www.czasopisma.pan.pl P N www.journals.pan.pl

DOI: 10.1515/jwld-2017-0083

© Polish Academy of Sciences (PAN), Committee on Agronomic Sciences
Section of Land Reclamation and Environmental Engineering in Agriculture, 2017
© Institute of Technology and Life Sciences (ITP), 2017

JOURNAL OF WATER AND LAND DEVELOPMENT
2017, No. 35 (X-XII): 185-191
PL ISSN 1429-7426

Available (PDF): http://www.itp.edu.pliwydawnictwo/journal; http://www.degruyter.com/view/j/jwld

Received  22.02.2017
Reviewed 11.03.2017
Accepted  20.06.2017

A — study design

B — data collection

C — statistical analysis

D — data interpretation

E — manuscript preparation
F — literature search

Physicochemical quality
of Wadi Bounamoussa surface waters
(Northeast of Algeria)

Hanene RAMDANI “BPEF B Azi7 LAIFA AF

Badji Mokhtar University, Department of Biology, BP 12000, 23000 Annaba, Algeria;
e-mail: hanene.ramdani@yahoo.com, rlaifa23@yahoo.fr

For citation: Ramdani H., Laifa A. 2017. Physicochemical quality of Wadi Bounamoussa surface waters (Northeast of

Algeria). Journal of Water and Land Development. No. 35 p. 183-191. DOI: 10.1515/jwld-2017-0083.

Abstract

Nitrogen is a nutrient that causes inland waters and marine environements’ eutrophication. The latter has be-
come a worldwide environmental concern that considerably lessens the aquatic environments’ quality. This
study has focused on physicochemical aspect of Wadi Bounamoussa water, by the diagnosis of the watercourse
eutrophication. The river drains a watershed mainly characterized by agricultural activities based on irrigated
crops and livestock of sheep and cattle. Fertilizers being Nitrogen inputs and livestock waste are potential pollu-
tion source. Nitrogen can get into the watershed's hydro-system in the form of minerals or organic. Temperature,
pH, dissolved oxygen, NH,", NO;~, NO, were monitored in water samples taken in September and in December
2013 corresponding to the low season, and also in March and June 2014 corresponding to water high season.
These samples were obtained from ten stations located along the river downstream sequence between El Cheftia
dam and El Batah River mouth. Few observations have been made based on results obtained from the physico-
chemical analysis. Temperature, pH level, electrical conductivity as well as silica were significantly higher dur-
ing low water periods comparing to high ones. It has been noticed from the analysis of various water sampling
stations the presence of chloride ions with an increasing gradient from upstream to downstream, where it’s con-
tent has fluctuated between 30.52 mg-dm > and 9964.6 mg-dm . In conclusion, the presence of inorganic nitro-
gen is not considered as an eutrophication risk on the watercourse and its receiving environment.
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INTRODUCTION

Water composition depends on its surrounding
environment, where the quality of water can determi-
nate the physicochemical properties, the latter is af-
fected deeply by the chemical and the biological pro-
cesses [CHAOUI et al. 2013Db].

Nitrogen is one of the essential nutrients for the
growth of living things. Agriculture intensification
and nutrients’ excessive emissions in aquatic envi-
ronments are undesirable factors, because they pre-
dominantly contribute to the eutrophication of such
areas, which causes a total imbalance of aquatic eco-
systems [GUASMI ef al. 2006].

Eutrophication symptoms can provoke disorder,
acidification, anoxia, mineral nitrogen contents and
high phosphate, abundant organic matter, biota stress
and reduction in biological diversity.

Pollution sources of natural water bodies by ni-
trogen substances are numerous. Agriculture and
waste water from urbanized areas extensively emit
these materials in aquatic ecosystems [BOUSSAHA,
LAIFA 2016].

El Taref province is considered as a rural region
and its water resources are heavily used for agricul-
tural activities and also a supply of drinking water. Its
waters quality deterioration is caused by farmland
leaching as well as domestic and industrial liquid
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wastes. The burden of these releases is increasingly
growing and hence affecting the socioeconomic de-
velopment of the region [BAHROUN, KHERICI BOUS-
NOUBRA 2007].

The aim of this study is to examine the physico-
chemical state of the Bounamoussa River draining
from its watershed located in El Taref region, in order
to diagnose the watercourse eutrophication and its
receiving environment.

