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A study was conducted to characterize Modjo tannery effluent (wastewater) and determine its impact on
the Modjo River using some physicochemical parameters. Accordingly, three tannery wastewater
samples along wastewater channel at different distances have been taken and three river water samples
(one upstream and two downstream) were collected along the river to determine its impact on the river.
The samples have been analyzed for temperature, pH, electrical conductivity (EC), total dissolved solids
(TDS), total suspended solid (TSS), chloride(Cl’), biological oxygen demand (BOD5), chemical oxygen
demand (COD), total ammonia (as N), total nitrogen, total phosphorus and sulphide. The result of
tannery wastewater showed that the values of temperature, pH, EC, TDS, TSS, CI, BOD5, COD, total
ammonia, total nitrogen, total phosphorus and sulphide along the wastewater channel ranged from
26.97 to 24.93°C, 9.33 to 8.33, 15670.00 to 14496.67 qu'l, 9370.00 to 8723.33 mgL'l, 4979.33 to 2647.67
mgL™, 6111.67 to 5555.78 mgL™ 960.34 to 842.00 mgL™, 2011.00 to 1950.75 mgL™, 520.44 to 401.23 mgL"
! 720.46 to 665.43 mgL™, 30.12 to 19.55 mgL™ and 35.56 to 21.05 mgL™ respectively. And most of the
effluent characteristics except pH and temperature were beyond the provisional discharge limit of
tannery effluent to water body set by the Ethiopian Environmental Protection Authority (EEPA) and
Federal Environmental Protection Agency (FEPA). Analysis of variance (ANOVA) also showed that
variation among sampling points were statistically significant (p<0.5). Similarly, the levels of all these
physicochemical parameters in the downstream site of the river were higher as compared to the values
obtained from the upstream site (control). This indicated that the downstream site of the river is
polluted as a result of the direct discharge of the tannery effluent to it.
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INTRODUCTION

Tannery industry is making obvious impacts on
socioeconomics through employment and earning, yet
the industry has gained a negative image in the society
owing to the pollution it generates. Leather processing
involves a series of unit operations including pre-tanning,

tanning and post-tanning/finishing (Ramasami and
Prasad, 1991). At each stage, various chemicals are
used, and varieties of materials are expelled in addition to
35 — 40 L of water used per kilogram of hide processed
(Tarig et al., 2010). Moreover, excessive amounts of
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chemicals are used in treatment drums, and it has been
reported that 50% of the chemicals used in these
processes become wastewater or sludge (Petruzzelli et
al., 1995).

Therefore, tanning industry is considered an activity
with elevated potential for environmental pollution (Tariq
et al., 2006). Generally, leather tanneries produces three
different types of wastes, in which wastewater is the most
important challenge to the environment. The tanning
process is almost wholly a wet process that consumes
high amount of water that are estimated to be 34 — 56 m*
of water per ton of hides or skin processed where 85% of
the total water consumed is discharged as wastewater
(Ludvick, 2000; Teodorescu and Gaidau, 2007).
Processed water consumption, and consequently
wastewater effluent discharges, varies greatly between
tanneries, based on the processes involved, raw
materials and products (World Bank, 1998; Wiegant et
al., 1999). Generally, water consumption is greatest in
the pre-tanning areas, but significant amounts of water
are also consumed in the post tanning processes (ETPI,
1998).

Mondal et al. (2005) reported that tannery wastewater
is highly polluted in terms of suspended solids, nitrogen,
conductivity, sulphate, sulphide, chloride, biological
oxygen demand, chemical oxygen demand and
chromium. Tariq et al. (2006) also stated that effluents
from tanning units are discharged indiscriminately into
natural water bodies or open lands, resulting in
contamination of the surface and ground waters as well
as the soil flora and fauna. The high salinity and TDS of
the effluent may result in physiologically stressful
conditions for some species of aquatic organisms due to
alterations in osmotic conditions. The high BOD5 content
of the effluent may also affect the survival of gill breathing
animals of the receiving water body and high COD value
indicate toxic state of the wastewater together with
presence of biologically resistant organic substances.
The high level of ammonia-N toxic to aquatic organism
and nitrogen may cause eutrophic condition. Some
reports also show that changes in the ionic composition
of water can also exclude some species while promoting
population growth of others (Weber-Scannell and Duffy,
2007). The pollutants are poisonous to man and aquatic
life, resulting in food contamination.

