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ABSTRACT

To study the amount of heavy metals at Shahr-e-Kord industrial town, the experiment was
conducted in 2010. The region of investigation located 10 Km from Shahr-e-Kord (latitude 32 °44 /N,
2100 m asl), located at about 100 km of Isfahan and 500 km of the capital town of Iran. The existing of
different manufactories such as carton, paper, production of sugar, providing textile, making ceramic
tile, sanitary facilities, dyeing industry, dairy products, metal industry and cladding of metals causing
the increase in spreading the heavy metals like Ni, Pb, Cr and Cd in this region. Although in most
cases plants which grow in agricultural soils including heavy metals, they keep more metals in their
tissues. However, the main objective of implementing and investigating this research was to clarify the
amount of absorption of heavy metals such as Ni, Pb, Cr and Cd in agronomy crops inclusive: Wheat
(Triticum aestivum from Gramineae family), Turnip (Brassica napus L. from Cruciferae family) and
range plants inclusive: Tragacanth (Astragalus sp from Leguminosae family), Sojak (Scariola orientalis
from Compositae family) surroundings of Shahr-e-Kord industrial industrial-town. Therefore after the
accomplishment of the required studies, sample stations have been accidentally chosen at the distance
of 100, 300, 600, 1000, 2000, 3000 and 5000 meters from the North, South, East and West of research
area. Sampling of aerial, land construction and soils existed in this region has been done. Five samples
have been taken at each station and then the average of these samples was evaluated at laboratory.
Analyzing the soils from sample stations indicated that the maximum concentration existed among
metals regularly related to Ni (1926 ppb), Cd (504 ppb), Pb (122 ppb) & Cr (78 ppb). Nevertheless at
most cases the maximum concentration existed among heavy metals regularly associated with Ni, Pb,
Crand Cd in shoots of plants. Range plants accumulated more heavy metals than agricultural crops in
their organs. The maximum concentration of heavy metals was regularly observed in the North, West,
East and South respectively. In the most cases the amount of heavy metals concentration was more
than it would be the root part of plants in which range plants (Tragacanth, Sojak) have higher
concentration than agronomy crops (Wheat, Turnip). Among different plants accumulated concentration
of metals were observed in Tragacanth, Sojak, Wheat, and Turnip respectively.

Key words: Agronomy and Range Plants, Heavy metals, Pollution,
Shahr-e-Kord industrial town, Soils.

INTRODUCTION

Vol. 7(1), 75-86 (2010)

Due to different industrial activities and
releasing of the large amount of pollutants
particularly heavy metals (specially Ni, Pb, Cr, Cd),
across environment by absorption and accumulation
of them in soils and plants, since poisonous and
danger of heavy metals and the percentage of
absorption and accumulation of them in soils
resulted in aerial and underground plant organs,

generally in food product of region and eventually
the entry of them into food chain and the effect of
them through the air and food of social health, it is
necessary to investigate and recognize the
widespread of them and plenty of elements such
as Ni, Pb, Cr and Cd in soils and plants. Manage
optimized performance which results in prevention
of the entry of them into environment and food chain
and suggestion of implanting the suitable vegetation.
Nowadays, environmental studies specially in the
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case of examining environmental pollutants, food
chain and social healthy have significant role and
the shortage of this research well felt. It is essential
that content of absorption and accumulation of
heavy metals existed on the almost industry output
and crust specified to ensure society, soil, water
healthy, specially the region resident feeding it as
well. Consequently, the possibility of contamination
in the future must be analyze and assessed. It is
necessary that the reason for choosing the metals
such as Ni, Pb, Cr and Cd in recent research is to
consider the presents of this elements on the most
industrial output and also the existing plenty of them
in the crust. By the way these metals follow by special
standard and absorption of them is due to atomic
absorption machinery well down with less error. The
plants chosen in this research are suitable indicators
for recognizing soil and environment pollutions,
basically existed in human and domestic foods that
can directly or indirectly have effective role of human
health. Cd can affect kidney, liver, bone and feminine
reproduction system which is in the shape of different
composition at minds battery and coloration products.
Cr can cause different kinds of cancer and changes
the erupting processes such as the altering in the
growth of root, stems and leaves affecting the
production of vegetarian dry material. In legumes,
triple leaflet can be more effective than the others.
Cr led to changing photosynthetic, absorption, water
consumption, and nutrition in plants. More over in
garden grass, rice, tomato, sunflower, popcorns,
broad bean and sorghum, the accumulation of Cr in
the roots is more than that in the air organs (Shanker
et al., 2005 (.Lead is deposited in the atmosphere
as a result of production of mines, battery industry,
fossil fuels, coloration and glass industries which
spread out plant species and eventually it would be
entered to human body through different ways. The
most important effect of Lead in human body is
disorder in nerve system, decrease in nervous
communication and behavior problems. Ni is
predominantly produced from the consumption fossil
fuels released of mines, refineries, factories and
different industries. Ni such as the other heavy metals
causes to disturbance in plant feeding, water need,
photosynthesis & photo morphogenesis. (Seregin
and Kozhevnikova, 2006). In spite of more toxicity of
lead than cadmium connected regulation, the
maximum permitted concentration of lead
determined more than the maximum concentration

