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*is study investigates the spatial distribution and speciation of chromium in water, soil, and edible plants in tannery-con-
taminated areas at Modjo city, Ethiopia. Modjo city is one of the industrial zones in the country, which is dominated by tanneries
due to the ease of effluent discharge and water use from the nearby Modjo River crossing the city. *e river, which received
chromium-containing effluent from the tanneries, is also used for urban gardening of edible plants besides other domestic
purposes. 12 water and 12 soil samples from contaminated areas and 6 samples from different edible plants grown nearby
tanneries were collected following the standard procedure to predict the level of chromium contamination in the environment and
its health risk. *e total chromium in Modjo River was 20.6 mg L−1 in the upstream region which later was significantly reduced
(r� –0.93, p< 0.05) to 0.126 mg L−1 in the very downstream region. However, the Cr (VI) concentration ranges from 0.23± 0.032
to 2.82± 0.02 mg L−1 with a statistically insignificant decrease (r� -0.76, p> 0.05) to the downstream sampling points. *e lowest
Cr (III) and Cr (VI) concentrations in the soil were 2.78± 0.37 and 4.57± 1.01mg kg−1, respectively, which are higher (p< 0.05)
than the control and the guideline values. Similarly, the chromium concentration in the edible plants was also 7.98± 0.63mg kg−1

for green pepper to 14.45± 0.34mg kg−1 for carrot with a trend of carrot> beetroot> lettuce> cabbage> tomato> green pepper.
*e chromium in the plants from the contaminated area was significantly higher (p< 0.05) than the control area, which is between
0.14mg kg−1 for lettuce and 0.31± 0.01mg kg−1 for tomato. It is also confirmed that the root part of plants accumulates more
chromium than the leaf and the fruits. It is concluded that water and soil in tannery surroundings and edible plants grown in the
area contain chromium concentrations higher than the recommended amount for a healthy environment and human con-
sumption. *erefore, appropriate wastewater treatment, stringent regulations, and public awareness are recommended to reduce
chromium contamination and its impact on public health and the environment.

1. Introduction

Chromium is one of the most abundantly found trace ele-
ments that exhibit several oxidation states, ranging from 0 to
+6, which dictates its chemical reactivity and environmental
and biological importance [1, 2]. However, trivalent (Cr
(III)) and hexavalent (Cr (VI)) chromium are the two
common oxidation states found in the aquatic environment
[3]. Due to its strong tendency to form kinetically inert
hexacoordinate with water and other chemicals, Cr (III) is
the most stable and common form of this element [4, 5]. Cr
(VI), on the other hand, is highly mobile in the environment

and easily migrate into the cell of living organisms that make
it directly toxic to the living cell and have carcinogenic and
mutagenic effects [6, 7]. On the contrary, Cr (III) has es-
sential nutritional benefits for plants and several health
benefits to humans and animals [3]. *e maximum allow-
able concentration of Cr (VI) in drinking above which poses
serious health problems is 0.05 mg L−1. In higher exposure,
higher than 0.1mg g−1 of body weight, Cr (VI) can even be
lethal [7, 8].

Chromium is one of the known environmental con-
taminants that enter the soil, water, and air from various
natural and anthropogenic sources [9]. Tanneries,
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electroplating, and glass manufacturing industries, wood
preservatives, old textile dyeing, pigment manufacturing,
and organic synthesis are some of the major sources of
chromium in the environment [10, 11].

*e leather industry is an important contributor to the
global economy, which aims at converting putrescible and
unattractive animals’ skin into nonputrescible, manageable,
and attractive leather through a process called tanning [4].
*emain tanning agent used by 90% of the world’s tanneries
is chromium-bearing chemicals, among which basic chro-
mium sulfate (Cr (OH) SO4) is the most popular one
[12, 13]. However, due to diffusion problems, the chromium
salts used in the tanning process cannot be completely
utilized by hiding tissues, and the excess will be discharged
into the effluents thereby polluting the environment. In
conventional tanning, the chromium uptake into the col-
lagen of the skin is only 60–70% of the administered
chromium while the rest more than 30% ends in the waste
stream containing 1500–3000 mg L−1 chromium [5, 12, 14].

