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Abstract: A study was conducted in 2 agricultural areas (Sepang and Bangi) to determine bicavailability of chromium in soil and
the potential uptake of chromium in selected vegetables. A total of 6 vegetables namely Brassica nigra, Ipomea aquatica,
Capsicurm annum, Vigna sinensis, Manihot esculenta and Ipormea batatas were selected Tor chromium analyses in leaves, fruits
and roots. Chromium content in vegetables of fruity and root type was higher compared with the leafy vegetables.

Concentration of chromium in soil was low at both study areas.
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Introduction

Heavy metals occur naturally in rocks, soils and water but their
anthropogsnic components have increased since the Industrial
Rewvolution. This has caused serious problems concerning food
chain and consequently, the health of organisms, including human
being (Otero et af., 2000a). Heavy metals content in a soil depends
on the nature of its parent material. As soil matures, leaching and
nutrient cycling through plants will cause some elements to be
concentrated in specific soil horizons while others will lost
progressively in drainage water (Wild, 1988).

Chromium is one of the heavy metals that have nutritional
importance (Kabata-Pendias and Pendias, 2001). Due to industrial
activities, large quantitiss of Cr compounds are discharged in
liquid, solid and gaseous wastes into environment and ultimately
have significant adverse biological and ecological effects (Kotas
and Stasicka, 2000). The main source of Cr in natural soils is
weathering of their parent materials. The average amount of this
element in worldwide soil surface is 54 ppm according to Kabata-
Pendias and Pendias, 2001).

The two common oxidation states of Cr present in the
environment, arg Cr* and Cr* . The first one is considered to be
the trace element essential for proper functioning of living
organisms. While Cr'+ was reported to exert toxic effects on
biological systems and is known as the most mobile Cr form in soil
and water systems, whersas Cr** is generally not transported
ovar great distances becauss of its low solubility and tendency to
be adsorbed in the pH range typical Tor natural soils and waters.
Hexavalent anionic form is more available for living organisms than
is Cr*+, and plays a main role in removing this metal from water
and soil systems (Kotas and Stasicka, 2000).

Plants grown in heavy metal contaminated soil oftan show maetal
accumulation, particularly in root tissus and the rate of Cr uptake
is dependent on several soil and plant factors {Kabata-Pendias and
Pendias, 2001). The mechanism involved in the uptake and
translocation of chromium in plants is not understood, because of
uncertainty about the ionic species present in different systems.
There is, however, evidence that Cr* is reduced to CrP* bstwean
the root surface and shoots and that irrespective of the Torm in
which it is supplied most of the chromium is retained in roots
(Wild, 1988).

Vegetative roots absorb nutrient elements from soil that are then
retumed to surface through leaf fall. The uptake of heavy metals
by vegetable depends on the mobility and availability of metals in
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the soil. Factors that affect the mobility of heavy metals including:
1) chemical parameters such as pH, Eh (redox potential), organic
mattsar content, salinity, concentrations of competing ions, ionic
or anionic complexes, moisture, 2) physical parameters such as
texture (size distribution) plus structure and penetratability,
presence of one or an assemblage of clay minerals, their surface
areas and cation exchange capacities, presence of oxyhydroxides
of Fe, Mn and Al and carbonate minerals, climate (temperature)
and 3) biological parametars such as microbial activity, vegetative
root extension and penstration, and burrowing organisms (Siegel,
1998). The purpose of this study was to determine the
bicavailability of Cr in the soil and the potential uptake of Cr by
vegetables.

Materials and Methods

Six types of vegetables comprising leaves, fruits and roots have
been studied from Sepang and Bangi, Selangor. Both soil areas
were sandy and peat soil respectively. Vegetables studied were
Brassica nigra and {pomea aquatica for leaves, chili {Capsicum
annum) and long bean (Vigna sinensis) for fruits, tapioca { Manihot
esculenta) and ubi keledek (Jpomea batatas) for roots. Sampling
was done randomly at three different times of sampling.

After harvesting vegetables were brought to the laboratory and
washed with pipe water to remowve the soil followed by three
timas with distilled water. Samplss wars cut into small pieces with
plastic knife befors owen drying at 70°C until the weight becams
stable. Samples then werse ground with mortar and weighed
followed by wet digestion in the conical flask with HNO,. HCIO,,
{2:1) for 2-3 hrs on sand bath (AOAC, 1984). Ten ml of HCI was
added to solute inorganic and oxides salt. Digested samplas were
filtered with 0.45 pm pore size Milipors filter papsr mads up to
100 ml with distilled water. Heavy mestals concentrations wers
determined by atomic absorption spectrometry {AAS) by Perkin
Elmer model 1100B.

Soils were collected at 0-30 cm depth randomly from sampling
areas and air dried at room temperature in the laboratory. After
that the soils wsre ground with mortar and sieved fo pass
through 250 pm. Hsawy metals from sasily lsachable and ion
exchange were extracted using 1.0M NH,CH,OO (pH 7). Ten
grams of soil samples were added with 50 ml solute (Badri, 1984).
Samples then were stirred for 1 %= hrs and centrifuged for ¥z hrs
at 3000 rpm before filtered through 0.45pm pore size filter paper
and brought to 50 ml volume with distilled water. Adding 50 ml
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distilled water and followed by shaking and centrifugsd in the
same way washed samples. Concentration of metal in soil samples
was determined by atomic AAS {Perkin Elmer model 1100B). All
analyses were conducted in three replications. Carbon organic
analysis was determined.

