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PAPER INFO ABSTRACT

The main objective of this study is to evaluate the physicochemical quality of urban sewage from the
Annaba region and to recommend appropriate treatment for their reuse and reducing their harmful
receptors such as Boukhadra (Site 1), El Bouni (Site 2) and Oued Forcha (Site 3). Analysis carried
out for duration of one year (from March 2012 till February 2013). It was revealed that as an organic
pollution resulted in a high BODs and COD which can reach respectively (140.66 + 26.62 mg/l of
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Keywords: 0,) and (298.83 + 84.40 mg/l of O,) in Site 1, Site 2 is (147.16 + 33.10 mg/l of O,) for BODs, and
BODs (280 + 55.67 mg/l of Oy) for COD and in site 3 the pollution load is represented by BODs (149.5 +
cop 22.71 mg/l of Oy) and COD (287.33 + 19.09 mg/l of O,). Regarding the TSS, their annual average in

Physicochemical quality three sites were 352.83, 340.83 and 369.26 mg/I, respectively. The reported data were far exceeded

Polluti > : . :
S:Wl;tglgn the Algerian standard (50 mg/l). The annual average ratio BODs/ COD for sites 1, 2 and 3 were in
Wastewater the order of 0.47, 0.52 and 0.5, respectively. These results lead the conclusion that the three sewage
sites were polluted by organic pollution which was characterized by partially degradable.
doi: 10.5829/idosi.ijee.2015.06.02.08
INTRODUCTION with a containment system, leachates are rich in organic

Pollution is a serious problem to the environment; it
includes any human action which degrades nature and
any adverse change in the environment [1]. The laws are
in force around the world to control the level of
pollutants in the environment [2]. These pollutants are
emitted into the atmosphere, discharged in wastewater
or applied to soils, in the form of gases, dissolved
substances or  particles, most reach aquatic
environments. Following the significant population
growth and economic evolution experienced by the
country in recent years. The environment is facing to
disturbing changes in the surface water quality of the
main Algerian, water courses caused by massive and
uncontrolled pollution by both natural organic matters
as industrial products [3]. The major and inevitable
consequence of such a landfill is a production of
leachate which can bring out serious environmental
problems. Specifically, when the site is not provided
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and inorganic pollutants, but also heavy metal materials,
can contaminate water systems [4]. Finally, that lead to
eutrophication of the receiving environment[5, 6]. Poor
water quality can not only cause many treatment
failures, but also be a predisposing factor of a whole
range of pathologies of various etiology (chemical,
bacterial, viral and parasitic) [7].

The main objective of this work is to characterize the
urban sewage of the city of Annaba; which is the largest
urban center in the East. For the realization of this
study, three sites were surveyed (Oued Forcha, EI Bouni
and Boukhadra) and involved the monitoring and
analysis of physico-chemical parameters in the light of a
characterization of its wastewater. The choice of these
discharges based on their location in the city,
accessibility and most importantly because they are not
connected to the treatment of the region of Annaba
station.
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MATERIALS AND METHODS

Description of the site

The city of Annaba is located between latitudes 36 °30
N and 37 °30 N and longitudes 7 °20 E and 8 °40 E, in
the extreme north-eastern Algeria, exactly 100 km from
the border Algeria - Tunisia and 580 km west of
Algiers, with an area of 1412 km?.

It is limited geographically by the Mediterranean
Sea to the north, by the province of Guelma the south,
by the province of El Tarf east and west by the province
of Skikda. Its population has been increasing over recent
years to reach 657,756 inhabitants [8]. Present study
was conducted at three sites in the center of this city site
1 (Boukhadra ), site 2 (El Bouni) and Site 3 (Oued
Forcha) (Figure 1)
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Site 3 : Oued Forcha
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Figure 1. Location of disposal sites

Sample Collection

To take into account the seasonal variation of the
effluent, the physico-chemical parameters were
determined from bimonthly samples from March 2012
to February 2013. The sewage samples were collected in
glass bottles of 500 ml and were kept in a cooler where
the temperature is maintained at 4°C according to the
general guide to the preservation and handling of
samples[9].