MATERIAL AND METHODS
THE STUDY AREA

The study area is located in El Taref province sit-
uated in the extreme North-East of Algeria. It has the
largest watershed is provided by a large river system
with a total area of 11 509 km’. It is a rural area of
about 356 000 residents. It is bordered in the north by
the Mediterranean Sea and Tunisia in the east [ZE-
NATI, MESSADI 2009].

This wilaya consists of a hydrographic network
composed of the Wadi El Kebir and the secondary
tributary with Wadi Bounamoussa [BOUCHELAGHEM
et al. 2014]. Wadi Bounamoussa is one of the major
rivers of the province of El Taref. It flows in the
southeast part of Annaba meandering with a fairly
cashed bed of quaternary alluvium. Before leaving the
mountains of Cheffia (Prov. El Taref), the river drains
the small plain of Asfour that is attached to the plains
of Annaba in eastern Zerizer before reaching the dune
area [RAMDANI, LAIFA 2016]. It has a junction with
Wadi Mafragh that crosses the dunes and empties into
the Mediterranean Sea. However, the mouth has rela-
tively low water flow speeds and is predominantly
closed by a sandy barrier [NECIB ef al. 2013].

WATER SAMPLING

Water was collected from the river to study the
the physicochemical parameters. Samples were taken
from 10 stations along the river (the geographic data
of these stations are recorded in Table 1) starting from
El Cheffia dam until the El Battah outlet (Fig. 1).

Table 1. The geographic locations of sampling stations
along Bounamoussa River

Station name NgleT_ Abzroer:na- Latitude N | Longitude E
Cheffia Dam 01 BE 36°35°49.3” | 7°58°57.6”
Bouzitouna 02 BZ 36°38°40.6” | 7°54°47.4”
Skoufi 03 SF 36°41°11.8” | 7°57°36.3”
Nchayma (1) 04 N1 36°42°44.9” | 7°57°30.1”
Nchayma (2) 05 N2 36°38°41.6” | 7°56°47.4”
Pont de Zerizer 06 PZ 36°43°33.6” | 7°56°35.2”
Borj Essammar 07 BJ 36°47°41.17 | 7°49°56.0”
Pont Ben Mhidi 08 PB 36°44°24.2” | 7°55°22.7”
Griette 09 GR 36°50°06.1” | 7°57°13.8”
El Batah Station 10 SB 36°50°31.2” | 7°57°13.8”

Source: own elaboration.

WATER ANALYSIS

Water samples were collected in the middle of the
riverbed from shallow water layer of between 0-50
cm during the high water period (HW) and the low
water period (LW) on 28.09.2013 (HW), 28.12.2013
(HW), 28.03.2014 (HW) and 28.06.2014 (LW). Sam-
ples are kept in good transport and storage conditions
until their analysis. The temperature, pH and the elec-
trical conductivity were measured in situ. The total
hardness, chloride ions and silica levels were meas-
ured in the laboratory of the International Company of
Chemical Fertilizer Productions (Fr. Société des Ferti-
lisants d’Aigérie — FERTIAL).

Nitrite, nitrate, and ammonium were assayed at
the laboratory of National Sanitation Office, Annaba
(Fr. Office National de I’Assainissement — ONA) ac-
cording to standard methods with the following refer-
ences (Ammonium: NFT 90-015-1, nitrates: ISO
13395:1996, nitrites: ISO 6777:1984).

RESULTS

PHYSICOCHEMICAL CHARACTERISTICS
OF WATER

The obtained results of physicochemical analysis
are illustrated in Figure 2.

Water temperature is influenced by environmen-
tal conditions. Indeed, it is related to geography, land
geology, ecosystem hydrology and especially the cli-
mate [BELGHITI et al. 2013].Water temperature is
a significant factor in organic production. This is be-
cause it affects the latter physical and chemical prop-
erties; mainly its density, viscosity, its gas solubility
(especially that of oxygen) and the rate of chemical
and biochemical reactions [REGGAM et al. 2015]. Its
minimum value (11°C) was recorded at station 2 in
December and the maximum one (33°C) in the same
station (Fig. 2a). These values reveal a slightly in-
creasing gradient downstream than upstream of the
rainy season to the dry season.

Water pH summarizes the stability of the estab-
lished balance between the different forms of carbonic
acid, which is linked to the buffer system developed
by the carbonates and bicarbonates as well as by the
presence of exogenous substances [N’DIAYE et al.
2013]. The pH measured values showed a spatial and
temporal variation in the 10 stations. The pH was al-
kaline to acid with notable variations between 5.94
and 8.26. The lowest value was recorded at station 04
in the period of high water during September 2013. It
can be explained by heavy rains during this period
and this would have acidified this stream. The value
of 8.26 was recorded at station 1 in low water period
during June 2014 (Fig. 2b).

