity of the tailings (by
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bioavailability of heavy metals, (from fertilizers and rpm for ½ hr after which the samples were filtered through
pesticides applied) in the paddy soil from KETARA, 0.45 µm milipore filter paper and made up to 50 ml with
Besut, Terengganu. distilled water. The samples were washed with 50 ml

MATERIALS AND METHODS centrifuging as described previously. For the metals in the

Studies were carried out at IADA and KETARA first adding 15 ml of H O  to the samples in the water bath
paddy cultivation areas of Besut, Terengganu, which are (1-1 ½ hrs), followed by of 50 ml of NH CH OO (pH 3.5).
located at the East Coast of Peninsular Malaysia. In the The samples  were  then digested using HNO :HClO  at
study, soil samples were collected from six stations with 25: 10 ratio on a sand bath until the samples changed to a
different types of soil and different history of previous whitish colour. The determination of heavy metals was
activities that took place prior to the paddy cultivation done using the ICP-MASS Spectrometer Elan 9000. Other
activities by KETARA. The soil at station 1 (undisturbed parameters carried out included organic carbon analysis
soils) constituted soil from the middle sub-terrace, upper (Walkey-Black method [6], soil pH [7] method) and grain
sub-terrace and edge of the levee areas that were size (according to Badri [5]). All analyses were carried out
inadequately to moderately well and well drained. Station in triplicate. 
2 (flooded area) soil came from the lower sub-terrace area,
contained high amounts of organic matter and had poor RESULTS AND DISCUSSION
drainage. The soil at station 3 (peat area) was rich in
organic matter and had poor drainage. The soil at station The study showed that paddy soils of IADA
4 (leveled area) was mixed due to the leveling of the edge KETARA, Terengganu were slightly acidic (pH 5.4 to
of the levee and the upper sub-terrace soils into the back 6.12) and dominated by fine grained sediments (Table 1).
swamp area. This station had a mixture of the moderately This finding is in line with other reports on the fluviatile,
well and very poorly drained soil. Station 5 (highland area) alluvial deposits of the East Coast of Peninsular Malaysia
had soil obtained from the upper sub-terrace and middle [8, 9]. Geologically, the study area constituted
sub-terraced areas that were inadequately to moderately unconsolidated Quaternary alluvial deposits, underlain
well drained. The soil at station 6 (normal area) came from with metasediment and intermediate intrusive igneous
the upper sub-terrace that was moderately well drained. rocks [10]. The alluvial deposits were formed as a result of
At each station, the soil samples were randomly taken sea-level fluctuation and sedimentation throughout the
from three different areas, from the 0-30 cm depth. Quaternary period (approximately of 2 million years ago)

The soil samples were air-dried in the laboratory along the East Coast of Peninsular Malaysia. According
before being ground and passed through a 250 µm sieve. to Anizan [8], fluviatile, alluvial soils vary from clay to
The heavy metals were extracted from the soil by the clay loam, to sandy clay loam. The soils were strongly
sequential extraction method according to Badri [5]. This gleyed and speckled with rusty or reddish brown mottles.
method was used to extract metals from the four fractions Paramananthan [9] reported that the soil in the
namely the easily leachable  and  ion  exchange  fraction neighbouring paddy area (Kemubu Plain, Kelantan) was
(EFLE), acid reducible fraction (AR), organic oxidation also derived from the fluviatile alluvial deposits. The soils
(OO) and resistant  fraction  (RR).  The   EFLE   fraction in the Kemubu Plain were made up predominantly of fine
extracts metals loosely bound to various components in grained (clay and silt) sediments, that were slightly acidic
the soil. The acid reduction fraction collects metals (pH 4.7-5.7) and contained very low organic carbon (0.28-
strongly bound to secondary minerals in the soil and 0.46%).
metals that aggregate with the organic matter are extracted Most of the soils from the study area contained a fair
in the organic oxidation fraction. Metals inherent in the to high percentage of organic carbon (1.46-9.85%). The
soil are present in the resistant fraction. higher amount of organic carbon in the soils was

