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ABSTRACT

The purpose of this study was to investigate the levels of heavy metals in four different soils from

agricultural areas namely Cameron Highlands (Pahang), Sepang (Selangor), Bangi (Selangor) and FELDA Chini

(Pahang). The soil samples were subjected to a four-step sequential extraction procedure designed to establish

the speciation, mobility, availability and the origin of the heavy metals such as lead, cadmium, chromium,

cuprum, zinc, iron and manganese. The four fractions corresponding to the selected extractants were termed

easily leachable and ion exchange (ELFE), acid reduction (RA), organic oxidation (OO) and resistant (RR)

fractions.  Generally, most of the metals studied were significantly associated with the RR fraction, followed

by the organic oxidation and RA fractions indicating the lithogenic origin and strongly bound metals in the

soils. The least average partitioning patterns in ELFE in most sites indicated low heavy metal mobility and

availability to plants. Among the metals studied, the availability of Pb, Cd, Zn and Fe was highest in the

Sepang soils whereas that of Cr, Cu and Mn was highest in the Cameron Highlands soil. The anthropogenic

input of these metals in soils might be due to the application of fertilizers and pesticides in the vegetable

farming areas.
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Introduction

In recent years, concern over the adverse effects

of inorganic fertilizers, pesticides, animal manure,

mining activities [12] and atmospheric deposition

[15] to agricultural soils have prompted numerous

surveys.  The heavily contaminated soils may pose

long-term risks to ecosystems and human health [17]

via the increased uptake and accumulation of heavy

metals in plant tissues [6].

Heavy metals in the soil are bound to the

various phase components of the soil like Fe-Mn-

oxyhydrates, carbonates, clay minerals, sulphides and

organic or biological substances. Sequential extraction

has been adopted by researchers to study the mobility

and bioavailability of heavy metals in various

fractions of the soil. Such procedures provide

information on the speciation of heavy metals and

the origin, mode of occurrence, bioavailability,

mobilization and transport of heavy metals [16].

In Malaysian agricultural practice, pesticides and

fertilizers are widely used to control pests and

enhance the growth of crops for better yields. This

activity may be conducive to the accumulation of

heavy metals in agricultural soils and this needs to

be monitored regularly. Crop plants may adsorb

heavy metals from the growth medium and

consequently may be detrimental to human health.

The objective of this study was to establish the

speciation of lead (Pb), cadmium (Cd), chromium

(Cr), copper (Cu), zinc (Zn), iron (Fe) and

manganese (Mn) in selected agricultural soils in

Malaysia. Three vegetable farming areas in Sepang,

Bangi and Cameron Highlands together with an oil
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palm plantation namely FELDA Chini were selected

for this study. The soil samples from the UKM

Forest Reserve were also used as a reference.    

Materials and methods

The study was carried out in soils from five

areas in Malaysia: Sepang, Bangi, Cameron

Highlands, FELDA Chini, and UKM Forest Reserve.

Three soil samples (0-30 cm depth) from the five

areas were taken using an auger 7 cm in diameter.

The samples were air-dried in the laboratory, lightly

ground and sieved using a 250 ìm mesh [3]. A 10

g soil sample was weighed into a Kartell bottle, and

4 350 mL of 1.0 M NH CH OO (pH 7) was added to

extract metals from the ELFE fraction.  The samples

were shaken for 1½ hr, then centrifuged at 3000 rpm

for 30 min before being filtered through 0.45 ìm

millipore filter paper and then made up to 50 mL

with distilled water.  Samples were then washed with

50 mL distilled water, followed by further shaking

and centrifugation as described previously. Then 50

2mL NH OH.HCl (pH 2) was added to extract metals

from the acid reducible (RA) fraction using the

procedure described above. Metals in the organic

oxidation (OO) fraction were extracted by adding 15

2 2mL of H O  to the sample placed in a water bath for

4 31-1½ hr, followed by 50 mL NH CH OO (pH 3.5).

3 4Samples were then digested using HNO :HClO  at

25:10 ratio on a sand bath at 100 C as the RRo

extraction method. The digestion process was

repeated until the samples turned whitish.

Elemental analyses were performed by atomic

absorption spectrometry using the Perkin-Elmer

1100B. All analyses were replicated three times.

Organic carbon analyses and soil pH were carried out

using the Walkey and Black [20] method and

Duddridge and Wainright [7] methods respectively.

