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ARTICLE INFO ABSTRACT

Avrticle History: Burullus wetland is a vital ecological zone, recognized for its rich
Received:Aug. 22, 2024  biodiversity. It is part of the Burullus Protected Area, which was declared a
Accepted: Sept. 25, 2024 Ramsar site in 1988 because of its importance as a wetland habitat. This study
Online: Oct. 6, 2024 evaluated the nutrient status and pollution levels of the surface sediments in
Burullus wetland, Egypt. Sediment samples from thirty stations covering the area
of the wetland were collected and tested for total phosphorus (TP), total nitrogen

ggngds: (TN), and total organic carbon (TOC) concentrations. Results indicated that TOC
Surface éediment levels ranged from 1.33 to 4.26%, with the highest concentrations of total
Nutrients ‘ nitrogen (TN) and total phosphorus (TP) at sites impacted by terrestrial runoff

and aquaculture zones. TN levels ranged from 0.063 to 0.404%, with maximum
values observed near the agricultural runoff areas. TP content varied from 607 to
3541ng/g, with elevated levels at sites affected by anthropogenic sources, such
as fertilizers and sewage. These values exceeded environmental background
levels (for organic matter, TN, and TP: 1.14, 0.105, and 0.03, respectively),
indicating a significant pollution.The highest concentrations of TN and TP were
recorded in the eastern and central regions of the wetland, particularly in front of
Drain 8, where severe pollution levels were noted. The study employed the
organic pollution index (OPI) and enrichment factor (EF) to assess the extent of
organic and nutrient pollution. The findings revealed severe nutrient and organic
pollution in Burullus wetland, driven by agricultural runoff, aquaculture, and
wastewater discharge, with a significant spatial variability across the sampling
sites. Elevated levels of total organic carbon, nitrogen, and phosphorus increase
the risk of eutrophication, highlighting the urgent need for pollution control
measures to protect the lake’s ecosystem.

Spatial distribution,
Pollution assessment

INTRODUCTION

Sediment is an important component of both marine and freshwater ecosystems since
it provides nutrients such as carbon, nitrogen, and phosphorus. These nutrients are critical
to the mobility and transformation of biogenic components in the environment.
Furthermore, sediments may absorb contaminants from the water, which helps detoxify the
surrounding aquatic environment, as well as being a source of an internal pollution
(Bostrom et al., 1988, Wang et al., 2018).
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Eutrophication in shallow significantly threatens water quality. Carbon (C), nitrogen (N),
and phosphorus (P) are vital nutrients used for numerous aquatic species and play a
significant role in causing eutrophication (Hilton et al., 2006, Schindler 2006). These
nutrients may accumulate in sediments and have the potential to be released into the
overlying water when environmental factors viz. temperature, pH, and redox potential vary
in the sediment-water interface (Zhang et al., 2015).

C, N, and P are essential components of the geochemical cycle and have a close
relationship with the health of aquatic ecosystems. In particular, N and P are critical
limiting variables in eutrophication and are often employed as main indicators to assess the
eutrophication state of reservoirs (Wang et al., 2021). As eutrophication becomes more
prevalent in reservoirs worldwide, significant research efforts are focused on understanding
the spatial distribution and influencing factors of these sediment nutrients, especially P, N,
and C (Pan et al., 2023).

Burullus is situated at the north of the Nile Delta between the Damietta and Rosetta
branches, in Kafr EI-Sheikh Governorate. Covering approximately 35,000 hectares, it has
an average depth of 90cm (Younis, 2019). The Burullus wetland is a coastal bar that
divides the Mediterranean coast in the north from the lakeshore in the south, connecting by
Boughaz El-Burg to the Mediterranean Sea on the northern side (Eid et al., 2012). The lake
Is a reservoir for drainage waters polluted with anthropogenic contaminants (EI-Mamoney
et al., 1988). It receives drainage water from agricultural regions via eleven drains, as well
as freshwater from the Brembal Canal, located in the lake's western side, approximately
3.9 billion cubic meters of agricultural runoff and drainage water annually from fish farms
through the Birimal Canal and eight drains (Dumont & El-Shabrawy 2007). The annual
release of drainage water into the wetland varies from year to year, averaging around 2.5
billion m® per year (Okbah 2005). In recent years, various researchers have explored the
distribution of sediment nutrients in water and lake sediments, where nutrient
concentrations vary substantially (Lu et al., 2018).

Burullus lake is one of the four Egyptian Ramsar sites and was named a natural
protectorate in 1998 by Prime Ministerial decree number 1444, later amended by Decree
No. 330/2018, including about 410km? of Burullus, which have significant ecological
importance (Sheta et al., 2023).

Despite its ecological value, Burullus wetland faces severe environmental
challenges because of the increasing anthropogenic activities. The wetland receives
drainage waters from agricultural regions via several drains, leading to contamination with
fertilizers, pesticides, and other pollutants (Hamed & Ahmed 2022).This influx of
pollutants has impacted water quality, including an increase in freshwater prevalence, a
decline in marine species, and the proliferation of hydrophytes, which indicate significant
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shifts in the ecological balance (Al-Afify et al., 2023). The increased input of drainage
water loaded with agricultural fertilizers and pesticides, has significantly deteriorated its
water quality and environmental functioning. These impacts include the prevalence of
freshwater, decline of marine biodiversity, and the dominance of hydrophytes (Zaghloul
etal., 2022).

