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KEYWORDS Abstract  Phosphorus reactivity and bioavailability in lake sediments is determined by diverse
Sediments; fractions of phosphorus (P) and their distribution. To gain deeper insights into P dynamics in
Bioavailable Lakes, sediments from El Temsah Lake were investigated for water soluble P (WSP), readily
phosphorus; desorbable P (RDP), algal available P (AAP) and Olsen-P using different chemical extraction
Chemical extraction methods. Total P (TP), organic P (OP), inorganic P (IP) contents, were also investigated. The
methods; TP, OP and IP concentrations in the sediments were 598.39 .g/g, 199.76 ug/g and 398.63 pg/g,
Phosphorus ecological correspondingly. Concentrations of the bioavailable P in the sediments followed the order AAP
risk; (48.42 1.g/g)>WSP (14.60 jg/g)>RDP (1.82 ng/g)>Olsen-P (1.50 g/g). Pearson correlation
El Temsah Lake; analysis exposed that there were significant correlations among the bioavailable P fractions
Egypt concentrations and the TP concentrations (r=0.83; p>0.01, r=0.94; p>0.01, r=0.62; p>0.05);

for WSP, AAP, and Olsen-P respectively. Moreover, there were no obvious associations amongst
total P and N, Al, Ca, Fe, Mg, Mn, and OM in the sediments. The outcomes of phosphorus
ecological risk assessment in sediments by single pollution standard index method revealed
that the standard index of TP varied from 0.19 to 1.85. It demonstrated that the ecological
pollution risks of phosphorus in El Temsah Lake sediments was comparatively low.
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1. Introduction

Phosphorus (P) has a crucial role in defining the func-
tion and productivity of the ecosystems. Sediments and
soils embrace considerable amounts of inorganic, organic
and microbial P. Therefore, phosphorus dynamics are man-
aged by chemical and biological properties and processes
(Reddy et al., 2005). Phosphorus is existing in the sediment
matrix in the formulas of aluminum, calcium, iron complex
salts and organic species, or adsorbed on the surface min-
erals (Pettersson et al., 1988). The quantity of mobile or
bioavailable P in the sediments is a significant sign for sup-
posing impending internal loading and the discharge to the
water column (Rydin, 2000). In this context, it is requisite
to identify not only the total P level in the sediments but
also the levels of diverse P forms (Aydin et al., 2009).

A valuable way to appraise the stock of possibly available
fractions is to fractionate P depending on the extractabil-
ity by leaching chemicals of accumulative aggressiveness
(Perkins and Underwood, 2001; Tiyapongpattana et al.,
2004). Chemical sequential extractions have been pro-
jected to designate the several fractions in which phospho-
rus presents in the sediment (Psenner and Pucsko, 1988;
Ruban et al., 1999; Ruttenberg, 1992). The chemical se-
quential extraction methods for P fractions in sediment are
complicated and inefficient. The bioavailable P levels in
lake sediments may be simply considered by quantifying the
levels of readily desorbable P (RDP), water soluble P (WSP),
algal available P (AAP), or NaHCO; extractable P (Olsen-P)
(Zhou et al., 2001) than by P fractions as labile P, reductant
P, metal bound P, occluded P and organic P (Soliman et al.,
2017; Wang et al., 2010). These fractions of P in lake sed-
iments were extensively considered by several investiga-
tors (Bo et al., 2014; Dapeng et al., 2011; Okbah, 2006;
Soliman et al., 2017; Wang et al., 2010; Zhou et al., 2001;
Zhu et al., 2013) and can be, easily analyzed by diverse
chemical extraction methods (Zhou et al. 2001).

To the best of our knowledge, this corresponds to the
first study to relate phosphorus fractionation to scrutinize
its probable bioavailability in El Temsah Lake sediments. So,
the leading objectives of the present study is to (1) appraise
the spatial variability in total and bioavailable phosphorus
levels in El Temsah Lake sediment, (2) evaluate the ecolog-
ical risk of P, (3) recognize the relationship between P and
various sedimentary parameters. Phosphorus fractions were
also appraised in relative to the levels of the most impor-
tant P binding elements Al, Ca, Fe, Mg, and Mn, along with
other sediment physicochemical characteristics.

2. Material and methods
2.1. Sampling and study area

El Temsah Lake is the backbone of the tourism and fishing in-
dustries in the Suez Canal area (Kiser et al., 2009). However,

the Lake suffers from accumulative pollution levels which
are affected by untreated domestic and industrial wastew-
ater (Donia, 2011) in addition to agricultural wastes con-
sequences from land-based activities of Ismailia City, and
fresh water from some drains: El-Mahsama, El-Bahtini and
El-Forsan (Abdel Sabour et al., 1998) (Figure 1). The dete-
rioration of the lake has prolonged to a severe level where
urgent action is mandatory to restore the lake ecosystem
(Donia, 2011).

