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Abstract
High chromium concentration is threatening to the environment, since it is 
persistent and non-biodegradable pollutant while introduced once to our 
planet. Bioaccumulation capacity of chromium has carcinogenic potential 
to human beings. To minimize the risk of chromium bioaccumulation, the 
study was conducted in Wukro irrigation fields. 54 plants, 24 water and 
18 soil samples were collected in triplication from the selected points of 
upstream, treatment plant and downstream of leather industry.  Samples 
were transported to advanced laboratory for chromium analysis and 
results were analysed by R-software. Downstream vegetable samples 
were measured higher chromium bioaccumulation compared to the 
upstream sites. Highest chromium concentration was recorded in root 
edible vegetables, and the lowest was measured in fruit edible vegetables. 
Chromium concentration was significantly different between the upstream 
and downstream vegetables, water and soil samples at p<0.01, p<0.05 
and p < 0.001 respectively. The chromium bioaccumulation order were root 
edible > leaf edible > fruit edible vegetables. Environmental laws have to 
be strictly enforced and further researches are recommended.
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Introduction
Untreated and semi-treated effluents from tanneries 
and other industries are often discharging in to the 
environment, particularly in developing countries. 
Farmers’ are ignorance about the hidden toxicity 
of such heavily polluted discharges and their 

subsequent negative impacts has led to its continued  
use in cultivation of cereals, vegetables and others 
economically important plants.1 The discharge from 
various sub-processes in tanneries like bathing, 
pickling, tanning, dyeing and fat liquoring may cause 
severe water pollutions, mainly that of chromium.  
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The pollution of water bodies is very often  linked to 
an industry or sewage or agricultural runoff.2 Such, 
contamination of soil by the release of heavy metals 
from industrial or other anthropogenic activities are 
a threat to human health and ecosystem. Presence 
of heavy metals in soil is known to have potential 
toxic impact on environmental quality and on 
human health via water, vegetables and various 
crops.3, 4 In addition, it may cause cancer is reported 
bioaccumulation of heavy metals in human beings 
through food chains.2, 7 Concentration of heavy 
metals in soil may adversely affect soils productive 
because of phyto-toxicity, and previous works have 
shown inhibition of seed and shoot germination, 
especially because of chromium (Cr6+).5, 6

 
Tannery effluents are ranked as containing the 
highest pollutants among all the industrial wastes.  
In Ethiopia alone it estimated that about 200-300 tons 
of chromium is released into the environment annually 
from tannery industries. Chromium concentrations 
ranging between 2000 and 5000mg/l in the aqueous 
effluents compared to the recommended permissible 
limits of 2mg/l are contributing from tanning process 
in leather industries. Chrome tanning is the main 
contributor of chromium pollution in Ethiopia. 
Chrome Tanning process is most common in 
Ethiopia, which is discharging high chromium levels 
to the environment.8 Leather industry requires large 
amount of different chemicals, but one of the major 
emerging environmental problems in the tanning 
industry is the disposal of chromium contaminated 
wastes to the environment.9, 10 Chromium exists 
in oxidation states of +2, +3, and+6. The trivalent 
oxidation state is the most stable form of chromium 
and is essential to mammals in trace concentration 
and relatively immobile in the aquatic system due to 
its low water solubility.11 The hexavalent chromium 
is much more toxic to many plants, animals, and 
bacteria inhabiting aquatic environments.11

The study was conducted at Wukro irrigation 
field, which is high potential and crucial area 
to cultivate various vegetables; Onion (Allium 
cepa), Potato (Solanum tuberosum), Carrot 
(Daucus carota), Lettuce (Lactuca sativa), Cabbage  
(Brassica oleracea), Spinach (Spinacia oleracea), 
Green Pepper (Capsicum annuum), Tomato 
(Solanum lycopersicum) and Maize (Zea mays), etc. 
However in this irrigation fields there is Sheba leather 

industry P.L.C with weak waste managements; as 
the result there is alarming chromium concentrations 
in the irrigation fields.11 This study was designed 
to assess lowest chromium bioaccumulation 
vegetables in their edible parts only.12 These selected 
vegetables are common and most dominant in our 
daily dishes. 

Material and Method
Description of Study Area
The Wukro town is located in TRNS and is about 
45km and 825km from Mekelle and Addis Ababa, 
respectively and located in eastern Tigray with 
13o78'33''N latitude, 39o60'00''E longitude.13 Sheba 
leather industry having a capacity of processing 6000 
hides a day is located in Wukro irrigated areas.14

Experimental Design
The vegetable cultivation area is characterized by 
summer rainfall pattern, with peak rainfall during 
June to September. So to avoid the influence of rain 
water the study was conducted in the dry season to 
evaluate the effect of Sheba leather industry wastes 
on vegetables cultivating in the area. Experiment was 
conducted on 1meter x 1meter area by transplanting 
vegetables upstream and downstream of the sites 
of Sheba leather industry, duration of January to 
March 2018. The upstream site was considered as it 
is control was expected to be free from the industry 
waste, while the downstream site was assumed to be 
contaminated industry’s wastes. Different vegetable 
types were cultivated made mixed cropping and 
transplanting at the upstream and downstream 
sites with similar species, patterns and at the same 
time.12, 15 The vegetables were raised in a nursery 
and transplanted into the prepared sites at the same 
time. The upstream vegetables were adequately 
irrigated with spring water, whereas the downstream 
were irrigated with the industry waste contaminated 
river water. There was no fertilizer and pesticides 
application for protection against insect.15

