
Bull. 1nst. Oceanogr. & Fish., ARE, 13 (1), 1987: 75 -84. 

VERTICAL DISTRIBUTION OF IRON, PHOSPHORUS AND 
OTHER ELEMENTS IN TWO SEDIMENT CORES . 
FROM LAKE EDKU. 

RAMZY B. NESSJM
 
National Institute of Oceanography and Fisheries, Alexandria, Egypt.
 

ABSTRACT 

Lake Edku is the smallest of the Nile Deltl 
brackish water coastal lakes. It is connected ~ith 

the Mediterranean Sea through a short and shall"w 
channel. The lake receives at its eastern and 
southern margins considerable amounts of agricultural 
drainage water. Two short cores in the recent 
sediments were collected on October 1983. one near 
the vicinity of the lake - sea connection and the 
other far east near the eastern agriCUltural drah. 
The sediments were sectioned at 10 ClII intervals 
and analyzed for total iron and phosphorus in 
addition to calcium. magnesium. sulphate. organic 
matter and water content. The results showed 
remarkable differences between the surface and 
deep sediments of the eastern plrt of the lake 
when compared with those near the mixing area. 
Average percentages for all samples were: iron 
3.0. phosphorus 0.04. water content 55.5. organic 
..tter 6.4, sulphate 2.0. calcium 1.8...gnesium 
1.9 and calctum-magnesium carbonate 15.5. These 
different constituents could be arranged in a certain 
order according to their abundance. Different 
degrees of correlations between the studied vartables 
were also given. 

INTRODUCTION 

Lake Edku, the smallest of the Nile Delta brackish water coastal lakes 
has 8 direct connection with the Mediterranean Sea through a shallow 
and narrow outlet. The lake covers about 126 km2and has an average depth 
of one meter. It stretches east-west by the side of Abu-kir bay for about 
19 km and has an average breadth of 6 km. The lake bottom is found at 
a depression littel below the sea level (11 0 cm). The lake receives 
considerable amounts of drainage water at its eastern and southern margins 
fluctuating between 39.4 and 206.3 million cubic metres per month (El­
Sarraf, 1976). The exchange of water between the Jake and the sea depends 
mainly on the wind stress and the rate of inflowing drainage water. 



The chlorosity of the lake water increased gradually seawards and varied 
between 0.48 g cl/L (surface) and 17.7 g cl/L (bottom). The pH valu~s 

of its water range between 8.aO,and 9.45. Oxidizable, organic matter j'n 
the water showed a wide variation between 21.2 and 65.4 mg 0/1 (Samaan, 
1974). The lake water is well aerated with dissolved oxygen except during 
summer when oxygen depletion caused by the decomposition of the 
hydrophytes in the eastern area could be happen. 

The hydrophytes, Potamogeton pectinatus and to a less extent 
Ceratophyllum demersum cover about 50% of the lake area, particularly 
in the eastern region besides the drains and also around the lake margins. 
The lake sedi ments have a characteristic composition,which is found 
in most of the Nile Delta coastal lakes. These sediments are composed 
of nearly equal amounts of sand-silt and clay, the fine particles increase, 
as expected, towards the drains (EI-Sarraf, 1976). They also contain 
significant amounts of empty mo)]usca shells and shell fragments (£1­
Sarraf, 1976 and Soliman, 1983). ' 

The present work is intend to study the vertical distribution of iron 
and phosphorus as well,ss calcium, magnesium, sulphate, organic matter 
and water content. Our. purpose is to elucidate the effect of both sea 
and drainage waters on the mobilization of these variables downwards 
in the core sediments. 

MATERIALS AND METHODS 

Two sedi ment cores w.ere collected from the hike during October 1983. 
One core of 70 cmlength was tal<en in the bare area near the lake sea 
connection (core N). The other one (core D) of 60 cm length was sampled 
at the eastern area wh\Ch represents the plant belt and drainage area 
(Fig. 1). These two cor~k were divided immediately after collection to 
subsamples of 10 cm interval and stored deep frozen until analysis. 

To determine the water content, one part of each subsample was dried 
at 105°C. The carbonates then were released by means of strong acid 
(Hc)) and the dried samples were ignited at 52SoC for four hours to 
estimate the loss on Ignition ,or ,organic content (Ungemach, 1960 and 
Schlungbaum et ai., 1981).For chemi.cal anolysis a representative part 
of each fresh sample was dried at 105°C, grinded to poss 200 mesh sieve 
and stored in well stoppered ampules. Dried powdered samples.were digested 
with a hot concentrated nltric-perchloric acids mixture; taken up in 
solutions and the filtered exracts were diluted to a constant volume. These 
solutions were used for the determination of total iron, phosphorus, calcium, 
magnesium and sulphate content. 

The analysis ,of total iron and phosp'horus were carried out 
colorimetricall\'. Iron is reduced to ferrous state by hydroxy ammonium 
chloride and ~ red colour is developed by using 2,2' dipyridyl (Jeffery, 
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1975). Total phosphorus is determined using the molybdate method according 
to Murphy and Riley (1958). The intensity of produced colours was measured 
against distilled water at recommended wave lengths using a Shimadzu­
double beam Spectrophotometer UV - 150 - 2. 