Twelve surface sediment samples were collected in sum-
mer 2017 using Peterson grab sampler. Sampling sites were
selected to cover different sorts of pollution to the Lake;
domestic, agricultural, and industrial (Figure 1).

2.2. Geochemical characteristics of the sediments
and elemental composition

Organic matter was assessed by the wet oxidation method
following the method of (Loring and Rantala, 1992). Total
carbonate was determined as designated by Black (1965).
Grain size analysis was analyzed using the standard siev-
ing technique (Folk, 1974). Total levels of Al, Ca, Fe, Mg
and Mn in the sediment were measured after wet digestion
(Oregioni and Aston, 1984) using an atomic absorption spec-
trometer (AAS, Model AA-6800 Shimadzu) operating in the
flame mode. The total nitrogen (TN) was analyzed by Kjel-
dahl procedure (Bremner, 1960). Total phosphorus (TP) was
analyzed by treating at 550°C (2.5 h), succeeded by 1 M
HCL extraction for 16 h. Inorganic phosphorus (IP) was di-
rectly extracted with 1 M HCl for 16 h. Organic phospho-
rus (OP) was measured as the difference between TP and IP
(Aspila et al., 1976).

2.3. Bioavailable phosphorus

Extractable P that is correlated to P bioavailability in
the sediments incorporates algal available P (AAP), read-
ily desorbable P (RDP), sodium bicarbonate (NaHCO;) ex-
tractable P (Olsen-P), and water soluble P (WSP). These
fractions of phosphorus were measured in line with
Zhou et al. (2001) (Table 1).

2.4. Ecological risk assessment

The extensively used evaluation method for ecological risk
of phosphorus is the single pollution index that was estab-
lished based on the guidelines for environmental quality as-
sessment expressed by the Department of Environment and
Energy of Ontario, Canada (1992). This index was calculated
using the subsequent formula:
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where Stp is the single pollution index, Crp is the deter-
mined concentration of TP and C; is the standard concen-
tration of P.

Relative to the regulations of the safe concentration lim-
its for nutrients in the Sediment Quality Guidelines (SQGs)
(Alvarez-Guerra et al., 2010), the standard concentrations
of TP should be 600 j.g/g. Consistent with the value of Syp
index, the risks are categorized into four grades, as indi-
cated in Table 2.
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Study area of El Temsah Lake.

2.5. Data analysis

Graphically depicting groups of numerical data through
their quartiles were prepared using Minitab version 17. The
correlation analyses and means appraisal analyses were ac-
complished by Pearson Correlation in SPSS 13.0 (Statistical
Program for Social Sciences). Significance levels were la-
belled as non-significant (no signs, p > 0.05), significant (*,
0.05 > p > 0.01) or highly significant (**, p < 0.01).
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Table 1

Chemical extraction methods protocol (Zhou et al., 2001).

Bioavailable P form Method

Algal available phosphorus
(AAP)

NaHCO; extractable
phosphorus (Olsen-P)

Readily desorbable phosphorus
(RDP)

Water soluble phosphorus
(WSP)

0.2 g of sediment sample was shaken with 0.1 M NaOH (pH 13.1) for 4 h.
2.5 g of sediment sample was shaken in 50 ml of 0.52 M BaHCO;3 (pH 8.5) for 0.5 h.
2 g of sediment sample was shaken in 50 ml of 0.01 M CaCl; for 1 h.

1 g of sediment sample was shaken with 100 ml of deionized water for 2 h at 25 °C.

Note: The P extracts in the four steps were filtered through0.45 mm pore size membrane filters.

Table 2 Evaluation criteria and values for ecological risk of phosphorus in sediments of El Temsah Lake.

Risk level Value Pollution assessment Results for El Temsah Lake
Level | Stp < 0.5 Clean Sites: 1, 2, 3,9, 10
Level Il 0.5<S/p <1 Slightly polluted Sites: 8, 11, 12
Level llI 1<Sp<1.5 Moderately polluted Sites: 4, 5
Level IV 1.5 < Stp Seriously polluted Sites: 6, 7