To extract heavy metals from the soil, each 10 gram attributed to the provenance of the sediments. The paddy
soil sample was weighed then placed into a kartell bottle cultivation area of IADA KETARA, Besut was
and 50 ml 1.0 M NH CH OO (pH7) were added for surrounded by phyllite, slate, shale and sandstone in4 3

extraction of metals from the EFLE fraction. The sample which the argillaceous rocks were commonly
was shaken for 1 ½ hrs, followed by centrifugation at 3000 carbonaceous [11].  Upon weathering, the organic carbon

distilled water, followed by further shaking and

organic oxidation fraction, extraction was carried out by
2 2

4 3

3 4
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Table 1: The pH, organic carbon and grain size of the paddy soils from KETARA, Besut, Terengganu

Location pH Percentage organic carbon Percentage grain size (<63 µm)

Station 1 5.84 ± 0.25 1.58 ± 0.31 76.82 ± 11.18
Station 2 6.12 ± 0.00 1.95 ± 0.17 75.45 ± 4.46
Station 3 5.45 ± 0.04 9.86 ± 7.90 68.94 ± 9.40
Station 4 5.99 ± 0.06 1.76 ± 0.27 75.01 ± 12.31
Station 5 5.95 ± 0.11 1.57 ± 0.00 80.43 ± 8.93
Station 6 5.72 ± 0.31 1.46 ± 0.10 67.37 ± 11.72

Table 2: The average concentrations of heavy metals in the soils of the study areas (mg/kg)

Location/ speciation Fe Mn Zn Cu Pb Cd Cr

Station 1
 ELFE 0.456 14.008 0.390 0.057 0.009 0.013 0.02
 AR 97.200 17.600 0.511 0.066 0.027 0.011 ND
 OO 466.460 2.216 1.225 1.775 0.374 0.014 0.690
 RR 1737.530 4.000 1.750 0.792 0.048 0.026 1.258
 Total 2301.60 37.824 3.876 2.690 0.458 0.064 1.968

Station 2
 ELFE 1.310 3.454 0.418 0.049 0.028 0.016 0.019
 AR 57.770 3.261 0.409 0.032 0.016 0.014 ND
 OO 390.450 2.974 1.401 2.117 0.368 0.022 0.842
 RR 409.827 0.647 1.543 0.920 0.067 0.012 0.629
 Total 859.35 10.336 3.771 3.118 0.479 0.064 1.490

Station 3
 ELFE 1.106 5.546 0.471 0.059 0.048 0.019 0.018
 AR 83.738 26.000 0.475 0.023 0.020 0.017 ND
 OO 402.060 1.662 1.169 1.983 0.355 0.015 0.734
 RR 824.680 3.278 1.658 1.568 0.061 0.012 1.277
 Total 1311.600 36.486 3.773 3.633 0.484 0.063 2.029

Station 4
 ELFE 0.566 4.700 0.382 0.062 0.018 0.006 0.028
 AR 85.773 3.720 0.401 0.045 18.739 2.448 ND
 OO 274.310 1.326 0.878 1.261 0.284 0.004 0.413
 RR 921.831 1.751 1.678 0.499 0.053 0.078 0.634
 Total 1282.500 11.497 3.339 1.867 19.094 2.536 1.075

Station 5 
 ELFE 1.848 12.830 0.423 0.092 0.003 0.011 0.027
 AR 101.390 126.410 0.485 0.063 0.024 0.015 ND
 OO 316.250 11.190 0.916 0.858 0.245 0.004 0.420
 RR 2133.380 8.453 1.862 0.852 0.059 0.137 1.549
 Total 2552.900 158.89 3.686 1.865 0.331 0.167 1.996

Station 6 
 ELFE 0.734 4.366 0.459 0.037 0.016 0.006 0.031
 AR 89.039 2.091 0.451 0.014 0.022 0.420 ND
 OO 133.000 0.422 0.908 0.424 0.181 0.006 0.332
 RR 694.412 1.993 1.445 0.340 0.077 0.017 0.613
 Total 917.190 8.872 3.263 0.815 0.296 0.449 0.976

