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ABSTRACT

Edku lagoon is one of the important aquaculture sectors in the Nile
Delta of Egypt. Recently, the lagoon has become a sink of discharge
wastewater from different anthropogenic sources. The present work aims to
study physicochemical parameters, level of nutrients and heavy metal
concentrations in water of the lagoon to assess the water quality and identify
the potential pollution source(s). Water quality index (WQI), eutrophication
index and multiple heavy metal pollution indices (HPI, HEI, Pl and Cg) in
addition to evaluation of human health risk (HQgermar) Model were applied.
The obtained data revealed that physicochemical parameter varied between
7.62 - 8.90 for pH, 1.2 — 12.2 g/l for salinity, 3.5 — 12.5 mg/I for dissolved
oxygen, 1.3 — 1.9 mg/l for ammonia, 0.065 — 0.191 mg/I for nitrite, 0.217 —
0.915 mg/l nitrate, 0.198 — 0.527 mg/l for orthophosphate, and 51.32 —
102.7 pg/l for chlorophyll-a. The average concentrations of heavy metals
were 0.439, 0.322, 0.290, 0.328, 0.059, 0.040, 0.00005 ppm for Fe,
Mn, Zn, Cu, Pb, Cd and Hg, respectively. Based on WQI, the lagoon was
classified as bad water, while EIl result varied between eutrophic to
mesotrophic. The pollution indices revealed to lagoon water is highly
contaminated based on HPI, HEI and C4 and varied between slightly
affected to seriously affected by heavy metals according to Pl. Human
health risk showed that, HQgema for all metals except Cd lower than the
unity.

INTRODUCTION

Contamination of aquatic environment by heavy metals (HMs) is a critical
concern due to their potential toxicity and accumulation in aquatic habitats (Jordan et al.,
2014; Tscheikner-Gratl et al., 2019). Under certain environmental conditions, HMs
could accumulate to a toxic concentration level and then cause significant ecological
impacts and problems for human health (Jaishankar et al., 2014; Wongsasuluk et al.,
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2014). HMs have a particular significance in ecotoxicology due to their long persistence,
bioaccumulation and biomagnification in the food chain (Yin et al., 2019). They are non-
degradable and continuously increasing in water bodies (Salomons and Forstner, 2012)
and consequently bioaccumulate along the food chain, causing toxic effects at points far
from the source of pollution (Strom, 2008; Ebrahimpour and Mushrifah, 2010;
Weber et al., 2013). Egyptian coastal lagoons considered an important source of
aquaculture sectors. These lagoons occupy about 13% of worldwide coastal areas and
25% of total wetlands of the Mediterranean (Saad, 2003). The northern wetlands
represented by the main five lagoons (Mariut, Edku, Burullus, Manzala and Bardawil) are
distributed along the northern shoreline of Egypt, from west to east, respectively.

Edku lagoon is the third largest wetland area in the Nile Delta. It lies just west of
Rosetta branch of River Nile and currently covers an area of about 62.5 km? which
represents less than the half of its original size (120 to 130 km?) (Zaghloul and Hussein,
2000; Okbah and EIl-Gohary, 2002). Edku lagoon represent about 15% of the total
commercial fishing areas in Egypt (Abdel-Hamid, 2017). Intrusion of seawater to the
lagoon is through Boughaz EI-Maadia, where the lagoon connected with Mediterranean
Sea. There are two main drains facilitate discharging the wastewater to the eastern side of
the lagoon; the Bersik and Kom Belag (Okbah and El-Gohary, 2002; Shakweer, 2006).
The Kom Belag drain releases only about 1/6 of the Bersik Drain’s effluent. Together
they discharge about 2 x 10° m* yr ! to the eastern region, where this side of the lagoon
is heavily vegetated and less than 1 m depth (Al Sayes et al., 2007). These drains
responsible for increasing the contamination in the lagoon. Increasing contamination
associated with increasing levels of heavy metals and nutrients, which have caused
eutrophication and adversely affected the fishery (Soliman et al., 2006; Chen et al.,
2010).

Therefore, the present study aims to investigate the physico-chemical parameters
and heavy metal concentrations to asses water quality index (WQI) in addition to
eutrophication Index (E.l.) of Edku lagoon. Moreover, evaluate pollution indices such as
Pollution index (PI), heavy metal pollution index (HPI), heavy metal evaluation index
(HEI), contamination index (Cg), and its potential health risk assessment (HQgermar)-

MATERIALS AND METHODS

Study Area

Edku lagoon is one of the northern coastal lagoons in Egypt, located at the
western part of the Nile Delta. It is situated just about 30 km east of Alexandria between
longitude 30° 8’ 30” and 30° 23’ 0.0” E and latitude31° 10’ 30” and 31° N. The lagoon is
connected to the Mediterranean Sea through a narrow channel (Boughaz El-Maadia). The
lagoon has an area (total) about 62.5 km?, while open water is about 22 km? (35% of the
total surface area) and the remaining area (42.7 km?) covered by aquatic vegetation, or
islands and islets (Moufaddal et al., 2008; Khalil and Rifaat, 2013). The lagoon depth
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fluctuates between 60 and 150 cm with an average of about one meter (Saad, 2003). Two
main drains discharge their water into the lagoon. The first drain namely Kom Belag
receives its water from three subdrains; Bosily, Edku and El-Khairy where they are
connected at about 3 km to the east of the lagoon. The drainage water of kom Belag drain
is discharged at the eastern part of the lagoon. The second main drain connected to Edku
lagoon is Bersik drain which outlets its water at the southern central part of this lagoon.

