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 The Seybouse River is among the largest Algerian coastal rivers, which receives 

wastewater from several cities and villages and from irrigated agricultural land before 

reaching the sea. Levels and fluxes of total dissolved nitrogen (TDN), dissolved 
inorganic nitrogen (DIN), phosphate (PO4), silicates (SiO4) and organic matter 

(dissolved organic nitrogen: DON; dissolved organic phosphorus: DOP and particulate 

organic carbon: POC), and suspended particulate matter (SPM), were measured two 
times a month at three riverine sites and two estuarine sites of the Seybouse River 

estuary, over 2008-2009. The estuarine part was highly enriched with DIN and PO4, 

but impoverished in SiO4, when compared to the reverine part values. The estuary 
delivered large masses of DIN (3 748 t yr-1) and DON (375 t yr-1). However, fluxes of 

Si-SiO4 were not elevated (4 865 t yr-1). The DOP fluxes form up to third the total 

dissolved phosphorus (TDP) and P-PO4 fluxes reached up to 74 t yr-1. The Redfield 
ratios were disturbed in major samples: Si:N was often ˂1, while N:P was ˃ 30. 

Loadings of SPM were high (131406 t yr-1), indicating strong weathering on the 

Seybouse basin, reaching over 20 t km-2 yr-1. The Seybouse estuary part’ high 
productivity is expressed by the amounts of POC loads, which reached 4 021 t yr-1. The 

Seybouse basin can be considered among the most impacted basin in the 

Mediterranean, particularly regarding to the large masses of PO4 and NH4 loads and 
the lowering of SiO4 deliveries, despite the large imbalance of Redfield ratios. All these 

features will have severe repercussion on the functioning of the adjacent receiving 

coast. 
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INTRODUCTION 

 

 Rivers nutrient fluxes to coastal areas have increased dramatically as a consequence of intensified urban 

development, agriculture, and industrialization. Most damaged zones are at the outlet of watersheds with 

intensive agriculture [1], high population density and inefficient urban waste water treatment. Rivers do play a 

particular role in sustaining the marine productivity in the Mediterranean Sea [2], but their damming and water 

extractions for irrigation and other purposes rapidly increased during the few past decades [3], and profoundly 

altered the natural functioning of Mediterranean rivers. Numerous recent studies have been postulated that 

during the last decades, humans increased the global delivery of dissolved inorganic nitrogen (N) and 

phosphorus (P) to the oceans by a factor three [4]. Fluxes of N and P from Mediterranean rivers were increased 

by a factor > 5, due to anthropogenic inputs, but it is expected that dissolved silica (Si) decreased [2]. Si Inputs 

are largely controlled by water discharge and are also reduced by river damming. In the Nile and Danube 

Rivers, Si levels were reduced to less than half their pre-dam construction values [5]. Lower Si inputs in coastal 

waters have been shown to have an adverse effect on diatom production and to favor nuisance algae over 

diatoms [6].  

 Algerian watersheds are poorly known, and the few published data on nutrient levels and loads are very 

limited in time and space scales and concerned the distribution of nutrients in four coastal watersheds [7, 8, 9]. 

Although the economical and ecological importance of the Seybouse River, very few is known about its 

hydrology and nutrient distribution and delivery. The Seybouse River is considered among the most developed 

rivers in Algeria [9]. It receives wastewater from several big cities and villages, with over 1.5 million people, 
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and from large irrigated agricultural land. Land use in the Seybouse watershed has rapidly evolved to intensive 

agricultural activities, despite some heavy industries which are mainly located in the maritime par. The 

Seybouse River has a tidal part (estuary), which moves inland several kilometers depending mainly on 

freshwater discharge [9], as the tidal effects are very limited in the Mediterranean basin. The middle part of the 

river is particularly developed because of the existence of some hot springs sites, which encourage some 

touristic activities, and intensive agricultural land spreading. These atypical hydrological characters, in addition 

to data lacking about the Seybouse basin, incite to better understanding of nutrients delivery to the coastal 

waters, which is an important issue with implications for environmental management. The objectives of the 

present work were to determine water quality of the Seybouse basin and to estimate freshwater, nutrients and 

particulate matter fluxes from the Seybouse estuary.   