*e relative stability of Cr (III) in the environment and
its nutritional benefit sometimes deceive to assume that the
presence of this chromium form in the environment is not a
critical problem. However, the recent detection and avail-
ability of Cr (VI) in industries (and their surrounding)
which entirely use Cr (III) alarm the possible conversion of
Cr (III) to toxic Cr (VI) in the environment and vice versa. It
is documented that, during its movement through water and
soil media, the possible oxidation and reduction of one form
of chromium to the other are expedited by the presence of
potential precursors such as ultraviolet radiation, manganese
oxide, unsaturated fats, oxygen, moisture, certain enzymes,
high temperature, and extreme pH [15, 16].

Soil and water in the surrounding and discharge area of
tanneries are often contaminated with chromium originated
from partially treated or untreated effluent, chromium-
contaminated sludge and, leather trimming, and shaving
[5, 14]. Due to the ease of free available water, land, and
nutrients mainly from organic pollutants in the wastewater,
the cultivation of edible vegetables on riversides near tan-
neries discharge area is becoming common in towns of
developing countries [17].

Ethiopia, with about 53.4 million cattle, 5.5 million
sheep, and 22.7 million goats, is one of the richly endowed
African countries in terms of livestock resources, which are
ready sources of raw materials for the tanning industry.
*ere are 32 tanning industries, more than 55 large leather
goods and garment-manufacturing industries, and 22 large
and mechanized shoe industries in Ethiopia. It is clear that
the country has considerable potential in the leather industry
[18, 19]. However, due to (i) the poor enforcement of the
environmental protection laws in the country, (ii) lack of
awareness by the manufacturers, and (iii) the unavailability
of feasible and cost-effective waste treatment technology, the
tanneries in the country, particularly in Modjo, have no
proper wastewater treatment system before discharging into
the nearby Modjo River. *is, in turn, will impose a major
chromium load on the receiving water body of which the
water serves several other purposes downstream (i.e., do-
mestic, irrigation, bathing, and recreational use) [20].

Several studies have reported pollution resulting from
tanneries to the surrounding [1, 21–23]. A study done on
chromium contamination at tannery surroundings in South-
east Ethiopia found out that the soil, water, and vegetable
samples from the area contain Cr (III) and Cr (VI) higher than
the recommended guideline. Similarly, a study in Pakistan also
revealed that most of the vegetables grown in tannery sur-
roundings contain chromium concentration which crosses the
limit set by WHO/FAO [5, 24]. Even though much work has
been done, the spatial distribution of chromiumpollution from
tanneries to the surrounding water and soil to predict the safe
distance from the source is not well studied. Besides, the
amount and rate of chromium uptake among different edible
plants are not well investigated in a way to determine which
type of plants is safer to consume. More importantly, the
speciation of chromium as it travels in the surrounding soil and
water and in the edible plants to know the possible conversion
and toxicity level of the chromium is not well documented.
*erefore, this study aims to investigate the distribution of
chromium in the soil, water, and edible plants from tannery
sources in Modjo city, Ethiopia, where more than seven
tanneries are located. *e study also anticipated investigating
the species of chromium from the source to the soil, water, and
edible plants and against the distance from the source.
Moreover, the study will investigate the rate of uptake of
chromium from the environment by different types of plants to
ascertain the safer edible plants for human consumption.

2. Materials and Methods

2.1. Description of the Study Area. *is study was conducted
in the surrounding of a city called Modjo, central Ethiopia,
alongside the discharge of Colba tannery, one of the tan-
neries in the city. Modjo is located 70 km south of Ethiopia’s
capital, Addis Ababa, at latitude and longitude of 8°39′N
39°5′E, respectively, with an elevation between 1788 and
1825 meters above sea level. *e city is home to different
types of old and newly established industries. *e major
manufacturing industries in the area are tanneries, textiles,
edible oil factories, meat processing and packing industries,
metal industries, and wood processing industries of which
tanneries are the dominant ones. Due to this, the city is
commonly called ‘leather city’. Colba tannery is one of the
city’s tanneries located at the side of the city near Modjo
River. It is a private limited company established in January
2002, with a processing capacity of about 10, 000 pieces of
sheep and goatskins and 600 pieces of cowhides per day, and
produces crust and finished leather to local the global
markets [25, 26]. *e required samples of wastewater, river
water, soil, and edible vegetables were collected inside and
near the tannery while control samples were collected about
90 km from the study area in Zeway, assuming that the area
is far away to be impacted by the tannery’s discharge. *e
sampling stations are indicated in Figure 1.