Results and discussion

The average percentage of organic matter, grain

size (<6.3 um) and pH of the soil from the study

sites were as follow; Sepang (pH 4.25,  26.8%

organic carbon and grain size 58.3%), Bangi (pH

6.83, 17.5% organic carbon and grain size 17.5%),

Cameron Highlands (pH 6.98,  1.89% organic carbon

and grain size 36.02%), FELDA Chini (pH 3.72,

7.88% organic carbon and grain size  3.30%), and

UKM Forest Reserve (pH  3.32, 8.55% organic

carbon and grain size 3.30%). The highest percentage

organic carbon was found in the soil from Sepang

followed by that from UKM Forest Reserve and

FELDA Chini. As for the grain size the soils from

Sepang and Cameron Highlands had higher

percentage compared to the other sites (Table 1).

FELDA Chini and UKM Forest Reserve soils were

both acidic. The data showed that areas with high

percentage organic matter have low pH values and

this was due to the decomposition of humus or litter

in the topsoil.  While grain size in Sepang, Cameron

Highlands and Bangi were reasonably high probably

due to humus for Sepang and sandy soil from Bangi

and Cameron Highlands.

The average content of heavy metals contents in

various fractions of the studied soils is presented in

Table 2. In general, most of the metals studied were

found to be highest in the resistant fraction, followed

by the organic oxidation, acid reduction and easily

leachable and ion exchange fractions. This study

implies that most metals detected in the soil from the

entire study areas came from parent rock materials

and combined strongly with various components in

the soil. Only a small concentration was in the

available form in the soil and these probably came

from various anthropogenic sources. Badri [3]

reported that metals in this fraction are not available

to plants and are strongly bound to secondary

minerals in the soil beside sulphur and phosphate.

Previous research carried out by Kaasalainen and

Yi-Halla [9] on agricultural soils near a metal smelter

in Finland showed unexpected results. They found

that metals like Cd, Cu, Ni, Zn and Pb were high in

the first two fractions. This finding explained that the

smelting activities had managed to increase metals in

the available form. But in the present study areas

heavy usage of various types of pesticides and

fertilizers did not seem to increase toxic metal

concentrations in the soil.  This could be due to the

fact that the amount of heavy metals in the pesticides

and fertilizers used could have been quite low and

that other activities too did not contribute to the

increase of heavy metal contents in the soil from the

study areas.  According to Qian et al. [17] when all

metals studied were detected in the RR fraction, it

could mean that these metals were to a great extent

derived from the geochemical background rather than

anthropogenic inputs. O ther researchers too

discovered that most metals were strongly bonded

with the silicate minerals in the resistant fraction and

not available to the plant [3].

Fe in Soil Fractions

Among the metals studied, Fe was the metal

found in the highest concentration at the five sites

studied (Fig. 1).  It is not surprising since Fe is the

fourth most abundant element in the earth’s crust.

Amongst the areas studied Fe was highest in UKM

F o r e s t  R e s e r v e  s o i l  i n  t h e  o r d e r  o f

RR>OO>RA>ELFE. The existence of Fe in high

concentrations associated with the RR fraction

indicated that most of the Fe detected was not

available to plants. The Bangi area was overlaid with

phyllite, slate and shale, which are rich in Fe. Thus

it explains the existence of Fe in high quantity in the
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sampling area. Turekian and Wedepohl [19] in their

study mentioned that areas consisting of sedimentary

rocks normally possess high amount of Fe

approximately 47,200 mg/kg in their shale.    

Fe also existed in high concentration at all the

study sites in the OO fraction especially in the soil

from Sepang, UKM Forest Reserve and FELDA

Chini. This implied that Fe has the tendency to form

a complex with organic materials in the soil, as these

areas contained quite a high percentage of organic

matter and low pH. According to Shamsuddin [18]

organic soil at pH 3 has a high amount Fe and this

metal exists in a strong complex form with organic

matter like humic and fulvic acids. But at high pH,

Fe would be released as the available form into the

soil thus increasing its availability to plants uptake.

Relatively high content of Fe in the EFLE fraction in

the Sepang soil could be due to the high tendency of

the Fe to combine with organic matter at low soil pH

thus increasing the available form of Fe in the soil.

The ELFE fraction in Sepang was also the highest

compared to the rest of the soils studied.  The result

suggests that Fe availability for plant uptake in

Sepang was relatively high compared to that in the

other sites. This availability of Fe was probably due

to the types of soil in Sepang which was peat soil.