of cadmium in soil. The reason for this refers to
different behavior of these elements in soil and plant.
In the same concentration of lead and cadmium in
soil, the concentration of cadmium in plant will be
much more than the concentration of lead because
absorption of cadmium through plant to be performed
more than absorption of lead. Average amount of
this for surface soils is more than those which are in
sub soils. Cadmium in plants exists as chelates or
compound by dioxide manganese acid with two
capacities. The maximum amounts of lead take from
soil centralize in root and little of quantities of it reach
the upper plants parts. During time, ordinarily
concentration fixed, but as a result of long-term usage
of chemical agricultural materials and human
activities, cadmium and lead increase specially in
urban regions (Hung et al., 2007). In Iran, the value
of heavy metals concentration in plants which is
harmful for human health for lead and cadmium is
less than 5 and 0.1 ppb respectively and in case of
chromium and nickel, data is not available. The
maximum average amount of nickel in surface soils
is related to China (92 ppm), the highest average
concentration of this, in Legume and Gramineae
plants, linked to perennials legumes (7.2 ppm), the
highest amount of it at plant nutritive parts come up
in wheat crust (3.6 ppm), the maximum of it, in
American and European countries soil is registered
3200 ppm in British industry areas (Gobran et al.,
1999). A few amount of cadmium depending upon
kind of plant don’t disturb in growth. Conversely, at
high amount (up to 500 p mol), has negative effect
on plants growth and sprouting depending to variety,
plant organ, essential elements required plant, time
planting and poisonous emergence time of cadmium
(Goncalves et al., 2009).