2.2. Sample Collection

Water Sampling. 12 wastewater samples, four within the
wastewater treatment line and 8 along the course of Modjo
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River, starting from the discharge point of Colba tannery
were collected. Wastewater samples from the treatment
plant within the tannery were collected: at discharge point
from the tannery exhaust, influent of the treatment plant,
(CW1), at the effluent of the primary sedimentation (CW2),
at the effluent of sulfide oxidation tank (CW3), and from the
final effluent after chemical precipitation (CW4). Similarly,
eight water samples (MW5–MW12) were collected from
Modjo River, 100m apart within each sampling station
starting at 10m from the discharge point (MW5). Each water
sample was collected at the center of the width of the river

approximately at 20 cm depth below the surface. Consid-
ering the tannery’s discharge time, the wastewater samples
were collected three times a day (at 6 : 00 AM, at 12 : 00 PM,
and 6 : 00 PM) to make a time composite representative
samples of 1000mL using high-density polyethylene plastic
bottles. *en, preserved with 2mL HNO3 and kept at a
temperature below 4°C in a cold box, the samples were
transported to the laboratory for further analysis [5, 24, 27].

Soil Sampling. Depth composite soil samples were col-
lected from 0 to 20 cm (which is assumed to be reachable by
the roots) of the surface of the soil at the root of edible
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Figure 1: Location of the study area, Modjo, Ethiopia (CW�Colba tannery wastewater; MW�Modjo River water) (Source: United Nations
Industrial Development Organization, 2015).
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vegetables [28]. *e first four soil samples (CS1-4) were
collected 50 meters apart starting just from the edge of the
treatment plant to the river receiving the discharge, due to
the closeness to the source of chromium. *e next eight
samples (MS1-8) were collected 100 meters apart, assuming
lower concertation of chromium due to the distance from
the source, and 10 meters away from the river (near points
where the water samples were collected). *e rest 6 samples
(PS1-6) were collected from the root of the edible vegetables
by gently shaking them off. *e collected soil samples were
then kept in a sealed polyethylene bag and transported to the
laboratory within 6 hours of the collection time.

Plant (Vegetable) Sampling. Plant parts were collected from
edible vegetables, which are grown at the side of the river just
below the temporary disposal site for leather shavings,
during their harvest time, from mid of September to mid of
October. *e sampling site was selected because of the
proximity to Modjo River and the solid waste from the
tannery, which is about 500m from Colba tannery and
75–100 meters from the bank of the river. Six different edible
plants, that is, lettuce (Lactuca sativa) and cabbage (Brassica
oleracea) from leaf edible, beetroot (Beta vulgaris) and carrot
(Daucus carota) from root edible, and tomato (Lycopersicon
esculentum) and green pepper (Capsicum annuum) from
fruit edibles vegetables, were purposively selected due to
their large production and higher demand by the local
community. To make the sample representative, 1 kg of a
sample from each type of individual plant parts was collected
from the leaf, fruit, or root of the plant [22, 29]. A control
sample was collected from the same edible plants grown
about 90 km away from the study site.

2.3. Sample Digestion and Preparation. Wastewater samples
were digested by adding 10mL aqua regia (with a 3 :1 ratio
of HCL to HNO3) and 2mLH2O2 (30%) to 50mL of the
filtered samples in a 250mL flask. *e mixture was then
digested on a behrotest® k12 Kjeldahl block digestion ap-
paratus at a programmed temperature of 300°C for 2 hours
until the volume of the sample reaches 10mL. *e digested
samples were then kept in a refrigerator for 12 hours for
chromium content determination [22, 30].

*e soil samples collected were first air-dried at room
temperature, dirt removed manually, and ground and sieved
through 0.2mm mesh. *e rotten and damaged parts of the
dibble portion of the plant were removed, and the sample was
then washed with water to remove dirt, which later was rinsed
repeatedly with deionized water before being dried at 60°C.
After gaining a constant weight, the plant samples were
ground in a pestle and mortar and sieved through 0.2mm
mesh. Finally, both the soil and plant samples were kept in a
polyethylene bag for digestion [30]. Digestion of soil and plant
samples was done by taking 5 g of air-dried and homogenized
samples from each and transferring them into a 250mL flask.
*en, 7mL of a mixture of HNO3, HCLO4, and H2O2 with a
volume-to-volume ratio of 4 : 2:1, respectively, was added to
the flask whereas 6mL aqua regia modified with H2O2 with a
volume-to-volume ratio of 3 :1:0.5 of HCL, HNO3, and H2O2,

