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Abstract

Hawassa Textile Factory discharges virtually treated effluent into the nearby receiving environment. A study was
carried out to assess the physicochemical characteristics and heavy metal levels of effluent released from biological
treatment lagoon of the Factory. Heavy metals concentrations in sediment and macrophyte of the nearby stream to
which the textile effluent is directed was also measured. Results indicated that some physico-chemical parameters such
as pH, PO,, conductivity and TDS of the waste water from the two sampling sites were above provisional discharge
limits set at national and/or international levels. The concentration of almost all detected heavy metals in samples
analyzed from both sites generally followed the order: sediment > macrophytes > flowing waste water. The heavy
metals levels detected in sediment samples from both sites followed the order: Mn > Zn > Cu > Cr > Pb > Cd. The mean
concentrations of heavy metals in macrophytes followed the same order as in sediment while the sequence in waste
water followed the order: Cu > Mn > Zn > Cr. However, Pb and Cd were below detection limit in both macrophytes and
waste water samples. Even though the concentrations of heavy metals in samples analyzed were below acceptable
ranges of the provisional discharge limits, their accumulation over time and the potential threat on environment health
and disruption of ecological integrity was overemphasized. This study suggests quick intervention and closes monitoring

to arrest and solve the growing environmental pollution and associated problems in the area.
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Introduction

Industrial effluents are one of the principal sources of heavy
metals responsible for environmental pollution [1]. Subsequently,
contamination of soils, ground water, surface water and sediments
with heavy metals is one of the major environmental problems. Textile
industries are major sources of these effluents [2] due to the nature
of their operations which is chemical and water intensive - eventually
resulting in high wastewater generation. In developing countries,
untreated or partially-treated industrial wastewaters are directly
discharged to the nearby wetland and /or water bodies.

Ethiopian Environmental Protection Authority [3] indicated that,
most factories in Ethiopia, including textile and leather industries,
have no effluent treatment plants. Hawassa Textile factory is the
largest factory located near Hawassa town at close proximity to small
steams which are linked to Lake Hawassa by River ‘Tikur Wuha’.
The factory has both chemical and biological treatment ponds with
the aim of reducing organic and inorganic pollutants in the effluent
to acceptable level before discharge. However, there is still reports of
high concentration of toxic substance in the effluent that is discharged
after passing through treatment ponds [4,5] and this poses questions
to efficiency of the existing treatment system. The effluent are directed
into water bodies (streams, a river and then to lake) which are used for
different purposes (household use; washing cloths; bathing; domestic
animals drinking; crop, fruits and vegetable production, etc.) by the
rural community living in the immediate vicinity.

According to Tamburlini et al. and WHO [6,7], effluent generated
from textile industries contains different contaminants, mainly heavy
metals. Siyanbola et al., [8] noted that the continuous discharge of
effluent and consequent increase in concentration of heavy metals in
different compartments of the environment can lead to bioaccumulation

of metals in fauna and flora. Heavy metals are not biodegradable so
they accumulate in primary organs in the body and over time begin
to fester, leading to various symptoms of diseases. Thus, untreated or
incompletely treated textile effluent can be harmful to both aquatic and
terrestrial life by adversely affecting on the natural ecosystem and long
term health effects. Therefore, living organisms and other components
of the environment in the immediate vicinity of Hawassa textile factory
are at risk of pollution treat.

This study was designed to assess the physicochemical properties
and heavy metals concentrations in flowing waste water, sediment
and macrophytes very near to the biological treatment lagoon of the
Hawassa textile factory. Assessment of heavy metals accumulation was
carried out to ascertain the degree of contamination and its implications
to safety of the immediate environment.

Materials and Methods
Description of the study area

The Hawassa textile factory and the sampling sites are shown in
Figure 1. The factory is located at the eastern edge of Hawassa city, 275
km South of Addis Ababa along the international road to Kenya. The
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study area is characterized as sub-humid climate and has extended
period of wet season from March to October, in addition to the main
rainy season taking place from July to September. The maximum
amount of mean annual rainfall goes up to 1150 mm. The study area
has mean annual temperature of 19.5°C, with March and April having the
highest and November and December having the lowest temperature [9].

As shown in Figure 2, there are two sampling sites, designated as
Site 1 (S1) and Site 2 (S2). Site 1 is located about 500m far from the
Biological Lagoons at the point where the Wastewater from the Lagoon
joins the nearby stream (called “Boietcha” by local resident) and Site
2 is downstream, about 1.5 km away from S1. Both sites are near local
community residential area.

The Biological Treatment Ponds of the Hawassa Textile Factory are
located 1.5 km away from the Factory very close to rural residential
area (Figure 2). Effluent from the Factory reaches the Treatment Ponds
through underground Concrete Channel. The effluent is detained in
the treatment ponds for several days and then discharged out and
finally reaches the nearby “Boietcha” Stream.

Effluent sampling and analysis

The 1L polyethylene sampling bottles were first cleaned by
incubating with 10% nitric acid (to remove metal contaminants
from the bottle) for 24 hours in a hot water bath and then washed
and rinsed with distilled and de-ionized water [10,11]. These bottles
were thoroughly rinsed with the wastewater at sites before sampling.
Effluent samples were taken from the two sampling sites (Figure 2) in
May following sample collection method of APHA [12].

A portion of each effluent-sample was used for in-situ measurement
of some physicochemical parameters such as Total Dissolved
Solids (TDS), Electrical Conductivity (EC), pH and temperature
of the wastewater with portable Hanna Waterproof pH/TDS/EC/
Temperature Meters (HI 991300). Prior to measurement, the portable
field instrument was calibrated using buffers of pH (at pH 4.0, 7.0
and 10.0) and Potassium Chloride Solution for pH and Conductivity,
respectively. The remaining portion of each effluent-sample was
transported right away to the Chemistry Laboratory of Hawassa
University to determine Nitrate (NO,™), Ammonia (NH,), Phosphate
(PO,), and Sulphate (SO, ) concentrations using Spectrophotometer
(DR. 5000, USA) according to manufacturer (HACH) instructions.
Turbidity levels (Nephelometric Turbidity Units or NTU) were
assessed using the HACH 2100A Turbidity Meter.