Currently, there are more than 20 tanning industries
operating in Ethiopia and only 10% of the existing tanning
industries treat their wastewater to any degree, while the
majority (90%) discharges their wastewater into nearby
water bodies, streams and open land without any kind of
treatment (EEPA, 2001). This makes industrial and
chemical pollution to become the third major problem in
the country and one of the great environmental concerns
(Zinabu and Zerihun, 2002). Similarly, Modjo tannery is
one of the 14 tanneries located along Modjo in which its
untreated wastewater discharge directly into the Modjo
River. The downstream part of the river is used for
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domestic activities including drinking, irrigation and
recreation (swimming and bathing). The use of the river
in this way may lead to bioaccumulation of toxic
pollutants which is hazardous to human beings as well as
livestock. In view of the negative impact of this effluent on
the environment, the present study aimed at determining
the levels of physicochemical pollutants in effluent
samples from the tannery and assessing its impact on the
nearby Modjo River.

MATERIALS AND METHODS
General description of sampling site

Modjo is a town in East Showa Oromiya region Ethiopia and has a
latitude and longitude of 8°35' N and 39°07' E with an elevation
between 1788 and 1825 m above sea level, respectively. Modjo
tanning industry, which is found in Modjo town is located 80 km
south of Addis Ababa and is a medium-sized leather industry in
Ethiopia with installed capacity of processing 844,000 and 1,
656,000 sheep and goatskins, respectively, per annum (Ethiopian
Privatization Agency, 2002). The plant is sited near the Modjo River
and channels its effluents directly to the river course. The volume of
wastewater discharged into the Modjo River varies between 3500-
5500 cubic meters per day (Figure 1).

Tannery effluent (wastewater) and river water sampling

Tannery effluent (wastewater) samples were collected along the
wastewater channel (drain) at different distances and designated as
El, E2 and E3 and three sampling site (one upstream and two
downstream sites) were established along the river length to assess
the impact of the effluent on the river and designated as Wup, W1
and W2, respectively. The reference site was established from the
upstream site of the river and is believed to be free of the Modjo
tannery effluent. The samples were collected from the sites using a
sampler which allows sampling from discrete depth and the sample
was transferred into the storage bottle without agitation or aeration.
All samples were collected in the dry season between January and
February. Prior to sampling, the polyethylene bottle was cleaned
with nitric acid and then washed and rinsed with distilled water.
Finally, both effluent and water samples were stored in icebox and
transported to the laboratory for analysis.

Physico-chemical analysis

The physicochemical parameters include pH, temperature, BODS5,
COD, ammonia-nitrogen (NHs-N), total nitrogen, total phosphorous,
TDS, conductivity, TSS, chlorides and sulphides. These parameters
were selected because they are considered to be deleterious on the
receiving environment and they were included in the discharge limit.
Temperature, pH, conductivity and TDS were measured in situ
using combined pH/T°/TDS and conductivity meter. In the
laboratory, BOD5 and COD were measured according to standard
methods (APHA, 1998). Total nitrogen, total phosphorous, chloride
and sulphide, were determined with Hach nutrient analysis kits and
a Hach spectrophotometer (DR010 Hach Co., Loveland, Colorado,
USA). Total suspended solids were determined gravimetrically.

Statistical analysis

For the present study, the significance of variation within sample
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Table 1. Average concentration (mean + SD, n = 3) values of physico-chemical parameters of tannery wastewater samples.

Sampling sites along the wastewater channel

Discharge limit values

Physicochemical parameters

E1l E3 FEPA EEPA
Temperature(°C) 26.97+0.06 26.00£0.01 24.93+0.06 <40 40
pH 9.33+0.06 8.89+0.01 8.33+0.01 6-9 6-9
EC (uScm™) 15670.00+20 14830.00+10 14496.67+40.41 2500 -
TDS(mgL™) 9370.00+£10 8890.0048.1 8723.3345.77 2000 -
TSS (mgL™) 4979.33+26.86 3540.00+20 2647.67+7.50 30 50
Chloride (mgL™) 6111.67£73.2 5615.77+24.8 5555.78+23.74 600 1000
BOD5(mgL™) 960.34+33.24  852.00+29.21 842.00 £ 27.5 50 200
COD (mgL™) 2011.00+45.67  2000.45+43.5 1950.75 + 39.2 500 500
Total ammonia (as N) (mgL’l) 520.44+29 430.34+25.44 401.23+23.5 30
Total nitrogen (as N) (mgL'l) 720.46£33.5 691.11+31.44 665.43+28.5 60
Total phosphorus (as P) (mgL™) 30.12+3.11 24.33+2.23 19.55+1.55 10
Sulphide (as S) (mgL™) 35.56+4.55 29.39+3.45 21.05+2.7 0.1

E1 = The point of immediate discharge of mixed tannery effluents, E2 = the point which is about 400 m from E1 and E3 = the point

which is about 800 m away from E1 or 400 m from E2.

and between samples was studied using one-way analysis of
variance (ANOVA) for effluent (wastewater) and river water
samples. The least significant difference (LSD) method was applied
to test the mean differences at the 5% level of significance. All
statistical data analysis was carried out using statistical package for
social studies (SPSS) software version 16.0.