The organic rich soils in Sepang have a great

potential to retain heavy metals as shown in this

study.

Mn in Soil Fractions

Among the sites studied, the agricultural soils of
Cameron Highlands showed the highest Mn
concentration in all sequential extraction fractions
(Fig. 2).  Mn in the RR fraction was found to be the
highest, with the order being RR>OO>RA>ELFE.
The types of parent material of this soil could have
been the source of the predominantly high amount of
Mn detected. Research carried out by Zulfahmi et al.
[21], on parent material in Cameron Highlands
showed that they constituted a mixture of batolith
granite, metasediment and other metamorphic rocks.
According to Turekian and Wedepohl [19] granite
and sedimentary rocks normally contain quite high
concentrations of Mn in the parent material for both
types of rock ranging from 390-850 mg/kg.  

Besides the Cameron Highlands soil, total Mn
concentration was also high in the Sepang (92.33
mg/kg) and Bangi (87.97 mg/kg) soils. In the Sepang
soil, more than 50% of total Mn was associated with
the OO fraction, indicating the light affinity of Mn
with the organic matter. In Bangi, Mn was found to
be associated with the RA fractions. This could occur
because the basic rock materials in Bangi was
sediment.  The high Mn values in the ELFE fraction
indicated the high availability of Mn for plant uptake
in the vegetable farming area. Nevertheless high
concentration of Mn in this fraction did not show in
the various types of vegetables obtained from the
studied area [8].

Table 1: Average of percentages of organic carbon, grain size and pH value of the soil 

% organic carbon Grain size pH

Sepang 26.85 58.26 4.52

Bangi 1.24 17.54 6.83

Cameron Highlands 1.89 36.02 6.98

Felda Tasik Chinin 7.88 3.30 3.72

UKM Bangi Forest Reserve 8.55 3.30 3.32

Table 2: Average of heavy metals concentration in selected agricultural soils in M alaysia (mg/kg)

EFLE Pb Cd Cr Cu Zn Fe M n

Sepang 2.33±2.95 0.70±0.03 0.22±0.08 0.36±0.25 1.16±0.41 1.24±0.88 9.96±3.72a a a a a a b

Bangi 0.22±0.03 0.05±0.03 0.11±0.02 0.75±0.63 1.14±0.57 0.44±0.08 5.40±5.38a ab a a a ab b

Cameron Highlands 0.12±0.20 0.02±0.03 1.35±1.06 5.26±4.59 0.70±0.26 0.62±0.41 47.59±41.15a bc b b ab ab a

Felda Tasik Chini 0.39±0.25 0.00±0.00 0.12±0.01 0.32±0.02 0.04±0.06 0.83±0.18 0.60±0.75a c a a b ab b

UKM Bangi Forest 0.47±0.16 0.00±0.00 0.08±0.07 0.24±0.01 0.71±0.65 0.31±0.20 0.62±0.41a c a a ab b b

Reserve 

Sepang 1.96±3.16 0.03±0.03 0.17±0.15 0.35±0.35 1.17±1.61 3.87±1.69 14.18±17.86a b ab b b b b

Bangi 0.39±0.06 0.10±0.03 0.14±0.01 0.34±0.14 7.65±5.81 8.50±3.89 38.93±12.20a a b b a b b

Cameron Highlands 0.13±0.23 0.02±0.03 0.60±0.50 7.10±6.18 3.66±0.69 4.53±5.63 124.20±79.65a b a a ab b a

Felda Tasik Chini 1.42±0.16 0.00±0.00 0.13±0.01 0.04±0.01 1.50±0.20 31.52±3.11 1.82±0.70a b b b b b b

UKM Bangi Forest 1.23±0.52 0.00±0.00 0.19±0.10 0.19±0.10 1.90± 0.48 159.30±116.91 1.53±0.71a b ab b b a b

Reserve 

Sepang 5.31±3.72 0.30±0.10 5.87±2.71 5.28±4.70 20.89±8.48 659.55±507.18 48.52±6.54a a a b bc a b

Bangi 4.61±2.01 0.21±0.01 3.23±1.43 2.64±1.83 16.13±0.89 41.26±12.61 28.05±2.57ab a ab b b b b

Cameron Highlands 0.63±1.09 0.08±0.07 2.90±0.88 31.58±20.69 26.12±5.15 12.94±13.43 126.37±74.63b b b a a b a