ND undetected

and sediments from these rocks were eroded, transported The heavy metal content in the paddy soils of
and deposited into the fluvial systems. In addition to the KETARA, Besut occurred with a very wide range of
provenance, some of the sampling stations were located concentrations (Table 2). The total heavy metal
at a swampy area, that further contributed to the high concentration   in   the   study   area   was   in  the
organic matter content. following decreasing order: Fe>Mn>Zn>Cu>Cr>Pb>Cd.
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The high amount of total Fe and Mn in the study area Most of the soil Fe was found to be in the
could be attributed to the occurrence of iron and unavailable form in the soil fractions following decreasing
manganese mottles in the paddy soils as described by order of RR>OO>RA, suggesting the accumulation of Fe
previous researchers [8, 9, 12]. In addition to the mottles, in the resistant form and in association with organic
the elevated levels of Mn in the AR and ELFE fractions matter (Fig. 1a). Low amount of ELFE Fe (<2 mg/kg) in the
were attributed to the fertilizers applied to the paddy soils. soils was observed, indicating the low bioavailability of
It is a known fact that impure phosphate fertilizers contain Fe in the paddy soils. 
high amounts of heavy metals such as Mn (40-200 mg/kg), The   higher   amount   of   Fe   and   its   affinity  to
Zn (50-1450 mg/kg), Pb (7-225 mg/kg), Cu (1-300 mg/kg), the  resistant  forms  might  be  attributed   to  the
Cd (0.1-170 mg/kg) and Ni (7-38 mg/kg) [1, 13]. presence of iron oxides and hydroxides in the soils.

Most of the heavy metals studied were concentrated Paramananthan [9] reported that the paddy soils of
in the resistant (RR) and oxidizable-organic (OO) fractions. Kemubu   Kelantan   differed   from   those   of  Kuala
On the other hand, heavy metal concentration in the Muda   because   of   the   occurrence   of   Mn  specks
easily leacheable and ion exchange (ELFE) and acid and soft iron concretions in the soils. The seasonal
reducible (AR) fractions were low. According to Chaney wetting  and  drying  cycles  due  to  flooding and
and Hornick [14] and Chaudri et al. [15], the clayey soils emergence  of  paddy  soils  resulted  in  precipitation  of
allow lower metal bioavailability than the sandy soils. In redox-sensitive  minerals,  especially  oxides  of  Fe  and
the current study, the findings suggest that the heavy Mn  [18].  The  aerobic  condition  upon  emergence  of
metal affinity to the unavailable forms was influenced by the  paddy  soils  resulted  in  the  formation  of  finely
the soil composition, pH and the amount of organic grained  hydrous  oxides  (Fe(OH) ),   which   in  time
carbon in the soils. The low bioavailable heavy metals in would  be   crystallized   into   more   stable   iron   oxide
the soils suggest that heavy metal pollution in the study and hydroxide minerals such as goethite -FeO(OH),
area was negligible. lepidocrocite -FeO(OH)  and  hematite -Fe O ).

Iron: Among the metals studied, the total Fe content was the Fe(OH)  would dissolve to ferrous iron due to
found to be the highest in all the soil samples tested anaerobic  conditions  [18].  In  such  conditions,  the
(859.35-2552.90 mg/kg). Its concentration in all the soil heavy  metals  that  adsorbed  and  co-precipitated  with
samples was higher than that of paddy soils in Kedah and the  Fe(OH)   would  be  released  into  the  environment
Perlis [16] and the guava plantation soil in Setiawan, Perak [19].  Similarly,  the  iron  constituent  in  the  study  area
[17]. The total Fe concentration in the alluvial soils of might be in the form of iron oxide and hydroxide mottles,
Kedah/Perlis and Setiawan, Perak was 254.91-379.28 mg/kg thus explaining the high Fe concentration in the RR
and 110.38-141.34 mg/kg respectively. fraction.

3

2 3

However,  upon  the  submergence  of  the  paddy  soils,
3

3

(a) (b)

Fig. 1: a) Fe percentage in the four soil fractions of the study area. b) Mn percentage in the four soil fractions of the
study area
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Among the sampling stations studied, soils in station average total Zn in paddy soils of West Malaysia [19],
1 and 5 showed significantly high levels of Fe. Both
stations were located at the moderate to well drained
areas, in which, due to the intense tropical weathering
processes, the formation of iron oxides and hydroxides
had  the  possibility  of  being   increased   significantly
[18, 20]. 