RESULTS AND DISCUSSION

The results of each physicochemical parameter of the
tannery wastewater and river water samples are
presented in Tables 1 and 2, respectively.

Temperature

The temperature of water and wastewater is one of the
most important characteristics that determines, to a
considerable extent, the trends and tendencies of
changes in the river water quality. Increased water
temperature decreases the solubility of dissolved oxygen
and water temperatures above 27°C are “unsuitable” for
public use. At above 32°C, it would be considered “unfit”
for public use (Chapman, 1996). Toxic chemicals made
more soluble by higher temperature may present an
additional hazard to the organisms in the water (USEPA,
1986).Therefore, in the present study, temperature of the
wastewater (effluent) along the wastewater channel
varies from 26.97 to 24.93°C (Table 1), and these values
were below the discharge limit values set by EEPA
(40°C) and FEPA (<40°C) for industrial effluents to be
discharged into water body. Analysis of variance
(ANOVA) indicated that variation among the sampling
points were statistically  significant (p<0.05).
Temperatures of the river water sample also vary from
20.47 upstream to about 21.70°C downstream site of the

river. The temperature of the downstream site of the river
is a little bit higher than the upstream site which is used
as control but not statistically significant.

pH

Determination of pH is very important because it
influences the other physicochemical parameters and the
availability of metal ion in the water and wastewater. The
results of this study showed that the levels of pH ranged
from 9.33 to 8.33 and 8.15 and 7.69 for wastewater
(effluent) and river water samples, respectively. Of the
sampling points of effluent, point E1 show higher pH
value than point E2 and E3 which was basic. These high
values might be as a result of lime, soda ash, sodium
sulphide and caustic soda used in the hides and skins
processing. The pH value at E1 (9.33) was above the
standard value for industrial effluents discharged to water
bodies set by FEPA and EEPA which is 6-9. However,
the average pH value which is 8.85 along the wastewater
channel was within the discharge limit. Similarly, the level
of pH in the upstream and downstream site of the river
varied between 8.15 and 7.69. The mean pH values
recorded in the downstream site of the river was
comparable to the values obtained from the upstream site
which is used as control.

Electrical conductivity (EC)

The EC is a valuable measure of the amount of ions
dissolved in wastewater and water. In this study, the
value of EC along the wastewater channel ranged from
15670.00 to 14496.67 pScm'l (Table 1). The obtained
values in all sampling sites were higher than the FEPA
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Table 2. Average concentration (mean + SD, n = 3) values of physico-chemical parameters of river water samples

Sampling sites

Physicochemical parameters

Downstream sites

Upstream site

w1 W2 Wup (control)
Temperature(°C) 21.70+0.06 21.20+0.01 20.47+0.06
pH 8.15+0.01 7.69+0.03 7.94+0.04
EC (uScm™) 5570.00 £10 4753.3315.77 340.33+0.58
TDS(mgL™) 3338.33+£2.89 2861.67+2.89 204.67+0.58
TSS (mgL™) 1397.00+5.58 818.67+4.51 380.67+3.03
Chloride (mgL™) 1766.91+48.19 1239.40+29.43 171.50+17.62
BOD5(mgL™) 73.40+6.46 55.00+4.44 11.40+1.23
COD mgL™ 206.00+33.4 164.00+£25.4 27.40£10.3
Total ammonia (as N) (mgL'l) 99.34+12.11 55.54+7.56 4.50+1.01
Total nitrogen (as N) (mgL'l) 143.50£17.5 78.13+8.5 9.34+2.11
Total phosphorus (as P) (mgL™) 10.34+1.55 5.3040.76 2.10+0.45
Sulphide (as S) (mgL™) 14.55+1.23 5.00+0.55 0.11+0.05

W1 = Downstream site of the river at about 500 m away from the point where the tannery wastewater joins the river, W2
= downstream site of the river at about 500 m from W1 and Wup = upstream site of the river at about 200 m from the

confluence point where the tannery wastewater joins the river.