The conductivity measurement is a good assess-
ment of the degree of mineralization of water which is
each ion by its concentration and specific conductivity
[BELGHITI et al. 2013].
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Fig. 1. The Bounamoussa River watershed and sampling sites; abbreviations of station names as in Tab. 1;
source: own elaboration
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Fig. 2. Physicochemical parameters of water in Wadi Bounamoussa: a) temperature (7), b) pH, c) electrical conductivity
(EC), d) total hardness (TH), ) chloride ions, f) silica ions; source: own study
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For all water analysed samples, electrical conduc-
tivity values were between 266 uS-cm ' at stations
1 and 3 in September 2013 and 4160 uS-cm ™' at sta-
tion 9 in December 2013 (Fig. 2c¢).

These important values appear to be the result of
soluble salts’ contributions in the Bounamoussa River
watershed leaching soil and by marine waters’ intru-
sion in the river during the wet season.

Water total hardness (7H) is a parameter directly
linked to the amount of calcium and magnesium [REG-
GAM et al. 2015]. The Bounamoussa River waters are
characterized by total hardness, especially at the stations
9 and 10, respectively 293°F and 202°F (Fig. 2d). These
high values (>30°F) could be explained by the soil na-
ture and also by the sheep and cattle breeding facilities
located in the study area. The lowest value was recorded
at station 1 (9.1°F) in September (low water) and the
highest value was at the station 9 (293°F) in June. It
recorded increasing concentrations of these elements in
the periods of low water to high water.

Chloride ions are in varying concentrations in
natural waters, their seasonal average concentrations
at different stations showed the existence of an in-
creasing gradient from upstream to downstream. The
contents fluctuate between 30.52 mg-dm™ at the sta-
tion 6 (September) and 9964.6 mg~dm’3 at station 9
downstream of the river (June) — Figure 2e. These
variations are probably related to traversed ground’s
nature and sea influence. Their spatiotemporal evolu-
tion roughly follows that of the electrical conductivi-
ty. Heavy contents in chloride ions observed during
the dry season would be linked to the level of low
water and low values were recorded during the rainy
season.

The Bounamoussa River water contents of silica’s
were of different values between the studied stations
(Fig. 2f). They were high in March and June (low wa-
ter). The lowest level of 5.65 mg-dm > was recorded
during the period of high water in the station 7. Stat-
ion 8 had the highest value (338 mg-dm ) noted dur-
ing September. Wastewater from Ben Mhidi would be
the cause since they are directly discharged into the
river without treatment.

NITROGEN COMPOUND

The seasonal average concentrations of ammonium
ions fluctuate between 0.147 mg-dm~> and 0.28
mg-dm in storm periods that are usually found in un-
polluted rivers (Fig. 3). Value of 3.04 mg-dm found
in low water period could be explained by the ammoni-
fication process favoured by the temperature increase.

The average concentrations of nitrite ions were
smaller than ammonium ions. The greatest value 0.570
mg-dm~ was at station 10 in the period of high water.
This value exceeds the standard (NO, 0.1 mg-dm) of
surface waters suitable for human consumption. Under
his nitrate form, nitrogen is preferentially absorbed.

Nitrate ions were the final stage of nitrogen oxi-
dation. Their concentrations in natural waters were
between 1 and 10 mg-dm>.

4 1 m NO, mg-dm high water
NO, mg-dm- low water
B NO3 mg-dm high water
3 1 NO, mg-dm- low water
NH,* mg-dm-3 high water
NH,* mg-dm3 low water

mg-dm'3

Concentration of NO,™, NO; " ,NH,*

Stations

Fig. 3. Average concentrations of NO, , NO; and NH,"
in the Bounamoussa River; source: own study

The average concentrations of NO; ions also
showed an increase ranging between 0.65 mg-dm
and 1.89 mg-dm*; these values were at the lower lim-
it of the range of nitrate ion concentrations in the un-
polluted surface water. These results indicate that the
studied waters along the Bounamoussa and its tribu-
taries are not at risk of pollution from nitrate ions.

AMMONIUM NITRATE DIAGRAM

Ammonium nitrate diagram can give an explana-
tion on ammonium and nitrates varying concentra-
tions and their origins in water during the two sam-
pling periods. The diagram illustrates various forms of
pollution along the axes orientation in the ammonium
nitrate as presented in the Figure 3.