Samples for heavy metal analyses were immediately preserved
with concentrated nitric acid. Subsequent to acidification, the samples
were stored at 4°C in refrigerator to prevent change in volume due to
evaporation. Analysis of heavy metals was carried out using Flame
Atomic Absorption Spectrophotometer (FAAS) as described in the
standard methods for the examination of Water and Wastewaters [12].
The Heavy Metals analyzed in the present study include Copper (Cu),
Manganese (Mn), Zinc (Zn), Chromium (Cr), Lead (Pb) and Cadmium
(Cd).

Sediment and macrophyte samples collection, treatment and
analysis

Concurrent to effluent sample, sediment samples were first collected
using Eckman Grab and put in plastic bags that were previously cleaned
with detergent and treated with 10% nitric acid. The composite samples
of emergent macrophytes growing on the pathway of effluent discharge
were collected by hand-pick, washed with wastewater at the sampling

site, and packed in plastic bag. In the laboratory, the macrophyte
samples were washed further with 5% Ethylene Diamine Tetra Acetic
Acid (EDTA) solution and then rinsed with distilled water to remove
the adsorbed substances. Both samples (sediment and machrophyte)
were stored in a deep freezer at -10°C prior to treatment and analysis.

The sediment samples were air-dried at room temperature for one
week until totally dried and grounded using mortar and pestle and
then passed through a sieve with mesh size 250 um to remove coarse
materials. The Macrophytes samples were dried in hot air oven at
70°C for 48 hours cooled and grounded using mortar and pestle. Both
samples (sediment and machrophyte) were put under 105°C for three
hours separately to remove if there is any moisture.

Digestion of sediment and macrophyte samples was carried out
based on the standard method [11]. Analysis of the samples for heavy
metals was carried out using FAAS according to the standard method
of [12].

Statistical analysis

Data generated in this study were analyzed using Microsoft excel
spreadsheet and SPSS (version 20). Measured values of Physico-
chemical parameters and heavy metals were analyzed using student
t-test (independent T-test) to generate means, standard deviation and
significance with alpha set at 0.05. The data are represented as mean
+ standard deviation. Differences in concentration levels obtained for
a given parameter along sampling sites were considered significant if
calculated P-values were < 0.05. Simple correlation was applied to test
the relationship between various parameters along sampling sites.

Results of the present study were compared with the available
standard limits of Ethiopian Environmental Protection Agency (EEPA)
and World Health Organization (WHO).

To compare the total content of metals at different sampling sites,
the metal pollution index (MPI) was used. It was obtained according to
the equation described in Usero et al. [13] as:

MPI = (Cf, x Cf, x... Cf )" (1)

Where: Cf, = concentration of the first metal, Cf, = concentration
of the second metal, Cf = concentration of metal n, and n = the total
number of studied metals in the sample.

To further evaluate the efficiency of metal bioaccumulation
in macrophyte, the biosediment accumulation factor (BSAF) was
calculated. The BSAF is defined as the ratio of the metal concentration
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Figure 1: Map of study area and location of sampling sites (Modified from
Birenesh Abay, 2007).
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in the macrophyte to that in the wastewater/sediment as described in
Szefer et al. [14].

BSAF = Cx/Cs (2)

Where: Cx and Cs are the average concentrations of a given metal
in the macrophyte and the associated sediment, respectively.

Results and Discussion

Physicochemical characteristics of the wastewater

The Physicochemical characteristics of Wastewaters sampled
from Hawassa Textile Factory are presented in Table 1. Except for PO,
concentration in Site 2, which is more than three times higher than Site
1, all other variables measured were more or less similar in both sites.

Temperature of effluent samples from site 1 and 2 was 29.27°C and
29.87°C, respectively. Both values are below the maximum permissible
temperature limits (40°C) for industrial effluent discharges set by
both EEPA [3] and WHO [15]. It has been reported that textile and
other dye effluents are produced at relatively high temperatures [16].
However, the low temperature recorded in the present study would be
the result of cooling as the effluent is arrested for several days in the
biological treatment lagoon. The effluent will also cool down as it joins
the stream that slowly flowing under tree shades.

The pH values recorded, 9.88 and 9.87, for S1 and S2 respectively,
are very close to 10.32 and 9.70 values documented by Abay [5] for
the two sites. Both values are higher than recommended pH standard
limits (6.0 to 9.0) of EEPA [3] and WHO [17]. Exposure to high pH
value usually results in tissue damage and skin disorders on human
body [18]. This would be a threat to downstream users because the
streams and Tikurwuha river that receives the textile factory effluent is
used by domestic animals and people living in the area.

Electrical Conductivity (EC) recorded at S1 (upstream) and S2
(downstream) was 2047 iS/cm and 2038 iS/cm, respectively. These EC
values are nearly two times higher than the 1000 iS/cm maximum limit
assigned by EEPA [3]. Much higher EC values, 3548 iS/cm and 2668 iS/
cm for S1 and S2 respectively, were recorded by Abay [16].

Langeneggar [19] stated that EC result from total dissolved ions
in aquatic ecosystem and according to Walakira and Okot-Okumu
[20] it is indicative of some influence from human activities in the
catchments. In this study, however, it is most attributed to the release
of chemical salts and high TDS from the Hawassa textile effluent. This
is reflected in the high TDS recorded at both S1 (1046.7 mg/L) and S2
(1025 mg/L), both of which are more than 10 times the national limit of
80 mg/L [3]. As described by Kambole [21], such high concentrations
of TDS might be attributed to the various textile processes, including
de-sizing, bleaching, and the various dyestuffs used in the factory.
High concentration of dissolved solid elements affects the density of
water, influences osmoregulation of freshwater organisms, and reduces
solubility of gases (like oxygen) and utility of water for drinking,
irrigational, and industrial purposes [22].

Waters can be classified based on the concentration of TDS as,
desirable for drinking (up to 500 mg/L), permissible for drinking (up
to 1,000 mg/L), useful for irrigation (up to 2,000 mg/L), not useful
for drinking and irrigation (above 3,000 mg/L). Based on the above
classification, it was observed that the effluent of HTF can be considered
safe only for irrigation purpose [23,24].

Turbidity values recorded at S1 and S2 were 270.7 and 265.3 NTU,
respectively. These values are more than 50 times higher than the

maximum limit value of EEPA [3]. The high turbidity is an indication
that the effluent is heavily loaded with suspended and dissolved matter.
Turbidity in water interferes with sunlight penetration and affects
photosynthesis. They would also affect aquatic organism respiration
and expose them to risks from prey.