The maximum degree of cadmium all
across the world had been in industrial soil regions
in Belgium (1781 ppm). Among measured elements,
chromium has special situation in soils. In this
manner, this element is very active and mobile and
usually its quantity is changeable between 5 ppm
up to several percentages in soil. Toxicity sign
appeared in those plants that have usually had more
than 1 ppm Chromium in plant leaf (Pendias and
Pendias, 2000). The amount of chromium is too
much in these plants root. Because the
movement of chromium from root to air organs
is negligible, one percent chromium nearly
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absorbed by plant root transported to air organs
(Gobran et al. 1999). The highest average of this
metal at surface soil in Bulgaria (221 ppm), at
food plants, it had been related to upper legumes
organ. The maximum amount of polluted soils in
the world by lead related to Greece (18500 ppm
(- The maximum amount of that at nutritive plant
sections, in potato (3 ppm), amount Gramineae
grains in wheat and oats (0.64 ppm), the highest
world average in this metal at Gramineae and
Leguminosae surfaces is in legumes (8 ppm),
and the maximum amount of this metal at plant
organ, existed polluted regions has been
reported at upper organs of Gramineae in
Canada. Lead is poisonous around 50-100 ppb
leading to both enzyme effects and declining in
the growth. Cadmium is poisonous more than
50-100 ppb resulting in decreasing
photosynthesis (Gobran et al., 1999). The
maximum amount of chromium, nickel,
cadmium and lead at plants organs have been
regularly reported 0.45, 51, 26 and 28 ppm
(Pendias and Pendias, 2000). Videa et al.,
(2004) indicated that heavy metals (Cr up to
100 ml gram per liter, Cd, Cu and Ni up to 500
ppb) concentration and Zn up to 500 ml gram
per liter lead to killing effect on alfalfa seed
germination. Karnitz et al., (2007) reported that
sugar beet inferred as an optimized
accumulating for Cu, Cd, Cr and Pb. Chromium
basically associated with elements such as iron,
sulfur adsorbed to plant. Videa et al., (2009)
examined the movement of heavy metals on
human food chain, they realized that cadmium
and lead absorbed to plants like rice and making
problems for human. Chromium seldom
transported to air organs as compared to
nutritional plants. Adding wastewater to
cultivated soil in which alfalfa produced because
of being several years does not affect the value
of Fe, Zn and Cu existed in air organs. However,
alfalfa is known as a plant which is tolerant to
heavy metals (Su et al., 2004). Sawaf (2005)
reported that wastewater lead to growth in the
length of shoots, increase in the number of
leaves, growth in dry plant weight in shoots. In
general many researchers showed the effects
of the heavy metals and therefore emphasis the
role of them in human foods (Videa et al., 2002,
2004, 2009).

MATERIAL AND METHODS

Since studying and clarifying the history
of research in Iran, the world, and providing
geographical and topographical plans, geological
data soil science, phytology, geographical,
climatology and different human activities; sampling
stations rely on research purposes, have been
accidentally chosen which are 100, 300, 600, 1000,
2000, 3000, 5000 meters far from the North, South,
East and West of Shahr-e-Kord s industrial region.
Geographical situation is 50°51 Northern longitude,
32° 17] Eastern latitude and 2049 meters higher
than sea level.

The measurement of heavy elements absorbable
in soil

Among the heavy metals absorbable in
soil, lead and chromium has been taken from a
method called AAAC-EDTA and famous as
extracting the mixture of Acetate ammonium and
Ethylene De Amine tetra Acetic. For measurement
of absorbable cadmium and nickel in soil the
decoction with De ethylene Three Amine pentad
acetic acid method served and after shaker similar
previous method the data by ppb unity was
registered.

The measurement of heavy elements in plants

The method of obtaining heavy metals in
shoots is called wet digestion (W.D) in which
vegetarian organs beside an acid mixture digested
and the measurement of extract obtained by atomic
adsorption machine in such a way that called graphic
furnace has been done. Most of methods done
according to international standard book performed
(3). The samples of soil and plant dried in an oven
in 70UC. Then by using sieve number 230 particles
which are smaller than 63 micron and are tiniest
grains in this research separated from soil samples.
By using agate mortar or silicate mortar, Soil and
plant samples powered and homogenized. The
reason for choosing for metals such as Cd, Pb, Cr
and Ni in common investigations is considering
presents of these elements in most output of the
research region industry and the plenty of them
incrust as well. The metal mobility coefficient is equal
to heavy metal concentration on air organ divided
by the same heavy metal concentration on root
organ. translocation factor was measured by followin



78 Yadegari & Dehkordi, Biosci., Biotech. Res. Asia, Vol. 7(1), 75-86 (2010)

formulla:
(( The concentration of heavy metal in shoots/ The
concentration of heavy metal in roots ))

The calculation of data obtained
experiment has been done by statistic software such
as SPSS, SAS, and Excel 2007. means
comparisones seperated with Duncan‘ s multiple
range test at P < 0.05 level.