NH,4, SO4, Mn reduction

Denitrification
A

Fertilizer (agriculture)
input

itrification

\ A
NH, assimilation

Fig. 4. Diagram of various forms of pollution according
to the orientation in the ammonium nitrate-diagram;
source [CHAOUI et al. 2013a]
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Fig. 5. Diagram (surface waters) of ammonium nitrate
high water (average September and December 2013 in blue)
and low water (average March and June 2014 in red);
source: own study
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Nitrogen pollution can be estimated by the measu-
rement of nitrite ion contents, nitrate and ammonium
ions. The nitrate ions (NO;") are mineral nitrogen most
mobile form. Thus, the excessive levels of this ion in
the surface water are linked to the intensive use of ni-
trogen chemical fertilizers.

According to the ammonium nitrate diagram (Fig.
4, 5) the ammonium increases from high water period
to low water period at most sampling stations. Cer-
tainly, agriculture is the main source of ammonium
ion [REGGAM et al. 2015], like shown in ammonium
nitrate diagram (Fig. 5).

STATISTICAL STUDY

The Analysis in Principal Components (ACP) is
atool for analysis of data which makes it possible to
explain the structure of the correlations by using linear
combinations of the original data.

The ACP aims to present, in a graphical form the
maximum of contained information in data table
based on the principle of double projection on the
factorial axes.

The pH, the temperature, conductivity, total hard-
ness, silicas, the nitrates, the nitrites, the chlorides and
new ammonium variables are treated by ACP, followed
in 10 stations over 12 months duration divided into two
period; wet (high waters) and dries (low waters).

The ACP was carried out on a matrix of data
made up of 10 lines representing the prospected sam-
pling stations and 9 columns representing the meas-
ured physicochemical variables.

The goal of the analysis is to obtain a small num-
ber of linear combinations of the 10 variables which
represent the major part of the variability of the data.

Period of high waters. The values of correlation
calculated between the physicochemical parameters
study (the temperature, pH, electric conductivity, total
hardness, chlorides, silicas, nitrates, nitrites, and am-
monium) which is relating to the period of high waters
of the Wadi Bounamoussa; are carried in the Table 2
which represents the averages of the values recorded
during the time of high waters.

The factorial design (F1, F2) watch an expression
of more than 68% (Fig. 6). The axis F1 illustrates
a variance equal to 40.02% which is expressed towards
its positive pole by the ions nitrites, the ions chlorides
and the electric conductivity which present a strongly
significant correlation between them which results in
a strong mineralization. The axis F2 illustrates a vari-
ance equal to 28.15% consisted a significant correlation
between the ions nitrates and the ions ammoniums to-
wards its pole positive, contrary to the pH which corre-
lates negatively with this axis towards its pole negative.
Thus one can say that the axis F2 indicates an organic
pollution expressed by the phenomenon of nitrification.

Period of low waters. The values of correlation of
the physicochemical parameters during the period of
low waters are consigned in the Table 3.

The projection of these variables in the space of the
axes F1 and F2 shows their good distribution and rep-
resentation for the period of low waters 67.36% (Fig.
7). The axis F1 (47.12%) is expressed by its positive
pole by the ions chlorides, the hardness total, opposed

Table 2. Stamp correlation of the physicochemical parameters (period of high waters)

Parameter T,°C pH EC TH ClI Silica NO, NO;~ NH,"
T,°C 1 - - - - - - - -
pH -0.464 1 - - - - - - -
EC 0.063 0.132 1 - - - - - -
TH 0.096 0.040 0.480 1 - - - - -
Cr -0.087 0.179 0.956 0.616 1 - - - -
Silica -0.089 0.023 0.128 -0.040 0.108 1 - - -
NO, -0.172 0.226 0.929 0.537 0.946 0.331 1 - -
NO; 0.660 -0.469 -0.276 0.046 -0.290 0.207 -0.384 1 -
NH," 0.546 -0.469 -0.022 0.185 -0.051 -0.047 -0.194 0.776 1

Explanations: T = temperature, £C = electrical conductivity, TH — total hardness.

Source: own study.