Understanding the nutrient dynamics within Burullus wetland is essential for
developing an effective management and conservation strategies. In particular, the
distributions and quantities of C, N, and P in sediments are critical indicators of the
wetland’s health and the degree of anthropogenic impact. These elements are fundamental
to the biogeochemical processes that sustain aquatic ecosystems, and their imbalances can
lead to eutrophication, harmful algal blooms, and other environmental problems
(Bhagowati & Ahamad 2019). Therefore, examining the characteristics of sedimentary
components is important for gaining an improved comprehension of eutrophication in
Burullus wetland. This knowledge will help develop effective measures to avoid potential
negative influence on the water quality of the water column above the sediment (Li et al.,
2022).

The objective of this research was to evaluate the geographical distribution of total
phosphorus (TP), total nitrogen (TN), and organic mater(OM) in the surface sediment of
Burullus wetland and to assess the sediment pollution indices: enrichment factor (EF),
organic pollution index method, and the comprehensive pollution index. The study
employed indices such as the organic pollution index (OPI), enrichment factor (EF) and
the comprehensive pollution index (CPI) to assess the pollution risk and to offer a
comprehensive understanding of the wetland’s present environmental condition.

MATERIALS AND METHODS

Study area

Burullus wetland is a shallow, brackish water body situated in the northern Nile
Delta, between the Damietta and Rosetta branches, along Egypt's Mediterranean coast. The
wetland is positioned between latitudes 31° 25" and 31° 35’ N and longitudes 30° 31" and
31° 05" E (Okbah, 2005). The Burullus wetland is one of Egypt's four northern lakes
located along the Mediterranean Sea coast, characterized by its elongated elliptical form,
as shown in Error! Reference source not found.).Moreover, it’s located in the Nile Delta
and known for its abundant fish production. Additionally, it is recognized as one of the
world's internationally significant wetlands(Dewidar 2011). The wetland collects runoff
from agricultural, industrial, and household wastewater via eleven drains: Burullus East
Drain, El-Khashah Drain, Nasser Drain (Terah), Drain 7, Drain 8 (Damro), Drain 9
(Shakhloba), Drain 11 (EI Hoksa), Burullus West Drain, Zaghloul Drain, Magsabah Drain,
and Qudaah Drain. Additionally, the wetland is fed by stream from the Brimbal Canal
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placed in the western part (EI-Naggar & Rifaat, 2022)(Fig 1)
Sampling and sample determination

Thirty surface sediment samples were taken from the Burullus wetland in May
2022; sampling locations were chosen to cover the whole area (Error! Reference source
not found.). About 3kg of sediment samples were collected using a Van Veen Grab
sampler. Samples were kept in a plastic bag in icebox and returned to the laboratory. The
sediment samples were naturally air-dried, then sieved using a 2mm sieve to remove
pebbles and branches before grinding in an agate mortar. The sediment grain size was
analyzed following the method of Folk (1974). The total organic carbon percent (TOC%)
was determined using the method described by Loring and Rantala (1992). Whereas,
the organic matter (OM) was measured using the method of Yeomans and Bremner
(1988).

The total phosphorus (TP) in the sediment was analyzed by combustion, treatment
at 550°C for 2 hours, followed by extraction with 1 N HCI for 16 hours based on the method
described by Aspila et al.(1976). After combustion, the dissolved phosphorus was
calorimetrically measured, as described by Murphy and Riley (1962) in the sediment
extracts.

The sediment's total nitrogen content (TN) was estimated using the Kjeldahl
digestion technique (Mudroch et al., 1997). The concentrations were analyzed using the
indophenol blue method, and the absorbance was measured at 630nm using a
spectrophotometric technique (Carlberg 1972). The technique of Kjeldahl extraction,
determines the concentrations of organic nitrogen, ammonium nitrogen and was expressed
as TKN% of dry biomass. All measurements are reported as total P, N, or C in umol g*
dry weight sediment, enabling the calculation of individual C:N:P molar ratios. These ratios
help assess the nutrient distribution and sediment characteristics.
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Fig. 1. The sampling sites of Burullus, Nile Delta, Egypt

Sediment contamination evaluation
To assess sediment pollution indices, we utilized various evaluation standard
techniques as outlined by Mudroch and Azcue (1995) and Yu et al.(2010).
The enrichment dactor (EF)
The EF;is was calculated as per the equation of Sakan et al.(2009):

EF; = Ci Equation 1

BV
Where, EF; is the enrichment factor for nutrient i; C;is the concentration of nutrient i in

the samples, and Cg,, is the value of the environmental background for OM, TN, and TP
(1.14, 0.105, and 0.03, respectively)(Table 1)(Sasikala et al., 2009), based on the
calculated EF values.