The textile effluent released from the treatment lagoon was also
loaded with nutrients. The concentration of phosphate recorded at
site 1 and 2 was 6.33 and 21 mg/L respectively, and these values are
much higher than the 4 and 2.3 mg/L recorded by Abay [16]. Such
higher values may result not only from the textile effluent but from
agricultural run-off, because there are small scale irrigation activities
vey near to the stream by down stream users. According to Walker et al.
[25] and Mayer et al. [26], agricultural run-off increases concentration
of phosphate along stream and Krenkel and Novotny [27] noted that
this consequently could cause excessive algal growth that would deplete
oxygen availability in the water body. This may cause death to different
species of aquatic animals [26].

The Nitrate concentrations found in this study were 3.97 and 4.87
mg/L at site 1 and 2, respectively and these are far below the 50 mg/L
maximum permissible limit set by EEPA [3] and the 10 mg/L limit of
WHO [15]. Although the nitrate concentration recorded at site 1 is closer
to 3.80 mg/L recorded by Abay [16], the concentration recorded at site
2 in the present study is more than two times the value recorded by the
earlier researcher. This is still attributed to additional source of nitrate
from the near by agricultural activities. Likewise, the concentrations of
ammonia recorded in this study was 21.3 mg/L and 24.0 mg/L at site
1 and 2, respectively both values are far below the 30 mg/L maximum
permissible national limit [3]. Even though the recorded concentration
of ammonia was below national limit, the pungent smell of the effluent
as characteristic of ammonia was perceived during the field sampling.
According to WHO [28] ammonia gas may lead to poor air quality of
the area and it is a severe respiratory tract irritant.

The concentration of sulfate recorded (44.7 mg/L and 51.0 mg/L)
at site 1 and 2, respectively, were much below the provisional discharge
limits set by the EEPA [3] and WHO [16], which is 200 mg/L and 400
mg/L, respectively. Even though the recorded phosphate concentration
is below the maximum limits, as described by WHO [28], sulfate could
pose toxicological hazards even at low concentrations if the effluent
discharged does not pass through proper treatment system.

Heavy metal concentrations

The average levels of heavy metals assessed for effluent samples are
presented in Figure 2 whereas Table 2 presents the corresponding levels
determined for sediment and macrophytes samples. The heavy metal
concentrations in the samples collected and analyzed from both sites
generally followed the order: sediment > macrophytes > wastewater. In
the present study, a total of six heavy metals (Cu, Mn, Zn, Cr, Pb and
Cd) were assessed in the samples.

Heavy metal concentrations in wastewater: It have been reported
that the major problem associated with textile processing effluents is
presence of heavy metal ions, which arise from material used in the
dyeing process or in a considerably high amount, from metal containing
dye [29]. Of the total six heavy metals analyzed, four were detected in
effluent of the factory. The heavy metals concentration in wastewater
samples was found in the order of Cu > Mn > Zn > Cr at both sites.

Analysis results (Figure 2) revealed that the average concentration
of Cr in effluents of Hawassa Textile Factory recorded were 0.093
mg/L and 0.076 mg/L from site 1 and 2, respectively, indicating a slight
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Figure 2: Mean concentration (mg/L) of heavy metals in the wastewater of the
two sites.

decrement in site 2 (downstream) as compared to site 1. The maximum
concentration of Cr recorded in the present study (0.093 mg/L in site
1) is much lower than that recorded from effluent of Textile Factory
in metropolis Lagos, Nigeria (0.255 mg/L or 63.5% greater) [30] and
that of a study conducted near Haridwar, India (2.38 mg/L or 96.1%
greater) [31]. On the other hand, the higher concentration of Cr (2.0
mg/l to 4.0 mg/l) was found in a Textile Industry Effluent in Pakistan
[32]. However, no Cr was detected in all samples from Textile Mills
effluent of Kaduna, Nigeria [33].

The concentrations of Cr determined in present study are much
below the provisional discharge limit values (1 mg/L) of EEPA [3]
but higher than the 0.05 mg/L limit of WHO [15]. Altas et al., [34]
noted that Cr is much more toxic to many plants and animals even
at low concentration. The direct discharge of these pollutants to the
environment observed in this study would cause negative effects on
the receiving river water quality as well as would cause harm to the
aquatic life and people in the area who use the wastewater downstream
and their domestic animals due to its cumulative effect. According to
Turkdogan et al. [35] its accumulation may induce gastro-intestinal
ulceration and cancer and Cr can cause allergic reactions in the skin,
damage the lungs, and cause asthma attacks in humans [36].

The average concentration of Cu recorded in present study was
0.52 and 0.47 mg/L from sites 1 and 2, respectively. These are below the
EEPA [3] provisional discharge limit values (2 mg/L). More recently
Deepali et al. [31] reported lower concentration (0.011 mg/L) of Cu
from effluent of textile factory that located near Haridwar, India. On
the other hand, much higher concentrations of Cu were reported which
ranged between 1.16 and 5.14 mg/L [32] and 2.0 to 4.0 mg/L [33] as
compare to the aforesaid values of present study. The low levels of Cu
recorded along the stream may be attributed to the natural purification
processes within the streams.

Copper is an essential element in mammalian nutrition as a
component of metallo-enzymes in which it acts as an electron donor
or acceptor. Conversely, exposure to high levels of Cu can result in a
number of adverse health effects [37]. Adriano [38] stated that aquatic
organisms are potentially at risk from exposures to Cu and according to
Sawyer and McCarty [39] Cu is toxic to aquatic plants at concentrations
greater than 1.0 mg/L, while concentrations near this level can be toxic
to fish. Cu can bio-accumulated in human bodies and have important
health implications. Its toxicity may induce diarrhea, vomiting, and
sporadic fever [40,41]. Even though the recorded concentrations of
Cu in this study were below the national provisional limit, the direct
discharge of this pollutant to the environment would cause negative

effects due to its bioaccumulation nature.

Present study result revealed that the average concentration of Mn
was 0.42 mg/L and 0.19 mg/L (Table 1) in textile effluents from site 1
and 2, respectively. A Mn concentration of 0.11 mg/L was recorded in
India [42]; while slightly higher values (0.3 to 1.65 mg/L) were reported
in Nigeria [33], as compared to the value of present study.