Felda Tasik Chini 2.46±1.17 0.02±0.01 1.06±0.60 0.19±0.20 1.97±0.05 252.17±270.05 3.98±2.40ab b b b c ab b

UKM Bangi Forest 2.45±0.74 0.02±0.02 0.63±0.49 0.32±0.09 2.08±0.39 503.08±66.87 3.83±2.51ab b b b c ab b

Reserve 

Sepang 10.75±4.96 0.53±0.21 5.92±0.42 7.85±9.68 13.63±17.21 611.98±438.14 15.31±18.51ab ab b b b b b

Bangi 13.98±4.09 0.73±0.17 5.51±1.18 0.70±0.18 7.31±2.69 3607.83±1937.13 19.95±7.38ab a bc b b a b

Cameron Highlands 6.61±11.44 0.39±0.36 9.38±3.22 33.45±20.65 47.88±13.11 273.90±113.93 349.02±266.34b ab a a a b a

Felda Tasik Chini 35.00±26.8 0.26±0.14 2.94±1.32 2.38±2.50 10.41±11.94 677.77±610.83 20.05±21.69a b bc b b b b

UKM Bangi Forest 9.97±6.64 0.12±0.08 2.49±1.20 0.82±0.47 3.05±0.21 1049.25±302.52 5.05±3.93ab b c b b b b

Reserve
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(A) (B)

Fig. 1: The total concentration of Fe (a) and Fe percentage in four fractions of the study areas (b)

(A) (B)

Fig. 2: The total concentration of Mn (a) and Mn percentage in the four fractions of the study areas (b)

Cu in Soil Fractions

The total Cu concentration in the Cameron

Highlands soil was the highest (77.39 mg/kg)

compared to that of the other areas studied (Fig. 3).

The high Cu content here came from the basic rock

material in the Cameron Highlands.  However the

level in Cameron Highlands was higher than the

average Cu concentration in granite sediment rocks

which is between 10-45 mg/kg [19]. Cu

concentration in other fractions in the Cameron

Highlands soil was also highest as compared to other

metals. This finding implies that Cu was originally

high in this area probably through the leaching

process of basic rock material in Cameron Highlands.

High amount of Cu in the EFLE fractions would

suggest that Cu was available in the soil to be taken

up by plants or leached out.

The main source of the Cu in the Cameron

Highlands soil was not only from the leaching

process but also from various human activities in

agriculture.  Heavy application of various types of

pesticides and fertilizer particularly animal waste

contributed to the increased availability of Cu in the

soil. Chaney and Oliver [5] stated that Cu and Zn

were added to the diet as growth promoters in the

pig and poultry industries. This caused increase of

these metals in certain animal waste especially
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chicken dung and most vegetable farms in Malaysia

use chicken waste as the main fertilizer. Mercy et al.

[14] added that Cu, along with Pb and As may also

be present in pesticide formulations, and significant

accumulation of these elements has been reported to

be present in orchard soils of Australia. But so far

the presences of these metals have been very

minimal and have not able to increased in content in

the studied soils.

Zn in the Soil Fractions

The agricultural soils from Cameron Highlands

showed the highest concentration of total Zn (78.39

mg/kg) (Fig. 4). The levels were higher than the

average of the total Zn content in granite [19] and

granitic soils [10]. The average Zn values in granite

and granitic soils are 39 mg/kg and 40 mg/kg

respectively. From this study, Zn was seen to be

highest in the RR and OO fractions. This indicated

that Zn was originally quite high in the basic rock

material and formed a complex form with the organic

materials. For the rest of the fractions the amount

was also quite high, similar to that found at Bangi

and Sepang soils (Table 2). This would mean that Zn

was in the available form in quite high amounts in

areas like Bangi, Sepang and Cameron Highlands.

This could probably be due to heavy vegetable

farming activities at these areas and high usage of

various types of pesticides and fertilizers. As

mentioned by many researcher these activities are

amongst the most potential contributors to heavy

metal content in the soil especially Cu, Zn, Cd, Pb

and As. In areas not undertaking vegetable farming

activities like the FELDA Chini and UKM Forest

Reserve, the Zn content was generally low in all

fractions besides having low concentrations in the

basic rock material. Relatively high concentrations of

Zn in the soil indicates the availability and high

uptake of Zn by the plant (Table 2).  