Table 1.Standard values and environmental background values for sediment

i (Azemared & Coquery
i Stags:;ja‘t’:o:“"'ems 1724 0.055 0.06 1997, Mudroch &
Azcue 1995)

Environmental background  1.14 + 0.105 + 0.03+

values 0.18 0.021 0.003 (Zhang et al., 2015)



1354 Magdy et al., 2024

Table 2. Grades of enrichment factor for nutrients in the sediment (Mudroch & Azcue
1995; Yu et al., 2010)

EF<1 no enrichment
1<EF<3 minor enrichment
3<EF<5 moderate enrichment

5<EF<10 moderately severe enrichment

10<EF <25 severe enrichment

25 <EF <50 very severe enrichment
EF >50 extremely severe enrichment

Comprehensive pollution index method

The comprehensive pollution index is a technique used to evaluate the extent of
pollution by analyzing TP and TN levels in the wetland sediments. The formulas are
provided in equations 2 and 3 below:

P, == Equation 2

2
FF = f% Equation 3

Where,P; is the single evaluation standard index; a greater value of P; (> 1) revealed that
the sediment is more contaminated by the specific nutrient. C; is the analyzed value of
factor 1 (mg/kg), and C, is the standard value evaluated from factor 1 (mg/kg). The
evaluation standard values for TNand TPwere 550 and 600mg/kg, respectively ( Mudroch
& Azcue 1995; Azemared & Coquery 1997,), representing the concentrations of TN and
TP in sediment that have the lowest environmental risk (Table 1). FF is the composite
pollution index, and F is the average pollution index (average of Py and Prp), wWhile Fy, 4%
is the maximum pollution index (maximum of Py and Prp).

Table 3. Sediment quality benchmarks for Ontario, Canada, and the classification of
comprehensive pollution degree

TN < 550 mg/kg 550~ 4800 mg/kg > 4800 mg/kg

TP < 600 mg/kg 600 ~2000 mg/kg > 2000 mg/kg

OM <1 (%) 1- 10 (%) > 10 (%)

Grade Stn Stp FF Pollution level

1 Sw< 1.0 Sw<0.5 FF<1.0 Clean
2 1.0<Sn<15 0.5<Sp<10 10<FF<15 Mild pollution
3 1.5<Snw<2.0 1.0<Swp<15 15<FF<20 Moderate pollution
4 Stn> 2.0 Stp> 1.5 FF>20 Heavy pollution
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Organic pollution index method
The organic pollution index is used to evaluate pollution levels by examining the

TOC and TN contents of the sediments (Zhang et al., 2015). Organic index (Ol)and
organic nitrogen index (ON) are the indicators to classify the sediment pollution and the
nitrogen pollution of surface sediment in the wetlands, respectively (Lu et al., 2018). The
formulas are described in equations 4 and 5, and the evaluation criteria are detailed in
(Table 4).

ON =TN X 95% Equation 4

0l =TOC X ON Equation 5
Where, ON is the organic nitrogen (%) in the sediment, and Ol is the organic pollution
index (Table 1). The following Table 4) represents the classification of sediment pollution
levels according to the values of the organic index and the organic nitrogen index (Yu et
al., 2010).

Table 4. Evaluation standards of organic index in sediments (Yu et al., 2010)

Grade | 1 1l 1\
Organic Index <0.05 0.05-0.35 0.35-0.75 >0.75
Org-N <0.033% 0.033-0.066% 0.066% 0.239% >0.239%
Type Practically Uncontaminated Moderately Heavily
uncontaminated to Moderately uncontaminated uncontaminated

uncontaminated

Data processing and analysis

Statistical analysis and tables of the experimental data were created using Excel 2021.
Additionally, significant differences in the nutrient levels in the surface sediments of
Burullus wetland were analyzed, with visualizations produced using Origin 24.0 and
Golden Software (Surfer 21)

RESULTS ANDDISCUSSION

The distribution of carbon, nitrogen, and phosphorus in sediments

The investigation of the surface sediments in Burullus wetland provided a
visual representation of the concentrations and distribution of TOC, TN, and TP across
different sampling sites covering the sampling area (Table 5 & Fig. 2.) using Surfer
21(Golden Software). The TOC levels varied significantly across the sampling sites,
indicating differing levels of organic carbon, ranging from 1.33 to 4.26%, with an
average of 2.72%. The maximum TOC concentrations were observed at station S18 and
S29, located in front of Drain 8 and the Burullus West Drain, respectively (Table 5).
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This suggests significant organic matter input, possibly from terrestrial runoff or increased
primary productivity in these locations, especially the aquaculture zones (Fig. 3) (Zhang
et al., 2015;Younis 2019). Conversely, lower TOC concentrations at stations S22 and S15
may indicate areas with less organic input. TN concentrations ranged from 0.063 to
0.404%, with an average of 0.23%. The TN levels showed variability across the sites
(Table 5). The maximum TN concentrations were recorded at S22 and S30, indicative of
substantial nitrogen inputs, likely due to agricultural runoff or wastewater discharge. In
contrast, the lowest TN concentrations found at S14 and S20 suggest areas experiencing
nitrogen limitation or efficient nitrogen cycling processes that reduce the nitrogen content
in the sediments(Huang et al., 2021). TP content ranged from 607 to 3541ug/g, with an
average of 1334pug/g. TP concentrations varied widely, with the highest value observed at
site S20, in front of Drain 9 (Table 5), indicating potential phosphorus loading from
anthropogenic sources such as fertilizers or sewage or fish farms contributing to
eutrophication. The lowest TP value was recorded at site S14, located to the north side
near the sea, suggesting areas with either limited phosphorus input or effective
phosphorus retention mechanisms in the sediments (Li et al., 2016).