Results and Discussion

Concentration of Cr in vegetables is shown in Fig. 1. The Cr
content in fruity vegetables (Vigna sinesis and Capsicum annum)
and root type vegetables (/pomea batatas and Manihot esculenta)
ware highar whan compared to the leafy vegstables. Chromium
content in both leafy wvegetables (Brassica nigra and ipomea
aquatica) were very low and not detectable at two agricultural
areas. This somewhat differs from the findings of Kumar et al.
(19956), who discovered that Brassica sp. for example the Indian
mustard have an unusual ability to take up heavy metals such as
Pb, Cr, Cd, Ni, Zn and Cu from roots substance and concentrate
these meatals in their tissuss. Kabata-Pendias and Pendias (2001)
observed that higher Cr content was detected in roots than in
leaves and shoots and the lowest can be seen in grain.

Zayed et al. (1998) indicated that all plant tissues tested (root or
shoot) of several vegetables crop only showed the accumulation
of Cr*~ . These results suggssted that plant tissue are able to
convert the potentially toxic Cr ,~2 {Cr**) into non-toxic Cr+
species. This conversion occurred in root tissue and Cr* was
detected to bind to cell walls of roots and thus limit the
translocation of Cr+ to shoot.

lity of chromium in vegetables
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Fig. 1: Awserage chromium contant in selected vegetables

Qur findings also showed that the level of chromium dstected in
other fruity and root type vegetables was lower in Sepang as
compared to Bangi. However the difference was nonsignificant.
This is not surprising as soil in Sepang was found to be more
acidic with higher percentage of particle size and organic carbon
{Table 1). The content of Crin various parts of vegetables studied
wers betwesn 0.02 to 0.14 ppm and this seemed to agree with
the findings of Kabata-Pendias and Pendias (2001), that Cr content
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Fig. 2: a) Average chromium levsls in soil {acid reduction). b} Average chromium levels in soil (easily and freely leachable fraction)

¢) Average chromium levels in soil (organic oxidation)

d) Average chromium levels in soil (resistant fraction)
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Table 1 : Physical properties of soil samples
Area Sail pH % particle size % arganic_carbon
Bangi 6.88 1.6 1.16
6.77 10.0 1.00
6.67 - 1.40
6.85 13.65 1.29
6.77 22.38 1.27
Mean values 6.78 14.38 1.22
Sepang 3.66 28.33 35.90
4.29 20.74 29.35
4.40 49.67 27.39
4.56 h4.97 27.05
Mean values 4.23 38.42 29.92
Serdang 417 31.28 1.30
Mean values 4.17 31.28 1.30

in plant material were usually in the order of 0.02 to 0.20 ppm
(Kabata-Pendias and Pendias, 2001}. In most studies it has been
found that the levels of chromium in plants are less than 1 to 2
Hg/g dry matter even when growth is reduced to toxicity, but
cartain speciss which have becoms adapted to soils devsloped on
ultra basic rocks accumulate and are tolerant to both chromium
and nickel (Wild, 1988).

According to Kabata-Pendias and Pendias (2001) most soils contain
significant amount of Cr, but its availability to plants is highly
limited. The addition of Cr to soil affects Cr content of plants, and
the rate of Cr uptake by plants is dependent on several soil
factors. The bicavailability and toxicity of heavy metals depend on
the forms in which these slements are Tound associated with
different components of soils and sediments {Otero et al., 2000h).

The Cr content in the soil was slightly higher in resistant and
organic oxidation followed by easily lsachabls and ion sxchange
and acid resistant fractions (Fig. 2a-d). Owerall the concentration
of Crin the soil from studied area was low. The easily leachable
and ion exchange fraction represents metals that exist in loosely
held bond or absorbed on exchangeable surfaces of clay minerals
and organic matter and thus available to be absorbed by plants
(Badri, 1984). In the easily leachable and ion exchangeable
fraction {(EFLE) of soil taken from each vegetable sampling areas,
higher concentration of chromium (0.2-0.27 ppm) was detected
in Sepang (Fig. 2b). When compared to soil in Bangi and Serdang,
all chromium concentration in EFLE in Sspang was found to be
significantly higher (p< 0.05) except for soil around sampling area
Tor Ipomea batatas.

In the acid reducible fraction (AS) {Fig. 2a) significantly {p< 0.05)
higher concentration of chromium was detected only in soil
around Vigna sinesis sampling arsa. However soil around the leafy
vegetables and Capsicurm annum were found to be lower in Bangi
area with significant difference {p< 0.05) for the soil around
Capsicum annum. The soil around roct vegetables were found to
be equivalent in amount in both agricultural areas.