standard value (2500 uScm™) of tannery effluent to be
discharged into water body. These high values could be
attributed to different dissolved salts used in the tannery
industry. The EC of river water sample ranged from
5570.00 to 340.33 pScm'1 (Table 2). The EC values
decreased from W1 to W2 in the downstream site of the
river and this might be due to dilution. Analysis of
variance (ANOVA) also indicated that variation among
the sampling points were statistically significant (p<0.05).
In addition to this, the EC in the downstream site of the
river were also much higher than the value obtained from
the upstream site Wup (340.33 pScm™) which is
expected to be less polluted and free of the Modjo
tannery wastewater. This result shows that the
downstream site of the river is polluted due to the direct
discharge of the tannery effluent. The high values of EC
in the downstream site of the river could be as a result of
extreme soluble salts from the tannery effluent
discharged into the river water body.

Total suspended solids (TSS)

Regarding the value of TSS, the wastewater (effluent)
and river water samples showed much presence of
contaminants, as the values ranged from 4979.33 to
2647.67 mgL'1 along the wastewater channel and from
1397.00 to 380.67 mgL'1 in the river water samples.
Conversely, TSS value is usually taken as an index of
contamination potential of water. Literature classified
wastewater TSS as follows, if TSS is less than 100 mgL'l,
it is weak, greater than 100 mgL™ but less than 220 mgL™
is medium and greater than 220 mgL" is strong
wastewater (Haruna et al., 2009). The result of this study

indicated that wastewater from the Modjo tannery could
be classified as strong wastewater and should not be
discharged in to the stream according to the standards.
These values for TSS in the entire sampling points were
higher than the discharge limits set by FEPA (30 mgL'l)
and EEPA (50 mgL'l). These high TSS values observed
in all the sampling points under studied might be possible
due to the presence of fine leather particles, residues
from various chemical discharges and reagents of the
tannery. In the downstream site of the river, the TSS
values become decreased from point W1 to W2 (Table 2)
and this decreased in concentration might be due to
dilution and adsorption by sediments and other organic
matters present in the river water. Analysis of variance
(ANOVA) also indicated that variation among the
sampling points of both wastewater and river water were
statistically significant (p<0.05). The TSS value of the
downstream site of the river was also higher as
compared to the up-stream site of the river. This
indicated that the downstream site of the river is polluted
as a result of the tannery wastewater.

Total dissolved solids (TDS)

TDS can also be taken as an indicator for the general
water quality because it directly affects the aesthetic
value of the water by increasing turbidity. In the present
study, the concentration of TDS along the tannery
wastewater channel ranged from 9370.00 to 8723.33
mgL'1 (Table 1). The values of TDS in all sampling points
were higher than the discharge limit of FEPA (2000 mgL"
! for effluents to be discharged into water body. The high
values of TDS might be due to carbonates, bicarbonates,
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Figure 1. Map of study area.
chlorides, sulphates, phosphates, nitrates, nitrogen, Chloride

calcium, sodium, potassium and iron present in the waste
water. Analysis of variance (ANOVA) also indicated that
variation among the sampling points were statistically
significant (p<0.05). And this variation might be due to
neutralization by the different chemicals released from
the tannery as well as adsorption along the wastewater
channel. TDS values of the river water sample also
ranged from 3338.33 to 204.67 mgL'l. TDS levels
recorded in the downstream site of the river were higher
as compared to the upstream site which is used as
control (Table 2) indicating that the tannery effluent is
affected by the river quality. Awofolu et al. (2005) also
reported that high concentrations of TDS limit the
suitability of water as a drinking source and irrigation

supply.

In this study, the results of chlorides along both waste-
water (effluent) channel and river water sample sites
varied from 6111.67 to 5555.97 mgL'1 and from 1766.92
to 171.50 mgL’1, respectively. According to the ANOVA,
the concentrations of CI at all sampling sites in both
wastewater and river water significantly varied (p<0.05).
The chloride level recorded in the entire sampling points
of the wastewater channel was higher than the
permissible levels of chloride for safe effluent discharge
into water bodies set by FEPA (600 mgL'l) and EEPA
(1000 mgL'l). The high concentrations of chloride in the
effluent channel might be due to the fact that chlorides
are introduced into tannery effluents as sodium chloride
usually on account of the large quantities of common salt



used in hide and skin preservation or the pickling process
as stated by UNIDO (2000). The chloride contents in the
downstream site of the river were also higher as
compared to the upstream site (Wup) which serves as
control. This indicated that the downstream site of the
river is polluted as a result of direct discharge of tannery
effluent. Bartram and Balance (1996) also stated that
high chloride content in river may harm growing plants;
thus also limiting the water for irrigation and drinking
purpose.