Table 5. Total phosphorus, total nitrogen, and total organic carbon in wetland Burullus

3.77 0.298 967 6.50
2.43 0.331 1445 4.19
3.09 0.266 2366 5.33
2.56 0.19 2899 4.41
2.3 0.357 1835 3.97
2.52 0.34 1835 4.34
2.67 0.334 952 4.60
1.85 0.174 1623 3.19
2.89 0.209 1544 4.98
1.96 0.177 609 3.38
3.71 0.316 1543 6.40
241 0.236 968 4.15
3.27 0.187 2024 5.64
3.1 0.063 607 5.34
1.55 0.365 1130 2.67
2.05 0.226 791 3.53
1.98 0.206 778 341
4.26 0.125 715 7.34
2.39 0.105 950 4.12
2.68 0.092 3541 4.62
2.69 0.349 1631 4.64
1.33 0.404 1362 2.29
1.94 0.32 765 3.34
1.85 0.248 714 3.19
3.41 0.194 1024 5.88
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2.38 0.328 984 4.10
3.42 0.379 1703 5.90
3.88 0.214 1131 6.69
3.97 0.19 979 6.84
3.24 0.382 617 5.59
1.33 0.06 607 2.29
4.26 0.40 3541 7.34
2.72 0.25 1334 4.69
0.75 0.09 684 1.29

4000 3500 2500 1500 500
[

Fig. 2.Distribution of TOC%, TN% and TP um/g
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Fig. 3. Location of the fish farm according to Younis (2019)

Table 6. Assessment of sediment pollution and enrichment factor in wetland Burullus
pollution indexes

570 | 2.84 | 3.22 | 457 | 1.07 Severe pollution | 0.283 Severe pollution
3.67 | 3.15 | 482 | 519 | 0.76 Severe pollution | 0.314 Severe pollution
467 | 253 | 7.89 | 462 | 0.78 Severe pollution | 0.253 Severe pollution

387 | 181 | 9.66 | 450 [ 046  Moderate 4101 Severe pollution
pollution

348 | 340 | 6.12 | 570 | 0.78  Severe pollution | 0.339 Severe pollution
381 | 3.24 | 6.12 | 546 | 0.81  Severe pollution | 0.323 Severe pollution
4.04 | 3.18 | 3.17 | 5.08 | 0.85 Severe pollution | 0.317 Severe pollution

280 | 1.66 | 541 | 305|031  Moderate 4160 Severe pollution
pollution

437 | 199 | 515 | 3.51 | 0.57 Severe pollution | 0.199 Severe pollution

Moderate
2.96 1.69 | 203 | 2.72 | 0.33 pollution

5,61 | 3.01 | 5.14 | 502 | 1.11 Severe pollution | 0.300 Severe pollution
3.64 | 225 | 3.23 | 3.68 | 0.54  Severe pollution | 0.224 Severe pollution
495 | 1.78 | 6.75 | 3.39 | 0.58 Severe pollution | 0.178 Severe pollution
469 | 0.60 | 2.02 | 1.11 | 0.19  Mild pollution | 0.060 Mild pollution

234 | 348 | 3.77 | 558 | 0.54 Severe pollution | 0.347 Severe pollution

0.168 Severe pollution

Moderate .
3.10 | 215 | 2.64 | 3.48 | 0.44 pollution 0.215 Severe pollution
299 | 1.96 | 259 |3.19 | 0.39 Moderate 0.196 Severe pollution
pollution

6.44 | 1.19 | 2.38 | 2.02 | 0.51  Severe pollution | 0.119 Moderate pollution
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Moderate .
3.61 | 1.00 | 3.17 | 1.83 | 0.24 pollution 0.100 Moderate pollution
Moderate .
4.05 | 0.88 | 11.80 | 4.96 | 0.23 pollution 0.087 Moderate pollution

4.07 | 3.32 | 544 | 551 | 0.89 Severe pollution | 0.332 Severe pollution
201 | 3.85 | 454 | 6.21 | 0.51 Severe pollution | 0.384 Severe pollution

293 | 3.05 | 255 | 482 | 0.59 Severe pollution | 0.304 Severe pollution

Moderate .
2.80 | 2.36 | 2.38 | 3.77 | 0.44 pollution 0.236 Severe pollution

516 | 1.85 | 3.41 | 3.11 | 0.63  Severe pollution | 0.184 Severe pollution
360 | 3.12 | 3.28 | 5.00 | 0.74  Severe pollution | 0.312 Severe pollution
5.17 | 3.61 | 5.68 | 596 | 1.23  Severe pollution | 0.360 Severe pollution
5.87 | 2.04 | 3.77 | 3.43 | 0.79  Severe pollution | 0.203 Severe pollution
6.00 | 1.81 | 3.26 | 3.03 | 0.72  Severe pollution | 0.181 Severe pollution
490 | 3.64 | 2.06 | 5.66 | 1.18 Severe pollution | 0.363 Severe pollution