Manganese: The study found that the total Mn
concentration in the paddy soils of KETARA was slightly
higher than that of the paddy soils in Kedah [16] and in
the guava soil in the plantation in Setiawan, Perak [17].
The Mn concentration in the soils of the study area
ranged from 8.87-158.89 mg/kg compared to that of the
alluvial soils in Kedah (3.57-13.20 mg/kg) and Setiawan,
Perak (7.00-11.92 mg/kg). The Mn concentration at station
5 was the highest (158.89 mg/kg) and this amount was
comparable to that of the paddy soils of the Pearl River
Delta (186 mg/kg) as reported by Wong et al. [21]. The
high level of soil Mn in the study area could possibly be
attributed to the occurrence of Fe and Mn mottles as well
as to the fertilizers applied for paddy production. 

The close chemical similarity between iron and
manganese was reflected geologically in their common
associations  in  rocks  and  sediments  [13,  18,  22,  23].
As  discussed  previously,  Paramananthan  [9]  found
that the clayey paddy soils in Kemubu, Kelantan
contained  Mn  specks  and  soft  iron  concretions.
Manceau et al. [12]  discovered  that  both  Fe-enriched
and ferromanganiferous  mottles   in   clayey   paddy  soils
were enriched with both Fe and Mn. In the current study,
the close relationship between Fe and Mn was observed
in stations 5 and 1, in which both soils had high levels of
Fe and Mn. 

In addition to mottles, the high amount of soil Mn in
the study area was attributed to the application of various
types of pesticides and inorganic fertilizers (granular and
foliar fertilizers) for increasing plant growth and yields.
Some of the fertilizers used were NPK blue (12:12:17:2.9 +
trace elements) and fruitece. The presence of bioavailable
Mn in the soils was evident by the high Mn concentration
in the easily leacheable and ion exchangeable (ELFE) and
acid reducible (AR) fractions compared to that associated
with the oxidizable organic (OO) and resistant (RR)
fractions (Fig. 1b). However, the high level of bioavailable
Mn in the soils did not pose any problem as this metal is
a nutrient required for paddy growth. 

Zinc: Generally, paddy soils in the study area were low in
Zn (Fig. 2a). The total Zn concentration in the soil
samples was very low (3.34-3.88  mg/kg)  compared  to  the

Kedah [16] and the Pearl River Delta [21], in which the
concentrations were 40 ppm, 18.92-24.50 mg/kg and 50.40
ppm respectively. The speciation results showed that Zn
was distributed in the soil fractions following the
decreasing order of RR>OO>AR>ELFE. In the current
study, the soil Zn in the RR fraction was very low (1.44-
1.86 mg/kg) compared to that in the paddy soils of Kedah
(12.95-17.96 mg/kg), suggesting the naturally low amount
of Zn in fluviatile, alluvial deposits. Manceau et al. [12]
reported that in acidic to near-neutral, aluminium-rich
clayey paddy soils, Zn was predominantly bound to the
hydroxyl-Al interlayers in the fine soil matrix. Based on
the mineralogical study of the Kemubu Plain, the clay
fraction from the fluviatile alluvial deposits was composed
mainly of kaolinite, mica and small amounts of quartz,
gibbsite and goethite. Meanwhile, the silt fraction was
predominantly kaolinite, mica and quartz [9]. Similarly,
paddy soils from KETARA, Besut were slightly acidic and
comprised mainly of clay and silt. Such soils could
provide a good binder for Zn accumulation, thus
increasing the unavailable forms of Zn in the soils. 

The concentration of Zn in the ELFE fraction was
very low (<0.50 mg/kg), indicating the deficiency of Zn in
the study area. It was reported that the deficiency of Zn
in paddy soils of the Asian region was not uncommon
[18]. Zinc is one of the micronutrients required for paddy
growth and commonly included in fertilizers [1]. This
finding implied that despite the application of fertilizers
and pesticides, the concentration of Zn in the soil could
not be increased. The fertilizer–fruitece contains Zn but
only a few farmers applied this fertilizer.

