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nonna! in the intemlediate (J 6.97) and higher in the deep waters 
(36.18) as compared with that of Redfield's (16). Whereas, TN TP 
rarios ,rere found high with no biu variations berween different water 
masses. The relationships between different investigated variables 
were emluated and statistically confimled Based on (he recen! 
obsenJations that revealed significant changes in salinit), and 
temperawre snuctures for th Eastern MeditelTanean deep waters, 
the daw of the present study can serve as a reference to assess any 
fiiture changes in the chemical composition for the WaleI' mass of the 
south eastem Mediten-anean Sea. 

INTRODUCTION 

The circulation and formation of water masses in the Eastern Mediterranean 
is recently characterized by the transient phase (Roether et al.. 1996: Malanotte­
Rizzoli et al.. 1997, and Klein et al.. 1999). Accordingly, the main objectives of 
the oceanographic investigations are to assess the adaptation in a new state of 
equilibriwn and to quantify the impact of these changes on the biogeochemical 
characteristics. Within the framework of these objectives. Meteor cruise M5l!2 
program was carried out along the Eastern Mediterranean during October­
November 2001. The present study is a part of this cruise program and aims to 
describe the hydrochemical and nutrient properties of different water masses for 
the southeastern Mediterranean Sea infront of Egypt. It will address the 
question of potential nutrient limitation and N:P, ratios found at different v.:ater 
masses in the area. The present data can serve as a reference to assess the future 
changes in the chemical composition of the water masses in the southeastern 
Mediterranean Sea Previously, the chemical characteristics of the Eastern 
Mediterranean have been studied on a limited basis (Morcos, S.A and El-Rayis 
O.A. 1973; Abdel Moati, 1990; Salihoglu et al., 1990; Souvermezoglou et a!., 
1992; Yilrnaz er aI., 1994; Yacobi et al., 1995 and Kress fuid Herut, 2001). 
Hecht et al. (1999) characterized four water masses in the northern Levantine 
Basin, based mainly on climatological, salinity and water depth values: 
Levantine surface water (LSW of S%o= 38.95, 0-40m). Atlantic water (AW of 
S%o = 38.87, 65-95m), Levantine Intermediate water (LIW of S%o = 38.94, 
200-310 m) and Deep waters (DW of Temp. < 13.8°C, S%o < 38.74, below 
700m). These depth intervals was used to classify different water masses of the 
present investigatioll 
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M4 TERlAL AND METHODS 

Four stations located between latitudes 32° 31' 22-33° 14 91 N and 
longitudes 25° 31' 10-29° 59 84E were selected north of Rosetta Branch of the 
River NIle (546), north of Dabaa (548) and north of Saloum (549 and 5.0) to 
represent the southeastern· M;;mterranean waters infront of Egypt (Fig. 1). The 
profiles of water temperature, salinity and dissolved oxygen were measured in 
situe at each station by using a Ne' Brown CTD. Dissolved oxygen saturation 
were computed using UNESCO Tabies (1973). Pigment measurements were 
obtained by a flurometer connected to the cm. Water samples for the nutrients 
were collected \I\~th a general Oceanic Rosette equipped ~th 24 Niskin bottles 
of 5L each. Water samples were selected from about 12 depth at each station to 
present different water masses of the represent investigation. Water samples 
were collected into 250 ml acid washed polyethylene bottles, after washing 
them several times with the same water sample then immediately frozen until 
analysis. Ammonium (NIL-N), was determined by using the indophenol blue 
technique (lOC, 1983). Nitrite (NOrN), nitrate (N03-N), reactive phosphate 
(PO~-P) and silicate (SiO~-Si) were measured in filtered seawater samples (by 
using GF/C filters) following the techniques described by Strickland and Parson 
(1972). Total phosphorus (TP) and total nitrogen (TN) were measured in 
unfiltered seawater sa.'l1ples according to Valderrama (1981). Dissolved 
inorganic nitrogen (DIN) concentrations were calculated (DIN== :2: N&-N + 
N02-N + N03 - N). Synthetic standards as well as international reference 
materials (batch VKI 9-2-0894 for NI-L-N, N03-N and P04-P and batch 10.2­
0894 for TP and TN) were intended for quality control i. e. they typically 
intended for measurement and control of the truness and precision of analysis, 
as well as for the implementation and optimization of analytical instrument and 
methods. 

