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Abstract: This study was conducted to assess the concentration of chromium in plant samples in the basin of
chromite hills of Heroshah, lower Malakand during January to July, 2013. Twenty four species of plants,
comprising of 9 vegetable and field crops and 15 natural vegetations were collected and analyzed for total
chromium concentration. The results showed that the chromium concentration in plant samples were found
above the maximum permissible limit of > 5 mg Cr kg  of edible portion of plant species. Chromium values in1

plant samples ranged from 33 – 210 mg kg  of plant leaves. These results suggested that the plant growing1

in these areas of Heroshah are highly contaminated with chromium and their use for food and feed purposes
is probably unsafe.
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INTRODUCTION negatively charged sites of soil, ability of complex

Chromium (Cr) has many uses due to important production of hydroxides and oxides and some insoluble
properties such as colour, hardness and resistance to minerals in soil [5, 6]. In animals and human physiology,
corrosion [1]. Cr is widespread in  the  environment  due chromium (III) plays an important role in lipid and glucose
to its  high  usage  in  industries.  Chromium uses on metabolism [2]. In USA, the recommended daily allowance
daily basis in plating, tanning, metallurgic industries. In for adults is 50–200 µCr d  [7]. 
environmental system, the chromium behavior is Chromium has extremely high boiling point (2676°C),
depended on the oxidation or valance state. Chromium therefore gaseous chromium does not found in nature.
exists in nature, in trivalent (Cr ) or hexavalent (Cr ) form. The transport and atmospheric transformation of3+ 6+

Hexavalent chromium occurs in Cr O  (dichromate ion), chromium occurs largely in solids and liquid phases [8].2 7
2-

oxy anions, HCrO  (bichromate ion) and CrO  (chromate Soil, sediment, water and air can all become contaminated4 4
- 2-

ion). At high pH CrO  remains in solution while at low pH with chromium. Contamination of soil, surface water and4
2-

chromium (VI) exists predominantly as HCrO  [3, 4]. groundwater can also occur through release of industrial4
-

Trivalent (III) and hexavalent (VI) are the environmentally wastewater and leaching of soluble Cr-VI compounds
important chromium species [2]. Cr (III) form has more from wastes such as mine tailings, waste rock and dust
stable very low  solubility  and  low  reactivity  resulting and slag piles [9, 10]. 
in low mobility in the environment and low toxicity in Atmosphere can be introduced with chromium via
living organisms as compared to hexavalent chromium wind transporting chromium-containing soil particles.
which is more mobile and less stable [2, 3, 4]. The mobility Natural waters are contaminated with chromium by the
of trivalent chromium in soil is decreased by several sources including weathering of chromium-containing
factors. These factors included, adsorption with rocks,  wet  and  dry  deposition,  leaching from soils and

formation with organic particles in soils and the
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direct discharge from industrial processes [11]. Trivalent Plants Sampling and Processing: Forty one samples from
chromium is oxidized to hexavalent chromium due to few 24 different kinds of plants were collected during the
oxidants in sediments and soils. The oxidation of month of July 2013. The plant samples were comprised of
chromium (III) was shown to be occurred by MnO  in 9 different field and vegetable crops and 15 natural2

soils [12]. Dissolved oxygen did not significantly oxidized vegetations. Plant samples were taken at different growth
trivalent chromium [13] as compared to MnO , which was stages from field crops, vegetables and natural2

an important oxidant of chromium (III) in soils. In many vegetation. The samples were cleaned and transported to
environmental systems, reduction-oxidation equilibrium the laboratory of the Department of Soil and
conditions might not be exists because of kinetic Environmental Sciences, The University of Agriculture,
limitations, local catalytic effects of organisms and local Peshawar. The samples were air dried followed by oven
heterogeneity. Sunlight affects the oxidation and drying at 70°C for 48 hours and then ground for the
reduction of chromium [14]. It was stated that sunlight analysis of total chromium. 
degrade organically bound chromium and release it to
environment in the form of inorganic chromium [15, 16] Total Chromium in Plant Samples: The aqua regia
and oxidize manganese [17], these all contribute to the digestion method (USEPA Method 3050) was used for
oxidation of chromium. Enterobacteria cloacae can extracting total chromium in plant samples. Two gram
reduce chromium (VI) under anaerobic conditions [18]. plant samples were taken in a small beaker and treated

Chromium content, higher than 5.0 ppm in edible with 10 ml conc. HNO  for overnight. The samples were
portion of plants/crops on dry weight basis, was placed on hot plate at 80°C until the red fumes of NO

were ceased. After cooling, 4 ml HClO was added and
countries, in agricultural soils, the maximum allowable replaced on hot plate and allowed to evaporate to small
levels of chromium were suggested as 50-100 ppm [20]. volume. After cooling, 10 ml Equa-Regia (HCl  and
Environmental and occupational exposure to Cr-VI is still HNO in 3:1) was added and placed on hot plate until
considered a “major human health issue” today [21]. small volume was left in the beaker. The sample was
Hexavalent chromium was considered to be cancerous for cooled again and filtered to 50 ml flask and added distilled
human health. It is an extremely toxic, carcinogenic in water upto the mark. Chromium concentration in plant
large doses and highly mobile that enters the cells. It has digest was read on Atomic Absorption
toxic and detrimental effects on the growth and Spectrophotometer.
development of plants [22]. 