respectively, was added to the soil samples. All the mixtures
were then subjected to digestion using Kjeldahl digestion
apparatus fitted to a reflux condenser for 3 hours at 270°C
[31, 32]. After cooling at room temperature for 10 minutes,
15mL distilled water was added to the mixtures to dilute the
concentration of the acid. *en, the solutions were filtered
with 100mm Whatman filter paper into a 50mL flask by
repeatedly rinsing not to lose the chromium until the volume
reaches 45mL and finally filled to the mark by adding 2%
HNO3 [5, 22]. *e reference samples collected from the
control area were also digested with the samemethod. Finally,
triplicate digested samples from each category (soil and plant)
were kept in a refrigerator for 12 hours for the determination
of the chromium concentration.

2.4. Laboratory Determination of Chromium. *e pH of the
water samples was measured on-site using a portable pH
meter (Hach Lange HQ40D). *e total chromium and Cr
(VI) content of the wastewater, soil, and plant samples were
analyzed using UV/Vis spectrophotometer (DR 5000) and
ICP-OES (ARCOS FHS12). Standard solutions of chromium
were prepared from 1000 mg L−1 K2Cr2O7 stock solution by
diluting to the appropriate working concentration. *e UV/
Vis spectrophotometer was calibrated using five series of
working standards prepared from the stock solution. A 1mL
1,5-diphenylcarbazide solution was added to each sample
and working standard solution. For the highest recovery of
chromium, the pH of the sample was adjusted approximately
to one. *en, the equilibrium Cr (VI) concentration was
determined from the absorbance of the complex formed
between Cr (VI) and 1, 5-diphenylcarbazide using a spec-
trophotometer at 540 nm. After oxidizing a portion of the
samples using the KMnO4 method, the total chromium
(measures as Cr (VI) from the oxidized samples) in the
samples was measured following the EPA 3060A method.
Finally, the concentration of Cr (III) in the soil samples was
calculated from the difference between the two [33–35].

2.5. Statistical Analysis. *e significance of the difference of
chromium concentration between different types of plants
was tested using Friedman rank tests (X2 and p value) while
the difference of the chromium concentration along the
course of the river for both the water and soil samples was
tested by Kendall’s tau-b test (r) using SPPS 20 (IBM, USA).
In Kendall’s tau-b, test, values vary from -1 to 1 in which an
increase from zero in both directions shows a significant
difference between data points while the negative or positive
sign shows the direction of increase or decrease along with
the data points. *e Friedman test compares the mean ranks
between the related groups and indicates how the groups
differed. A Friedman test is significant when the p value is
less than 0.05 for a specific degree of freedom and chi-square
value.

3. Results and Discussion

3.1. Chromium in Water. Colba tannery, like most other
tanneries in Ethiopia and elsewhere, uses basic chromium
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sulfate as a tanning agent. *e chromium concentration and
specification in the Colba tannery wastewater treatment
plant are shown in Table 1. *e total chromiummeasured at
the entrance of the treatment plant is almost similar to the Cr
(III) concentration with only a very small concentration of
Cr (VI), which later slightly increases through the line in the
treatment plant. At the final stage of the treatment, in the
effluent discharged to the nearby river (Modjo River), the
total chromium is reduced from 2379.55± 0.12 mg L−1 to
753.402± 0.22 mg L−1 indicating the poor performance of
the treatment plant. Despite the reduction in the concen-
tration of Cr (III) and total chromium at each sampling site,
the concentration of Cr (VI) continuously increases toward
the effluent side. *e detection of Cr (VI) at a concentration
from 0.12± 0.014 mg L−1 to 0.322± 0.07 mg L−1 in the
wastewater treatment plant, bearing in mind the fact that Cr
(III) is the only tanning agent used by the tannery, indicates
the oxidation of Cr (III) to Cr (VI) due to the presence of
precursors. More increment in Cr (VI) concentration was
observed after the sulfide oxidation tank, which might be
due to the high dissolved oxygen, and enzymes and fats from
the waste stream from other parts of the tanning process
which may facilitate the possible oxidation of Cr (III) to Cr
(VI) [15, 16]. Moreover, the longer retention time and
acidity of the medium facilitate the possible oxidation of
chromium to Cr (VI) [36, 37]. As evidenced by Asfaw et al.,
Cr (VI) is more stable and exists at a higher proportion in
acidic mediums as HCrO4

− (1< pH< 7) which is the case of
this study [22].