3. Results and discussion 45 5

3.1. Physicochemical characteristics of the 8 20

sediments 70

. . . 60

Physical and chemical characters of sediments are essen- 15

tial for appraising the P exchange procedures between sedi- " R0 "

ments and overlying waters (Gonsiorezyk et al., 1998). Out- 40

comes of physicochemical characteristics of the sediments
are demonstrated in Figure 2 in box and whisker plots.
Carbonate concentrations are considerably low, desig-
nating the influx of terrigenous materials (Soliman et al.,
2018). Organic matter is needed in the fractionation of
P under definite hydrolyzing circumstances. It may formu-
late complexes with elements, such as Al, Ca, Fe, Mg, and
Mn, which possibly govern P fate in the aquatic ecosystems
(Fu et al., 2000; Pardo et al., 2003). In this study, OM display
concentrations ranging from 0.19 to 10.25%. The dispersal
of grain size reveals the domination of the sand fraction
(3.26—90.01%) followed by the clay fraction (3.03—89.88%).
Descriptive statistics of elemental composition in sedi-
ments of El Temsah Lake are presented in Table 3 and their
distribution is illustrated in Figure 2. Calcium levels range
from 5.62 to 22.63%, Mg from 1.9 to 10.85%, Al from 2280 to
3860 ng/g dw, while Fe from 4100 to 5778 j.g/g dw, and Mn
from 123.56 to 642.37 35 ng/g dw. The coefficients of varia-
tion (CV) for Mn in sediments are as high as 46.93%, followed
by Mg (CV: 43.88%) and Ca (CV: 38.26%) (Table 3). This enti-
tles the relatively great alterations in total Mn, Mg, and Ca
levels in the sediments, which may be owing to manmade
intrusions of metals (Huang et al., 2019), and the prevalent
physicochemical conditions and complex reactions such as
adsorption, flocculation and redox condition happening in
the sediments (Sekhar et al., 2003). While the lowest metal
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Figure 2 Box and whisker plots of CaCO3, OM, Sand, Silt, Clay
(%), and N, Ca, Mg (%), and Al, Fe, Mn (j.g/g).
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Table 3 Descriptive statistics of elemental composition in sediments of El Temsah Lake.

Al(ng/g) TP (ng/g) Fe(ng/g) Mn(ng/g) Ca(%) Mg(%) IP(ug/g) OP(ng/g) TN (ng/g) OC (%)
Min 2280 131.84 4100 123.56 5.64 1.9 73.44 32.91 1200 0.17
Max 3860 2028.76 5778 642.37 22.63 10.85 1365.74  663.02 31300 5.31
Average 3024 598.39 4783.7 335.43 14.52  5.98 398.63 199.76 15450 2.11
SD 462 563.78 588.6 157.41 5.55 2.625 384.5 183.04 12823 2.09
CV (%) 15.3 106.13 12.30 46.93 38.26 43.88 96.45 91.63 82.99 99.22

CV — coefficient of variance.
TP — total phosphorus.

IP — inorganic phosphorus.
OP — organic phosphorus.
TN — total nitrogen.

OC — organic carbon.

2500

2000
1500
1000
500
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Figure 3  Distribution of organic, inorganic and total phospho-
rus (ng/g) in El Temsah Lake sediments.

deviations are perceived for Fe (CV: 12.30%) and Al (CV:
15.30%), proving an identical distribution of these elements
in the considered sites (Bastami et al., 2016).

Total nitrogen (TN) fluctuates from 1200 to 31300 ug/g
dw (CV: 82.99%). This proposes that the TN levels of the
sediments varied significantly. Sites 4, 5, 6, 7, 11, and 12
display intensely greater levels than the other sites. All re-
sults exceed 1000 pg/g which is the Chinese environmen-
tal protection and EPA standard (US EPA, 2002; Wang et al.,
2010). The standard is a level where the sediments must
be dredged to protect the environment (US EPA, 2002;
Wang et al., 2010).

The total phosphorus (TP) contents at different sites of
the sediments are demonstrated in Figure 3. Total P con-
tents are in general high, alternating from 131.84 to 2028.76
ng/g dw (CV: 106.13%), attaining the maximum concen-
trations in the sediments from sites (2, 6, 8, 10, 11, and
12). This entitles that the lake sediments may have a high
prospective to provide P to the overlying water (Gao et al.,
2005). There is no obvious homogeneousness recognized in
the spatial distribution of TP levels in the sediments. The
areas of the maximum TP accumulation in the sediments
for the most part covered the areas of maximum TN lev-
els in the sediments. This may be explained by the efflu-
ents of agriculture, domestic wastes, and shipping activi-
ties resulting from the governorate of Ismailia (Said and El
Agroudy, 2006).
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3.2. Phosphorus fractions and bioavailability