T. test and Anova at the 95% confidence level were used ill statistical 
comparisons for the chemical characterization of the water body. 
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RESULTS 
J 

'jllie average values of different hydrochemical characteristics along the 
water masses of each station as well as for the whole investigated region are 
listed in Tables 1-3. Their profiles for the whole water column as well as for the 
upper 500m depth of ~ach-station are represented in Figs 2-4. The general 
features of different water masses can be identified as the following: 

Levantine surface water (I.SW) 
The levels of surfacial water temperature (upper 40m depth) were found 

around the normal values of autumn season. They registered a mean value 23.0 
± O. noe for the whole investigated region. No big differences were found 
between salinity values of different stations. Dissolved oxygen (DO) was fairly 
constant across the region and reached around saturation condition. The levels 
of flurometer measurements were generally, low. The limits of different 
inorganic nitrogen forms (DIN), (ammonium, nitrite and nitrate), dissolved 
inorganic phosphorus (DIP) and reactive silicate were, generally pOOL Slight 
increase in DIN concentration (1.30~) was detected at El Saloum (station 
550) as compared to the other locations. The geographic distribution of total 
nitrogen (TN) concentrations registered a noticeable increase westward giving a 
mean value 15.38 ± 3.79 ~ for the whole smfacial water of investigated 
region. DIN constituted a mean value 3.81 ± 0.53% of TN revealing the 
increase in conswnption and deposition rates for these inorganic constituents. 
DIP was found below the limit of detection at stations 546 and 547 and slightly 
measured westward at stations 549 and 550 (O.12~). Total phosphorus (TP) 
had two noticeable features; a slight variations from a mean 0.53 ± 0.18 flMIl 
recorded at most locations and an elevated value 5.78~ found at station 549 
Ths value was lDgher than the actual region levels, consequently it excluded 
from the DIP overall mean value calculations. DlPfIP percentages showed 
'v'ariations with a strong gradient from a value of zero at stations 546 and 548 to 
a value of 18.46% at station 550. 

Atlantic water (AW) 
The characteristic features of AW when compared'th that of LSW, it 

showed slight decrease in the salinity values and increase in DO% saturation, 
accompanied with the relative increase in flurometer measurements. t the 
same time, it followed LSW in which DIN, DIP and Sj04-Si were homogeneous 
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DISCUSSION
 

The distribution pattern of hydrochemical and nutrients characteristics, in 
the investigated region are generally controlled by an interaction or balance 
between the circulation and biological activity. It is reported that, the AW 
enters the eastern Mediterranean through the strait of sicily and its salinity and 
depth increase as it flows eastward. In summer because of increased 
evaporation, the AW is capped with a layer of salter and warmer water, the 
LSW. In winter AW is essentially the LSW. LIW is formed in the Levantine 
Basin and flows into the western Mediterranean and from there to the Atlantic 
ocean (POEM, 1992). DW of the Eastern Mediterranean are derived to a large 
e:>...'1ent from the Agean Sea which replaced or masked the Adriatic derived deep 
waters (Roether eT aJ. 1996; Klein eT al., 1999 and Malanotte Rizzoli eT aJ. 
1997). In the present study, the distribution of oxygen in the upper 120m of the 
water body was fairly around saturation condition, a shallow oxygen maximum 
was present at 60-120m depth, in conjunction with the relative increase in 
flurometer measurements and consequently, in photosynthetic process at this 
water layer (Fig. 2). Kress and Herut (2001) found an oxygen over saturated 
condition between the same water layer of the Eastern Mediterranean. They 
attributed it to the physical process of rapid capping and trapping of oxygen in 
the AW, with only 28% of the excess oxygen originating from biological 
production. The euphotic zone was also characterized by poor DIN, DlP and 
Sj04-Sj concentrations due to the uptake by phytoplankton. DlP seldom 
achieves concentrations comparable to those of N03-N because it is strongly 
adsorbed onto particles and forms insoluble salts (Krom eT aI., 1991) while 
N03-N is highly soluble. In general, the mean concentrations of these nutrients 
in the LSW and AW had relatively very high standard deviations due to the low 
levels measured (Tables 2-3). Based on the above, the euphotic zone of the 
present study maintains its oligotrophic character throughout the autumn with 
concentrations lower than 0.1 ~ P04-P (Karafistan eT al., 2002), and about 
O.50~ for each of ~-N and N03- (Skrivanic and Strin, 1982). New 
nutrients can be supplied to the euphotic zone by processes such as upwelling 
and erosion of the thermocline from below as well as from the atmospheric 
depositioIL By using the PEM model of Karafistan eT al. (2002), they found that 