The highest concentration of Mn recorded at site 1 of the present
study is almost two-times higher than the standard (0.2 mg/L) set
by WHO [16]. According to Soetan [43] Mn is essential element for
animal and plants growth with small amount. However, Maryse et al.
[44] stated that exposures to higher levels of Mn (in drinking water) are
associated with increased mental retardation and reduced intelligence
in school-age children, and also chronic exposure to excessive Mn
levels can lead to a motor disturbance.

The concentration of Zn recorded at site 1 and 2 was 0.372 and
0.103 mg/L), respectively. These are below the EEPA [3] provisional
discharge limit values (1 mg/L). Yusuff and Sonibare [32] reported
nearly similar concentration of Zn (0.19 to 0.36 mg/L) from textile
factories effluents in Kaduna City, Nigeria. But, more recently, Ohioma
etal. [45] reported the highest concentration of Zn from textile factories
in the same city as compared to the present study.

According to Walker et al. [25], Zn is an essential element for
animal and plants growth with small amount. However, Bradl [46]
described that at higher concentration, it is toxic to living organisms
and its accumulation in human body may cause fatigue and gastro
intestinal discomfort.

Cd and Pb were not detected in wastewater samples of both sites.
A similar result of Cd and Pb was reported by Ugoji and Aboaba [30]
and Deepali et al. [42]. However, lower concentrations of Pb (0.18-0.59
mg/L) were detected in the effluent of textile industry collected from
Panipat district of Haryana, India [47].

According to Wynne et al. [48], textile effluents vary in composition
over time and from factory to factory based on the materials used in
wet processing. None detection of Cd and Pb in the present study
doesn’t mean that they are totally absent in the samples; rather, they
were below the level of detection limit of the instrument (FAAS) used.
This might be due to the composition of materials used in wet process
by the factory during the study time.

Heavy metals concentration in sediment and macrophytes: The
mean concentrations of heavy metals in the sediment samples from
Site 1 and 2 are presented in Table 2. The mean concentrations of heavy
metals in sediment for both sites generally followed the order of Mn >
Zn > Cu > Cr > Pb > Cd. The concentrations in the sediment for site 1
and site 2, respectively, were 1.03 and 0.92 mg/Kg for Cd; (29.53 mg/Kg
and 32.53 mg/Kg for Cr; 77.73 mg/Kg and 56.33 mg/Kg for Cu; 884.75
mg/Kg and 882.24 mg/Kg for Mn; 6.69 mg/Kg and 6.11 mg/Kg for Pb;
and 259.53 mg/Kg and 210.70 mg/Kg for Zn (Table 2). This shows the
highest concentrations recorded in sediment were Mn and Zn, and the
lowest concentrations were Cd and Pb at both sites.

According to McBride [49], of the three possible oxidation states
(Mn?*, Mn**,and Mn*") of Mn, Mn?* is the only stable and hence, soluble
form in water. At high pH (>7), however, Mn?* forms hydroxides and
carbonate precipitates as well as bonds with organic matter, oxides, and
silicates which eventually diminishes its solubility. Similarly, the same
researcher described that at higher pH, Zn undergoes Chemisorption
on oxides and aluminosilicates, and complexation with humus, which
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noticeably lower its solubility. Therefore, the highest concentrations
of Mn and Zn recorded in the sediment samples in this study would
be because of the above mentioned chemical reaction behavior of the
metals due to higher pH (about 9.9) recorded for the factory wastewater.

The concentrations of heavy metals in the macrophytes for site 1
and 2 respectively were 18.92 mg/Kg and 35.63 mg/Kg for Cu; 309.52
mg/Kg and 359.76 mg/Kg for Mn; and (71.50 mg/Kg and 58.87 mg/Kg
for Zn (Table 2). The relatively higher content of Mn in the macrophytes
could be ascribed to its comparatively higher accumulation in the
sediment (Table 2).

In macrophytes samples, Cr was detected only at site 1 (2.94 mg/
Kg), where as Pb and Cd were not detected at both sampling sites (Table
2). With few exceptions, the concentration of heavy metals determined
for macrophyte samples generally followed the order of Mn > Zn > Cu
> Cr at both sites. This result is consistent with that reported from India
[50]. The concentration of Cr and Cu in site 1 are more than 2 times
that in site 2 (Table 2).

Cd and Pb were detected in sediment samples but not in wastewater
and macrophyte samples. This may be due to rapid adsorption of these
heavy metals to sediment which essentially removes the same from
the wastewater and consequently, indicating their lower tendency to
accumulate in macrophytes [50].

Furthermore, it has been suggested [49] that drops in heavy metal
levels with increasing distance (downstream) could be due to their
precipitation as insoluble salts (e.g., carbonate, hydroxide, phosphate,
or sulfide). The above researcher also indicated that above pH 7, Cd can
co-precipitate with CaCO,, or precipitate as CdCO,, and Cd Phosphate,
which ultimately may limit solubility as well. Consequently, mobility

and bioavailability of Cd in neutral to alkaline pH is low. Moreover,
Pb is reckoned as the least mobile heavy metal, particularly under
reducing or non-acid conditions. This is ascribed to the complexation
with organic matter, chemisorption on oxides and silicate clays, and
precipitation as carbonate, hydroxide, or phosphate that are all favored
at higher pH [49]. This could be the reason why Pb was present in
sediment samples in this study but not in wastewater and macrophyte
samples.

In general, the concentrations of all heavy metals detected
in sediment at site 1 were higher than site 2. Furthermore, the
concentrations of all the metals detected in sediment at the two
sampling sites have exceeded their concentrations in macrophyte and
water (Table 2). This result is similar to the findings of Amoo et al. [51]
where higher levels of these metals in sediment were obtained than
in water of Lake Kainji in Nigeria. As described earlier and by Sabo
et al. [52], this may be due to the fact that when metal pollutants are
discharged into aquatic environment, they do not remain in aqueous
phase but instead adsorbed onto the sediment. Thus, sediment serves
as a sink for pollutants, hence the reason for its higher concentration
of these metals. Moreover, as described by Untawale et al. [53] and
HO [54], as the macrophytes die and decay, the accumulated metals in
the decaying macrophytes can increase in the concentration of heavy
metals in the sediments [50]. The present study result is similar to
the findings of Amoo et al. [51] where higher levels of these metals in
sediment were obtained than in water of Lake Kainji in Nigeria.