3.2.1. Inorganic, and organic fractions of phosphorus
Outcomes for the levels of inorganic phosphorus (IP) and
organic phosphorus (OP) in El Temsah Lake sediments are
depicted in Figure 3. It can be seen in Figure 3 that inor-
ganic phosphorus is the most important form (around 66% of
the TP). Inorganic phosphorus level range from 73.44 pg/g
dw to 1365.74 pg/g dw. IP has been shown to be an essen-
tial source of bioavailable P in eutrophic sediments. NaOH-
P, which mostly comprises P bound to Al and Fe oxides and
hydroxides (Ruban et al., 2001), may be leached from sed-
iment and bring about the growing of phytoplankton under
the anoxic circumstances that succeed at the sediment—
water interface (Bo et al., 2014). The level range of the
organic phosphorus is 23.91—663.02 png/g dw (about 33.56%
of the TP). The concentrations of OP in sediments are in
generally low. OP is leached only when organic matter in
the lake is mineralized (Pedro et al., 2013). This is a signifi-
cant character distinguishing sediments from soils, in which
organic forms prevail (Gunduz et al., 2011). In general, OP
may release bioavailable fractions of P which may possibly
be utilized directly or indirectly by algae (Liu et al., 2012).
The content of bioavailable P reveals the amount of con-
tamination and the endogenous release capacity. Bioavail-
able P may be converted into active P by chemical and bio-
logical reactions and consecutively affect the water quality
(Bridgeman et al., 2012). Numerous investigations have ex-
posed that elevated quantities of bioavailable P in the sed-
iments lead to superior release of P (Liu et al., 2012). Ac-
cording to Rydin (2000), around 50—60% of OP in sediments
may be degraded or hydrolyzed to bioavailable P.

3.2.2. Bioavailable phosphorus

The levels of diverse bioavailable P fractions considered in
this work are presented in Figure 4. The comparative in-
volvement of each form to the TP is depicted in Figure 5.
The rank order owing to the average levels of P fractions
in El Temsah Lake is AAP>WSP>RDP>Olsen-P. A detached
discussion of each bioavailable P form is given below.
3.2.2.1. Water soluble phosphorus (WSP). WSP is deliber-
ated as the best evaluation of directly available P the sed-
iments (Zhou et al., 2001). Levels of WSP are considerably
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Figure 4 Distribution of bioavailable phosphorus fractions (j.g/g) in El Temsah Lake sediments.

Table 4 Literature data concerning bioavailable phosphorus worldwide.

Location Bioavailable Phosphorus fractions (j.g/g) Reference

WSP RDP AAP Olsen-P
El Temsah Lake 14.60 1.84 48.42 1.50 This study
Lake Mariut, Egypt 40.81 9.08 107.12 89.27 Soliman et al. (2017)
Lake Edku, Egypt 9.77 1.70 59.70 42.40 Okbah (2006)
Taihu Lake, China 1.8 0.3 340 38.7 Bo et al. (2014)
West Lake, China 771 44.8 354.1 238.9 Zhou et al. (2001)
Lough Erne, Ireland 188.4 67.2 1293.9 512.2 Zhou et al. (2001)

T T T T T T T T T T T

2 3 4 5 6 7 8

mOlsen-P m AAP mRDP m WSP

9 10 11 12

Figure 5 Percentage of bioavailable P fractions in El Temsah
Lake sediments.

interrelated with P bound to clays (Hu et al., 2007). In EL
Temsah Lake the levels of WSP in the considered sediments
range from 1.49 ug/g dw to 58.99 ng/g dw, and average
14.60 png/g dw. The highest WSP concentration is demon-
strated in sediment from site 11. This faction of phosphorus
accounts for 2.39% of sedimentary TP in El Temsah Lake.
These values are to some extent low in consideration to the
values (40.81, 77.1 and 188.4 ng/g dw) described for Lake
Mariut in Egypt, West Lake, China, and Lough Erne, Ireland,
correspondingly, and higher than Lake Taihu, China (1.8
ng/g dw) and Lake Edku, Egypt (9.77 ng/g dw) (Table 4).

3.2.2.2. Readily desorbable phosphorus (RDP). Readily
desorbable phosphorus signifies the simply desorbed and re-
leased P reflected as algal available P (Zhou et al., 2001).
The RDP levels in El Temsah Lake display high variations
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ranging from 0.55 pg/g dw in site 1 to 6.85 ng/g dw in
site 11 (Figure 4). The RDP concentration is nearly 12 times
greater in sediment from site 11 than in sediment from
site 1. By discharge of industrial wastes this site is con-
taminated with: 1) Liquid wastes such as oil and grease,
paints, in addition to wastes from ships and discarding of
domestic wastewater. 2) Solid wastes as metals, sand in-
cluding metals debris and fouling (Abdel Sabour et al., 1998;
Soliman et al., 2019). The proportional contribution of RDP
to the available phosphorus ranges from 0.1% to 1.27%, and
the average is lower than 1% (0.47%) (Figure 5). This desig-
nates that most of the phosphorus is bound in such a fraction
that isn’t exchangeable, and therefore, not available for di-
rect uptake by plants (Branom and Sarkar, 2004). These lev-
els are fairly small in accordance with the levels described
for Mariut Lake, West Lake, China and Lough Erne, Ireland,
and higher than Lake Taihu, China and Lake Edku, Egypt
(Table 4).