 

Sampling sites and analytical methods: 

Sampling sites: 

 With a large amount of freshwater discharge (0.3 to 3 billion m
3 

yr
-1

), and a catchment of 6500 km
2
 hosting 

about 1.5 million people, the Seybouse River is among the most largest River in Algeria (Fig. 1). The Seybouse 

River basin receives wastewater from about 100 industrial factories, several cities, and from irrigated 

agricultural land before reaching the Bay of Annaba, and after following a distance of 160 km. Land use in the 

watershed is being mainly occupied by intensive agricultural lands (about 100 thousand ha of irrigated area), 

and some heavy industries are limited to the lower catchment. During its course it receives a number of 

tributaries, but only Charef and Bouhamdane are permanent streams (Fig. 1). The estuarine part varies with the 

importance of freshwater flow, and may extend several km inland [9]. The drainage basin comprises two large 

dams and several weirs which retain up to 400 million m
3
. As described by Ounissi et al. [9], the Seybouse 

River is a tidal estuary, with large seasonal fluctuations in its salt water intrusion. The flow of the Seybouse 

River varies greatly according to the precipitation, which fluctuates from 350 to 750 mm yr
-1

, depending on sub-

basins. The Seybouse River comprises the riverine part which occupies respectively the upper and the middle 

watershed, and the estuarine part which include the lower watershed (up to 8 km from the estuary mouth). The 

stations Bouhamadane (B), Charef (C) and Guelma (G) are located in the riverine part (Fig. 1), and two 

estuarine stations which are situated in the upper estuary (UE) and at the outlet of the estuary (OE).  

 

 
 

Fig. 1: Study area and location of sampling stations of the Seybouse basin. OE: Outlet estuary; UE: Uppper  

estuary; G: Seybouse at Guelma; B: Bouhamdene tributary; C: Charef  tributary.  
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Analytical methods: 

 The hydrological and geochemical parameters were measured twice a month from January 2008 to 

December 2009 in five stations in the Seybouse basin (B, C, G, UE and OE). Flow velocity at the estuarine 

outlet, in parallel to water sampling, was determined with the current meter CM-2 (Toho Dentan Co., Ltd., 

Tokyo). Water salinity measurements were taken with a multi-parameter probe, WTW 197i. The freshwater 

flow (m
3
 s

-1
) at OE station was calculated by multiplying the water velocity (m s

-1
) by the total surface area (m

2
) 

of the river wet section. Two liters of water from the middle of the flow were taken for nutrient, POC and SPM 

determinations. Water samples for nutrient and POC analyses were frozen in polyethylene bottles and processed 

within few days from collection. In the laboratory, after filtration of the sample through Whatman GF/C glass 

filter (0.5 µm porosity), the nutrients DIN; NH4; nitrate (NO3); nitrite: (NO2); DON; PO4 and SiO4, were 

analyzed following the methods described in [10]. TDP, polyphosphate (P2O5), DOP, POC and SPM, were 

measured following the method of [11]. SPM was measured by filtering a known volume of the sample on a dry 

and pre-weighed filters Whatman GF/C glass filter (0.5 μm porosity). Filters were dried at 60°C for 48 hours in 

desiccators, left to cool then reweighed to calculate the weight of the SPM. The dissolved inorganic phosphorus 

(DIP) was considered as the sum of (PO4) and (P2O5). The instantaneous and annual fluxes of nutrients, POC 

and SPM were determined using the method of average instantaneous loads [8, 12].  

 

Results: 

3.1. Hydrological and biogeochemical parameters at river part: 

 Figure 2 represents the seasonal distribution of salinity, SPM and POC values at the river stations, during 

the study period. The salinity values of the station C, unlike those of stations B and G were slightly lower, 

particularly in the dry period where the annual average values fluctuated between 0.35-0.49 pss at station G, 

0.33-0.54 pss at station B and 0.54-0,88 pss at station C, according to the year. In the Seybouse basin, SPM 

levels ranged from 4
 
to 749 mg l

-1
. The station G was characterized by maximum SPM values in spring 2008 

(238 mg l
-1

). As can be seen in the figure 2, an exceptional peak (749 mg l
-1

) was observed in station C during 

the autumn flood of 2009. Station C showed, the highest average value in 2008, which reached 104 mg l
-1

 (Fig. 