*e chromium concentration in the river just below
the discharge point of the effluent of Colba tannery is
shown in Figure 2. As expected, due to the effects of
dilution, adsorption, and other surface water phenome-
non, Cr (III) and total chromium concentrations signif-
icantly descend downstream at each sampling station
from MW5 to MW12 (r � −0.93, p< 0.05). However, Cr
(VI) concentration in the river increased on the down-
stream side in the first four stations and decreased in the
two consecutive sites downstream until it becomes not
detectable in the last two stations. Understandably, ex-
posure to the outer environment creates favorable con-
ditions for the oxidation of Cr (III) to Cr (VI). *ough the
dilution and adsorption reduce the measured total
chromium downstream the course of the river, the Cr (VI)
concentration increases from 1.23 ± 0.032 mg L−1 to
2.82 ± 0.02 mg L−1, which is far above the guideline value
by the WHO for humans health and animals [8]. *e
cumulative trend of Cr (VI) as the river flows downstream
seems to decrease which is not statistically significant
(r � −0.76, p> 0.05). *en, at 600 and 800 meters from the
discharge point, the concentration of Cr (VI) becomes
nondetectable using both UV/Vis and ICP-OES, which
may be mainly due to the dilution and adsorption effect in
the bottom sediment as the distance increases down-
stream [37, 38].

3.2. Chromium in Soil. *e first four soil samples were
collected 50meters apart starting from the final effluent

outlet toward the River to ascertain the chromium con-
tamination level and the possible oxidation and reduction in
the direction toward the river. As indicated in Table 2, both
Cr (III) and total chromium decreased downstream toward
the discharge point from 1811.4± 0.21 to
791.5± 0.17mg kg−1 and from 1812.21± 2.21 to
792.47± 1.04mg kg−1, respectively. As it gets distant from
the outlet of effluent, the chance of interaction of the
chromium with different organic and inorganic constituents
of the soil also increases. *is, in turn, facilitates the oxi-
dation or reduction of chromium from one form to the
other, adsorption on porous media in the soil, uptake by
plants, and percolation to the depth of the ground thereby
reducing the concentration of Cr (III) and total chromium in
the downside of the sampling stations [39, 40]. On the
contrary, the rise of Cr (VI) concentration in the downside
sampling stations is mainly due to the increased possibility
of exposure to the environment, which serves as precursors
for oxidation of Cr (III) to Cr (VI) [41, 42]. *e chromium
concentration of each species from the tannery surrounding
is significantly higher than the control sample (p< 0.05).

*e soil samples collected at the riverbank, paired with the
water samples from Modjo River, reveal the distribution of
chromium species as the distance from the source and the
possible change of the chromium forms within the distance.
As shown in Figures 3(a) and 3(b), the overall trend of
chromium content in the soil decreased as the site gets distant
from the source. *is is expected due to the interaction of the
chromium with different environmental compartments
which resulted in adsorption to the soil or uptake by plants
[42].*e Cr (VI) concentration, however, slightly increases in
the first four sites, which later became inconsistent to the end.
Looking to the overall Cr (VI) concentration, it exhibited that
there is a slightly significant increase downstream along the
course of the sampling stations (r� 0.3; p< 0.05) while the
total chromium and Cr (III) concentration significantly re-
duced downstream within the sites (r� −0.6; p< 0.05). *e
lowest Cr (III) and Cr (VI) concentrationmeasured in the soil
is 2.78± 0.37 and 4.57± 1.01mgkg−1, respectively, which is
higher than (p< 0.05) the control and the guideline value of
chromium in environmental samples [42]. Similarly, a study
by Homa et al. found out that the concentration of Cr (III)
and total chromium decreases as the distance from the
tannery treatment plant increases. However, the Cr (VI)
concentration decreases downside while, in this study, the Cr
(VI) concentration, on the contrary, is higher downstream
except for the very furthest points [5]. *e discrepancy in the
results may be because of higher pH which facilitates the

Table 1: Concentration and species of chromium in the wastewater
treatment plant of Colba tannery (CW�Colba tannery water
sample) [n� 3].