Test Methods

The analysis was focused on the main parameters that
characterized sewage, some parameters  were
determined immediately on sites such as pH,
temperature, electrical conductivity, total dissolved
solids (TDS) and salinity. The pH and temperature were
determined by a pH-meter (Wagtech 525043) with a
probe measuring the temperature. The electrical
conductivity of water, total dissolved solids (TDS) and
salinity ~measurements were taken with the
multiparameter probe (WTW 197i). The suspended
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solid (TSS) were determined according to the standard
(EN 872/2005). The dosage of the various components
was performed by spectrometry, ammonium ions
according to the standard (FN, T90-015), at wavelength
of 630 nm. Nitrites and nitrates according to the
standard (ISO 6777 / 1-1984), at wavelength 543 nm.
Orthophosphates measured according to the standard
method (ISO 6878 / 1-1986), at a wavelength of 885
nm. Finally, the COD and BODs were determined by
French standards (FN, T90-101) and (FN, T90-103),
respectively.

Statistical Study

The results obtained were subjected to statistical
analysis using the software MINITAB release 13.31
[10]. Data are represented by an analysis of variance
with two classification criteria (location, time) which
was performed using the ANOVA test.

RESULTS AND DISCUSSION

The results are shown in Figures 2 to 12. The average
temperature of wastewater different sampling sites are
generally between 11.8 to 20.1°C (17.73 = 3.59°C) for
site 1, from 14.8 to 23.7°C (18.61 £ 3.20°C) for site 2
and from 13.4 to 23.8°C (18.86 + 3.97°C) for site 3.
These results show a difference between the minimum
and maximum recorded values. This could be related to
seasonal variations with significant changes in ambient
temperature in summer and winter (Figure 2). The
values of the recorded temperature at the three sites are
inferior to the standard 30°C, and considered as limited
value for direct discharges into receiving environment
[11]. The obtained results are consistent with the
reported values in literature [12, 13].

Unlike equalities of means is very highly significant (at
the p = 0.000) between the sites.

The pH values of wastewater discharged by these
releases vary from 6.9 to 7.37 (7.01 £ 0.46) for site 1,
from 6.15 to 7.68 (7.07 £ 0.50) for site 2 and from 6.17
to 7.42 (7.1 £ 0.50) for the site 3. The recorded pH
values were relatively neutral. However, the slight
reduction in pH was observed at the three sites in May,
which can be explained by the dilution of the water
(Figure 3). The annual average pH values are also in the
meantime admitted [5.5-8.5] considered as limit values
for discharges of liquid effluents discharged into the
natural environment [11]. Similar results were recorded
in Morocco [14].

Unlike equalities mean very highly significant (at the p
= 0.000) from one site to another.

For electric conductivity recorded values fluctuated
between 668 and 1201 pS/cm (1017 + 204.66 pS/cm)
for site 1, between 1076 and 1817 uS/cm (1462 +
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286.50 pS/cm) for site 2 and between 924 and 1946
puS/cm (1454 + 353.73 pS/cm) for the site 3; The
obtained electrical conductivity values demonstrate the
significant mineralization of wastewater, at sites 2 and 3
relative to the site 1 (Figure 4). The recorded values of
electrical conductivity at the three sites are inferior to
Algeria standard which is equal to 2000 uS/cm [15].
Thus, these values are in agreement with values
previously determined values reported in literature [16,
17]. These values were lower than those found by other
researchers [18-20].

Unlike equalities of mean is not significant (p = 0.65
threshold) between sites.

In this study, the recorded values for salinity ranged
from 0.1 to 0.4 (0.31 £ 0.13) for the site 1, 0.4 to 0.8
(0.6 £ 0.17) for the site 2 and from 0.3 to 0.9 (0.58 £
0.20) for the site 3. In general, salinity follows the same
trends as the electrical conductivity. Thus, salinity was
higher in sites 2 and 3 in comparison with site 1 (Figure
5). Unlike equalities mean is not significant (p = 0.18
threshold) from one site to another.