2). The Seybouse River also had high levels of POC in summer and autumn, where levels reached respectively a 

maximum of 12.6-23.8 mg l
-1

 at the station G; 10.7-19.4 mg l
-1

 at station B and 11.4-20.12 mg l
-1

 at station C. 

 

 
Fig. 2: Seasonal variations in salinity (pss), SPM (mg l

-1
) and POC (mg l

-1
) levels at the Seybouse river part (G:  

Guelma; B: Bouhemdene; C: Charef) for the period January 2008-December 2009. 

 

 The Seybouse River part received high levels of total dissolved nitrogen TDN (Fig. 3), mainly composed of 

DIN (91 %). NH4 was the dominant form in the river with exceptional high values in the rainy year of 2009, 

reaching 53-266 µM. Levels of NO3 and NO2 were low compared to the NH4 values (Fig. 3). DON fraction 

formed over 20 % of TDN, with an average of 10.2-20 µM at station G; 9.5-16.8 µM at station B and 8.7-9.3µM 

at station C.  

 The Seybouse River part had high levels of PO4, with an average of 2-2.1 µM at station G; 1.53-1.84 µM at 

station B and 0.68-1.04 µM at station C, according to the year. The amounts of SiO4 increased in the wet the 

period, with an average of 65-88 µM at station G; 112-121 µM at station B and 65-101 µM at station C, 

according to the year (Fig. 4). The levels of DOP varied around 4 µM in the Seybouse River part, but high 

values were reported in summer. The P2O5 were abundant along the year with an average not exceeding 2 µM, 

but were less abundant at station C (˂1 µM). Annual fluctuations are not clear and do not reflect any seasonal 

trend. The average levels of TDP ranged from 5.8-8.0 µM, but maximum levels were recorded in spring, as can 

be seen in figure 4. 
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Fig. 3: Seasonal variations in nutrient levels (µM) at the riverine stations (G: Guelma; B: Bouhemdene; C:  

Charef), January 2008-December 2009.  

 

 
Fig. 4: Seasonal variations of dissolved phosphorus forms and silicates level (µM) at the Seybouse river stations  

(G: Guelma; B: Bouhemdene; C: Charef), January 2008-December 2009. 

 

Distribution and fluxes of biogeochemical parameters at the estuarine part: 

 Water flow at the Seybouse estuary’ outlet varied in wide range, with an average flow of 6 m
3 

s
-1 

in 2008, 

which was 6-fold lower than 2009 (Fig. 5). Salinity Stratification was observed at station OE while the 

difference in salinity values between surface and bottom increased downstream. Surface values reached a 

maximum of 30 pss in August 2009 at OE and 28 pss at UE (Fig. 5). During the dry period, when the estuary 

flow was very low, bottom values had higher salinities reaching a maximum 36 pss. In the wet period, 

continental inputs dominated the entire estuary, where salinity values decreased to 0.5-1 pss. At UE station, 

bottom values were higher over the year and reached a maximum of 36 in July 2009, which is comparable to 

that of the adjacent coast.  

 The estuarine stations had the lowest values in SPM any season, as the estuarine part acts as sink and filter. 

SPM average levels ranged from reached 53-96 mg l
-1

, however levels decreased in the estuary outlet, when 

compared to those of the upper estuary (Fig. 5). SPM levels always increased in the wet season as shown in 

figure 5. In 2008, SPM amounts ranged from 20 to 126 mg l
-1

. The Seybouse estuarine system shows large 

production in POC (6-6.75 mg l
-1

 in average). In summer and autumn POC levels increased to a maximum of 8 

in OE station and 8.5 mg l
-1 

in UE station (Fig. 5). 
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Fig. 5: Seasonal variations in flow (m
3 
s

-1
), salinity (pss), SPM (mg l

-1
) and POC (mg l

-1
) levels at the Seybouse  

estuarine stations (OE: outlet estuary; UE: upper estuary), January 2008-December 2009. Vertical  

arrows  : bottom salinity not sampled. 