201 | 0.60 | 2.02 | 1.11 | 0.19 0.06
6.44 | 3.85 | 11.80 | 6.21 | 1.23 0.38
411 | 241 | 445 | 417 | 0.64 0.24

Sediment contamination evaluation
The enrichment factor (EF)

The enrichment factor (EF) is a critical measure for understanding the degree of
anthropogenic impact on sediment quality by comparing the concentration of a nutrient in
the sediment to its natural background value (Mudroch & Azcue, 1995).
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(Table 6) and Fig.2) present the EF values for TP, TN, and OM across various
stations in Burullus wetland. The EF for OM ranged from 2.01 to 6.44, with an average
of 4.11, indicating a significant enrichment (Table 2) due to external inputs, such as the
use of fish feed in that area (Zhang et al., 2015). Stations S1, S11, S18, S25, S27, S28,
and S29 which make up about 23% of the area, showed the highest OM enrichment with
EF values above 5. This suggests substantial organic input from terrestrial runoff or
increased primary productivity with moderate-sever OM enrichment near the drain area.
Conversely, 23% of the stations, including S8, S10, S15, S17, S22, S23, and S24,
recorded lower EF values, indicated relatively minor organic input.

Total nitrogen (TN)

The EF for TN ranged from 0.60 to 3.85, with an average of 2.41. Stations S22
and S30 exhibited the highest TN enrichment, with EF values of 3.85 and 3.64,
respectively, implying significant nitrogen input likely from agricultural runoff or
wastewater discharge (Fig.2). Conversely, stations like S14 and S20 showed lower TN
enrichment, suggesting areas with lesser nitrogen input or efficient nitrogen cycling
processes near the sea area (Voss et al., 2011).

Total phosphorus (TP)

The EF for TP ranged from 2.02 to 11.80, with an average of 4.08. Station
S20 exhibited the highest TP enrichment with an EF value of 11.80, indicating
potential phosphorus loading from anthropogenic sources such as fertilizers or
sewage, which contribute to eutrophication. Other stations with high EF values for TP
included S4, S13, and S5, suggesting areas significantly impacted by phosphorus input.
Stations with lower TP EF wvalues, such as S14 and S10, indicate limited
phosphorus input or effective phosphorus retention mechanisms (Li et al., 2016).
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Fig.4.Enrichment factor of OM, TN, and TP in Burullus wetland

Comprehensive pollution index

The total organic carbon, nitrogen and phosphorus pollution status of the
sediments of Burullus wetland was estimated according to the nutrient quality standards
set by the Ontario Ministry of Environment and Energy, Canada (Pan et al., 2023). The
results are discussed in (Table 6). The comprehensive pollution index (FF) shown in
Fig.3) indicates that surface sediments at all sampled stations had an FF value greater

than 2, except at stations
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S14 and S19, indicating a severe pollution. The FF value for station S14 was 1.11,
suggesting mild pollution, while station S19 showed a moderate pollution with the FF value
of 1.83. All other sampling sites were classified as heavily polluted (Table 3). According
to the lowest effect level (LEL) and severe effect level (SEL) standards, there was severe
nitrogen pollution at all sampling sites, with total nitrogen concentration (TN) exceeding
550ug/g, as shown in Fig.5.). Additionally, the total phosphorus (TP) concentrations were
above 660ug/g at all stations, indicating moderate pollution(Table 3). However, stations
S3, S4, S13, and S20, recorded severe phosphorus pollution levels (Fig.3). The nitrogen
pollution is likely caused by discharges from the surrounding drainage areas, fertilizers and
fish farms, which may significantly contribute to the pollution in the wetland (Akinnawo,
2023).

TOC%

msmumx Unpolluted Moderately polluted s Heavily Polluted —=— LEL - - - SEL

TOC%

Stations

TN%
ssRAn Unpolluted Moderately p. m— Heavily p —8— LEL ---@--- SEL

L R LA R e R R e R e e e R e e R e e e I Lt ]

Stations

TPug/g

mrwawan Unpolluted Moderately p. — Heavily p. —8— LEL ---@--- SEL

Stations

Fig.5.TOC%, TN% and TP pg/g in the studied sediment samples and their corresponding
LEL and SEL concentrations values
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Comprehensive Pollution Degree
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Evaluation of sediment pollution
Organic pollution index (OPI)