TDS concentrations measured at the three sites
varied between 290 and 511 mg/l (440.66 + 83.64 mg/l)
for site 1, between 481 and 772 mg/l (638 + 122.02
mg/1) for site 2 and between 415 and 841 mg/l (626.5
145.96 mg/l) for the site 3. It seems that the evolution of
the concentrations of TDS is similar to that of the
conductivity and the salinity (Figure 6). The average
values of TDS were lower to the Algerian standard [15].
However, they are superior to those found by others [21,
22]. Unlike equalities mean is not significant (p = 0.13
threshold) between sites.

The results of TSS analysis showed that sewage
studied in three sites are characterized by a
concentration ranged between 294 and 417 mg/l (352.83
+ 47.90 mg/l) for site 1, between 313 and 364.8 mg/l
(340.83 £ 17.21 mg/l) for the site 2 and between 327
and 395 mg/l (369.26 + 25.71 mg/l) for the site 3. This
parameter has a very marked seasonal evolution by
reducing values in winter and increases in summer
(Figure 7). These values far exceed the concentration
limits on the direct discharge which is equal to 50 mg/I
[11]. They were similar to those found by Khokh EI et
al. [23]and were higher than those obtained by Bouslah
et al. [8], Hashemi Rachedi and Amarchi [24].

Unlike equalities mean is not significant (p = 0.38
threshold) between sites.

The concentrations of nitrite cancel many times, this is
why we have not plotted these spatiotemporal
variations. These low concentrations were the results of
the rapid transformation of this unstable element by
bacteria for nitrate concentrations [20, 23].
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Figure 2. Spatio-temporal variation of the temperature during
the study period.
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Figure 3. Spatio-temporal variation of the pH during the study
period.
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Figure 4. Spatio-temporal variation of the conductivity during
the study period.
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Figure 5. Spatio-temporal variation of the salinity during the
study period.
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Figure 6. Spatio-temporal variation of the total dissolved
solids during the study period.
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Figure 7. Spatio-temporal variation of the Matter in
Suspension during the study period.

The obtained unlike equalities mean concentration in
ammonium ion in the site 1 was 2.23 mg/l with extreme
values of 0.057 and 4.89 mg/I. It is of the order of 2.36
mg/l with extreme values of 0.17 and 5.61 mg/l for the
site 2 and about 1.98 mg/l with extreme values of 0.048
and 4.03 mg/l for the site 3 (Figure 8). Monitoring of
ammonium ion concentrations reveals a seasonal pattern
which is characterized by a decrease in autumn
especially in September and appears to be due to the
phenomenon of dilution caused by rain [18] and solar
radiation in summer especially in May, which may be
explained by the direct influence of the pollution load
discharged into the three concentrated sites in
ammonium during the summer and due to the high
degree of bacterial activity and exceeding the summer
assimilation by phytoplankton. The decrease in levels of
ammonia nitrogen can have other causes than dilution;
which can be converted to nitrate by bacterial action
(Nitrosomonas sp. and Nitrobacter sp.) [25, 26].

Unlike equalities mean is very highly significant (at the
p = 0.000) from one site to another.

Nitrate levels in studied waters varied from 0.46 to
2.77 mg/l, with an average concentration of 1.39 mg/I
for site 1, between 0.008 and 2.95 mg/l with an average
concentration of 0.86 mg/l for the site 2 and between
0.016 and 3.15 mg/l with an average concentration of
1.73 mg/l for site 3. It seems that the very marked

130

seasonal evolution of nitrate is similar to sites 1 and 3;
then we stored the inverse of the site 2 this evolution is
characterized by a surge in concentration in December
(Figure 9).

A comparison of the seasonal evolution of nitrate
and ammonium in sites 1 and 3, highlights an opposite
evolution of these two parameters, which clearly
indicates denitrification [20].

Unlike equalities mean is not significant (p = 0.82
threshold) between sites.