Table 3. Stamp correlation of the physicochemical parameters (period of low waters)

Parameter T, °C pH EC TH Clr Silica NO, NO;~ NH,"
T, °C 1 - - - - - - - -
pH 0.844 1 _ - _ - - - -
EC -0.765 —0.953 1 - - - - - -
TH -0.403 -0.600 0.782 1 - - - - -
ClI -0.374 -0.544 0.722 0.977 1 - - - -
Silica -0.022 0.312 -0.267 0.045 0.139 1 - - —
NO,~ -0.440 -0.277 0.081 —0.283 -0.239 0.239 1 - -
NO;s~ -0.061 0.163 -0.278 -0.279 -0.353 0.404 0.078 1 —
NH,* —0.288 -0.360 0.474 0.657 0.680 0.507 -0.072 0.163 1

Explanations as in Tab. 2.
Source: own study.
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to the pH and the temperature. One can estimate that
the axis F1 defines a gradient of mineralization. The
water of Wadi Bounamoussa regarded as being
amedium at least oxygenated, which testifies to
a disturbed ecological state of the aquatic environment.

CONCLUSIONS

In general, measured contents of different ions
along the rivers evolve gradually from upstream to
downstream and result in a significant mineral and or-
ganic charge. Thus, among the 10 station studied, riv-
er’s mouth was the most affected. It is dependent on the
large amount of domestic wastewater and the discharg-
es are being directly connected to the sea. Electrical
conductivity and total hardness are the two indicators
of water mineralization that evolve in parallel. A rise in
electrical conductivity can be explained by the increase
in water chloride concentrations, especially in the last
two stations downstream.

REFERENCES

BAHROUN S., KHERICI BOUSNOUBRA H. 2007. Evaluation de
I’indice de pollution organique dans les eaux naturelles
cas de la région d’El Taref (nord-est Algérien)
[Evaluation of the organic pollution index In the natural
waters of the El Taref region (northeast Algeria)].
Larhyss Journal. No. 9 p. 171-178.

BELGHITI M.L., CHAHLAOUI A., BENGOUMI D., EL
MOUSTAINE R. 2013. Etude de la qualite physico-
-chimique et bacteriologique des eaux souterraines de la
nappe plio-quaternaire dans la région de Meknes
(Maroc) [Study of physico chemical quality bacteriolog-
ical growth of the underground plio-quaternaire in the
Meknés area (Morocco)]. Larhyss Journal. No. 14
p. 21-36.

BOUCHELAGHEM S., BENZARA S., MERADI W. 2014. Etude
comparative de la qualité chimique et microbiologique
des eaux de I’oued El Kebir (Région d’El Taref) [Com-
parative study of chemical and microbial quality of wa-
ters of Oued El Kebir (city of El Taref)]. International
Journal of Innovation and Scientific Research. Vol. 3.
No. 1 p. 71-74.

BoussaHA S., LAIFA A. 2016. Quantitative evaluation of
phosphorus dissolved in the water of Bounamoussa
River (North Eastern Algeria). Journal of Chemical and
Pharmaceutical Research. Vol. 8. No. 2 p. 505-512.

CHaoOUI W., BOUSNOUBRA H., BENHAMZA M., BOUCHAM 1.
2013a. Etude de la pollution des eaux des oueds Sey-
bouse et Mellah (Region de 1'Est Algérien) [Study of
water pollution in the Seybouse and Mellah wadis (Al-
gerian East Region)]. Synthése: Revue des Sciences et
de la Technologie. No. 26 p. 50-56.

CHAoUl W., BousNOUBRA H., CHAoOUI K. 2013b. Etude de
la vulnérabilité a la pollution des eaux superficielles et
souterraines de la région de Bouchegouf (Nord-Est
Algérien) [Study of the vulnerability to pollution of
surface and ground water in the Bouchegouf region
(Northeast Algeria)]. Revue Nature & Technologie. No.
08 p. 33-40.

GuasMmI 1., DiaBrI L., HANI A., LAMOUROUX C. 2006.
Pollution des eaux de I’oued Medjerda par les
nutriments [Water pollution of the wadi Medjerda by
nutrients]. Larhyss Journal. No. 5 p. 113-119.

ISO 13395:1996. Water quality — Determination of nitrite
nitrogen and nitrate nitrogen and the sum of both by
flow analysis (CFA and FIA) and spectrometric detec-
tion.

ISO 6777:1984. Water quality — Determination of nitrite —
Molecular absorption spectrometric method.

N’DIAYE A.D., SALEM K.M.M., Sib M.O., KaNkoU A.O.
2013. Contribution a 1’étude de la qualité physico-
chimique de 1’eau de la rive droite du fleuve Sénégal
[Contribution to the study of the physicochemical quali-
ty of water on the right bank of the Senegal River].
Larhyss Journal. No. 12 p. 71-83.