Similarly, the concentrations of all the metals detected in
macrophytes at the two sampling sites have exceeded their
concentrations in water, except Cr in site 2. As described by Vardanyan
and Ingole [50], the higher concentration recorded in macrophyte may

. . Concentrations in samples (mg/L) Standards
Physico-chemical Parameters . 5
Site 1 Site 2 EEPA (2003) WHO (2002)
Temperature ('C) 29.27+0.9 29.87 £ 0.12 40 40
pH 9.88 £0.015 9.87 +.02 6-9 6-9
Conductivity (uS/cm) 2047.3 £+ 0.58 2038 +4.36 1000 -
TDS (mg/L) 1046.7 £2.3 1025.7 £ 1.5 80 1000
Turbidity (NTU) 270.7 £ 2.08 2653+ 1.2 <5 -
PO, (mglL) 6.33 £ 0.58 21.0+1.0 10 350
NO, (mg/L) 4.87 £0.21 3.97£0.15 50 10
NH, (mg/L) 21.3+2.08 24.0+3.0 30 1
SO, (mglL) 51.0+£1.7 447+0.6 200 400

Table 1: Values of physico-chemical parameters analyzed in wastewater of the textile factory.

Heavy metals Sample sites

) Site 1
Cadmium -
Site 2
. Site 1
Chromium .
Site 2
Site 1
Copper
PP Site 2
Site 1
Lead .
Site 2
M Site 1
anganese
o Site 2
) Site 1
Zinc .
Site 2

‘ND: Not detected

Concentration in samples (mg/Kg)

Sediment Macrophytes
1.03+0.86 ND’
0.92 + 0.094 ND’
32.53+0.74 294 +0.74
29.53+0.74 ND’
77.73 £2.47 35.63 + 0.39
56.33 + 1.52 18.92+0.39
6.69+ 1.0 ND’
6.11+1.0 ND’
884.75 + 8.70 359.76 + 0.01
882.24 + 11.51 309.52 +4.35
259.53 +0.98 71.50 £1.25
210.70 £ 0.86 58.87 + 0.08

Table 2: Heavy metals concentrations in sediment andmacrophytes samples at site 1 and 2.
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) ) BSAF of heavy metals
Sampling sites MPI values
Cd Cr Cu Pb Mn Zn
Site 1 (1.403)" NC 0.09 0.46 NC’ 0.41 0.28
Site 2 (0.834)" NC NC 0.34 NC 0.35 0.28

NC’: Not calculated (because the heavy metals were not detected in macrophyte samples).

Table 3: The Metal Pollution Index (MPI) values and the Bio-sediment Accumulation Factor (BSAF) of analyzed heavy metals at the two sites.

be due to their uptake of elements in excess of needed and accumulation
to concentration higher than those of the surrounding waters. This may
be an indication that aquatic macrophytes play a role in removing the
different metals from the ambient environments.

To compare the total content of metals at different sampling sites,
the metal pollution index (MPI) and to evaluate the efficiency of metal
bioaccumulation in macrophyte, the BSAF values; were calculated and
the results are presented in Table 3.

The MPI of site 1 is higher than site 2 (Table 3). The concentrations
of heavy metals detected in wastewater, sediment and macrophytes
were higher at site 1 than site 2 (Figure 1 and Table 2). This indicates
that the pollution level of the waste decreases down the wastewater
stream. This is expected to be due to metals adsorption to sediment
and removal from wastewater; and also uptake and filtration capacity
of the macrophytes.

Denny [55,56] noted that main route of heavy metal uptake in
aquatic plants occur through the roots in the case of emergent plants.
This indicates that emergent microphytes accumulate heavy metals
primarily from sediments. According to Liu et al. [57], bioaccumulation
is expected to occur in organisms if the BSAF is >1. As can be seen
from Table 3, all the values of BSAF for all the metals analyzed was
<1, indicating almost no marked bioaccumulation of these metals in
macrophyte at both sampling sites. Even though results of the present
study indicated no marked accumulation of the heavy metals analyzed,
detection of some of them at concentrations greater than wastewater
may be indicative of macrophytes acting as natural filter of pollutants.
This idea is consistent with that of Dhote and Dixit [58] which states,
macrophytes function as living filters for nutrients and metals that
become bound to living plant material.

Conclusion

The results of this study showed that the effluents released to the
surrounding from the biological treatment lagoon of Hawassa textile
factory contains some physico-chemical parameters higher than the
standards given by the EEPA and/or WHO. The presence of such high
parameters in the effluent after treatment questions the functionality
of the treatment plant of the factory. Therefore, to reduce the potential
environmental impact, there is urgent need to follow adequate and
efficient effluent treatment methods in Hawassa textile factory.
Thus, strict environmental laws and compliance monitoring become
imperative so as to curb this stress and the factory should undergo
regular environmental audits as required by National Environmental
Law.

The present study revealed that the aquatic macrophytes play a role
in removing the different metals from the ambient environments and
probably play a major role in reducing the effect of high concentration
of heavy metals. Therefore, the macrophyte community along the
wastewater discharge way of Hawassa textile factory needs to be
protected and restored in order to minimize the amount of heavy
metals that reach the nearby Tikur-Wuha River and its receiver, Lake
Hawassa.

Even though concentrations of most of the heavy metals recorded
in the effluent were within acceptable ranges of the provisional
national discharge limits, it should be noted that continuous release
to the surrounding could result its accumulation in the environment.
Heavy metals if present even in low concentrations are toxic to living
organisms, including humans as well as the microbial population
present in the effluent treatment processes. Therefore, the inefficiency
of biological treatment revealed in the present study would be because
of heavy metals presence in the wastewater; and this requires further
microbiological study.

People living near and around effluent discharge way use the
wastewater for various purposes and directly or indirectly exposed to
pollutants in the discharge. Therefore, its adverse effect on aquatic life
and the life and livelihood of the community living in the immediate
vicinity should be investigated and addressed through comprehensive
multidisciplinary research-based evidences.

References

1. Dierig S (1999) Urban environmental management in Addis Ababa: problems,
Policies, perspectives, and the role of NGOs. Addis Ababa, Ethiopia.

2. Ghoreishi SM, Haghighi R (2003) Chemical Catalytic Reaction and Biological
Oxidation for Treatment of non-Biodegradable Textile Effluent. Chemical
Engineering Journal 95: 163-169.

3. Ethiopian Environmental Protection Authority (2003) Provisional Standards
for Industrial Pollution Control in Ethiopia. Prepared under the ecologically
sustainable industrial development (ESID) project -US/ETH/99/068/Ehiopia,
EPA/UNIDO, Addis Ababa, Ethiopia.