3.2.2.3. Algal available phosphorus (AAP). This faction
of sedimentary phosphorus denotes phosphorus combined
with metal (hydr) oxides, mostly of Al, and Fe, which is
exchangeable again with OH~, anion of organic ligands
and inorganic phosphorus complexes dissolved in alkali
(Rydin, 2000). NaOH extractable P may be released for the
growing of phytoplankton once anoxic circumstances domi-
nate at the sediment-water interface (Ting, 1996). The AAP
levels in the studied sediment samples range from 10.37
ng/g dw in sediment from site 3 to 262.47 ng/g dw in sedi-
ments from site 12 (Figure 4). The comparative contribution
of AAP to the available phosphorus is between 2.13% (in site
2) to 12.94% (in site 12) (Figure 5). The outcomes acquired in
this work were lesser than the outcomes described for other
lakes (Table 4). This may be related to the sediment tex-
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ture (high clay and silt amounts in the lake. Furthermore,
these results were comparable to the outcomes in earlier
researches that the comparative involvement of NaOH—P to
TP ranged from 5 to 70% with elevated values in eutrophic
lakes, and NaOH—P was an essential origin for bioavailable
P in eutrophic sediments (Penn et al. 1995; Wang et al.,
2010).

3.2.2.4. NaHCO; extractable phosphorus (Olsen-P). Olsen-
P is an appropriate measure for demonstrating the situation
of nutrients in soils. In agreement with Zhou et al. (2001),
Olsen-P levels in soils that are >46 j1.g/g dw specify a high
nutrient rank. Consequently, Olsen-P may be moreover de-
liberated as a measurable indicator of the availability of P
for algae. Commonly, Olsen-P is represented as the active
HCL—P since a possibly mobile percentage is shown to be in-
volved in the HCI—P fraction (Kisand and Noges, 2003). The
levels of this fraction of P in El Temsah Lake sediment range
from 0.53 png/g dw in site 1 to 3.3 ng/g dw in site 11, and
accounts for from 0.1% in site 12 to 0.58% in site 3 of to-
tal phosphorus (Figures 4 and 5). The attained data reveals
that agreeing to the standards of agricultural soils, all the
locations of the study area have low Olsen-P.

Table 4 displays that the results attained in this work are
lesser than the results of 89.72, 42.40, 238.9, 512.2, 38.7
ng/g dw designated for Lake Mariut, Lake Edku, West Lake,
and Lough Erne, Lake Taihu, respectively.
3.2.2.5. Ecological risk of phosphorus in the sediments.
The considered samples may be distributed into two cat-
egories based on the Chinese environmental dredging com-
mon standard (Liu et al. 1999). Samples that their TP levels
were higher than 500 .g/g dw (sites 2, 6, 8, 10, 11, and 12)
are deliberated as heavily polluted with certain ecological
risk effects and would be dredged. The others (sites 1, 3,
4, 5, 7, and 9) are slightly polluted (mesotrophic or olig-
otrophic), in which TP levels were lesser than 500 j.g/g dw.

Based on the Canadian Sediment Quality Guidelines
(5SQGs) (Mudroch and Azcue, 1995), the TP levels at 42% of
the investigated sites surpassed the lower SQGs value (550
ng/g), and the TP concentrations at site 12 reached the
upper SQGs value (2,000 ng/g) (Figure 4), demonstrating
that there will be elevated levels of toxicity to sediment-
dwelling organisms from phosphorus at site 12. Phosphorus
gets into El Temsah Lake from greater amounts of wastes,
comprising raw liquid and solid municipal wastewater, in-
dustrial wastewater and agricultural runoff that dumped
into the lake (Abdel Sabour et al., 1998).

The single pollution index of phosphorus in El Temsah
Lake sediment samples varies from 0.19 to 1.85, and the
risk grade ranges from Grade | to Ill. Noticeably, 41% of
the samples in El Temsah Lake are clean (grade ). On the
other hand, other sites of the sediment samples are slightly
(25%) or moderately (17%), or seriously (17%) polluted. Con-
sequently, the average risk of total phosphorus contamina-
tion in El Temsah Lake is relatively low.
3.2.2.6. Relationships between bioavailable phosphorus
fractions and geochemical components of the sediments.
Phosphorus dynamics is associated with its collaboration
with the diverse sediment matrix components, so the un-
derstanding of the diverse forms in which phosphorus ex-
ists in the sediments is required (Pardo et al., 2003). The
correlation of Fe, Mn, and P in lake sediments is not ob-
viously assumed, though there is an overall agreement
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from the deliberation of solubility product interactions that
chemical interaction of phosphate would happen with Al,
Ca, and Fe complexes. Phosphate anions may be taken
up from the water by alumina, kaolinites, and montmo-
rillonites (Chen et al., 1973) and similarly by precipitated
ferric and aluminum hydroxides (Carritt and Goodall, 1954;
Hsu, 1965).