Pd in Soil Fractions

Among the soils studied, the Pb content in all

fractions from the entire study areas was almost the

same (Fig. 5). But the highest Pb content was found

in FELDA Chini soil in the RR fraction and the

lowest Pb concentration was in the Cameron

Highlands soil (Table 2). The reason behind the

highest and lowest Pb concentrations probably

depended mainly on the basic existing rock material

in those particular areas. According to Alloway [2],

sedimentary rock areas, shale and mudstone have an

average Pb content of 23 mg/kg. This figure is

almost the same amount as that detected in the

FELDA Chini soil as this area consists of basic

sedimentary rocks. According to Turekian and

Wedepohl [19], the average Pb content in shale is 20

mg/kg, the average in FELDA Chini was only

slightly higher than the value recorded.

The highest amounts of Pb detected in the OO

fraction from Sepang meant that Pb had a high

tendency to be present in soils with high organic

content. Nevertheless in general the amount detected

was almost the same in all studied areas in both the

EFLE and AR fractions (Table 2). 

Cr in Soil Fractions

Cr content in the soil from all the studied areas

was relatively low except in the RR and OO

fractions. The highest mount of Cr only detected in

the Cameron Highlands soil in the RR, AR and of

EFLE fractions. In the OO fraction, the Sepang and

Bangi soils had quite high Cr content (Table 2). In

all cases, most of the Cr in the soils studied were

extracted from the RR fraction indicating the strongly

bound metal to the crystal lattice mineral and not

available to plants (Fig. 6). As for the highest Cr

content, soils of Cameron Highlands showed the

highest total Cr concentration (14.23 mg/kg),

followed by those from Sepang (12.18 mg/kg) and

Bangi (8.99 mg/kg).  The concentration of Cr was

within the range of total Cr concentration in granite

[2].  

The high amount of Cr detected in mostly the

Cameron Highlands soil indicated that there is some

relation with regard to the presence of Cr and Mn in

the basic rock materials. Bartlett [4] and Kim and

Dixon [11] reported that manganese oxides have high

cation exchange capacities and act as strong

scavengers for heavy metals such as Cr. This

phenomenon could be the reason for the existence of

high Cr content in the Cameron Highlands soil. As

for the overall very low chromium content of the

entire fractions studied, a possible explanation is that

chromium in all soils studied was very low in nature.

Abollino et al. [1] reported that Cr will be available

in high amounts in the soil if its concentration in the

parent rock was high. Alloway [2] and McGrath and

Smith [13] added that Cr was found abundant in the

soils derived from ultramorfic rocks.

Cd in Soil Fractions

In general Cd content in soils from all areas was

very low. The concentration of total Cd in the study

areas ranged from 0.14-1.56 mg/kg (Fig. 7). Very

low amount found in the RR fractions of all soils in

the studied areas would mean that the soil from the

studied areas contained very low amounts of Cd in

their basic rock materials.  From this study also it

was found that various agricultural activities carried

out in the areas were not able to increase the Cd

content in the soils.
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(A) (B)

Fig. 3: The total concentration of Cu (A) and Cu percentage in the four fractions of the study areas (B)

(A) (B)

Fig. 4: The total concentration of Zn (A) and Zn percentage in the four fractions of the study areas (B)

(A) (B)

Fig. 5: The total concentration of Pb (A) and Pb percentage in the four fractions of the study areas (B)
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(A) (B)

Fig. 6: The total concentration of Cr (a) and Cr percentage in the four fractions of the study areas (b)

(A) (B)

Fig. 7: The total concentration of Cd (a) and Cd percentage in the four fractions of the study areas (b)

Conclusions

It could be said that most of the metals in the

studied soils were extracted from the resistant

fraction which means that these metals are strongly

bonded to the various components in the soils. Only

relatively small amounts of the heavy metals are

available to plant eg. Mn, Fe and Zn. The Cameron

Highlands soil had the highest content of heavy

metals in the resistant fraction and this included Mn,

Zn, Cu and Cr. The Bangi soil possessed Cd and Fe

in the highest concentrations and Pb was highest in

the FELDA Chini soil. Few factors like percentage

organic content and soil pH did influence the

availability of metals in the soil. In conclusion, it

was found that various farming activities and heavy

usage of pesticides and fertilizers did not increase the

content of toxic metals in the studied soils.     

References

1. Abollino, O., M. Aceto, M. Malandrino, E.

Mentasti, C. Sarzanini and F. Petrella, 2002.

Heavy metals in agricultural soils from

Piedmont, Italy. Distribution, speciation and

chemometric data treatment. Chemosphere, 49:

545-557.