Calcium and magnesium were determined according to Heron and 
Makerath (1960) by titration against EDTA Solution using friochrome 
black-T as indicator. Galclum is also titrated alone using another indicator 
(murxide). Magnesium is then calculated by deduction. 

Sulphate was determined gravimetrically as barium sulphate according 
to the method mentioned by Grassho(f (1976). 

Total carbonates were calculated (rom the equivalent amounts of calcium 
and magnesium. These different constituents were expressed in percentages 
on dry weight basis. 
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RESULTS AND DISCUSSION 

The percentages of total iron, Phosphorus, calcium, magnesium and 
sulphat@'8lf' Wen ~fiiS'--; the i1<te'8titilill "'Ator end .9J;;g.f}J'ljc.JJlatter in 13 
sUbsarrf>~,(~,·!Wo..s~diment,c es weT!;/ give,n in Ta~~e ~i~. The cal~ulated 
Ca-Mg' ~tb. !\a't~Uu(~er gb1Jr?da~e"tfIT.J~fHPtJ¥fferent constItuents 
In eac~~~.,~~r~~~~. resent .....in thi~ ..~llb~Eio g,~rrelation coefficients 
of palr~~l,I?l\.Ql~~~,~~~)~~~!.~s~marized in Table (2). 

~ t-,,,~ '~::~,~ .~;,;~@r~~~'·~;~~ff~"~'~~·"~"- , 
The ,mount-Gl~'~etttitial watQ1,.s~~ "ib-.tt;.!~mum percentage in 

the sUlf.face sedI~ t$~ {~t dee~~asedJ~t~dualtY"9~}1~8rds as the sedi ment 
tends, t~ compact /~' ~~Ji!jI~!lts mlnirnumftl the deep~st~~~redlayer. However, 
the dIfference ig water'conlfent bliween the sur"1i~'and bottom sediments 
at the Fastero.. !rea wasJ:JS,tremelY .tJ!~h@r {2,¥5. tf~esi"than that ne?r lake­
sea co~nect~n, This regldnal varIatIon may'be due to the consIderable 
amounf' of jiti'arine sand that introduced into the lake through its opening 
which Intvrn reduced the ,water content of the sediment column at the 
mixing ;',ea. EI-Sarraf (I976), found that the sand fraction In the "Boughaz" 
region amounts to 92.69% of the total sediments. 

In the lake sediment, the upper 20 or 30 Col layer shwed a gradual increase 
in organic content, followed by a marked decrease reaching its minimum 
percentage at 40 or 50 Col depth, below which the sediment tends to 
enrif'hpd again with organic substances, (Fig. 2). 

The extra-cellular products exuda ted by the hydrophytes and the 
precipitated planktonic organisms are expected to be as the main 
autochthonous sources of organic matter in the lake (Samaan, 1974). 

The drainage water, which is loaded with considerable amounts of 
dissolved and particulated elements as well as organic detritus and algal 
flora, has probably enriched the surface sediment with different 
constituents. The sharp drop in the amount of accumulated organic 
substances below the enriched surface sedi ment reflects their decaying 
and strong oxidation. the rate of degradation of the organic matter Is 
mainly affected by redox-potential, aeration, temperature, water content 
and other factors. 

Calcium and magnesium were more or less uniformly distributed In 
the two sediment cores with slight deviations from the mean values. 
Magnesium was approximately two times as abundant as calcium in the 
sediment of the mixing area. The sediment in the eastern area of the 
lake, which receives only drainage water, were considerably e'nrlched 
with cal~ium In comparison with that near the lake - sea connection. 

" ., .. t 

The Increase In the Mg/Ca ratio seawards Is due to the relatively high 
r~und8nce of magnesium oxides In the marine water than calcium oxides. 

~ .~ ... 
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TABLE (2) 
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EI-Sayed et al (1980), found that Mg-carbonate was about 6 tI mes as 
abundant as Ca-Carbonate In the surflclal sediments of Alexandrla eastern 
harbour. The subsamples taken from the mixing area showed no great 
differences In their Ca Mg-Carbonate contents from the mean value (15.296), 
while the values at the drainage zone had wide variations. A linear 
correlation between calcium and magnesium was found only in the sediment 
of the mixing area (r = + 0.99). On the contrary to calcium, magnesium 
gave strong positive correlations with total carbonate In both sediment 
cores (r> or = + 0.90). 