Fe:P proportion is deliberated as a degree of available
sorption places for phosphate ions on iron oxyhydroxide sur-
faces. The proportion of Fe:P beyond 15 is adequate for iron
to adjust the benthic fluctuation of phosphorus from sedi-
ment to oxic water (Jensen et al., 1992). Rydin and Brun-
berg (1998) also designated the development of an active
oxic barrier with the overhead Fe:P proportion. In El Tem-
sah Lake sediments, the Fe:P proportion is lower than 15
excluding site 1 and, leading to lower levels of Fe:P. This
can prove that the perceived phosphorus is associated with
the geochemistry of the lake sediment. Consequently, there
is no sufficient iron in the sediments to combine with phos-
phorus at the majority of the sampling locations, repre-
senting that iron can’t manage the phosphorus release and
the influence of NaOH-P on the water column phosphorus is
great (Soliman et al., 2017). Additionally, a substantial neg-
ative relationship (—0.76; p>0.01) is established between
the Fe:P atom proportion in surface sediments and mean
values of TP in the lake sediments. These results propose,
but do not ascertain, that the internal phosphorus loadings
in this lake are not associated with the Fe:P atom propor-
tion.

In this study, a high significant positive correlation co-
efficient (r= 0.79; p>0.01) between Fe-Mn is exhibited
(Table 5). The close chemical resemblance between Fe and
Mn is revealed geologically in their corporate association in
rocks of all types. Hydrous oxides of iron and manganese
are approximately plentiful in clays, soils, and sediments
(Bortleson and Lee, 1974). However, there is no obvious
relationship between TP-Fe and TP-Mn in El Temsah Lake.
Agreeing with Mackereth (1966) P deposition is not affected
by differences in the iron and manganese cycle, but the pre-
cipitation of P can be basically biological and constant. Fe
is appearing to be associated with clay minerals (r= 0.94;
p>0.01) which will afford slight prospects for P precipi-
tation with Fe complexes (Bortleson, 1971). Additionally,
there is no relationship between Ca and any of the bioavail-
able phosphorus fractions. This is similar with the results of
others (Jensen et al., 1992) and confirms that the extent of
calcium existing in the sediment has no effect on the dis-
persal of the different P pools (De Groot, 1991).

Results exhibit that, no association may be recognized
between the IP/OP and the organic matter level in the sedi-
ment samples (Table 5). Consequently, the dispersal of phos-
phorus between the inorganic and organic fractions seemed
not to be associated with the organic matter concentration
in apparent way. This is possibly owing to the composite
properties of organic matter and to the intricate relations
amongst the diverse sediment characteristics (Pardo et al.,
2003).

A significant relationship exists between organic matter
(OM) and total nitrogen (TN) in the sediments of El Temsah
Lake (r = 0.92, P < 0.01) which proposes that the content
of TN can be regulated by organic source (Hakanson and
Jansson, 1983) while total phosphorus associates nega-
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Table 5

Correlation matrix for the different studied components in sediments of El Temsah Lake.

Al Ca Fe Mg Mn TN TP IP oP CaCO; OM WSP RDP AAP Olsen-P  Sand Silt  Clay
Al 1
Ca 0.74** 1
Fe -0.76**  -0.95** 1
Mg -0.09 -0.51 0.59* 1
Mn -0.07** -0.89** 0.79**  0.23 1
TN -0.73**  -0.83** 0.81**  0.53 0.59* 1
TP -0.48 -0.29 0.18 -0.59*  0.51 0.1 1
IP -0.47 -0.28 0.16 -0.61*  0.50 0.1 0.99** 1
OoP -0.51 -0.31 0.21 -0.54  0.51 0.11 0.99** 0.97** 1
CaCO; -0.54 -0.68**  0.62* 0.39 0.54 0.89**  0.14 0.14 0.152 1
OM -0.51 -0.61*  0.58* 0.51 0.35 0.92**  -0.11 -0.11 -0.09  0.94** 1
WSP -0.63*  -0.33 0.21 -0.61*  0.41 0.2 0.83** 0.84** 0.79** 0.11 -0.03 1
RDP -0.61*  -0.25 0.15 -0.49 0.24 0.18 0.50 0.53 0.44 0.002 0.001  0.87** 1
AAP -0.52 -0.38 0.25 -0.57*  0.59* 0.18 0.94** 0.94** 0.91** 0.27 0.003 0.88** 0.58* 1
Olsen-P  -0.54 -0.26 0.17 0.34 0.16 0.20 0.62* 0.60* 0.64* 0.07 0.02 0.69** 0.63* 0.51 1
Sand 0.73**  0.98**  -0.95** -0.48 -0.88** -0.82** -0.33  -0.31 -0.35  -0.71** -0.63* -0.32 -0.19 -0.43 -0.24 1
Silt 0.14 -0.21 0.13 0.34 -0.12 0.16 -0.43 -0.39 -0.49 0.09 0.2 -0.177 0.14 -0.28 -0.12 -0.12 1
Clay -0.75**  -0.98** 0.94**  0.46 0.89**  0.81** 0.36 0.34 0.38 0.71**  0.59* 0.33 0.19 0.46 0.25 -0.99** 0.06 1