Sample Collection and Preparation 
Water Sampling
The spring and waste contaminated irrigation water 
samples were collected in 250ml polyethylene 
bottles. Eight sampling point were selected, out 
of which two from WWTP (influent and effluent). 
Each of the eight sampling point was sampled in 
triplicate resulted in 24 samples; each triplication 
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was mixed and homogenized in to the representative 
sample before analysis. The physical water quality 
parameters were measured on site, for Temperature, 
pH, EC, DO, and TDS during sample collection. Water 
and wastewater samples were acidified on site, with 
3ml of concentrated HNO3 to avoid microbial growth 
and to minimize chromium precipitations; samples 
were kept in Icebox and transported for chromium 
analysis.11

Vegetable Sampling 
Sampling was done in triplicate for the edible parts 
of each of the nine vegetables for the upstream 
and downstream sites separately. The samples 
were deducted by hand, washed with clean tap and 
distilled water to remove the soil particles and placed 
in clean plastic bags. The samples were brought to 
Ezana laboratory and kept in a refrigerator before 
oven drying and digestion. The samples were 
analysed for chromium by AAS.11

Soil Sampling	
Mixed top soils (0-15cm), medium depth soils 
(15-30cm) and depth soils (30-45cm) samples 
were collected into clean plastic bags using a 
stainless-steel auger from the selected upstream 
and downstream fields, where the vegetables were 
cultivated. Each of the two sites and each of these 
depths were sampled in triplicate, air-dried at room 
temperature (approximately 25°C) and powdered 
(by a mortar and pestle); followed by oven drying 
(105oC for 12hr). The samples were analysed for 
total chromium using AAS instrument.11, 14

Digestion of Samples for Chromium Analysis
Water Samples Digestion and Analysis
The collected each triplicate water and wastewater 
samples were mixed and homogenized thoroughly 
into one representative samples and 50ml of each 
such sample was transferred to separate conical 
flask. 10ml of 68%HNO3 was added to each flask and 
was covered and digested on a hotplate for 6hrs at 
100oC. The solution was then transferred to 100ml 
volumetric flask and diluted up to the mark with 
distilled water and mixed thoroughly. 20ml of final 
solution was used to measure chromium on AAS.14

Vegetable Samples Digestion and Analysis
Homogenized, dried and powdered vegetable 
samples 1g were taken and transferred to 100ml 

beaker. 5ml of 68%HNO3 and 2ml of 70%HClO4 were 
added and the solutions were heated for 45minutes 
(until yellow colour changed to white smog) at  
100oC. Filtered into 50ml volumetric flask and diluted 
up to the 50ml mark with distilled water and mixed, 
allowed to settle and was measured chromium using 
AAS.11, 14

Soil Samples Digestion and Analysis 
A sample of 20+0.05g of powdered (75μm) soil was 
weighed in a 400ml tall form beaker. An acid mixture 
of 50ml of 37%HCl and 20ml of 68%HNO3 was slowly 
added to the sample while swirling, on the hot plate 
for a minimum of 45 minute at 160oC, stirring with a 
glass rod. It was removed from the hot plate before 
becoming dry, cooled and diluted up to 200ml mark 
of volumetric flask with distilled water, shaken and 
poured back in to the beaker and allowed to settle 
for 30minnute. Finally, samples were measured for 
chromium on the AAS.14

Quality Assurance and Data Analysis
Standard chromium reference reagent was used for 
calibration and quality assurance for each analytical 
batches, and chromium standard reagent was spiked 
to check precision and accuracy.12 To analysis the 
result R-software (Rx64 3.4.4 version) was used.  
All data were normally distributed (p>0.05), except 
that of EC, TDS and Cr results in the WWTP.12

Result and Discussion 
Environmental Effects of Sheba Leather Industry 
Wastes 
Physico-Chemical of Irrigation Water Quality 
Parameters
Temperature, pH, EC, DO and TDS, were measured 
on site during sample collection and the result 
was temperature 23.27±1.460c, pH 7.86±0.71,  
EC 6950±4368 µS/cm and DO 5.61±1.78 mgL-1.  
In addition, average Cr was 6.96±7.04 mgL-1 

