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ABSTRACT

Phosphorus has negatively influences on the e@mysind causes
eutrophication. To assess the degree of eutropbricdtis necessary to
know not only the total P content in the sedimebig, also its bio-
available forms. The main objectives of this stuahg to assess the
distribution of total phosphorus in bed sedimemingl Lake Nasser, to
characterize the phosphorus bioavailable formsuifase sediments, to
examine the relationship between phosphorus coratiemt and other
sediment properties and to assess the potentiatrilmoion of
bioavailable phosphorus in eutrophication. To adghithese objectives,
superficial sediment and water samples were celtbatong Lake Nasser
during May 2016. The sediment samples were analyipedtotal
phosphorus, water soluble phosphorus, plant aveilphosphorus and
grain size distribution. For water, dissolved oxyg#éotal phosphorus,
Chlorophyll-a and transparency are analyzed. Tkelt®e showed that,
the total phosphorus in sediment samples ranged 50 to 704 mg/kg
and showed a temporal variation comparing with tlaa recorded
during May 2009 (P= 0.046). Water soluble-phosphd¢W/SP) and plant
available phosphorus ranged from 1 to 3.25 mg/kg 88.8 to 26.9
mg/kg, respectively, which represented 0.15 % 6%4and 2.06% -
4.59% of the total sedimentary phosphorus. Thel tpteosphorus,
transparency and chlorophyll-a in water ranged fdfrto 60 pg/l, from
1.3 to 2.8 m and from 2.4 to 32 ug/l respectivd@lye total phosphorus
concentration in bottom layer of water column relear higher values
than that in the surface layer and ranged frono5800 pg/l. The results
also show that, the depletion of dissolved oxygemcentration near the
bottom layer (2.15 mg/l) may enhance the releaseP ofrom the
sediments. The high positive correlation was fousetween total
phosphorus in sediment and WSP in sediment, clay T in water.
However, total phosphorus in sediment has strorgativee correlation
with sand. It's worth mentioning that, WSP in sedithhas a positive
correlation with total phosphorus in water, indezhthat WSP fraction
can release phosphorus easily and increasing thé ghosphorus in
water. Based on Trophic State Index CalculationlTBake Nasser
ranged from mesotrophic to light eutrophic statés recommended that
dredging the surface sediments from the sedimentatone have a
positive effect in improving water quality whereredging removes
substantial amount of P stored in sediments.
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INTRODUCTION

Among other elements, phosphorus (P) is usuallysidened the limiting
nutrient for primary producers in fresh water. Exté load is the factor directly
increasing the nutrients of any water bodies; h@wmevarious pollutants may be
adsorbed to the sediments accumulated on the battdihe lakes. These sediments
may accumulate over long periods and can act as palutant sources to the
overlying water after the water quality has imprdy®gndergaardet. al., 1996.

Eutrophication can result in significant deterigratin water quality due to the
increased growth of undesirable algae and aquagedw followed by oxygen
depletion due to biomass death and decomposi¥aor €. al., 2007 and Abell,et.
al., 2010. Excessive concentrations of phosphorus is thetmommon cause of
eutrophication in freshwater lakes, reservoirseastrs, and in the headwaters of
estuarine system@Vang, et. al., 2012) The amount of phosphorus presented in a
water body depends on both the external phosphoadsand its release and retention
in the sediments. Sediments act as a sink whesnBe stored, and also as a source
of P for the overlying watelWang et. al., 2014. Recycling of P from sediments
enriched by years of high nutrient inputs causkeddo remain eutrophic even after
external inputs of phosphorus are decreagdmams and Jarrell, 1995. Concern
regarding the eutrophication of lakes has grownrégcent years, leading to
implementation of P reduction measur€arvalho et. al.; 2008, Xinget. al., 2013
and Han et. al., 2014.To assess the risk of eutrophication in aquatgtesns it is
necessary to know not only the total P contenhe dediments but also its fraction
distribution among the different sediment phases. pfesent, eutrophication of
surface waters is a serious problem in many pdrtthe world. Decreasing the
external nutrient load is one of the most impleradntmeasures to combat
eutrophication. However, reduction of the extenplabsphorus load does not always
lead to a satisfactory reduction of phosphate tewelthe water layerQullen &
Forsberg, 1988; Redshaw €t. al., 1990; Boers 1991). Owing to the internal loading
of phosphorus from the sediment, the phosphoruserdration of the water layer
frequently remains higher than is to be expectdtbviing the reduction of the
external load. If the phosphorus release from #ingent is sufficiently high to
maintain an unacceptable degree of eutrophicatioth® water layer, additional
measures are required. Dredging of lake sedimémtsinstance, is usually highly
successful Bjork 1988; Roelofs et. al., 1996 but is costly, also because at present
most sediment has (technically) to be consideredhasnical waste. Alternatively,
precipitation and immobilization of phosphorus I taddition of iron salts to the
sediment may be a valuable technigBeefrs 1991; Smolders €t. al., 1995.