The present research was conducted to study the Statistical Analysis: Data obtained was statistically
possible accumulation of chromium in field crops, analysed through MS EXCEL.
vegetable and natural vegetation in the basin of chromium
rich hills of Heroshah, lower Malakand, Khyber RESULTS AND DISCUSSIONS
Pakhtunkhwa.

MATERIALS AND METHODS The plant samples were analyzed for total chromium. The

Plants samples including field crops, natural presented in Table 1. Chromium levels higher than 5.0 mg
vegetation and vegetables were collected from the basin kg  in plant species were considered to be excessive or
of chromite rich hills of Heroshah, Malakand Agency, toxic on a dry weight basis [8]. Based on this criteria, all of
Khyber Pakhtunkhwa, Pakistan for determination of the crops were highly contaminated with chromium. It can
chromium concentration. The hills in this area are highly be seen that the highest amount of chromium was
rich in chromite from where hundreds of tons of chromite accumulated in sugar cane which was 107 mg kg
are mined every year. In the basin of these hills, crops followed by 91.25 mg kg in bean. Similarly the minimum
such as sugarcane, wheat, maize, barley and vegetables uptake of 37.5 mg kg chromium was observed in
like tomato, onions are cultivated. Due to rainfall and flow Trifolium spp. The plants grown in the fields, near to the
of wind, chromium in dissolved or in dust form may reach chromite hills, accumulated greater amount of chromium
to cultivated fields in the area. The aim of this study was as compared to those grown in the fields away from the
to examine the accumulation of chromium in soil and hills. This implies that plants grown in the most
plants and to determine the correlation of soil chromium contaminated sites accumulated greater amount of
to other soil parameters. chromium.

3

2

considered to be toxic [19]. According to different 4

conc

3conc

Chromium   Concentration  (mg   kg )  Field  Crops:1

data obtained on total chromium in field crops are

1
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Table 1: Chromium concentration (mg kg ) in leaves of field crops 1

No. of Average

Field No. Field crops/ botanical names samples Cr (mg kg )1

1 Bean/ Pisum sativum 2 91.25

2 Shaftal/ Trifolium spp 2 37.5

3 Barley/ Hordeum valgaris 1 77.5

4 Okra/ 1 65

5 Onion/ Allium cepa 5 62

6 Wheat 5 87

7 Tomato/ Lycopersicon esculentum 2 58.75

8 Tinda/ Benincasa fistulosa 1 55

9 Sugar cane/ Saccharum officinarum 1 107

Table 2: Chromium contamination (mg kg ) in leaves of natural vegetation1

No. of Average

Field No. Plant name samples Cr (mg kg )1

1 Dodonaea viscose 2 131.5

2 Acacia arabica 2 73.7

3  Eucalyptus globulus 3 50

4 Saccharum munja 1 87.5

5 Calotropis procera 1 62.5

6 Cynodon spp 1 50

7 Salvia moorcroftiana 1 75

8 Vitex negundo 1 37.5

9 Saccharum spp 1 72.5

10 Carthamus spp 1 45

11 Cymbopogon spp 1 50

12 Ziziphus jujube 1 47.5

13 Ficus carica 1 32.5

14 Stenolobium spp 1 52.5

15 Bassia scoparia 1 35

ChromiumConcentration (mg kg ) Natural Vegetation:1

The data obtained on chromium concentration in natural
vegetations are presented in Table 2. It showed that
Dodonaea viscosa accumulated higher average chromium
content that was 131.5 mg kg , while low uptake was1

observed in Ficus carica that was 32.5 mg kg .1

Chromium levels higher than 5.0 mg kg  in plant species1

are considered excessive or toxic on a dry weight basis
[8]. Based on this criteria, all plants accumulated toxic
amount of chromium. Most of the natural vegetations
were taken very near to the hills and this might be the
reason for higher uptake of chromium.

CONCLUSION AND RECOMMENDAIONS 

Based on the result of this study it is concluded that
field crops as well as natural vegetations growing under
these  area  have  accumulated  toxic  levels  of  chromium

which use for food and feed purposes is unsafe.
Furthermore, government and research institutions should
give attention to minimize the chromium contamination of
the soils. 
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