Correlation is significant at * P< 0.05, ** P < 0.01; n = 12
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Table 6 Total organic carbon/total nitrogen (TOC/TN), total organic carbon/total phosphorus (TOC/TP) and total nitro-
gen/total phosphorus (TN/TP) organic carbon/organic phosphorus (OC/OP), Iron/phosphorus, manganese/phosphorus ratios in

El Temsah Lake sediments.

Station TOC/TN TOC/TP TN/TP 0C/0P Fe:P Mn:P
1 1.50 14.75 9.84 54.70 15.20 0.72
2 1.00 15.32 15.32 6.60 4.09 0.16
3 1.46 17.65 12.11 87.33 19.31 1.74
4 1.74 74.37 42.86 774.57 12.12 0.59
5 1.47 53.09 36.12 377.74 9.67 0.79
6 1.30 36.60 28.15 182.90 5.40 0.43
7 1.63 49.56 30.34 715.30 14.82 1.33
8 0.68 14.32 20.99 24.20 2.82 0.22
9 0.78 10.14 13.04 39.47 8.82 0.26
10 0.33 10.67 32.02 8.64 4.35 0.22
11 0.99 50.68 51.22 47.39 2.08 0.15
12 1.36 47.28 34.69 41.93 1.42 0.18
Min 0.33 10.14 9.84 6.60 1.42 0.15
Max 1.74 74.37 51.22 774.57 19.31 1.74
Average 1.19 32.87 27.22 196.73 8.34 0.57
SD 0.43 21.68 13.15 276.37 5.92 0.51
cv 36.10 65.95 48.29 140.48 70.99 90.42

tively with OM (Table 5). This entails that sediment TP
is influenced by parameters other than organic matter
(Knosche, 2006). If N and P in the sediments are originated
from the similar origin, they must have a good relationship.
Though, it is designated that the relationship between TN
and TP is insignificant in El Temsah Lake sediments, display-
ing dissimilar sources (Table 5).

Earlier investigations have revealed that the ratios of nu-
trient elements in sediments may reveal the geochemical
reactions of elements, the environment and the origins of
internal and external contaminations (Gu et al., 2017). Par-
ticularly, the TOC/TN ratio is extensively utilized to catego-
rize the probable origins of organic matters and the differ-
ences among species. The TOC/TP ratio reveals the decom-
position rate of OC and P fractions in sediments to a definite
range (Peng, 2016). The TN/TP ratio reveals the dynamic
progressions of the accumulation, deposition and release of
N and P in water (Peng, 2016). If TOC/TN > 10, the OM is
principally from land sources; if TOC/TN = 10, the internal
and external OM is essentially in equilibrium; if TOC/TN <
10, the OM is mostly from water bodies (Peng, 2016).

From Table 6, the TOC/TN in El Temsah Lake sediments
differs from 0.3 to 1.7. Consequently, the TOC accumula-
tion and TOC/TN in sediments in El Temsah Lake are posi-
tively interrelated to the organic components from the wa-
ter body. The TOC/TP in sediments in El Temsah Lake alters
from 10.1 to 74.4. The average value of the TOC/TP ratios is
32.9. Furthermore, the spatial dissimilarities of TOC/TP in
the sediments have comparatively high coefficient of vari-
ance (CV) of 65.95% > 50%. Great TOC contents in sites (4, 5,
6, 7, 11, and 12) have a substantial influence on the spatial
differences of nutrient element ratios, compared with the
other sites. These sites have greater amounts of TOC, which
may be introduced into the sediments by untreated munic-
ipal and urban wastes (Abdel Sabour et al., 1998). Conse-
quently, the accumulation of TOC dominates the TOC/TP
ratio. Data of the ratio between OC and OP (OC/OP)
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may support the understanding of the provenance, decom-
position and preservation of sedimentary organic matter
(Sardans et al., 2012), in addition to the transformation
of phosphorus in sediments. In general, approximately all
of the sediment OM types in aquatic ecosystems are origi-
nated from biological photosynthetic activity in the aquatic
and/or terrestrial environments. The OC/OP ratio of ma-
rine plankton is closer to the Redfield C/P ratio of 106:1
(Anderson and Sarmiento, 1994; Redfield et al., 1963), and
differ from ~50:1 to 150:1 (Li and Peng, 2002), with an av-
erage of about 117:1 (Anderson and Sarmiento, 1994). In
this work, the OC/OP ratios range from 6.6 to 774.6, with
an average of 196.7+ 276.37 (Table 6), which exceed the
Redfield ratio, representing that El Temsah Lake sediments
receive substantial quantity of OC from land-based origins.