The High Dam Lake is one of the largest man-makieslan Africa.The current
length atl80 m over mean sea level is about 500 km, of wBEh km are within the
Egyptian territory and are known as Lake Nassetw@en 22°06-23°58 N and
31°19-33°18 E). The 150 km stretch which lies in the northeart of Sudan is
known as Lake Nubia (between 202222°00 N and 30°07%31°19 E) (Abou EIl Ella
and El Samman, 2010).

Lake Nasser water is a major source used for éiffepurposes in Egypt. This
study examines data from lakebed sediment and waikmn obtained in 24
sampling sites along Lake Nasser. Accordingly, tbisdy aims to assess the
distribution of total phosphorus (TP) in bed sedinalong Lake Nasser, to
characterize the phosphorus forms in surface seden& examine the relationship
between phosphorus concentration and other sedipreperties and to assess the
potential contribution of bioavailable P in Lakedsar eutrophication.
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MATRIALS AND METHODS

Study Area and Sampling Sites

The study area started from Km 130 (El-Madeek) no 333 (Arkeen) upstream
Aswan High Dam, in Lake Nasser as shown in (Tal& Eig. 1). This area was
chosen as an example of a significant sedimentatoe (area Superficial sediment
samples and water samples were collected from &lgammonitored sites (three
samples from each site; East, Middle and West)gpl@ke Nasser during May 2016.

Table (1): Coordinates of the Sampling Sites alonigake Nasser

Sampling Sites Km N E
El Madeek 130 22°54'61.6" 32° 36'00.7"
Ebreem 228 22° 39" 47.0" 31°59'03.8"
Masmas 237 22° 35'98.8" 31°54'11"
Toushka 247 22° 26' 66.5" 31°49'11.6"
Abu-Simble 281 22°19'39.2" 31° 37'51.9"
Adendan 307 22°12'06.2" 31°28'91.5"
Sara 325 22°04' 73.4" 31°22'15.7"
Arkeen 333 22°01'73.4" 31°21'23.7"
ﬂﬂﬂﬂﬂﬂﬂ /
'y
frivdsy
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El Madee g”\
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Fig. (1): Map of sampling sites along Lake Nasser.
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Analyzed Parameters:

The sediment samples were transferred into labplagethylene bags and
stored in the laboratory into a freezer until thmet of analysis. The analyzed
parameters are:

- Available Phosphorus: Water-soluble and plantilalke phosphorus are analyzed
based on th&iessen and Moir (1993method.

- Total Phosphorus: Total phosphorus in bed sedimes analyzed based on the
standard procedurdPHA, 1989 by using acid persulfate method.

- Grain Size Distribution: Sediment samples useadpfarticle-size distribution were
pretreated with kD, and HCI, dispersed over-night in Na-hexa-metaphatg and
then evaluated by the pipette methday, 1965. Moreover, the water samples were
analyzed for dissolved oxygen DO, TP, chloroplayind transparency according to
standard method#\PHA, 1989).

Statistical analysis:

Correlation matrix and ANOVA one way were applieding Minitab 16
Software.

Trophic State Index Calculation (TSI)

The formulas for calculating the TSI values for ealisk, TP, and chlorophyll
aare as follows:

Secchi disk: TSI (SD) = 60 - 14.41 In secchi dgptb
Total phosphorus: TSI (TP) = 14.42 In total Phospadug/l) + 4.15
Chlorophylla: TSI (CHL) = 9.81 In Chlorophyll-a (ug/l) + 30.6
Where In = natural logQarlson, 1977).These equations are considered as a general
formula used for different water bodies.
RESULTS AND DISCUSSION

Phosphorus Characteristics of Bed Sediments
Water- Soluble Phosphorus (WSP):