The Vertical distribution of Iron in the sediment core near the mixing 
8rea was more or less uniform where the variations among the subsamples 
were within very narrow limits. Except a subsample between 10 and 20 
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cm depth below the sediment Interface, which reflects a maximum 
percentage of 4.1 associated with a higher value of arganlc content, aU 
the other percentages were very close to Its core average (3.3). The 
distribution of iron In the eastern core, on the other hand, was characterized 
by wide variations, similar to the condition of the water content and total 
carbonates. The percentages of Iron and org&fllc matter in ttl~ lake 
sediment. In general, were relatively higher than those obtained by Saad 
et aI, (] 980) for the adjacent Abu-kir Bay sediment. Transportation of 
these constituents from the Jake to the sea could be probably occurred 
after their resuspension in the out flowing water. The amount of Intersti"tial 
water in aU subsamples as wen as the organic content in core N (Table 
2) showed positive correlations with iron,(r> + 0.50). Sulphate, on the other 
hand, was strongly negative correlated with Iron in the latter core N (r 
:: -0.99). 
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Near the Jake - sea connection the concentration or phosphorus reflects 
slight variations not exceeding.! 0.005% from their average (0.045%). 
The vertical distribution of phosphorus in the eastern sediment, on the 
other hand, showed wide variations similar to the other parameters except 
of sulphate condition~. 

The regeneration and leaching of phosphnte from the sediment in the 
eastern region during turbulence of WEiter and its consumption by the 
root~ of the trowing hydrophytes Me mainly responsible for the marked 
decrease in the percentage of phosphorus. It is also noticed tlwl the dropping 
In the phpSpilOCU5 concentratiDn in the deE-pest sediment layer of this 
core was Rssodai.ed with a marKed incrEAse in organic content, a decreDse 

. In the iron urcent"ge 'md .f! sharp del-rease in ·Mg - en - CBi'OOnF<te 
concentra tior\ to". 

The concl:>;'nt)on of ,,~lplwtc in the different sUbsamples is lIeady 
constant (2.0) ·\·'i~I' very "lJight vurititlons of + 0.1%. The '';eek or 
insignificant ""'2"atl"e correlation (I' := 0.26 and ::- (L65 for cores D and 
N,respectivelyl bet~'.J(~en sll~phat~ ,,·nC! organic content can be explained 
as Il result 01 ;·'si"Ui11 redurj:on uf [lj)r>hate by bacteria in the presf'nce 
of higher OI'gll'dG c.mtent(SchhmgLJO\liD ct 31., 193i'. Hydrogen sulphide 
was Dlso prodl!ced 8'10 could be sometimes, ~met 

According to the ceJa\iVt, El!Jundan(:e in !':ediments, the studied c()nstituCJlt~ 

are decrensedirl in," following ordrr:.;: 

C03> Fe> rdg ~ SO,! >Ca ) P fol' core N, 

IlW;' C03 >Fe > :l1(~ > Va >804 ;, P , for core D. 

The relative dbunril;dCp. Of :'hese 'v'(ll'iBbL,c: iiJ the 5u~foce 10 em sediment 
of both cores (olIol'!., HI': ~3iT1e o,'de .. as Inr core N. This Ilrr8ngement 
was found in " f;,·ori "Ji'reen'G,t with zral fOl sed;,~,!"il of lHflCkish lagoons 
conneiCted to t;,~ li8]lic ~c:j INessim, "1980). 

SOMMfiitY .i\~~D CONGLUSrONS 

Predpi t80011 o.s W t 11 B~ fegt'nI;;ra tion processe" or consumption of the 
diffe-f€nt. ioliS by h~'d['ophytes are cont rolied by different factors such 
8S pH, Atl'lrnperntllrc Dna dissolved oxygen contenl. These· f~lctors are 
charige-oble in ih~ e~jqern part "f the lake and consequently the percenta.ges 
of lhe studied constituents !::!lowed wide gradients. The minimum value 
recorded in the deepest sedi ment (core D) for iron is nearly 55% lowel' 
than the surface concentration. For the pther studied constituents, the 
gradient' does not exceed more fhon 50% for corbonate, 4096 for magnesium 
nnd 20% for phosphorus content. 

At the mixed area, the sediment core tends to be much coorser. 

82
 



homogenious and the drop of concentration of most constHue'nt down 
core never exceeds 1596 of their surface values. 

The dropping inorganic content of the sediment downwards along both 
cores are less than 2596 of its surface value. The incr':!ase in the Ilmoum 
of Qrganic substances may result either in a decrease, e.g. 'in the phosphoru~ 

content, or an increase, e.g. in the' iron content, in the sedirnerit. . 

Calculation· of correlation cocffidents of the studied constitue!,ts 
concentrations in the two sediments cores (Table 1) confirms these results: 

A significant positive correlation coefficients (1' > 0:' = 0.90), !Jctwf'en 
Tn&gnesiuHl and total carbonates contents cores noticed in the two sedipienls 
cores, showing that the predominant carbonate in the lake sediment is 
lTIagnesium carboilate. 

In the eastern core, a strong positive correlation betl-Jcen the pel"cer. tft8e 
of interstitial water and phosphorus content was calc:llated and showed 
the adsorption effeciency of the fine sediment to these ions. 

The strong negative correlation (1' = - 0.99~ between ir?n an.d sulphate 
concentrations at the mixed area explains the Jnverse relatlOnst'dp between 
these ions and hence iron in the lake sedi ment can not he present in the 
sulphate fraction. 
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