The organic pollution index (OPI) is utilized to evaluate the levels of
organic pollution in rivers and lakes (Lu et al., 2018). This method provides an efficient
means of both descriptive and quantitative assessment of organic contamination, aiding in
sediment quality monitoring. The evaluation process involves measuring the
concentrations of TOC and TN in sediments using the formulas (1) and (2) (Zhang et al.,
2015). The data presented in (Table 6) indicates the levels of pollution based on the
organic index (Ol) and ON grades in Fig. 4). The majority of the samples show severe
pollution levels for both Ol and ON. The organic index (Ol) range in Burullus wetland’s
surface sediments was 0.19-1.23, with an average of 0.64,while the ON ranged from 0.06
to 0.38% with an average of 0.24 (Table 6). Only station S14 showed a mild pollution
index. The ON results follow a similar pattern, indicating severe pollution at most
sites, with values exceeding 0.2 at several stations, which corresponds to severe
pollution. The results indicate that the majority of the sediment samples from Burullus
wetland are experiencing severe organic pollution, as evidenced by the high Ol and ON
values. This widespread severe pollution suggests that the lake is subject to significant
organic matter input from various sources, like agricultural runoff, which introduces
fertilizers and organic matter into the lake (Okbah, 2005); the presence of nitrogen
and phosphorus in high concentrations points to potential wastewater discharge,
contributing to the nutrient load, organic pollution and terrestrial runoff. Sites near
drainage outlets, such as S15 and S27, show higher pollution levels, indicating terrestrial
runoff as a significant source of contamination (Elsayed et al., 2019).
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Fig. 7. Distribution of organic pollution index (OPI)

Evaluation of redfieldratio

The Redfield ratio, applied to marine environments, reflects the atomic ratio of C,
N, and P, which is approximately 106:16:1. This ratio indicates a balanced nutrient
composition in marine phytoplankton and has been widely used to understand
biogeochemical cycles in oceanography (Tyrrell, 2001). By calculating the molar
quantities of TOC, TN, and TP and then determining the ratio of carbon to nitrogen to
phosphorus for each station, we found that the average moles of C were 226.67mmol/g, for
N they were 17.86mmol/g, and for P they were 0.043mmol/g. From that, we got the C:N
ratio range from 3.84 to 57.40 with an average of 12.69 indicating highly variable nitrogen
availability, and the C:P ratio range from 1955.28 to 15383.12, with an average recorded
of 5273.72, showing significant phosphorus limitation in most stations. Thus, the average
Redfield ratio for the dataset is approximately 12.7:1:5273.7. The average C:N ratio is
12.69, which is lower than the Redfield ratio of 6.63 (derived from 106:16). This indicates
a higher proportion of nitrogen relative to carbon, suggesting possible nitrogen enrichment
or lower organic carbon content in the sampled environment. While the average C:P ratio
of 5273.72 is significantly higher than the Redfield ratio of 106. This indicates a much
lower proportion of phosphorus relative to carbon, suggesting phosphorus limitation or
very low phosphorus content in the samples.

Potential implications of redfield ratio
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The high C:P ratios suggest potential phosphorus limitation in the sampled
environment, potentially impacting primary production (Jarvie et al., 2018). Phosphorus
is a critical nutrient for biological processes, and its limitation could affect the productivity
and composition of the microbial and phytoplankton communities. Nitrogen limitation may
be caused by intense denitrification processes (Doering et al., 1995). The variation in
C:N:P ratios might be influenced by local environmental conditions such as pollution,
runoff, agricultural activities, or natural processes that affect nutrient availability (Wang
etal., 2022).

CONCLUSION

This study assessed the nutrient status and organic pollution levels of surface
sediments in Burullus wetland, providing a detailed analysis of contamination patterns and
their sources. The findings highlight a significant spatial variability in nutrient
concentrations, primarily driven by agricultural runoff, aquaculture activities, and
wastewater discharge.

High levels of total organic carbon (TOC), particularly at stations S18 and S29,
indicate substantial organic matter input from terrestrial runoff and aquaculture zones.
Elevated total nitrogen (TN) at sites S22 and S30, along with the high otal phosphorus (TP)
at site S20, suggest significant nutrient contributions from agricultural runoff and
wastewater. The organic pollution lindex (OPI) revealed severe organic pollution across
most sampling sites, corroborated with the high organic index (Ol) and organic nitrogen
(ON) values. Enrichment factor (EF) analysis categorized sediment contamination as
severe and very severe enrichment grades, underscoring the heavy nutrient influx from the
surrounding drainage areas. The comprehensive pollution index (CPI) confirmed these
findings, indicating heavy pollution at most sites, while the functional pollution 9ndex (FF)
indicated severe nitrogen and phosphorus pollution at nearly all sampling sites, surpassing
thresholds for severe pollution.

The presence of high TN and TP concentrations, coupled with significant organic
matter input, highlights the profound impact of anthropogenic activities on Burullus’s
ecosystem. These high nutrient levels can lead to eutrophication, degrading water quality
and affecting aquatic life.

Urgent measures are needed to prevent further negative impacts by implementing
robust pollution control strategies. Regular monitoring of sediment quality, controlling
agricultural runoff, and improving wastewater treatment processes are essential to reduce
nutrient inputs and enhance the resilience of this vital aquatic ecosystem.

REFERENCES

A Elsayed, F.; A Okbah, M.; M EI-Syed, S.; A Eissa, M. and E Goher, M. (2019).
Nutrient salts and eutrophication assessment in Northern Delta lakes: Case study



1366 Magdy et al., 2024

Burullus Lake, Egypt. Egyptian Journal of Aquatic Biology and Fisheries, 23(2):
145-163.

Akinnawo, S.0O. (2023). Eutrophication: Causes, consequences, physical, chemical and
biological techniques for mitigation strategies. Environmental Challenges, 12:
100733.