The recorded values of orthophosphate varied
between 0.60 and 2.78 mg/l with a mean value of 1.93
mg/l for site 1, between 0.22 and 3.69 mg/l with an
average value of 2.77 mg/l for site 2 and between 2.41
and 4.11 mg/l with a mean value of 3.07 mg/l to site 3
(Figure 10). The spatiotemporal evolution of
orthophosphate shows a progression in the average from
one site to another, these obtained results exceed (2
mg/l), considered as the limit of spilled liquid
discharges value into the environment [15]. However, at
site 2 we record a diminution in March which is may be
the result of the rapid uptake of this component by the
bacteria and algae from the environment [27]. Similarly,
these results are consistent with the results previously
determined by Bordjiba et al. [28]. They were less than
those found by Boualla et al [25], Ghizellaoui and
Ghizellaoui [29].

Unlike equalities mean is not significant (p = 0.26
threshold) from one site to another.
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Figure 8. Spatio-temporal variation of ammonium during the
study period.
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Figure 9. Spatio-temporal variation of nitrates during the
study period.
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Figure 10. Spatio-temporal variation of Orthophosphates
during the study period.

The seasonal evolution of the COD in the three sites
is characterized by high annual average concentrations:
298.83 mg/l of O,, 280 mg/l of O, and 295.33 mg/I of
0,, they are clearly superior to the Algerian standard
(120 mg/l) [30]. Thus, these values were lower than
those obtained by Boutayeb et al. [31]and higher than
those found by Belghyti et al. [32].

Unlike equalities average is significant (at the p = 0.02)
between the sites.

Regarding the average values of BODs in the three
sites, they were 140.66, 147.16 and 148 mg/l of O,
respectively. These values were far exceeded the
Algerian standard which is equal to 35 mg/I[30].
Similarly, these values were lower with those
encountered in wastewater in France [33]. By cons they
are superior to those obtained by Sadek et al. [13] and
consistent with reported values by Ghizellaoui and
Ghizellaoui [29].

Unlike equalities mean is significantly high (at the p =
0.000) from one site to another.

Insite 2 in the BODs/COD ratio is very high with
0.52; that is the general case for discharges loaded with
organic matter. This result is confirmed by the important
content of oxidizable material, which is of the order of
191.44 mg/l. In addition, the COD/BODs ratio is equal
to 1.90 and allows us to infer that the organic load in the
sewage of this site is readily biodegradable according to
Rodier [9] compared to sites 1 and 3, the COD/BODs
ratios were 2.11 and 2, respectively. These reports are
available in the interval [2-2.50], which is in accordance
to Rodier [9] characterize urban sewage and easily
degradable. The annual average ratio BODs/COD is of
the order of 0.47 for the site 1 and 0.50 for the site 3.
This result leads to the conclusion that the sewage of the
three sites were polluted by organic pollution which is
characterized by partially degradable waste.
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TABLE 1. Ratios of the pollution global parameters of
wastewaters of Annaba.

Parameters | BODs/COD | COD/BODs | Oxidizable matter
(OM)* (mg/l)
Sites
Site 1 0.47 211 193.38
Site 2 0.52 1.90 191.44
Site 3 0.50 2 197.11

*OM = COD +2(BODs)/3 [34]

CONCLUSION

Monitoring of the physical chemistry of urban sewage
of the city of Annaba including Boukhadra sites and
Oued EI Bouni Forcha allowed us to identify a set of
information at its quality as a direct discharge into the
receiving environment. The results of the main physico-
chemical parameters (T, pH, EC, NO,, NH," ....) Found
values below the Algerian standards. However, it was
noticed a significant concentrations (COD, BODs, TSS,
PO, that were superior to the Algerian standard. After
the degree evaluation of organic pollution, we can note
that all the studied parameters (in particular BODs,
COD and TSS) put the three sites in the slice of low
concentration according to average [35]. Concerning the
three releases the COD/BODj5 ratio characterizes urban
domestic and dominant sewage and are also readily
biodegradable even if the BODs/COD ratio is high, it is
confirmed by the great Oxidizable material content.
Therefore, the sewage of Boukhadra El Bouni and Oued
Forcha play a negative role in pouring on the receiving
environment, which allows us to offer to install a
pretreatment system in order to put them in standards of
accordance direct and indirect discharges in accordance
with Algerian standards before discharge.
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