Chromium concentration in organic compound fraction (00) were
higher in Sepang soil sample Tor all vegstablas. All soil samplas in
both Sepang and Bangi showed significant difference (p< 0.05) in
terms of chromium concentration with the excsption of soil
samples taken from Brassica nigra sampling area (Fig. 2c). In the
last soil fraction namely the resistant fraction {RR), the chromium
concentration in Sepang soil were higher in all vegetable sampling
areas except soil for Capsicum annum and Manifiot esculenta.

However significant difference (p< 0.05) was only found between
soil samples of leafy vegetables in Bangi and Sepang.

The concentration of Cr found in all fractions from this study was
very low compare to cther places. The average amount of this
elsmsant in various kinds of soils ranges from 0.02 to 58 pmol/g
(Coleman, 1988; Richard and Bourg, 1991). They also discoverad
that the increase in local Cr concentration in soils originates from
Tallout and washout of atmospheric Cr-containing particles as well
as from chrome-bearing sludge and refuse from industrial activity.
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Siegel (1998) reported that the elements Cr in the soil is tightly
bound in the residual phase and nor easily mohilized whereas other
slements like Cd has more distribution in easily soluble and
axchangeable phase the other elements considered.

Previous study by He and Singh {1993) indicated that Cr
concentration increased with increasing values of soil cation
exchange but decreased with increasing soil pH. In this study the
correlation was found only between Cr in the Manihot esculentus
(r= 0.96) { 0.01) and metals extracted from easily leachable and
ion exchange fraction and between Cr{r= 0.95) {p= 0.01) and soil
pH from Bangi. Rssearch done by He and Singh (1993) showed
a significant correlation between Cr {r= 0.35) (p= 0.05) in the
sasily leachable and ion exchangs fraction and in ths soil studied.
Chromium content in vegetablas and soils studied were generally
highsr than other studies stated in the literature for similar
ressarch. Thess results suggsstsed that the degree of Cr pollution
in the study areas was quite low compare to cther places and thus
indicating that the bioavailability of Cr to vegetables was also
minimum.

In conclusion the Cr content was found higher in fruit and roots
than leaf vegetables. The level of Cr was generally lower in the
vegetables studied and still below the Malaysian Food Act 1984
{MOHM., 1999). The Cr content in the soil also was generally loww
compared to other types of soil and bioavailability of Cr in this
study was found not related to the Cr content in soil.

Acknowledgment

The authors are very thankful to University Kebangsaan Malaysia
for providing ressarch funding 51/8/2001 to conduct this
research.,

References

AOAC., 1984. Official method of analysis 14" Ed. Sidney Williams.
Assaciation of Official Chemists, Inc. Virginia, USA.

Badri, M.A., 1984. A study of comparative behaviour of selected heavy
metals in polluted and unpolluted estuarine and coastal sediments.
Ph.D. Desertation. University of Lancaster

Coleman, R.N., 1988. Chromium toxicity: effects on microorganisms with
special reference to the soil matrix. In. J.0., Nieboer, E. (Eds.).
chromium in natural and human environments. Wiley Interscience,
New York.

He, Q.B. and B.R. Singh, 1993. Extractable heavy metals in newly
cultivated and long-term cultivated soils. Norwegian J. Agric. Sci.,
7: 139-146.

Kabata-Perdias, A. and H. Pendias, 2001. Trace elements in soil and
plants. Third edition. Boca Raton: CRC Press.

Kotas, J. and Z. Stasicka, 2000. Chromium occurrence in the
environment and methods of its speciation. Commentary. Env.
Pollut., 107: 263-283.

Kumar, P., V. Dushenkov, H. Matto and |. Raskin, 1995. Phytoextraction:
the use of plants to remove heavy metals from saoils. Env. Sci.
Technol., 29: 1232-1238.

MOHM., 1999. Malaysian dietary guidelines. Mational Coordinating
Committee on Food and Nutrition, Kuala Lumpur.

Richard, F.C. and A.C.M. Bourg, 1991. Aqueous geochemistry of
chromium: a review. Water Res., 25: 807-816.

Siegel, F.R., 1998. Geachemistry, metal toxins and development
planning. In Ervironmental Taxicology. Current Developments. Rose,
J. (Eds). Gordon and Breach Science Publishers. Amsterdam.

Otero, X.L., J.N. Sanchez and F. Macias, 2000a. Bioaccumulation of
heavy metals in thionic fluvisols by amrine polychaete: the role of
metals sulfides. J. Erv. Qual.,, 29: 1133-1141.

Otero, X.L., M.A. Huerta-Diaz and F. Macias, 2000b. Heavy metal
geochemistry of saltmarsh soils from the R'ia of Ortigueira {mafic and
ultramafic areas, NW Iberian Peninsula). Env. Pollut., 10: 285-296.

Wild, A., 1988. Russell's sail conditions and plants growth. Great
Britain: Longman Group.

Zayed, A., C.M. Lytle, J-H. Qian and N. Terry, 1998. Chromium
accumulation, trarslocation and chemical speciation in vegetables
crops. Planta., 206: 239.



	471-473_Page_1
	471-473_Page_2
	471-473_Page_3
	PJBS.pdf
	Page 1