Al-Afify, A.D.; Abdo, M.H.; Othman, A. A.and Abdel-Satar, A.M. (2023). Water
quality and microbiological assessment of Burullus Lake and its surrounding
drains. Water, Air, & Soil Pollution, 234(6): 385.

Aspila, K.I.; Agemian, H. and Chau, A. (1976). A semi-automated method for the
determination of inorganic, organic and total phosphate in sediments. Analyst,
101(1200): 187-197.

Azemared, S. and Coquery, M. (1997). Standard operating procedures for trace metals
determination IAEA. Monaco Environmental Laboratory. training workshop on the
analysis of trace metals in biological and sediment samples for med pol, MC-98000.

Bhagowati, B. and Ahamad, K.U. (2019). A review on lake eutrophication dynamics and
recent developments in lake modeling. Ecohydrology & Hydrobiology, 19(1): 155-
166.

Bostrom, B.; Persson, G. and Broberg, B. (1988). Bioavailability of different phosphorus
forms in freshwater systems. Phosphorus in Freshwater Ecosystems: Proceedings
of a Symposium held in Uppsala, Sweden, 25-28 September 1985,

Carlberg, S.R. (1972). New Baltic Manual: With New Methods for Sampling and
Analyses of Physical, Chemical and Biological Parameters. International Council
for the Exploration of the Sea.

Dewidar, K.M. (2011). Monitoring temporal changes of the surface water area of the
Burullus and Manzala lagoons using automatic techniques applied to a Landsat
satellite data series of the Nile Delta coast. Mediterranean marine science, 12(2):
462-478.

Doering, P.H.; Oviatt, C.A.; Nowicki, B.; Klos, E. and Reed, L. (1995). Phosphorus and
nitrogen limitation of primary production in a simulated estuarine gradient. Marine
Ecology Progress Series, 124: 271-287.

Dumont, H. J. and El-Shabrawy, G.M. (2007). Lake Borullus of the Nile Delta: a short
history and an uncertain future. AMBIO: A Journal of the Human Environment,
36(8): 677-682.

Eid, E.M.; Shaltout, K.H. and Asaeda, T. (2012). Modeling growth dynamics of Typha
domingensis (Pers.) Poir. ex Steud. in Lake Burullus, Egypt. Ecological Modelling,
243: 63-72.

El-Mamoney, M.; Beltagy, A. and Nawar, A. (1988). Preliminary investigation on the
levels of heavy metals in sediments of Lake Burullus. Rapp. Comm. Int. Metmedit,
31(2).



Nutrient Distribution and Pollution in Burullus Wetland Sediments

El-Naggar, N.A. and Rifaat, A.E. (2022). AQUASEA hydrodynamic and transport
model: Salinity and dissolved oxygen simulation in EI-Burullus Lake (Nile Delta,
Egypt) considering different boundary conditions. The Egyptian Journal of Aquatic
Research, 48(2): 107-113.

Folk, R.L. (1974). Petrology of sedimentary rocks: Hemphill Pub. Co., Austin, Texas, 63.

Hamed, R. and Ahmed, M. (2022). Water quality management for sustainable
development of lake burullus. Journal of Al-Azhar University Engineering Sector,
17(62): 161-171.

Hilton, J.; O'Hare, M.; Bowes, M. J.and Jones, J.l. (2006). How green is my river? A
new paradigm of eutrophication in rivers. Science of the Total Environment, 365(1-
3): 66-83.

Huang, F.; Lin, X.; Hu, W.; Zeng, F.; He, L. and Yin, K. (2021). Nitrogen cycling
processes in sediments of the Pearl River Estuary: Spatial variations, controlling
factors, and environmental implications. Catena, 206: 105545.

Jarvie, H.P.; Smith, D.R.; Norton, L.R.; Edwards, F.K.; Bowes, M.J.; King, S. M,;
Scarlett, P.; Davies, S.; Dils, R.M.and Bachiller-Jareno, N. (2018). Phosphorus
and nitrogen limitation and impairment of headwater streams relative to rivers in
Great Britain: A national perspective on eutrophication. Science of the Total
Environment, 621: 849-862.

Li, S.; Fang, J.; Zhu, X.; Spencer, R.G.; Alvarez-Salgado, X. A.; Deng, Y.; Huang, T.;
Yang, H. and Huang, C. (2022). Properties of sediment dissolved organic matter
respond to eutrophication and interact with bacterial communities in a plateau lake.
Environmental Pollution, 301: 118996.

Li, Z.; Sheng, Y.; Yang, J. and Burton, E.D. (2016). Phosphorus release from coastal
sediments: Impacts of the oxidation-reduction potential and sulfide. Marine
Pollution Bulletin, 113(1-2): 176-181.

Loring, D.H. and Rantala, R.T. (1992). Manual for the geochemical analyses of marine
sediments and suspended particulate matter. Earth-Science Reviews, 32(4): 235-
283.

Lu, H.; Fu, K.; Dong, T.; Peng, W.; Song, X.; He, B. and Wang, L. (2018). Spatial
distribution of carbon, nitrogen and phosphorus within surface sediments in the
lower Lancang river: Pollution assessment related to Dams. Journal of
Environmental Protection, 9(13): 1343-1358.