2. Alloway, B.J., 1995. Heavy Metals in Soils. 2nd

Edn., Blackie Academic & Professional, London.

3. Badri, M.A., 1984. Identification of heavy metal

toxicology levels in soil waste by chemical

speciation. Conservation Recycling, 7(2): 25-270.

4. Bartlett, R.J., 1991. Oxidation reduction status of

aerobic soils. In: Chemistry in the Soil

Environment. W iley and Sons, New York, pp:

90-94.



336Adv. Environ. Biol., 3(3): 329-336, 2009

5. Chaney, R.L. and D.P. Oliver, 1996. Sources,

potential adverse effects and remediation of

agricultural soil contaminants.  In: Contaminants

of the soil I.C Environment in the Australia-

Pacific Regions. Naidu, R. (ed.). Kluwer

Academic Publishers, Dordrecht, pp: 323-359.

6. Cobb, G.P., K. Sands, M. Waters, B.G. Wixon

and E. Dorward-King, 2000.  Accumulation of

heavy metals by vegetables grown in mine

wastes.  Environmental Toxicology Chemistry,

19: 600-607.

7. Duddridge, J.E. and M. Wainright, 1981. Heavy

metal in river sediments-calculation of metal

adsorption maxima using Langmuir and

Freundlich isotherms.  Environmental Pollution,

2: 387-397.

8. Ismail, B.S., K. Farihah and J. Khairiah, 2005.

Bioaccumulation of heavy metals in vegetables

from selected agricultural areas. Bulletin of

Environmental, Contamination and Toxicology,

74: 320-327.

9. Kaasalainen, M. and M. Yli-Halla, 2003. Use of

sequential extraction to assess metal portioning

in soils.  Environmental Pollution, 126: 225-233.

10. Kiekens, I., 1995. Zinc. In: Heavy Metals in

Soils. Alloway, B.J. (ed.). 2nd Edn., Blackie

Academic & Professional, London, pp: 248-305.

11. Kim, J.G. and J.B. Dixon, 2002. Oxidation and

fate of chromium in soils. Soil Science and Plant

Nutrition, 48: 483-490.

12. Lee, C.G., H.T. Chon and M.C. Jung, 2001.

Heavy metal contamination in the vicinity of the

Daduk Au-Ag-Pb-Zn mine in Korea. Applied

Geochemistry, 16: 1377-1386.

13. McGrath, S.P. and S. Smith, 1995. Chromium

and nickel. In: Heavy Metals in Soils. Alloway,

B.J. (ed.). 2nd Edn., Blackie Academic &

Professional, London, pp: 125-146.

14. Mercy, R.H., K.G. Tiller and A.M. Alston, 1983.

Accumulation of copper, lead and arsenic in

some Australian orchard soils.  Australian

Journal of Soil Research, 21: 549-561.

15. Moolenaar, S.W. and T.M. Lexmond, 1998.

Heavy metal balances of agro-ecosystems in the

Netherlands. Netherlands Journal of Agricultural

Science, 46: 171-192.

16. Pérez-Cid, B., I. Lavilla and C. Bendicho, 1999.

Application of microwave extraction for

partitioning of heavy metals in sewage sludge.

Analytical Chemistry Acta, 378: 201-210.

17. Qian, J., Z.J. Wang, X.Q. Shan, Q. Tu, B. Wen

and B. Chen, 1996. Evaluation of plant

availability of soil trace metals by chemical

fractionation and multiple regression analysis.

Environmental Pollution, 91: 309-315.

18. Shamsuddin, J., 1990. Sifat dan Pengurusan

Tanah di Malaysia. Dewan Bahasa dan Pustaka,

Kuala Lumpur. (In Malay).

19. Turekian, K.K. and K.H. Wedepohl, 1961.

Distribution of the elements in some major units

of the earth’s crust. Bulletin  Geological  Society

America, 72: 175-192.

20. Walkey, A. and I.A. Black, 1934. An

examination of the different methods of

determining soil organic matter and a proposal

modification of the chromic acid titration

method. Soil Science, 37: 29-38.

21. Zulfahmi, A.R., Y. Jasni and A.R. Sahibin,

2006. Final Report for UKM ST/6/2001. Fail

Slope in  C ameron H ighlands, Pahang:

Geomorphological Mapping and Potential of

Mass Movement Zonation. Bangi, Universiti

Kebangsaan Malaysia.