Water
sample Cr (III) (mgL− 1) Cr (VI)

(mgL− 1) Total Cr (mgL− 1)

CW1 2379.43± 0.088 0.12± 0.014 2379.55± 0.12
CW2 2190.08± 1.081 0.162± 0.07 2190.242± 1.106
CW3 811.84± 0.47 0.207± 0.045 812.047± 0.49
CW4 811.84± 0.20 0.322± 0.07 753.402± 0.22
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Table 2: Concentration and species of chromium in soil between the wastewater treatment plant of Colba tannery and the receiving river
(CS�Colba tannery soil sample) [mean± SD mg kg−1, n� 3].

Soil sample Cr (III) Water-soluble Cr (VI) Cr (VI) Total Cr (UV/vis) Total Cr (ICP-OES)
CS1 1811.4± 0.21 0.183± 0.02 0.621± 0.02 1812.21± 2.21 1809.33± 0.31
CS2 1525.7± 0.32 0.221± 0.01 0.783± 0.01 1526.48± 3.32 1525.71± 1.42
CS3 1193.6± 0.41 0.331± 0.32 0.915± 0.32 1194.51± 3.32 1196.02± 0.67
CS4 791.5± 0.17 0.362± 0.04 0.973± 0.04 792.47± 1.04 792.33± 0.44
Control 0.18± 0.03 ND ND 0.18± 0.03 0.07± 0.01
ND: not detected.
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reduction of Cr (VI) into Cr (III) and the clay soil formation
which may adsorb the Cr (VI), unlike the conditions in this
study [22, 40]. *e increase in the Cr (VI) concentration in this
study is also supported by other studies such as Chattopadhyay
et al.,Walsh andO’Halloran, andHerschy.*e findings of these
studies show that soil samples that did not have a detectable
concentration of Cr (VI) at the beginning of the study happen to
have a significant concentration after exposure to environ-
mental factors that facilitate the oxidation of the available Cr
(III) from tannery discharges years later [8, 39, 43]. However, in
the control samples collected far from the industrial zone, there
was no detectable concentration of Cr (VI) by both UV/Vis and
ICP-OES measurement, which confirms that the possible
source of chromium in the surrounding soil is possibly the
tannery discharge.

3.3. Chromium in Edible Plants. *ere are various studies,
which indicate the potential of plants to accumulate chro-
mium and other metals and later consumed by humans and
animals [22–24, 44, 45].

As depicted in Table 3, 0.9 to 1.6% of the Cr (III) and 1.2 to
3.6% of the Cr (VI) measured in the soil collected from the root
of each plant were found in the edible parts.*e concentrations
of Cr (III) and total chromium in the soil of the cultivation area
were from 862.54± 5.91 to 887.36± 7.12mgkg−1 and
864.87± 5.22 to 889.49± 7.12mgkg−1, respectively, while the
total chromium concentration of the control area was only
0.18± 0.01mgkg−1. Similarly, the total chromium concentra-
tion measured in the edible part of the plants from the tannery
surrounding was from 7.98± 0.63mgkg−1 for green pepper to
14.45± 0.34mgkg−1 for carrot. *is is significantly higher
(p< 0.05) than the total chromium measured in plants from
the control area, which is between 0.14mgkg−1 for lettuce and
0.31± 0.01mgkg−1 for tomato.

Chromium concentrations measured in the edible plants
from the tannery surrounding are not all the same in all plant
types studied. Green pepper (0.041, 7.94, and 7.98mgkg−1,

respectively) and tomato (0.035, 8.18, and 8.22mgkg−1, re-
spectively) have the lowest Cr (VI), Cr (III), and total chromium
concentration from the six plant types studied. As presented in
Table 4, the highest Cr (VI), Cr (III), and total chromium were
recorded for carrot (0.078, 14.37, and 14.45mgkg−1, respec-
tively) and beetroot (0.066, 12.88, and 12.95mgkg−1, respec-
tively). *e overall pattern of chromium concentration trend is
carrot>beetroot> lettuce> cabbage> tomato> green pepper.
It is revealed that the root part of plants accumulates more
chromium than the leaf, and the fruit part accumulates the
lowest. *ese findings are comparable with similar studies
elsewhere which also indicates that roots are the highest ac-
cumulators while leaves are lower and fruits are the lowest
[5, 27, 46].

As illustrated in Figures 4(a) and 4(b), the highest con-
centration of chromium found in carrot and beetroot confirms
that roots are part of the plants that accumulate more than the
upper parts of the plant [5]. Huffman andAllaway (1973) found
out that the chromium concentrations in the root and the seeds
were 98 and 0.1%, respectively, while a study by Gopal et al.
(2009) also found 10 times more chromium accumulated in
roots than the leaves of the dame plant [47, 48]. *is indicates
that curiosity is highly important in choosingwhat type of plant
to harvest and eat in contaminated areas and which part of the
plant to consume.