NECIB A., REZIG H., BOUGHEDIRI L. 2013. La bio-indication
de la pollution aquatique par les microalgues (Cas de
I'Oued "Bounamoussa" et du Lac des "Oiseaux") [The
bio-indication of aquatic pollution by microalgae (Case
of the Oued "Bounamoussa" and Lake of "Birds")].
Review of Science and Technology Synthése. No. 27
p. 6-14.

NFT 90-015-1. Qualité de I’eau — Dosage de I’ammonium —
Partie 1: Méthode par titrimétrie aprés entrainement a la
vapeur [Water quality — Determination of ammonium

© PAN in Warsaw, 2017; © ITP in Falenty, 2017; Journal of Water and Land Development. No. 35 (X-XII)



www.czasopisma.pan.pl P N www.journals.pan.pl

Y
Physicochemical quality of Wadi Bounamoussa surface V\;a‘;e}ls‘l‘()‘\)br‘theast Algeria) 191
content — Part 1: Titrimetric method after steam the waters of the Oued Seybouse (Northeastern

distillation].

RAMDANI H., LAIFA A. 2016. Organic pollution of surface
waters in the watershed of the Bounamoussa Wadi Re-
gion (North-East Algeria). Journal of Chemical and
Pharmaceutical Research. Vol. 8. No. 2 p. 79-85.

REGGAM A., BOUCHELAGHEM H., HouHAMDI M. 2015.
Qualité physico-chimique des eaux de I’Oued Seybouse
(Nord-Est de 1’Algérie): Caractérisation et analyse en
composantes principales [Physico-chemical quality of

Algéria): Characterization and principal component
analysis)]. Journal of Materials and Environmental Sci-
ence. Vol. 6. No. 5 p. 1417-1425.

ZENATI N., MESSADI D. 2009. Systeme d’évaluation de la
qualité¢ des eaux superficielles — application au bassin
versant cotier constantinois est [System of assessment
of the superficial water quality — application to the basin
pouring coasting constantinois east]. Le Journal de
I’Ean et de Environment. No. 15 p. 120-131.

Hanene RAMDANI, Aziz LAIFA

Fizyczne i chemiczne wlasciwos$ci wod powierzchniowych uedu Bounamoussa
w polnocnowschodniej Algierii

STRESZCZENIE

Azot jest pierwiastkiem biogennym, ktéry powoduje eutrofizacje wod srodladowych i morskich. Eutrofiza-
cja stala si¢ przedmiotem zainteresowania w skali $wiatowej, poniewaz znaczaco pogarsza jakos¢ srodowiska
wodnego. W badaniach prezentowanych w niniejszej pracy skupiono si¢ na fizycznych i chemicznych parame-
trach jakosci wody rzeki Bounamoussa celem zdiagnozowania eutrofizacji tego cieku. Rzeka drenuje zlewnig
zdominowang przez nawadniane uprawy ros$lin oraz chéw owiec i bydta. Nawozy azotowe i odchody zwierzece
stanowig potencjalne zrodto zanieczyszczen. Azot dociera do systemu wodnego zar6wno w postaci nieorganicz-
nej, jak i organicznej. Monitorowano temperature, pH, stezenie rozpuszczonego tlenu, NH,', NO; i NO,
w probkach wody pobranych we wrzesniu i grudniu 2013 r. (stan niskiej wody) oraz w marcu i czerwcu 2014
(stan wysokiej wody). Probki pobrano w 10 stanowiskach usytuowanych w dot biegu rzeki od zapory El Cheffa
do ujscia rzeki Batah. Uzyskane wyniki dowodza, ze temperatura, pH, przewodnos$¢ elektrolityczna i zawartos$¢
krzemu miaty znaczaco wigksze wartosci w okresie niskich stanow wody niz w okresie wysokich stanow wody.
Zanotowano rosnacy gradient stezenia chlorkow z biegiem rzeki — od 30,52 mg-dm > w gorze rzeki do 9964,6
mg-dm™ w dolnych odcinkach rzeki. We wnioskach stwierdzono, ze obecno$é nieorganicznych form azotu nie
stwarza ryzyka eutrofizacji rzeki i jej odbiornika.

Stowa kluczowe: azot, eutrofizacja, jakos¢ wody, ued Bounamoussa, wlasciwosci fizyczne i chemiczne
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