 

 The estuarine stations showed high levels in all nutrients (Fig. 6), but the OE station was often more rich. 

NH4 dominated (> 80 %) the DIN compounds, with average values varying between 149-183 µM in OE and 87-

121 µM in UE stations. The oxidized form of DIN (NO3 and NO2) represents a weak fraction (Fig. 6).  As 

shown in figure 6, the TDN levels increased in autumn and spring in 2008 with an annual average of 190 µM at 

the station OE and 129 µM at the station UE. In winter 2009, TDN values increased remarkably to 258 µM at 

OE station and 158 µM at UE station (Fig. 6). Within the TDN pool, the DON represents about 10 %, and was 

maximal at OE station, reaching in average 16 µM in 2008 and 30 µM in 2009. In UE station, DON amounts 

had an average of 13 µM in 2008 and 21 µM in 2009. The estuarine stations were remarkably rich in PO4 (Fig. 

7), varying in the order of 5 µM in 2008 and 4 µM in 2009. At the UE station average levels of DIP reached 3.4 

µM in 2008 and 2.85 µM in 2009. The DIP levels were found higher at OE station (Fig. 7), varying in range of 

0.5-10 µM with an average of 5 µM in 2008 and 3.30 µM in 2009. As for all nutrients, DOP amounts increased 

at the estuarine stations with an average of 4 µM in 2008 and 5,1 µM in 2009 for UE station, and 3.2 µM in 

2008 and 4 µM in 2009. The average value of SiO4 was 56 µM in 2008 and 90 µM in 2009. At the outlet, the 

Seybouse received supplementary amounts of SiO4, which increased levels, compared to UE station (Fig. 7).  

 

 
 

Fig. 6: Seasonal variations in dissolved nitrogen compound’ levels (µM) in the Seybouse estuarine stations (OE:  

outlet estuary; UE: upper estuary), January 2008-December 2009. 

 

Nutrient and particulate matter transfer into the Annaba bay: 

 Water, nutrients, POC and SPM fluxes and specific fluxes at the Seybouse estuary’ outlet are given in table 

1. All the geochemical parameters of the Seybouse estuary varied according to the importance of freshwater 

discharge. They increased over 3 to 13-fold in 2009 when compared to 2008 values. Large specific loading of 

TDN was recorded in 2009 (697 kg N Km
-2

yr
-1

), in which N-NH4 formed 78 %. Fluxes of DON were low 
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compared to DIN values (Table 1) and were in the order of 374 t N yr
-1

. The Seybouse estuary delivered also 

high amounts of TDP (up to 291 kg P yr
-1

), in particular the DOP fraction which represented around 40 %. The 

specific loading of P-PO4 was important reaching 15 Kg P Km
-2

 yr
-1

 in 2009. Fluxes of Si-SiO4 were remarkably 

increased in 2009 (750 kg Si km
-2

 y
-1

), which implies large weathering on the Seybouse basin. In contrast, fluxes 

of POC did not increase in the same magnitude of the other biogeochemical parameters; they increased 3 times 

(Table 1), as POC derived mainly from endogenous estuarine production. As shown in table 1, strong SPM 

fluxes were delivered in 2009 as for Si-SiO4. Loading of SPM in 2009 reached exceptional high values, which 

indicates large loss of the watershed sediment and its fertility.  

 

 
 

Fig. 7: Seasonal variations in dissolved phosphorus compounds and silicates levels (µM) in the estuarine  

stations (OE: outlet estuary; UE: upper estuary), January 2008-December 2009.  

 
Table 1: freshwater, nutrients, POC and SPM fluxes delivered from the Seybouse estuary into the Bay of Annaba during the period January  

2008-December 2009. Specific fluxes (kg km-2 yr-1) are given between parentheses.  