Mudroch, A. and Azcue, J.M. (1995). Manual of aquatic sediment sampling. Crc Press.

Mudroch, A.; Azcue, J.M. and Mudroch, P. (1997). Physico-chemical analysis of
aquatic sediments. Lewis publishers Boca Raton, New York, London, Tokyo.



1368 Magdy et al., 2024

Murphy, J. and Riley, J.P. (1962). A modified single solution method for the
determination of phosphate in natural waters. Analytica Chimica Acta, 27: 31-36.

Okbah, M. (2005). Nitrogen and phosphorus species of Lake Burullus water (Egypt).

Pan, X.; Cao, J.; Lin, L.; Yang, Z.; Dong, L.; Tao, J.; Li, Q.; Liu, Y.; Zhang, C. and
Huang, X. (2023). Distribution Characteristics of Carbon, Nitrogen, and
Phosphorus and Pollution Load Estimation of Sediments in Danjiangkou Reservoir,
China. Water, 15(16): 2885.

Sakan, S.M.; Pordevié¢, D.S.; Manojlovi¢, D.D. and Predrag, P.S. (2009). Assessment
of heavy metal pollutants accumulation in the Tisza river sediments. Journal of
Environmental Management, 90(11): 3382-3390.

Salem, A.; Li, M.; Yan, L.; Zhao, X.; El Daba, A.E.S.; Abu Shama, A.M.; Elhossainy,
M.M. and Zhongyuan, C.(2024).Changes in Sedimentary Biogenic Elements in the
Burullus Wetland, Egypt: Impact of Human Activities Over a Century. Egyptian
Journal of Aquatic Biology & Fisheries, 28(5): 457 — 467

Sasikala, S.; Tanaka, N.; Wah, H. W. and Jinadasa, K. (2009). Effects of water level
fluctuation on radial oxygen loss, root porosity, and nitrogen removal in subsurface
vertical flow wetland mesocosms. Ecological Engineering, 35(3): 410-417.

Schindler, D. W. (2006). Recent advances in the understanding and management of
eutrophication. Limnology and Oceanography, 51(1part2): 356-363.

Sheta , B.M.; Abdelhalim, A.A.; Elgyar, E.E.; Khalil, M.A. and Ageba, M.F. (2023).
Wetland Habitat Suitability and Diversity for Migratory and Resident Birds in the
Ramsar Site Lake Burllus, Egypt. Egyptian Journal of Aquatic Biology and
Fisheries, 27(1): 253-274.

Tyrrell, T. (2001). Redfield ratio. Encyclopedia of ocean sciences: 2377-2387.

Voss, M.; Baker, A.; Bange, H. W.; Conley, D.; Deutsch, B.; Engel, A.; Heiskanen, A.-
S.; Jickells, T.; Lancelot, C. and McQuatters-Gollop, A. (2011). Nitrogen
processes in coastal and marine ecosystems. In. Cambridge University Press.

Wang, K.; Li, P.; He, C.; Shi, Q. and He, D. (2021). Density currents affect the vertical
evolution of dissolved organic matter chemistry in a large tributary of the Three
Gorges Reservoir during the water-level rising period. Water Research, 204:
117609.

Wang, L.; Zhang, G.; Zhu, P.; Xing, S. and Wang, C. (2022). Soil C, N and P contents
and their stoichiometry as affected by typical plant communities on steep gully
slopes of the Loess Plateau, China. Catena, 208: 105740.

Wang, W.; Jiang, X.; Zheng, B.; Chen, J.; Zhao, L.; Zhang, B. and Wang, S. (2018).
Composition, mineralization potential and release risk of nitrogen in the sediments
of Keluke Lake, a Tibetan Plateau freshwater lake in China. Royal Society open
science, 5(9): 180612.



Nutrient Distribution and Pollution in Burullus Wetland Sediments

Yeomans, J.C. and Bremner, J.M. (1988). A rapid and precise method for routine
determination of organic carbon in soil. Communications in Soil Science and Plant
Analysis, 19(13): 1467-1476.

Younis, A.M. (2019). Environmental impacts on Egyptian Delta Lakes’ biodiversity: A
case study on Lake Burullus. Egyptian Coastal Lakes and Wetlands: Part II:
Climate Change and Biodiversity: 107-128.

Yu, H.; Zhang, W.; Lu, S.; Yan, S.; Hu, R.; Chen, L.; Zhang, L. and Yu, J. (2010).
Spatial distribution characteristics of surface sediments nutrients in Lake Hongze
and their pollution status evaluation. Huan Jing ke Xue= Huanjing Kexue, 31(4):
961-968.

Zaghloul, F.A.; Hosny, S.; Faragallah, H.M.; Mohamed, E. and Shabaka, S. (2022).
Preliminary assessment of water quality post-the first phase of the development
plans in Lake Burullus, Deltaic coast of the Mediterranean Sea, Egypt. Scientific
African, 16: e01193.

Zhang, Z.; Lv, Y.; Zhang, W.; Zhang, Y.; Sun, C. and Marhaba, T. (2015).
Phosphorus, organic matter and nitrogen distribution characteristics of the surface
sediments in Nansi Lake, China. Environmental Earth Sciences, 73: 5669-5675.