*ere is very little known about chromium uptake and
occurrence by plants so far. From what is known, the
chromium uptake mechanism does not have a specific route
and it is more dependent on the species of chromium to be
absorbed [49, 50]. *e soil on which plants are grown
contains elements and nutrients other than chromium
which may impose competition for carriers between the Cr
(VI) and other soil constituents like iron, sulfur, and
phosphorus. However, Cr (VI) uptake is an active mecha-
nism accomplished by carriers which are useful for the
uptake of necessary plant nutrients [33].

*e high concentration of Cr (VI) in this study suggests
that water-soluble Cr (VI) can readily be taken up by plants

Table 3: Chromium concentration in edible plants grown in the tannery surroundings [mg kg−1 mean± SD, n� 3].

Vegetable type
Cr (III) Cr (VI) Total Cr

Total Cr (Control)
Soil Plant Soil Plant Soil Plant

Lettuce 862.54± 5.91 11.75± 0.73 2.33± 1.21 0.051± 0.01 864.87± 5.22 11.80± 0.53 0.14± 0.01
Cabbage 874.41± 7.35 9.21± 0.44 1.97± 0.62 0.042± 0.01 876.38± 7.33 9.25± 0.71 0.26± 0.01
Tomato 866.52± 2.77 8.18± 0.17 2.77± 1.27 0.035± 0.02 869.29± 2.72 8.22± 0.16 0.31± 0.01
G. pepper 864.23± 9.51 7.94± 0.19 2.84± 0.41 0.041± 0.01 867.07± 9.53 7.98± 0.63 0.18± 0.01
Beetroot 881.53± 4.81 12.88± 0.86 2.61± 0.88 0.066± 0.02 884.14± 4.82 12.95± 0.61 0.21± 0.01
Carrot 887.36± 7.12 14.37± 1.23 2.13± 1.03 0.078± 0.02 889.49± 7.12 14.45± 0.34 0.12± 0.01

Table 4: Chromium concentration in edible parts of plants from tannery-contaminated area [mg kg−1 mean± SD, n� 3].

Vegetable type Total Cr Cr (III) Cr (VI) Total Cr (control)
Lettuce 11.8 11.75 0.051 0.14
Cabbage 9.25 9.21 0.042 0.26
Tomato 8.22 8.18 0.035 0.31
Green pepper 7.98 7.94 0.041 0.18
Beetroot 12.95 12.88 0.066 0.21
Carrot 14.45 14.37 0.078 0.12
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while there are still studies that suggest Cr (VI) will be reduced
to Cr (III) during uptake [51]. Cr (VI), contrary to Cr (III), is
highly mobile due to its solubility thereby being more toxic
even at lower concentrations. In the noncontaminated area,
normal Cr (VI) concentration is usually less than 1mgkg−1

and it is toxic to plants when it is 0.5 to 5mgkg−1 and more in
plant nutrient solutions based on the tolerating capacity of the
specific plant. It is also wise to notice that the Cr (VI)
concentration in the edible plants is higher than the per-
missible limit in which the cumulative effect will be a serious
health risk in lifetime exposure [33, 52].

4. Conclusion

In conclusion, the study confirmed that total chromium, Cr
(III), and Cr (VI) concentrations are significantly higher in
areas contaminated with tannery waste in comparison to
noncontaminated areas. Chromium concentration in water
and soil samples exhibited a significant reduction as the
distance from the source increases. However, detection of Cr
(VI) downstream than the upstream sites indicates that
using Cr (III) for manufacturing is not a guarantee to avoid
toxic Cr (VI) as long as oxidation in the environment is
possible. It is also concluded that edible plants accumulate a
substantial amount of chromium in their parts and the
concentration of chromium accumulated is dictated by the
type and part of the plant. Roots of plants accumulate more
chromium than the leaf and the fruit. *erefore, the es-
tablishment of appropriate industrial wastewater treatment
systems feasible for developing countries, implementation of
local and international environmental regulations, public
awareness on selection, and use of edible plants grown in
contaminated areas are recommended to reduce the current
high contamination of chromium in the environment and its
health impact in tannery surrounding area.
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