Nitrogen and phosphorus are key parameters for the cat-
egorization of trophic status as they are nutrients most
probable to limit aquatic primary producers in lakes and
rivers. The total N to total P (TN:TP) ratio is usually uti-
lized as a guide that signifies the nutrient limitation for al-
gal growth. Elser et al. (2009) indicate that phosphorus is
limiting when TN: TP by weight is >16, nitrogen is limiting
when TN: TP is <14, and either nitrogen or phosphorus or
both are limiting when TN:TP is between 14 and 16. Results
display that the TN:TP in El Temsah Lake is fluctuated from
9.8 to 51.2 (average: 27.2), signifying that the limiting nu-
trient for the algal growth in El Temsah Lake is P.

The ratio of N: P in sediment is greater than the Redfield
value, displaying that P in the considered lake sediment is
primarily autogenic.

Table 5 exhibits that there is a significant relationship
between WSP and TP in El Temsah Lake sediments (r=0.83;
p>0.01). More or less P may be simply desorbed and re-
leased, predominantly when the level of P in the water
column is decreased (Zhou et al., 2001). Additionally, out-
comes of Pearson correlation analysis display a poor positive
relationship concerning RDP and TP or IP (Table 5).
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The Olsen-P fraction was the smallest of the extracted P
fractions. In particular, RDP in sediments of El Temsah Lake
only accounted for 0.34% of TP (Figure 5). The correlation
between Olsen-P and TP was poorer than in any other anal-
ysis, but still highly significant (P <0.05).

It is perceived that the AAP fraction displayed an en-
hanced sign of P bioavailability. The AAP fraction ex-
tracted greater quantities of P compared to WSP, RDP and
Olsen-P, ranging between 2.13 and 12.94% (average: 6.67%)
(Figure 5). The relationships between P extracted in the
AAP fraction and TP or IP are somewhat much better than
the other extracted fractions and are significant at a <0.01
level (Table 5), proposing that the elevation in TP and co-
inciding leaching of P from sediment improved the bioavail-
ability and increase risk of P (Wang and Liang, 2015).

The comparatively larger quantity of extracted P and
the significant relationship between extracted and sedimen-
tal TP designates that a substantial part of P in El Tem-
sah Lake sediments is combined with Fe/Al oxides (Anjos
et al., 2000), and a comparatively substantial fraction of
Fe/Al-bound P is bioavailable. These fractions of P are
easily dissolved under alkaline conditions and converted
into dissolved P when the redox environment changes
(Han et al., 2014). Dissolved P may then enter the overlying
water, and finally deteriorates the water quality (Wang and
Liang, 2015).

AAP discloses the impact of sediment texture, while a
high clay percentage improves the level of AAP. This end re-
sult is sustained by Pearson correlation analysis where a pos-
itive correlation between AAP and clay (r=0.46) (Table 5) is
designated.

4. Conclusion

This paper presents the results of P fractions (TP, OP, IP, and
bioavailable P) in the surface sediment and from El Temsah
Lake. Total phosphorus concentration is on average 598.39
ng/g. The IP level was higher than OP for the studied area
and its average % contents were 66.50% of TP. Where the av-
erage level of the OP was 33.50% of TP. Relative abundances
of the bioavailable P fractions in the sediment follow the
rank: AAP>WSP>RDP>Olsen-P. The AAP method extracted
the most P and the RDP and Olsen-P methods extracted the
least P. Clearly, as the levels of WSP, RDP, and Olsen-P were
low, accounting for lower than 4% of TP, these fractions were
as insignificant as available P sources for algal growth. In
contrast, AAP accounted for more than 7% of TP. WSP, AAP,
and Olsen-P forms gave bioavailable P levels that were cor-
related to the IP, TP, and OP levels. Correlation coefficients
showed that there were significant correlations among the
bioavailable P fractions concentrations and the TP concen-
trations. Moreover, there were no apparent relationships
between TP and N, Al, Ca, Fe, Mg, Mn, and OM in the sedi-
ments. This study exhibited that the TN:TP ratio in the wa-
ter column fluctuated from 9.8 to 51.2, proposing that P
was the limiting nutrient for the algal growth in El Temsah
Lake. Moreover, Fe:P ratio was lower than 15 supposing that
there wasn’t adequate iron in the sediment to combine with
phosphorus at most of the investigated samples. Consistent
with the single pollution index method, the risk level of P
contamination in the sediments was comparatively low. Re-
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sults from this study establish a background of bioavailable
phosphorus fractions in sediments from El Temsah Lake and
can be utilized as a reference for forthcoming investigations
on the fluctuations of phosphorus bioavailability over time.
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