This fraction is usually considered to represerg thost labile P in the
sediments Yaobing et. al., 1999. The WSP content along the area under study
showed that, there is no significant differencesvben East, Middle and west of the
Lake (p>0.05) samples as illustrated in (Fig. 2)e WSP contents in the collected
sediments samples ranged between 1.08 mg/kg aBdn3ykg at the eastern bank
while, it ranged from 1 mg/kg to 2.38 mg/kg at tméddle along the study area.
However, the WSP ranged between 1.08 mg/k and rag/i8g at the western bank
(Fig. 3). Water soluble-phosphorus represents & Vew percent of the total
phosphorus less than 1%as shown in (Tab. 2), whemaged from 0.2% to 0.46% at
the eastern bank, from 0.15% to 0.34% in the midaihel from 0.17% to 0.40% in
western bank. Water soluble- phosphorus gives ditation of potential soluble-
phosphorus movement with leaching and sometimed asea measure of labile- P
(Nishimoto et. al., 1977). The water-soluble phosphorus representing tlsely
adsorbed and labile P in sedimerdsdu et. al., 2001, which considered the most
available form but it was low in the sediments cansol with total sedimentary
phosphorus.
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Fig. (3): Water soluble phosphorus in bed sediment&long Lake Nasser

Table (2): Water soluble phosphorus percentage inddl sediments along Lake Nasser

East Middle West

Site Name
%WSP %WSP %WSP
El Madeek 0.22 0.17 0.17
Ebreem 0.33 0.34 0.24
Masms 0.44 0.32 0.29
Toushka 0.39 0.28 0.18
Abu Simble 0.41 0.33 0.33
Adendan 0.20 0.15 0.40
Sara 0.46 0.18 0.17
Arkeen 0.29 0.16 0.18

Plant Available — Phosphorus (PA-P):

The plant available-P was found to be highly cated with P uptake by plants
(Menon et. al., 1989 and Sharpley, 1991and assumed to be plant availalileass
and Schlesinger, 1996 The PA-P content along the area under study staat,
there is no significant differences (P>0.05) betwEast, Middle and West samples as
indicated in (Fig. 4). The PA-P contents in thelexied sediments samples ranged
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between 15.3 mg/kg and 26.9 mg/kg at the eastark Waile, it ranged from 16.11
mg/kg to 26.7 mg/kg at the middle. However, itdaged between 13.8 mg/k and 26.3
mg/kg at the western bank (Figure 5). The PA-P watpect to the total p, recorded
small fractions, where it ranged from 2.37% to 3638 the eastern bank, from 2.3%
to 4.59% in the middle, and from 2.06% to 3.95%hi& western bank (Tab. 3).
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Fig. (4): Boxplot of plant available phosphorus irbed sediments
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Fig. (5): Plant available phosphorus in bed sedimés along Lake Nasser

Table (3): Plant available phosphorus percentage (%n bed sediments along Lake Nasser

East Middle West
Site Name

%PA-P %PA-P %PA-P

El Madeek 2.39 4,59 3.22
Ebreem 3.88 2.30 3.08
Masms 2.81 3.02 3.90
Toushka 3.36 2.45 2.71
Abu Simble 2.37 3.29 2.06
Adendan 3.80 3.91 3.31
Sara 2.75 3.58 3.49
Arkeen 2.89 2.68 3.95

It's worth mentioning that, this extracting soluticemoves dissolved and
adsorbed Phosphorus on calcium carbonate and He-atirfaces (Jlsen et. al.,
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1954), which give an indication of how much sediment Pl w#écome available to
plants and considered as Plant Available Phosphorus

The concentration of bioavailable P reflects thgree of pollution and the
endogenous release ability. Bioavailable P carnrdrestormed into active P through
chemical and biological reactions and in turn ieflae the overlying water quality
(Bridgeman et. al., 2012. Several studies have shown that higher amoufits o
bioavailable P in sediments result in greater sdeaf P Abdallah, 201Z%
Bridgeman et. al., 2012 and Liuet. al., 2012) Based on research by Ryd200Q0,
approximately 50-60% of organic phosphorus in sedisy can be degraded or
hydrolyzed into bioavailable P. In this study, batfe concentration and the
proportion of bioavailable P were considerable,igating that the potential
availability and release risk to the overlying watesre high and contributed for lake
eutrophication.

The loosely sorbed phosphorus (WSP) representedof1Be sedimentary total
phosphorus, while the plant available phosphorus-) ranged between 2.06 and
4.59%.

Bioavailable Phosphorus is the part of the Phospghtrat is readily available
and released during certain environmental conditidike low redox potential and
changes in pH.