RESULTS AND DISCUSSION

The most and least amount of cadmium
in soil was obtained in North and south respectively
but in means comparisons we observed that groups
were similar. The most and least amount of lead
and chromium in soil around of pollution center in
north and east was measured. The maximum and
minimum concentration of nickel in west and east
was measured (table 1). In means comparisons of
heavy metals of Tragacanth shoots, the amounts in
north were the most, in this character, We don’t
see any significant difference just nickel between
means groups (table 2). Plants that diminish of
transpiration with subterranean structure have more
tolerance to cadmium and lead. The perennial plants
more tolerance to heavy metals than turnip.
Tolerance depends to sowing parameters, seed
dormancy properties, irrigation, harvesting, rotation
and old of plants (Marchiol et al., 2004). Murifah
(2008) in study of cadmium concentrations, reported
that by increasing of cadmium the fresh weight, dry
weight, size of shoots, length of roots and leaf area
index after 10 days in pumpkin were decreased. To
study of medicinal plants under pollution places by
heavy metals, Zheljazkov et al., (2008) reported
that the plants that have subterranean structures
have more tolerance to heavy metals accumulation
and aggregation of heavy metals from subterranean
structures to shoots were decreased. In avalution
of pollution range of nickel, zinc, copper, lead, in

soils of Bejing, Chen et al., (2005) showed that
position and old of soils are the most important
parameters to pollution especially for lead and
copper. In research of south soils in Italia Adamo et
al., (2002) reported that total of concentration of
chromium, lead, nickel and copper especially in
top soils in urban areas were upper than
international standards. In means comparisons in
shoots of wheat, the most and least amounts were
measured in north and south respectively. We see
the significant differences in means comparisons
and chromium in all means lower than other means
(tables 2-5). This result is similar to other
researchers (Abollino et al.,, 2005, Huang et al.,
2007 and Shanker et al., 2005). Just nickel other
consentrations of heavy metals in soil samples in
east and west regions were similar. Plants made
more aggregation of metals in shoots especially
range plants than roots (tables 6-7). Results showed
that amuont of heavy metals in
nourth>west>east>south but almost of this
differences in means comparitions were similar, this
point in east and west region around of pollution
center were very clear (tables 8-10). In almost
characters we see the significant differences
between tragacanth with annuals plants and
between sojak with other plants (tables 11-14).
There were meaningful differences among
suberranean structures. Videa et al., (2002)
reported that the most aggregation between nickel,
cadmium, zinc and copper in shoots was obtained
for nickel. The upper concentration of this metal was
437ppm in pH=7.1. Bretzel and Calderisi (20086) in
study of soil around of roads in Italy, reported that
the most pollution was obtained from Lead and
because it, places around roads not sutable for
sowing. In mixed cropping systems, the amount of
heavy metals in vegtables crops, result to inhibit
use of them and in these crop concentarion of
zinc>lead>copper>nickel> chadmium (Pandey and
Pandey, 2008), but resulsin wheat wasn’t same

Table 1: Means of heavy metals measured (ppb) in soil samples around 5 Km of pollution center

Place Cd Pb Cr Ni

North 504 + 520.3 a 122 + 19.3 a 78 + 6.97 a 1695 + 323.3 a
South 39.7 + 6.1 a 37.5 +0.42 b 33 +3.3 b 1593 + 369 a
East 57.7 + 17 a 32.3+6.5 b 305+£596 b 415+ 14.13 b
West 60.7 £ 17 a 36.3+ 6.5 b 355+597 b 1926 + 159.5 a
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Table 12: T-Tests (LSD) of Lead (Pb) concentration (ppb) in shoots of plants
(Tragacanth, Wheat, Sojak and Turnip) samples around 5 Km of pollution center

West

East

South

North

Wheat Sojak

Tragacanth

Sojak

Sojak Tragacanth Wheat

Tragacanth Wheat Sojak Tragacanth Wheat

1.37
0.47

Yadegari & Dehkordi, Biosci., Biotech. Res. Asia, Vol. 7(1), 75-86 (2010)

North Wheat

0.82

Sojak

37

1.87* 3.15% 1.