4. Gebremariam Z, Desta Z (2002) The chemical composition of the effluent from
Awassa Textile factory and its effects on aquatic biota. SINET: Ethiop J Sci
25: 263-274.

5. Abay B (2007) Assessment of Downstream pollution Profiles of Awassa
Textile Factory Effluent along Tikur Wuha River using Physico-chemical and
Macroinvertebrate Indicators. Addis Ababa University, Ethipia.

6. Tamburlini G, Ehrenstein OV, Bertollini R (2002) Children’s Health and
Environment: A Review of Evidence. In: Environmental Issue Report No. 129,
London, UK.

7. WHO (2002) Water Pollutants: Biological Agents, Dissolved Chemicals, Non-
dissolved Chemicals, Sediments, Heat. WHO CEHA, Amman, Jordan.

8. Siyanbola TO, Ajanaku KO, James OO, Olugbuyiro JAO, Adekoya JO (2011)
Physico-Chemical Characteristics Of Industrial Effluents In Lagos State,
Nigeria. GJP & A Sc and Tech 1: 49-54.

9. Desta Z (1997) Industrial Environmental Management: the case of Awassa
Textile Factory, Ethiopia. M.Sc. thesis Wageningen Agricultural University,
Netherlands 95.

10. United States Environmental Protection Authority (1992) Acid digestion of
aqueous samples and extracts for total metals for analysis by FLAA or ICP
spectroscopy. Method 3010A, USEPA, Washington DC, USA.

11. United States Environmental Protection Authority (1996) Acid digestion of
sediment, sludge and soils. Method 3050B, USEPA, Washington DC, USA.

12. American Public Health Association (1998) Standard Methods for the
Examination of Water and Wastewater. (20thedtn), USA : WEF and AWWA.

13. Usero J, Gonzalez-Regalado E, Gracia | (1997) Trace metals in the bivalve
molluscs Ruditapes decussatus and Ruditapes philippinarum from the Atlantic
Coast of Southern Spain. Environ Int 23: 291-298.

J Environ Anal Toxicol
ISSN: 2161-0525 JEAT, an open access journal

Volume 5 « Issue 4 » 1000285


http://books.google.co.in/books/about/Urban_environmental_management_in_Addis.html?id=d2ttAAAAMAAJ
http://books.google.co.in/books/about/Urban_environmental_management_in_Addis.html?id=d2ttAAAAMAAJ
http://www.sciencedirect.com/science/article/pii/S1385894703001001
http://www.sciencedirect.com/science/article/pii/S1385894703001001
http://www.sciencedirect.com/science/article/pii/S1385894703001001
http://www.ajol.info/index.php/sinet/article/view/18084
http://www.ajol.info/index.php/sinet/article/view/18084
http://www.ajol.info/index.php/sinet/article/view/18084
http://core.ac.uk/display/17279269
http://core.ac.uk/display/17279269
http://core.ac.uk/display/17279269
http://www.euro.who.int/__data/assets/pdf_file/0007/98251/E75518.pdf
http://www.euro.who.int/__data/assets/pdf_file/0007/98251/E75518.pdf
http://www.euro.who.int/__data/assets/pdf_file/0007/98251/E75518.pdf
http://covenantuniversity.edu.ng/Profiles/Olugbuyiro-Joseph/Physico-chemical-Characteristics-of-Industrial-Effluents-in-Lagos-State-Nigeria
http://covenantuniversity.edu.ng/Profiles/Olugbuyiro-Joseph/Physico-chemical-Characteristics-of-Industrial-Effluents-in-Lagos-State-Nigeria
http://covenantuniversity.edu.ng/Profiles/Olugbuyiro-Joseph/Physico-chemical-Characteristics-of-Industrial-Effluents-in-Lagos-State-Nigeria
http://library.wur.nl/WebQuery/clc/1608549
http://library.wur.nl/WebQuery/clc/1608549
http://library.wur.nl/WebQuery/clc/1608549
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3010a.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3010a.pdf
http://www.epa.gov/solidwaste/hazard/testmethods/sw846/pdfs/3010a.pdf
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/3050b.pdf
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/3050b.pdf
https://www.standardmethods.org/
https://www.standardmethods.org/
http://www.sciencedirect.com/science/article/pii/S0160412097000305
http://www.sciencedirect.com/science/article/pii/S0160412097000305
http://www.sciencedirect.com/science/article/pii/S0160412097000305

Citation: Solomon S, Yadessa C, Girma T, Daniel F (2015) Heavy Metal Concentrations and Physicochemical Characteristics of Effluent along the
Discharge Route from Hawassa Textile Factory, Ethiopia. J Environ Anal Toxicol 5: 285. doi:10.4172/2161-0525.1000285

Page 7 of 7

2

o

2

=

22.

2

w

24.

25.

26.

2

BN

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

. Szefer P, Gel J (1997) Distribution and association of trace metals in soft tissue

and byssus of mollusk Perna perna from the Gulf of Aden, Yemen. Environ Int
23:53-61.

. World Health Organization (2002) Environment Protection Act. Standards for

effluent discharge regulations. General Notice No 44, Geneva, Switzerland.

.Banat MI, Nigam P, Singh D, Marchant R (1996) Microbial decolorization of

textile dye containing effluents: A review. Biores Technol 58: 217-277.

. World Health Organization (1996) Background Document for Development of

WHO Guidelines for Drinking-water Quality.

. World Health Organization (1986) Guidelines for Drinking Water Quality. Health

Criteria and other Supporting Information, WHO, Geneva, Switzerland.

. Langeneggar O (1990) Groundwater quality in rural areas of western Africa.

UNDP project 81: 10.

. Walakira P (2012) Impact of Industrial Effluents on Water Quality of Streams in

Nakawa-Ntinda, Uganda. J Appl Sci Environ Manage 15: 289-296.

. Kambole MS (2003) Managing the Water Quality of the Kafue River. J Phys

and Chem Earth 28: 1105- 1109.

Lokhande RS, Singare PU, Pimple DS (2011) Study on Physico-Chemical
Parameters of Waste Water Effluents from Taloja Industrial Area of Mumbai,
India. Int J Ecosystem 1: 1-9.

. Wilcox LV (1955) Classification and Use of Irrigation Waters. US Dept of

Agricultural Science, USA.