Copper: In the present study, the concentration of total
Cu in the paddy soils was very low (0.815-3.63 mg/kg) and
comparable to that of paddy soils in Kedah and Perlis [16]
(Fig. 2b). However, the concentration was higher in the
rich organic soils. Among the stations studied, the
concentration of total Cu was highest in station 3,
followed by station 2 and 1. Station 3 (peat area) and
station 2 (submerged area) were rich in organic matter,
with organic carbon content of 9.86 and 1.95%
respectively. The speciation results revealed that more
than 50% of the total Cu was associated in the OO
fraction, suggesting the strong relationship between Cu
and organic matter. The findings were in agreement with
the general finding, that Cu formed very stable complexes
with organic matter [19]. Besides the OO fraction, Cu was
also found in the RR fraction. The concentration of the RR
Cu in the study area was very low (0.34-1.57 mg/kg)
compared  to  that  in  paddy   soils   of   Kedah   and
Perlis  (1.19-5.32 mg/kg) as reported by Khairiah et al. [16].
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(a) (b)

Fig. 2: (a) Percentage Zn in the four soil fractions of the study area. (b) Cu percentage in the four soil fractions of the
study area

(a) (b)

Fig. 3: (a) Cr percentage in the four soil fractions of the study area. (b) Pb percentage in the four soil fractions of the
study area

It is evident that Cu is naturally low in fluviatile, alluvial Cr distribution was erratic among sampling stations and
soils, however, its concentration was found to increase in was mostly concentrated in the RR and OO fractions,
the rich organic soils of the peaty and submerged areas. amounting to 40-80% and 20-60% of the total Cr

The low concentration of Cu in the ELFE and AR respectively (Fig. 3a). 
fractions suggests minor anthopogenic inputs in paddy The affinity of soil Cr to the RR and OO fractions
soils. The anthropogenic Cu in agricultural soils is could possibly be attributed to the soils acidity and the
commonly obtained from Cu present in the fertilizers, presence of high organic matter in these fractions of the
fungicides and livestock manure [19, 24]. It is evident that paddy soils. According to Adriano [19], the insolubility of
Cu toxicity in the paddy soils studied was negligible. Cr(III) increased as the solution pH was raised above 4

Chromium: Low Cr concentration was observed in the 5.5. Besides, organic matter in the soils would enhance the
paddy soils of KETARA, Besut. The concentration of reduction of Cr(VI) to Cr(III) and promote Cr-organic
total Cr was much lower (0.98-2.03 mg/kg) than that in the binding.  In  the  prsent study, the slightly acidic soils
paddy soils of Kedah and Perlis (10.29-24.79 mg/kg) [16]. (5.7-6.1) provided suitable conditions for Cr(III)

and complete precipitation of Cr(III) was achieved at pH
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precipitation, thus increasing the unavailability of Cr in
the paddy soils. Soils in the study area contained high
amounts of organic carbon and their strong association
with Cr (OO fraction) suggests that the high amount of
organic matter in the soils would increase the formation of
insoluble Cr(III). The concentration of the ELFE Cr was
very low (<0.03 mg/kg) amounting to less than 3.5% of the
total Cr in the soil whereas its presence in the AR fraction
was not detected. This finding suggests that fluviatile,
alluvial deposits are naturally low in Cr and paddy soils of
KETARA, Besut are not contaminated with Cr.