Turnip
South  Wheat

3.2%*
0.47

2.86"
0.71

Sojak

3.37*

3.68**

Turnip

3.2™
0.47

Wheat
Sojak

East

2.86*
0.62

3.37*

3.68**

Turnip

3.23*
0.43

Wheat

West

2.877
0.72

Sojak

3.37*

3.71*

Turnip

(Athar and Ahmad, 2002). We see the concentration
of nickel>cadmium>lead>cromium. In study by peris
et al., (2008) there were significant differences
between chromium by cobalt and copper by
cadmium. In our research we see the significant
differences between range and agronomy plants
(tables 11-14). It seems that the suberranean
structures results the most agregation of heavy
metals in plants, from roots to aerial parts in plants.
the tranclocation of heavy metals make less (Bose
and Bhattacharyya, 2008) and there are correlation
between concentration of cadmium in leaves and
rhizosphere (Lorenz et al., 1997). The most T.F in
Tragacanth (Astragalus sp) was seen. This plant has
more heavy metals in roots and shoots than other
plants and turnip has the lower heavy metals
concentrations of in above and underground
structures and amount of TF than other plants
(tables 8-9). The most aggregation of heavy metals
in path of dominant wind that is in shahr-e-kord
region in western south and result that the most
amount of heavy metals were in shoots in nourth
vector. Outputs of manufacturings in regions often
are lead and nickel. Only cadmium in nourth was
more than other metals that we think because for
more obtain by plants. we can suggest that however
the amount of heavy metals that mesured in this
research are lower that international standard but
because pollution of manufactures are considerable
and must decrease the pollution outputs from them
and sowing of range and perennials plants must do
in developing programs in this region.

CONCLUSION

This study showed that heavy metals in
industrial region in Shahr-e-Kord city however is
lesser than international amount in world but the
amount of metals especially Nickel and Cadmium
were high. In regions, northern and western regions
around pollution center had the most heavy metals
that evaluated in this study. In plants, range plants
accumulated most heavy metals especially
Tragacanth (Astragalus sp). In general roots had
higher amount of heavy metals than shoots. We
suggested that by planting of range plants can
decreased the heavy metals around of this region
in Shahr-e-Kord and then diminish the diseases
engendered by them.



Yadegari & Dehkordi, Biosci., Biotech. Res. Asia, Vol. 7(1), 75-86 (2010) 85

REFERENCES

Abollino, O., A.Giacomino, M.Malindrino,
E.Mentasti, M.Aceto and R.Barberis.
Assessment of metal availability in a
contaminated soil by sequential extraction.
Water, Air, and Soil Pollution.137: 315-338
(2005).

Adamo, P., M.Arienzo, M.R.Bianco,
F.Terribile, and P.Violante., Heavy metal
contamination of the soils used for stocking
raw materials in the former ILVA iron-steel
industrial plant of Bagnoli-southern ltalia, The
science of the total Environment. 295: 17-34
(2002).

APHA, American Water Work Association,
Standard Methods for the Examination of
water and wastewater:19th Edition. APHA,
Washington, D. C (1995).

Athar, R., and M.Ahmad, Heavy metal
toxicity: effect on plant growth and metal
uptake by wheat and on free living
Azotobacter. Water, Air, and Soil Pollution.
138: 165-180 (2002).

Bose, S., A.K.Bhattacharyya., Heavy metal
accumulation in wheat plant grown in soil
amended with industrial sludge.
Chemosphere. 70: 1264-1272 (2008).
Bretzel, F., and M.Calderisi., Metal
contamination in urban soils of coastal
Tuscany (ltaly). Environmental Monitoring
and Assessment.118: 319-335 (2006).
Chen, T.B., Y.M.Zheng, M.Lei, Z.C.Huang,
H.T.Wu, and Q.Z.Tian., Assessment of heavy
metal pollution in surface of urban parks in
Bejing, China. The science of the total
Environment. 60: 542-551 (2005).

Huang, S.S., Q.L.Liao, M.Hua, X.M.Wu,
K.S.Bi, C.Y.Yan, B.Chen, and X.Y.Zhang.,
Survey of heavy metal pollution and
assessment of agricultural soil in Yangzhong
district, Jiangsu Province, China. The science
of the total Environment. 67: 2148-2155
(2007).