Internal loading occurs under conditions like highl, high temperatures,
depletion of dissolved oxygen (DOBd@strom, 1988. Under certain environmental
conditions, the sediments may become a potentiagptorus source that will support
the elevated trophic status of Lake. Stratificateord water mixing during summer
and winter respectively play an important rolehistphenomenon. Stratification lead
to anoxic conditions, lowered pH and accumulatibmuatrients in the near bottom
layers of water columnGCarpenter, 2005 and sedimentary P may be re-suspended.
This fraction can be released for the growth oftppkankton when anoxic conditions
prevail at the bottom layer of waterfifg and Appan, 199§. In that study, the DO
concentration at the bottom water layer was foussk Ithan that recorded at the
surface layer of the water as shown in (Table 4 tars may be considered as one of
the most important factor that affect the releaseplbosphorus from the bed
sediments.

Total Phosphors Concentration (TP)

Total phosphorus in bed sediment showed no sigmifidifferences (P>0.05)
between East, Middle and West samples (Fig. 6alsib gives an indication of the
natural source of phosphate in bed sediment.rliriged between 550 mg/kg and 704
mg/kg at the eastern site samples, while it rangech 582 to 700 mg/kg at the
middle site. However, TP ranged between 586 andn7@fg at the western samples
as illustrated in (Fig. 7). Although the bed sediinalong Lake Nasser has high
concentrations of TP, the available phosphorus esgmted very low values
comparing with the total sedimentary phosphorusentration. This may be due to,
that most of the phosphorus are found in the apatiheral (HCI — P) and in residual
forms which consider as inert foriddiserli et. al., 2002)
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Fig. (7): Total phosphorus in bed sediments alonigake Nasser

Comparing the results of total phosphorus concgotrain bed sediments
recorded during May 2016 with that recorded duMay 2009 we found that, there is
a temporal variation in phosphorus concentratior (R046). The temporal variation
of total P content may be related to differentdestincluding water temperature, pH,
dissolved oxygen and sediment-water exchange mes&&¥ang et. al., 2012. More
P was released under alkaline conditions than @aciinditions, but the least amount
of P was released under neutral sorption of phosphate from ferric hydroxide at
high pH is a distinct possibilitfMokhtar et. al., 1995)

The texture of the studied sediments differed ffora to medium sand to silty
clay and clay percentage ranged from 9.08 % to3P6.&s shown in (Fig. 8).
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Fig. (8): Percentage (%) of clay in bed sedimentdang Lake Nasser
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The relationships between different forms of phasph and total phosphorus
in water were analyzed using person’s correlatiab( 4). The concentration of TP in
sediment was positively correlated with a numbevafables like WSP in sediment,
clay and TP in water. However, TP in sediment liesng negative correlation with
sand. WSP in sediment has a positive correlatidgh WP in water, which suggests
that the WSP from sediment might be exchanging ®ith water column. The results
of this study could help better understanding théyRamics at the sediment-water
interface in Lake Nasser.

Table (4): Correlations matrix between TP, WSP in s#iments, sand, silt, clay & TP in water samples

TP Sediment ~ WSP Sediment Sand Silt Clay TP Water
TP Sediment
WSP Sediment 0.548
Sand -0.705 -0.212
Silt -0.103 -0.015 -0.487
Clay 0.869 0.252 -0.835 -0.075
TP Water 0.277 0.423 -0.029 0.032 0.013

Contribution of Bioavailable Phosphorus to Lake Naser Eutrophication

Lakes are commonly classified according to themplic state, a term that
describes how “green” the lake is as measured &yamhount of algae biomass in the
water. Three trophic state categories are used etrxribe lakes as they grow
progressively greener: oligotrophic, mesotrophitg @utrophic. Along Lake Nasser
the available phosphors in bed sediment may béoledcrease the concentration of
phosphate in water column, which is considered lthrating factor for Lakes
eutrophication. The subsequent release of surfanaeb phosphate from suspended
and re-suspended sediment in the Lake may providigraficant concentration of
phosphate in the water column. The environmentahditions under which
phosphorus could be released depend upon the gamethghase of phosphorus. The
exchangeable phosphate can be released to wad@lated by another anion such as
hydroxide ion {Jensenet. al., 1992. Table (5) shows the concentration of total
phosphorus in the surface and the bottom layemsabér column, Secchi depth and
chlorophyll a in water along Lake Nasser.