1010upwelling of the Mediterranean water brings about 5.5 x mol { of 
phosphate to the upper layer located between 0-200m. Herut eT ar (1999) 
reported an atmosphenic input for N and P of 0.24 and 0.01 gm m-~ y'" 
respectively. 
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Except few 0 cations, the vertical distribution pattern showed no significan 
differences for each of TN an TP concentrations at different water mas es f 
study region. The tend t remain fairl constant to the sea bottom Reflecti g 
that TN and can not accumulate in eep waters nitrogen and phosp orus are 
taken up in the euphoric zone an released back into sea water fol o\'V111g the 
remineralization of sinking· t:letritus, and the concentrations build up 111 eep 
water from which they can be brought to the surface again via upwelling 

Statistically, there are well established positive relationships between 
depth and each of nitrate, reactive silicate and phosphate. These assocIations 
were sigriificantly negative with flurometer measurement (FLC) and DO% 
(Table 4). Highly negative associations found between FLC and each of nitrate 
and reactive silicate concentratio , may suggest that, the dominent role of 
phytopla.n1.1on consumption cannot be neglected in the euphotic zone. Linear 
relatJonship of nitrate was found highly significant with reactive silicate 
(+0 957) than that of phosphate (+O.539). They confirm the role of organic 
matter remineralization in. decreasing the DO% and increasing the ~utnent 
concentrations with depth, and the rate of nitrate and reactive silicate 
production is' higher than that of phosphate. These relationships can be 
represented by the following regression equation: 

DO= 0.190 Depth - 0.719 Temp. + 0.060 FLC - 1.245 N03 ..,.- 0.0.60 TN ­
0.053 DIP 

+ 0.058 TP - 0.611 SjO.\
 
(R= 0.951, P < 0.000, Std Error of Estimate = 0.088).
 

N:P I'atios 
From nitrate versus phosphate trend at different locations of the present 

study, neglecting NIP values when P was below detection limit, there was a 
marked differences between different water masses with ratios changing from 
much lower in the euphotic zone (3.12), normal in the UW (::: 16.97) and 
higher in the DW (36.18) as compared with that of Redfield's (16). Whereas, 
TNITP ratios were found high with no big differences between different water 
masses (Table 3). It revealed that the phytoplankton production in the euphotic 
zone was strongly nitrogen limited. This result is varied than that of Krom el al. 
(1991) who claimed phosphorus as the most limiting nutrient to phytoplankton 
production in the Eastern Mediterranean, but it is in agreement with that of 
Falkowski el al. (1997) who argued that the world oceans are generally N­
limited and that N2 fixation pla~s a key role in reintroducing fixed nitrogen to 
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the ocean. However, high NIP ratios recorded in DW of the present study could 
be as the result of the organic matter being rernineralized in the DW is oor in 
phosphorus due to its faster recycling in the photic zone com ared to nitrogen 
(Kress and Herut 2001). Gruber and Sarmento (1986) nominated that DW of 
the Mediterranean origin can be traced in the Atlantic ocean by the hIgh NIP 
ratios. Small variations, found between mffP values may confirm the absence 
of therr accumulation at different water masses. 

Stratford and Haines (2002), studied the impact of the event on both 
biogeochemical tracer distributions and modelled export production between 
1987 and 1995. They suggested that the transient event has little impact on 
export production of the Eastern Mediterranean Sea The data of the present 
investigation can serve as a reference for assessing future changes in the 
chemical composition of the water mass in the southeastern Mediterranean Sea. 

CONCLUSION 

The hydrochemical and nutrients characteristics for different water masses 
of the southea'itern Mediterranean Sea infront of Egypt were invesngated, to fill 
the gap in information about this region. The obtained, data were discussed and 
evaluated. Based on the recent observations revealed significant changes m 
salinity and temperature structures of the Eastern Mediterranean deep waters. 
the data of the present study can serve as a references for assessing future 
changes in the chemical composition of water masses in the southeastern 
Mediterranean Sea 
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