Karnitz, O.J., L.V.A.Gurgel, J.U.C.P.Melo,
V.R.Botaro, T.M.S.Melo, R.P.F.Gil, L.E.Gil.,,
Adsorption of heavy metal ion from aqueous
single metal solution by chemically modified
sugarcane bagasse. Bioresource Technology.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

98 :1291-1297 (2007).

Lorenz, S.E., R.E. Hamon, P.E. Holm,
H.C.Domingues, E.M.Sequeira, T.H.
Christensen and S.P. McGrath., Cadmium
and zinc in plants and soil solutions from
contaminated soils. Plant and Soil: 189: 21-
31 (1997).

Marchiol, L., S.Assolari, P.Sacco, G.Zerbi.,
Phytoextraction of heavy metals by canola
(Brassica napus) and radish (Raphanus
sativus) grown on multicontaminated soil.
Environmental Pollution. 132: 21-27 (2004).
Murifah, S.S.A., Growth Parameters and
Elemental Status of Cucumber (Cucumus
sativus) Seedlings in Response to Cadmium
Accumulation. Internationan Journal of
Agriculture & Biology.10(3): 261-266 (2008).
Pandey, J., and U.Pandey., Accumulation of
heavy metals in dietary vegetables and
cultivated soil horizon in organic farming
system in relation to atmospheric deposition
in a seasonally dry tropical region of India.
Environ Monit Assess.148: 61-74 (2008).
Pendias, A.K., and H.Pendias., Trace
elements in soils and plants. Boca Raton
London New York Washington, D.C.CRC
Press (2000).

Peris, M., L.Recatala, C.Mico, R.Sanchez
and J.Sanchez., Increasing the Knowledge
of Heavy Metal Contents and Sources in
Agricultural Soils of the European
Mediterranean Region. Water Air Soil Pollut.
192: 25-37 (2008).

Sawaf, N.E., Response of Sorghum spp. to
Sewage Waste-water Irrigation. Internationan
Journal of Agriculture & Biology.7(6): 869-
874 (2005).

Seregin, I.V., and A.D.Kozhevnikova.,
Physiological Role of Nickel and Its Toxic
Effects on Higher Plants. Russian Journal of
Plant Physiology. 53(2): 257-277 (2006).
Shanker, A.K., C.Cervantes, H.L.Tavera,
S.Avudainayagam., Chromium toxicity in
plants. Enviroment International. 31:739-753
(2005).

Su, D.C., J.W.C.Wong, H. Jagadeesan.,
Implications of rhizospheric heavy metals



86

20.

21.

Yadegari & Dehkordi, Biosci., Biotech. Res. Asia, Vol. 7(1), 75-86 (2010)

and nutrients for the growth of alfalfa in
sludge amended soil. Chemosphere. 56:
957-965 (2004).

Videa, J.R.P., J.L.G.Torresdey, E.Gomez,
K.J.Tiemann, J.G.Parsonsa, G.Carrillo.,
Effect of mixed cadmium, copper, nickel and
zinc at different pHs upon alfalfa growth and
heavy metal uptake. Environmental Pollution.
119: 291-301 (2002).

Videa, J.R.P., G.D.L.Rosa, J.H.Gonzalez,
J.L.G.Torresdey., Effects of the growth stage
on the heavy metal tolerance of alfalfa plants.
Advances in Environmental Research. 8:

22.

23.

679-685 (2004).

Videa, J.R.P.,, M.L.Lopez, M.Narayana,
G.Saupea, J.G.Torresdey., The biochemistry
of environmental heavy metal uptake by
plants: Implications for the food chain. The
International Journal of Biochemistry & Cell
Biology.41: 1665-1677 (2009).

Zheljazkov, V.D., E.A.Jeliazkova,
N.Kovacheva, A.Dzhurmanski., Metal uptake
by medicinal plant species grown in soils
contaminated by a smelter. Environmental
and Experimental Botany. 64: 207-216
(2008).