(Figure 1). EC, pH and temperature and chromium 
were shown significant difference between the 
controlled and contaminated sites (p<0.05), while 
not significant for DO and pH. Highest EC, TDS and 
Cr were recorded in the sampling point nearest to 
Sheba leather industry and lowest were recorded 
away from the industry wastes. This suggested 
that, Sheba leather industry may pollute to the 
environmental.14, 16
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Chromium Concentration in Soils 
Chromium concentration was higher in the 
downstream, with average value of 32.18±0.70; 
whereas the lower was measured in the 
upstream, with the value of 20.45±1.89 (Figure 1).  
The chromium concentration was shown significant 
difference between downstream and upstream soil 
sites (p<0.001), in the other hand not significantly 

different between their soil depths (Figure 1). 
This indicated that, there may high contribution of 
chromium pollutant from the leather industry to the 
soil. In addition, chromium measured in the upstream 
soils were high compared to natural soils; this could 
be the selected cultivation site was down of Wukro 
town.11, 14

Fig.1: Shows Chromium concentrations in water and soils respectively

Chromium Concentrations in Vegetables  
Higher chromium concentration was measured in 
vegetables which were cultivated in the downstream 
while lower chromium bioaccumulation was recorded 
in the upstream (Figure 2). The highest chromium 
bioaccumulation was recorded in root edible 
vegetables, whereas the lowest was in the fruit 
edible vegetables (Figure 2). The average value of 
chromium concentration in vegetables cultivated 
in upstream was 1.76±0.68 and downstream 
3.19±1.60. The chromium bioaccumulation of 
vegetables was significant difference between upper 
and downstream sites (p<0.05), and chromium 
bioaccumulation was significantly different (p<0.005) 
in their edible types (Figure 2). In the other side, no 
significant difference among these all vegetable 
species. Thus, high chromium bioaccumulation 
concentration was recorded in the downstream and 
might be contribution of the leather industry wastes 
to the environment.11, 14

Evaluation Efficiency of Sheba Leather Industry 
WWTP
pH, DO, Temperature, BOD5 and COD parameters 
were 8.40, 2.15mg/l, 27oC, 373mg/l and 637.5mg/l 
respectively. pH was significantly different between 

influent and effluent (p<0.01), but not in Temperature. 
The other non-normally distributed parameters 
were used the Kruskal-Wallis test for Cr, EC, TDS, 
BOD5, COD and DO were significantly different 
(p<0.05). EC, TDS and Chromium concentration 
were recorded higher than standards in the effluent 
of wastewater treatment plant, and may indicated 
that the treatment plant is limited to treat these 
parameters.12, 16

A s s e s s i n g  t h e  L o w e s t  C h r o m i u m 
Bioaccumulation Vegetables 
The main objective of this research was to identify 
the least chromium bioaccumulation vegetables in 
their edible parts only. Chromium bioaccumulation 
result was recorded highest in root edible and lowest 
in fruit edible vegetables in both sites (Figure 2). 
Chromium bioaccumulation in root is sometimes 
100-times higher than the shoots and fruits.17  
In addition, the highest chromium bioaccumulation 
was in carrot and lowest in maize (Figure 2).  
The chromium bioaccumulations capacity in 
different vegetable edible parts was in the order of 
roots > stem > leaves > fruits, since there is natural 
translocation defence of chromium from root to other 
part of vegetables.18 According the previous study 
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highest chromium concentration was recorded in 
the cell walls of roots and root parts and the cell 
wall fraction contained major portion of chromium 
concentration (83.2%) in roots.19 In general, in 
this study the chromium bioaccumulation order 

of  vegetables were root edible > leaf edible > fruit 
edible and as increase the length of edible part from 
soil part, it could be increased the natural defence 
and can record lowest chromium bioaccumulation 
capacities (Figure 2).18

Fig. 2: Shows Chromium concentration in vegetables in Edible and Vegetable types respectively

Conclusion and Recommendations 
Conclusion
The effect of Sheba leather industry wastes on 
environment has shown its contribution on the 
irrigation water, soil and vegetables of Wukro 
irrigation areas. The efficiency of the leather industry 
wastewater treatment plant is limited to treats in 
some parameters, like EC, TDS and Chromium. 
In the vegetable samples was recorded highest 
chromium concentration in root edible vegetables, 
while the lowest chromium bioaccumulation was 
found in fruit edible vegetables. The lowest chromium 
bioaccumulation vegetable was in maize and highest 
was measured in carrot from fruit and root edible 
vegetables respectively.

Recommendations

•	 Root and leaf edible vegetables are strictly 
forbidden to cultivate downstream of leather 
and other industries.

•	 The efficiency of Sheba leather industry 
wastewater treatment plant is limited in some 
parameters; it recommended cooperation 
with government, Universities and other 
organization to solve the problems. 

•	 Sheba leather industry may contribute 
pollution to the environment, thus federal and 
regional environmental protection authorities 
have to strengthen their regulation.

•	 Environmental laws have to be strictly enforced 
by the federal and regional environmental 
protection authorities to control improper 
tannery and other industrial waste generation.

•	 There  is  no  clear environmental  standard  
prepared by Environmental protection  
Authority of Ethiopia on tannery  wastes.  
Therefore, this standard should be prepared, 
disseminated and enforced. 

•	  Further researches are recommended, in 
vegetables chromium bioaccumulations 
including the soi l  physico-chemical 
characterization and properties in Sheba 
leather industry irrigation areas and related 
industries. 
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