 Discharge 

106 m3 yr-

1 

NH4 

t yr-1 

NO2 

t yr-

1 

NO3 

t yr-

1 

DIN 

t yr-1 

DON 

t yr-1 

TDN 

t yr-1 

PO4 

t yr-

1 

P2O5 

t yr-1 

DIP 

t yr-

1 

DOP 

t yr-1 

TDP 

t yr-1 

SiO4 

t yr-1 

POC 

t yr-1 

SPM 

t yr-1 

2008 189 371 26 102 500 42 542 15 16 31 17 48 353 1283 12148 

  (57) (4) (16) (77) (6) (75) (2) (2) (4) (3) (7) (55) (197) (1869) 

2009 1176 3510 117 512 4139 375 4514 100 70 170 121 291 4865 4021 131406 

  (543) (18) (79) (639 (58) (697) (15) (11) (22) (19) (41) (752) (619) (20216) 

 

Discussion: 

 The Seybouse river-estuary received high inputs of nutrients and organic matter, which increased in wet 

season. The DIN specific loadings from the Seybouse outlet were high, ranging from 77 to 640 kg N km
-2

 yr
-1

, 

depending on the year. These amounts may be considered among the highest in Mediterranean rivers [13, 2, 8, 

9]. In contrast fluxes of N-NO3 and N-NO2 were low not contributing significantly to TDN loads. However, the 

large amount of the DON that was introduced to coastal water (375 t yr
-1

) suggests that this fraction may 

contribute noticeably to marine eutrophication, as already demonstrated [14]. Compared to the Seybouse 

estuary, the Mafragh estuary [9], was less enriched with all nutrients. However both estuaries seem to be 

impoverished in SiO4 because of the estuarine buffering [15] and retention by reservoirs [8, 16].  The Si levels 

were reduced to less than half their pre-dam construction values in the Danube and Nile Rivers [6]. Both Si:N 

and N:P ratios were unbalanced in most samples resulting from the anthropogenic inputs. 

 Fluctuations in dissolved organic matter (DOM: DON and DOP) were marked by high differences between 

the levels of the estuary’ outlet and the other stations. Comparable high DOM values were observed in some 

contiguous watersheds’ outlets [9], but levels of all the dissolved forms increased with the increasing of estuary 

flow. Even though levels of PO4 were important in the Seybouse outlet, the specific loadings in the catchment 

were low (2–15 kg P km
-2

 yr
-1

). Ounissi and Bouchareb [8] also observed that the incoming flux of Si–SiO4 was 

submitted to great retention varying in the range of 64-67 %, depending on the dam. The low Si:N ratio 

particularly in the Seybouse estuary outlet, imply that N was delivered in excess over silica (Si:N<1). 

Worldwide, the alteration of Si:N ratios become problematic [17, 18]. When Si:N and Si:P ratios are low, 

diatom production becomes limited by Si and total consumption of Si increases [19]. Comparable high N:P 

ratios were found in most Mediterranean rivers like Rhone (33), Ebro (118), Po (55) and Moulouya (35) [13].  

The SPM levels were higher in wet seasons for both riverine and estuarine stations, but annual average values 



107                                                                 Ouafia Aounallah et al, 2015 

Advances in Environmental Biology, 9(11) June 2015, Pages: 101-108 

were found lower at the estuarine stations. The low SPM values were consistent with the relatively low 

discharge observed in the dry season and because of its retention by dams. Snoussi et al. [20] reported that the 

construction of dams has reduced the water discharge of the Sebou and Moulouya Rivers, the two largest rivers 

in Morocco, by 70 and 47 % respectively, and their sediment fluxes by nearly 95 and 93%. The Seybouse 

watershed delivered strong specific load of SPM, reaching 20.2 t km
-2

yr
-1

in 2009. Most of SPM transfer 

occurred during the wet period. The Seybouse estuarine system showed also strong production in POC 

especially in summer and autumn, forming in average 4% of SPM loads.  

 In conclusion, it can be retained that the Seybouse basin can be considered among the most impacted basin 

in the Mediterranean, particularly regarding to phosphorus and reduced nitrogen form (NH4). The lowering of 

SiO4 deliveries, in addition to the remarkable imbalance of Redfield ratios, are important signs of the Seybouse 

river estuary disturbance. All these features will have severe repercussion on the functioning of the adjacent 

receiving coast. It is necessary that complementary researches are needed to understand the contribution of these 

biogeochemical variables and their impact on the ecology of the estuary and the adjacent coastal area of the Bay 

of Annaba. 
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