Lead: Except for station 4, the total Pb concentration in
the paddy soils of KETARA, Besut was very low (0.30-
9.48 mg/kg) compared to that of paddy soils in Kedah [18],
in which its concentration ranged from 9.40-19.59 mg/kg. Fig. 4: Cd percentage in the four soil fractions of the
Pb was predominantly associated with the OO fraction study area
and secondarily with the RR fraction, amounting to >60%
and >10% of the total Pb respectively (Fig. 3b). On the contributory factor. Further studies are necessary to
other hand, its concentration in the AR and ELFE illustrate the reason why Pb in the leveled areas formed
fractions was low, indicating the low level of bioavailable strong association in the acid reducible fraction, making
Pb in the soils. The result suggests that the concentration it available rather than unavailable. 
of Pb was naturally low in the fluviatile, alluvial deposits
and most of the metal occurred in the unavailable form. Cadmium: The total Cd concentration in the soils of the
This finding is in agreement with the general findings, that study area was 0.06-2.54 mg/kg and this value is
Pb is highly immobile in soils and has high affinity for soil comparable to that of paddy soils in Kedah [16] (Fig. 4).
organic matter [19, 24, 25]. According to Adriano [19], The speciation of Cd in soils varied among the stations
organic matter and clay were the dominant constituents studied. A high concentration of total Cd was observed
that contributed to Pb adsorption. Besides, Pb was also in station 4 and 6. In both the stations, the soil Cd was
scavenged by iron oxides present in soils [25]. The clayey dominant in the acid reducible (AR fraction), which
nature of the studied soils, their high organic carbon accounted for more than 90% of the total Cd. In the soil in
content and high Fe and Mn concentration might have station 5, Cd was dominant in the unavailable form (RR
possibly been responsible for the fixation of Pb into the fraction) whereas certain amounts of the bioavailable Cd
unavailable form. was observed in the soil of stations 1, 2 and 3. According

In station 4, the total Pb concentration was elevated to Adriano [19], the sorption capacity of soil increases
and stood at 19.09 mg/kg, which is comparable to that of approximately three times per unit increase of pH within
the paddy soils of Kedah [16]. More than 98% of the soil the pH range of 4-7.7 and the low Cd concentration in the
Pb in the above mentioned station was concentrated in soils was because it was adsorbed and coprecipitated
the acid reducible (AR) fraction. The cause of the elevated with the hydrous iron oxides. In the current study, the
Pb concentration in this station was inadequately slightly acidic nature of the soils and the presence of
investigated except that the area was leveled prior to hydrous iron oxides promoted the formation of the
paddy cultivation. Anthropogenic Pb usually, originates unavailable forms of Cd.
from industrial activities or automobile exhausts which The occurrence of bioavailable Cd in the study area
could partially be responsible for the elevated Pb levels in could be attributed to the application of fertilizers and
agricultural areas [26]. Located at rural areas and away pesticides in the paddy cultivation activities. Khairiah et
from industrial activities, the paddy soils in the study area al. [16] reported that the bioavailable Cd in paddy soils of
were unlikely to have received anthropogenic Pb. Kedah was attributed to the application of agrochemical
However, the elevated Pb levels could possibly be fertilizers and pesticides over several years. It has been
attributable to the sampling location, whereby soil reported that the insufficiently purified phosphate
samples were taken from a site near a busy road. The fertilizers were contaminated with Cd [1, 27, 28]. Similarly,
leveling activities and soil modification that took place in the application of impure fertilizers and pesticides in
station  4   prior   to   paddy  cultivation  could  also  be  a KETARA, Besut, could have been the cause of the
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increase in the concentration of Cd in the soils could 4. Kabata-Pendias,  A.    and    A.    Pendias,   1984.
increase. In the study, the Cd concentration in the ELFE
fraction was low, suggesting low toxicity of Cd in the
paddy soils studied.

CONCLUSION

Results on heavy metal speciation in the current
study could provide a valuable insight of heavy metal
distribution in paddy soils developed on fluviatile, alluvial
deposits. With the exception of Fe and Mn, the paddy
soils of KETARA, Besut were naturally low in heavy
metals (Zn, Cu, Cr, Pb, Cd). The distribution of heavy
metals in soils are influenced by soil composition, pH and
organic carbon content. Most of the heavy metals studied
were distributed mainly in the resistant (RR) and
oxidizable organic (OO) fractions, suggesting their
occurrence in the unavailable forms and their affinity to
the organic matter respectively. The high amounts of soil
Fe and Mn in the soils of the study area might be
attributed to the occurrence of Fe-Mn hydrous-oxide
mottles. Meanwhile, the higher levels of Mn in the ELFE
and AR fractions suggest that the continuous usage of
agrochemical materials for paddy cultivation activities,
rendered high bioavailable Mn in the soils. The elevated
levels of Pb and Cd in the soils could possibly be
attributed to anthropogenic sources. However, the low
concentration of heavy metals in the easily leacheable and
ion exchange (ELFE) fraction implied that paddy soils in
the study area were not contaminated with toxic heavy
metals.
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