BOD5 and COD

In the present study, the levels of BOD5 and COD along
the tannery wastewater channel ranged from 960.34 to
842.00 mgL™ and 2011.00 to 1950.00 mgL™, respectively
(Table 1). All these values were above the discharge limit
given by FEPA and EEPA (Table 1). These high levels of
BODS5 and COD values observed in the effluent might be
due to high amount of organic matter from various
chemicals used during the processing of hides and skins.
It has been reported that a significant part of chemicals
used in the tanning process is not actually absorbed in
the process and discharged into the environment
(UNIDO, 1991), thereby increasing the levels of BOD5 in
the effluent. The high BOD5 and COD contents of the
effluent can affect the survival of gill breathing animals of
the receiving water body and high COD value indicate
toxic state of the wastewater together with the presence
of biologically resistant organic substances. In the
downstream site of the river W1 and W2, high levels of
BOD5 and COD were recorded (Table 2). BOD5 and
COD values at the upstream site (Wup) were significantly
lower than that at the two downstream sites (W1 and
W2). This indicated that the tannery wastewater is
polluting the downstream site of the river.

Ammonia-N and total nitrogen

The concentrations of ammonia-N and total nitrogen
along the tannery wastewater channel (drain) ranged
from 520.44 to 401.23 and 720.46 to 665.43 mgL"l
respectively (Table 1). Their values differed significantly
among sampling sites (p<0.05). And all these values
were above the discharge limit of EEPA which is 30 and
60 mgL™" respectively. These high levels of ammonia-N
and nitrogen might be attributed to several components in
tannery effluent containing nitrogen as part of the
chemical structure and the nitrogen contained in
proteinaceous material of the skin (Bosnic et al., 2000).
The concentrations of ammonia-N and total nitrogen in
the downstream site of the river were from 99.34 to 55.54
mgL'1 and 143.50 to 78.13 mgL'1 respectively (Table 2).
The concentrations of both ammonia-N and total nitrogen
significantly varied among all the sampling sites (p<0.05).
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The levels of ammonia-N and total nitrogen in the
downstream site of the river were above the values
obtained from the upstream site of the river which is 4.50
and 9.34 mgL'l, respectively. Thus, it shows that the
downstream site of the river is polluted due to the tannery
wastewater discharged into it. High level of ammonia-N is
toxic to aquatic organism and nitrogen may cause
eutrophic condition.

Total phosphorus and sulphide

The levels of phosphorus and sulphide along the
wastewater channel (drain) ranged from 30.12 to 19.55
mgL'1 and 35.56 to 21.05 mgL ™", respectively (Table 1).
The values of both phosphorus and sulphide at all
sampling sites were higher than the discharge limit set by
EEPA which is 10 and 0.1 mgL'l respectively. The
concentrations of phosphorus and sulphide in the
downstream site of the river ranged from 10.34 to 5.30
and 14.55 to 5.00 mgL'l respectively. And all these
values were higher as compared to the values obtained
from the upstream site (Wup) (control) which is believed
to be free of the Modjo tannery effluent (Table 2). This
indicated that these pollutants are increased in the river
as a result of the direct discharge of tannery effluent.

Conclusion

Even though tanning industries are important for the
country’s economy, their effluent is directly discharged
into the nearby water body without treatment. The
physico-chemical parameters investigated in this study
showed that almost all the effluent characteristics were
above the provisional discharge limit set by the
Environmental Protection Authority (EPA), indicating the
poor treatment mechanism employed by the tannery.
Most of the physico-chemical parameters in the river
water were also high and beyond the discharge limit. In
addition to this, the levels of all the physico-chemical
parameters measured in the downstream site of the river
were also high as compared to upstream site which was
used as the control. This indicated that the release of
untreated wastewater from Modjo tannery influenced the
quality of the receiving river water. Therefore, this will
create a problem for downstream users as they use it for
domestic, agricultural and recreational purposes.

RECOMMENDATION

In general, the release of untreated wastewater from the
tannery influenced the receiving river water. Therefore, it
is recommended that the treatment of wastewater is not
only desirable but also necessary to correct wastewater
characteristics so that its use or the final disposal of the
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treated effluents can take place without causing an
adverse impact on the receiving water body. The
Environmental Protection Authority should also establish
environmental protection laws which consider technical
and financial capability of the industries so as to control
industrial pollution. In addition, further work on the impact
of tannery wastewater on sediments of the river and
aquatics is also necessary.
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