Indian Council of Medical Research (1975) Manual of Standards of Quality for
Drinking Water Supplies. New Delhi, India.

Walker C, Hopkin S, Sibly RM, Peakall DB (2006) Biomarkers. In: Principles of
ecotoxicology, USA: Taylor & Francis Group, 159-160.

Mayer T, Rochfort Q, Borgmann U, Snodgrass W (2008) Geochemistry and
toxicity of sediment pore-water in a salt-impacted urban storm water detention
pond. J Environ Poll 156:143-151.

.Krenkel P A and Novotny V, (1980) Water Quality Management. New York:

Academic Press.

WHO (World Health Organization), (2000) WHO Air Quality Guidelines.
(2ndedn), World Health Organization, Copenhagen: Europe Regional Office.

Correia VM (1998) Sulfonated surfactants and related compounds: Facet of
their desulfonation by aerobic and anaerobic bacteria. Tenside surfactants
detergents 35: 52-56.

Ugoji EO, Aboaba OO (2004) Biological treatments of textile industrial effluents
in Lagos Metropolis, Nigeria. J Environ Biol 25: 497-502.

Deepali BD, Joshi, Gangwar KK (2010) Metals Concentration in Textile and
Tannery Effluents, Associated Soils and Ground Water. New York Science
Journal 3: 82-89.

Aslam MM, Baig MA, Hassain | (2004) Textile waste water characterization and
reduction of its COD and BOD by oxidation. Electronic J of Environ Agricultural
and Food Chem 3: 804-811.

Yusuf RO, Sonibare JA (2004) Characterization of textile industries’ effluents
in Kaduna, Nigeria and pollution implications. Global nest: J Int 6: 212-221.

Altas MM, Masood F, Malik A (2008) Impact of long term application of treated
tannery effluents on emergence of resistance traits in rhizobium species
isolated from trifolium alexandrium. Turkish J boil 32: 1-8.

Turkdogan MK, Kilicel F, Kara K (2003) Heavy metal contamination of
vegetables and fruits in the endemic upper gastrointestinal system. J Environ
Toxicol Pharmmacol 13: 175.

ATSDR (Agency for Toxic Substances and Disease Registry) (2005) ToxFAQs
Chemical Fact Sheets.

Bremner | (1998) Manifestations of copper excess. Am J Clin Nutr
67:1069S-1073S.

Adriano DC (2001) Trace elements in the terresterial environment:
Biogeochemistry, bioavailablity and risk of metals. (2ndedn), New York:
Springer-Verlag, 866.

Sawyer CC, McCarty PL (1978) Chemistry for Environmental Engineers. New
York: McGraw Hill, 331-514.

40.

4

-

42.

43.

44,

45.

46.

47.

48.

4

©

50.

5

g

52.

5

w

54.

55

56.

57.

58.

Pyatt FB, Grattan JP (2001) Some consequences of ancient mining activities
on the health of ancient and modern human populations. J Pub Health Med
23: 235-236.

. Turkdogan MK, Kilicel F, Kara K (2003) Heavy metal contamination of

vegetables and fruits in the endemic upper gastrointestinal system. J Environ
Toxicol Pharmmacol 13: 175.

Deepali B, Joshi D, Gangwar KK (2009) Assessment of heavy metals status in
effluent of a textile industry at hardwar. J Env Bio-sci 23: 29-31.

Soetan KO, Olaiya CO, Oyewole OE (2010) The importance of mineral
elements for humans, domestic animals and plants: A review. J Food Sci 4:
200-222.

Bouchard MF, Sauvé S, Barbeau B, Legrand M, Brodeur ME, et al. (2010)
Intellectual impairment in school-age children exposed to manganese from
drinking water. J Environ Health Perspective 119: 138-143.

Ohioma Al, Luke NO, Amraibure O (2009) Studies on the pollution potential of
wastewater from textile processing factories in Kaduna, Nigeria. J Toxicol and
Environl Health Sci 1: 034-037.

Bradl HB (2005) Heavy metals in the environment: Origin, interaction and
remediation; interface science and technology. Amsterdam: Elsevier Academic
Press.

Dubey SK, Yadav R, Chaturvedi RK (2003) Spatial changes in Groundwater
quality as a result of land disposal of sewage effluent: A case study. International
conference on “Water Quality Management”. New Delhi, India.

Wynne G, Maharaj D, Buckley C (2001) Cleaner Production in the Textile
Industry Lessons from the Danish Experience, School of Chemical Engineering,
University of Natal, Durban, South Africa, 3.

. McBride MB (1994) Trace and Toxic Elements in Soils. In: M.B. McBride (ed")

Environmental Chemistry of Soils. Oxford University Press. 308-341.

Vardanyan LG, Ingole BS, (2006) Studies on heavy metal accumulation in
aquatic macrophytes from Sevan (Armenia) and Carambolim (India) lake
system. J Environ Int 32: 208-218.

.Amoo IA, Adebayo OT, Lateef AJ (2005) Evaluation of heavy metals in fishes,

water and sediments of Lake Kainji, Nigeria. Journal of Food, Agriculture &
Environment 3: 209-212.

Sabo A, Nayaya AJ, Galadima Al (2008) Assessment of Some Heavy Metals
in Water, Sediment and Freshwater Mudfish (Clarias gariepinus) from River
Gongola in Yamaltu-Deba, Gombe, Nigeria. Int J P App Scs 2: 6-12.

. Untawale AG, Wafar S, Bhosale NB (1980) Seasonal Variation in Heavy Metal

Concentration in Mangrove Foliage. Mahasagar — Bulletin of the National
Institute of Oceanography 13: 215-223.

HO YB (1988) Metal levels in three intertidal macro-algae in Hong Kong waters.
Aquatic Botany 29: 367-372.

.Denny P (1980) Solute movement in submerged angiosperms. Biological

Review 55: 65-92.

Denny P (1987) Mineral cycling by wetland plants a review. Archiv fur
Hydrobiologie Beith 27: 1-25.

Liu H, Yang J, Gan J (2010) Trace element accumulation in bivalve mussels
Anodonta woodiana from Taihu Lake, China. Arch Environ Contam Toxicol 59:
593-601.

Dhote S, Dixit S (2009) Water quality improvement through macrophytes: A
review. Environ Monit Assess 152: 149-153.