Table (5): Water Quality Variables in Water along Lake Nasser

. DO DO ™ P Secchi | Chlorophyll-a
Sites Surface Bottom surface bottom Depth (m) (ua/l)
(mg/l) (mg/l) (Hg/l) (Hg/l)

El Madeek 7.63 3.32 40 55 2.8 2.4
Ebreem 7.60 3.90 50 55 2.8 7.1
Masmas 7.50 2.20 55 60 25 3.5
Toushka 7.55 4.16 55 70 2.0 4.8

Abu Simble 8.27 2.15 60 80 2.3 7.0
Adendan 6.78 6.68 50 80 2.0 8.5
Sara 6.78 6.25 60 70 15 25.0
Arkeen 6.94 2.70 40 100 1.3 32.0
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The total P concentration in bottom layer of watelumn was recorded higher
values than that in the surface layer and rangedh f65 to 100ug/l. There is a
considerable potential for release P from the sedinnto the overlying water and
sediment P could be the dominant factor determittiegtrophic status of the lake if
the external load is reduced. lake managers casifjiathe lake based on typical
ranges for phosphorus, nitrogen, chloroplylind Secchi depth values reported in the
lifecycle adapted fronvollenweider and Kerekes, 198(Table 6).

Table (6): Mean values of variables associated witinophic level in Lakes

Water Quality Variable Oligotrophic Mesotrophic Eutrophic
TP (ug/l) 8 27 84
Chl a (ug/l) 1.7 4.7 14
Secchi Depth (m) 9.9 4.2 2.4

From tables 5 and 6 and based on the values o€MPa and SD measured in
Lake Nasser, the Lake was ranged from mesotropHigtitly eutrophic state.

Carlson Trophic State Index (TSI)

A popular method for examining algal biomass alates to trophic state is
through the use of the Trophic State Index (TSNettgped byCarlson (1977) A
watershed manager can use measurements of thiablear- chlorophylh, TP, and
Secchi depth.

The TSI ranges from zero to 100 and can be usadsign trophic state “grade”
to a lake. When classifying lakes, priority is oftgiven to the TSI value associated
with chlorophyll a, since it is the most accurateh@ three parameters for predicting
algal biomass. Any of the three variables, howewan theoretically be used to
classify a lake@evi Prasad and Siddaraju 2012)

Figures (9 to 11) show TSI values and correspondiagsurements of the three
parameters in the lake. Ranges of TSI values cagrbyped into the traditional
trophic state categories. Lakes with TSI values tban 40 are usually classified as
oligotrophic. TSI values greater than 50 are gdhyedefined as eutrophic lakes.
Mesotrophic lakes have TSI values between 40 and 50

Lake Nasser is commonly classified according toirtieophic state as
Mesotrophic and lightly Eutrophic Lake based on @&l a), TSI (SD) and TSI (TP)
calculations Devi Prasad and Siddaraju 2012)

In that study th@SI (TP) > TSI (CHL) = TSI (SD) as mentioned beforéhis
give an indication of there are some factors ottem phosphorus limits algal
biomassCarlson (1977) Phosphorus in water is not considered to be tliyrémxic to
humans and animalsundur et. al., 1997). For this reason, there is no drinking water
standards have been established for P. Any toxgatysed by P in freshwaters is
indirect. The probable cause is toxic algal blo@nanoxic conditions activated by P
pollution. It is worth to mention that, the flounisg of algal blooms give an
indication of high phosphorus contents in water.
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CONCLUSION AND RECOMMENDATIONS

From the previous results and discussion the fafigwan be concluded:

Although the concentration and the proportion obabviailable phosphorus
were considerably low compared with total phosploconcentration, the
potential availability and release risk to the dyiag water were high.

TP in sediment has a positive correlation with enber of variables like WSP
in sediment, clay and TP in water. However, TP é@diment has strong
negative correlation with sand.

WSP in sediment has a positive correlation with imPvater that gives a
reasonably good indication of the WSP from sedineeatpart of TP in water.

Based on Trophic State Index calculation (TSI), d.akasser ranged from
mesotrophic to light eutrophic state.

The depletion of dissolved oxygen concentrationr ika bottom layer may
enhance the release of P from the sediments.

The source of phosphorus is the bed material (iatdoading) where there is
no definite point source along the Lake.

There is a temporal variation of total phosphoruscentration in bed
sediments along Lake Nasser.

The study recommended that:

Dredging the surface sediments to have a posifileetein improving water
quality where, dredging removes amount of P stored sediments.
Implementation of P reduction goals such as drefgmay have significant
costs and economic impacts. Dredging of the uppdingent layer would
reduce the concentrations of bioavailable P argl\likeduce the release of P
into the water column.

The sediment rich phosphorus can be used for dggnialbamendment, where
Lake Nasser sediments are considered safe forosmeent based on the
previous publications.
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e It is also recommended to implement a pilot projeéct evaluate the
characteristics of sediment for its potential usagricultural land reclamation
and to identify how the sediments affect the crigbdg
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