J Environ Anal Toxicol
ISSN: 2161-0525 JEAT, an open access journal

Volume 5 « Issue 4 » 1000285


http://www.sciencedirect.com/science/article/pii/S0160412096000773
http://www.sciencedirect.com/science/article/pii/S0160412096000773
http://www.sciencedirect.com/science/article/pii/S0160412096000773
http://www.sciencedirect.com/science/article/pii/S0960852496001137
http://www.sciencedirect.com/science/article/pii/S0960852496001137
http://www.who.int/water_sanitation_health/dwq/chemicals/en/ph.pdf
http://www.who.int/water_sanitation_health/dwq/chemicals/en/ph.pdf
http://onlinelibrary.wiley.com/doi/10.1002/food.19860300121/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19860300121/abstract
http://www.abstract.xlibx.com/a-medicine/15440-1-groundwater-quality-rural-areas-western-africa-langenegger-regi.php
http://www.abstract.xlibx.com/a-medicine/15440-1-groundwater-quality-rural-areas-western-africa-langenegger-regi.php
https://www.lap-publishing.com/catalog/details/store/gb/book/978-3-659-17120-8/impact-of-industrial-effluents-on-water-quality-of-streams
https://www.lap-publishing.com/catalog/details/store/gb/book/978-3-659-17120-8/impact-of-industrial-effluents-on-water-quality-of-streams
http://bscw-app1.let.ethz.ch/pub/bscw.cgi/d11576701/Kambole_2003_Managing_the.pdf
http://bscw-app1.let.ethz.ch/pub/bscw.cgi/d11576701/Kambole_2003_Managing_the.pdf
http://article.sapub.org/10.5923.j.ije.20110101.01.html
http://article.sapub.org/10.5923.j.ije.20110101.01.html
http://article.sapub.org/10.5923.j.ije.20110101.01.html
http://books.google.co.in/books/about/Classification_and_use_of_irrigation_wat.html?id=uKjS__1trwEC
http://books.google.co.in/books/about/Classification_and_use_of_irrigation_wat.html?id=uKjS__1trwEC
http://books.google.co.in/books?hl=en&lr=&id=szTGbnooH7QC&oi=fnd&pg=PP1&dq=Biomarkers.+In:+Principles+of+ecotoxicology,+Taylor+%26+Francis+Group&ots=E6A1sseAkh&sig=LPzRM9-h2s392FIAj3H54G1Do8Y#v=onepage&q&f=false
http://books.google.co.in/books?hl=en&lr=&id=szTGbnooH7QC&oi=fnd&pg=PP1&dq=Biomarkers.+In:+Principles+of+ecotoxicology,+Taylor+%26+Francis+Group&ots=E6A1sseAkh&sig=LPzRM9-h2s392FIAj3H54G1Do8Y#v=onepage&q&f=false
http://www.sciencedirect.com/science/article/pii/S0269749107006124
http://www.sciencedirect.com/science/article/pii/S0269749107006124
http://www.sciencedirect.com/science/article/pii/S0269749107006124
http://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf
http://www.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15907081
http://www.ncbi.nlm.nih.gov/pubmed/15907081
http://www.sciencepub.net/newyork/ny0304/12_2216_Deepali_ny0304_82_89.pdf
http://www.sciencepub.net/newyork/ny0304/12_2216_Deepali_ny0304_82_89.pdf
http://www.sciencepub.net/newyork/ny0304/12_2216_Deepali_ny0304_82_89.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9587154
http://www.ncbi.nlm.nih.gov/pubmed/9587154
http://books.google.co.in/books/about/Trace_Elements_in_Terrestrial_Environmen.html?id=H17Tw8NujfYC&redir_esc=y
http://books.google.co.in/books/about/Trace_Elements_in_Terrestrial_Environmen.html?id=H17Tw8NujfYC&redir_esc=y
http://books.google.co.in/books/about/Trace_Elements_in_Terrestrial_Environmen.html?id=H17Tw8NujfYC&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/11585197
http://www.ncbi.nlm.nih.gov/pubmed/11585197
http://www.ncbi.nlm.nih.gov/pubmed/11585197
http://www.connectjournals.com/file_full_text/358501H_23_29-31.pdf
http://www.connectjournals.com/file_full_text/358501H_23_29-31.pdf
http://academicjournals.org/article/article1380713863_Soetan et al.pdf
http://academicjournals.org/article/article1380713863_Soetan et al.pdf
http://academicjournals.org/article/article1380713863_Soetan et al.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20855239
http://www.ncbi.nlm.nih.gov/pubmed/20855239
http://www.ncbi.nlm.nih.gov/pubmed/20855239
http://www.academicjournals.org/article/article1391694552_Ohioma%20et al.pdf
http://www.academicjournals.org/article/article1391694552_Ohioma%20et al.pdf
http://www.academicjournals.org/article/article1391694552_Ohioma%20et al.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16213586
http://www.ncbi.nlm.nih.gov/pubmed/16213586
http://www.ncbi.nlm.nih.gov/pubmed/16213586
http://dzumenvis.nic.in/Microbes and Metals Interaction/pdf/Evaluation of heavy metals in fishes.pdf
http://dzumenvis.nic.in/Microbes and Metals Interaction/pdf/Evaluation of heavy metals in fishes.pdf
http://dzumenvis.nic.in/Microbes and Metals Interaction/pdf/Evaluation of heavy metals in fishes.pdf
http://www.ijs.nio.org/index.php/msagar/article/viewFile/1546/1524
http://www.ijs.nio.org/index.php/msagar/article/viewFile/1546/1524
http://www.ijs.nio.org/index.php/msagar/article/viewFile/1546/1524
http://www.sciencedirect.com/science/article/pii/0304377088900800
http://www.sciencedirect.com/science/article/pii/0304377088900800
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-185X.1980.tb00688.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-185X.1980.tb00688.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/20401655
http://www.ncbi.nlm.nih.gov/pubmed/20401655
http://www.ncbi.nlm.nih.gov/pubmed/20401655
http://www.ncbi.nlm.nih.gov/pubmed/18537050
http://www.ncbi.nlm.nih.gov/pubmed/18537050

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Description of the study area 
	Effluent sampling and analysis 
	Sediment and macrophyte samples collection, treatment and analysis 
	Statistical analysis  

	Results and Discussion 
	Physicochemical characteristics of the wastewater  
	Heavy metal concentrations  

	Conclusion
	Figure 2
	Table 1
	Table 2
	Table 3
	References