Sampling And Analysis

Seven water samples (at 30 cm depth) were collected from Edku lagoon (Fig. 1)
using Kemmerer water sampler during 2018. Location of selected sites (Table 1) were
determined using Geographic Positioning System (GPS). During sampling, temperature,
pH, salinity and dissolved oxygen were measured using multi parameter hand-held meter
(Model SensoDirect 150). Water samples were kept in acid cleaned stoppered plastic
bottles for later examination and acidified with HNO3 (1 ml), then kept refrigerated and
transferred in an ice box to the laboratory. Total ammonia concentration was measured by
Hach comparison. Nitrite, NO,- N (mg/l) was measured by Diazotizing method at 543
nm. Nitrate, NO3-N (mg/l) was determined by Phenoldisulphonic acid method at 410 nm.
Ortho-phosphorus (mg/l) and chlorophyll-a (ug/l) concentration were determined
photometrically using Spectrophotometer Thermo Electron Corporation (model Nicolet
Evolution 100). Heavy metals concentrations (ppm) were determined by atomic
absorption spectrophotometer (Thermo Electron Corporation S Series AA Spectrometer).
All parameters were determined according to APHA (2000).

Table 1: Location of Sampling stations.

Station Latitude Longitude

~No ok, whN

31°16'11.86"N
31°16'4.57"N
31°15'15.54"N
31°14'24.54"N
31°15'11.84"N
31°16'16.48"N
31°15'51.79"N

30°13'52.43"E
30°14'29.71"E
30°14'7.77"E
30°13'10.97"E
30°12'23.79"E
30°18'40.74"E
30°10'40.95"E

Water Quality Index (WQI)

The WQI is considered to be a tool for simplifying the reporting of water quality
data. WQI numerically summarizes the data from multiple water quality parameters into a
single value. The single value can be used to compare data from several sites. WQI
calculated according to Yidana and Yidana (2010) and Alobaidy et al. (2010) as follow:

Each of the studied parameters has been assigned a weight (AWi) ranging from 1 to 5
depending on the significant. In this study, the parameters that have been considered are;
pH, DO, NOs, NO,, Cd, Cu, Fe, Mn, Pb, Zn and Hg according to (Alobaidy et al., 2010;
Ravikumar et al., 2013).
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The relative weight (RW) was calculated by using the following equation:
AW,
RW = ——+—
L AW,

Where, RW = the relative weight, AW = the assigned weight of each parameter, n = the
number of parameters (Table 2).

A quality rating scale (Qi) for all the parameter was assigned by dividing its
concentration in each water sample by its respective standard recommended by CCME
(2007), the result was then multiplied by 100.

- [c,
Qi {?}xloo

Where, Qi = the quality rating, C; = value of the water quality parameter obtained from
the laboratory analysis, S; = value of the water quality parameter obtained from
recommended CCME (2007), Computing the WQI, the sub-indices (SI;) were first
calculated for each parameter, and then used to compute the WQI as in the following
equations:

SI, =RW xQ,, WQI =" s,
The computed WQI values could be classified as <50 = Excellent; 50-100 = Good; 100-
200 = Poor; 200-300 = Very poor; >300 = Bad water (unsuitable for aquatic life).

Table 2: Assigned weight (AW) and relative weight (RW) of the water quality
parameters.

CCME  Assigned

Parameters  (2007) weight I?elatlve
weight (RW)
standard (AW)
Cd (mg/l) 0.001 3 0.093
Cu (ma/l) 0.004 2 0.062
Fe (ma/l) 0.3 3 0.093
Mn (ma/l) 0.05 3 0.093
Pb (ma/l) 0.007 5 0.155
Hg (mg/l)  0.000016 4 0.124
Zn (ma/l) 0.05 2 0.062
pH 6.5-9 2.1 0.065
DO (ma/l) 55 4 0.124
NO3 (ma/l) 2.93 2.2 0.068
NO2 (ma/l) 0.06 2 0.062
Total 32.3 1

Eutrophication Index (E.l.)

In this study we assessed the eutrophication status of Edku lagoon using the
eutrophication index (E.l.). Primpas et al. (2010) proposed the Eutrophic Index (El) to
assess trophic status based on five-point scales. This index is given by:
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E.L=0.279C 5o, + 0.261C yo_+ 0.296C yo_+ 0.275Cyy_+ 0.214Cqy,

where C is the concentration of the indicated nutrient or chl-a (Primpas et al., 2010). The
calculated E.I. values could be classified as < 0.04 = Ultra Oligotrophic/High; 0.04-0.38
= Oligotrophic/Good; 0.38-0.85 = Mesotrophic/Moderate; 0.85-1.51 = Eutrophic/Poor; >
1.51 = Dystrophic/Bad.

L
32160L
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W %@ o
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Fig. 1: location map of Edku lagoon showing sampling stations.
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Pollution Assessment Indices
Several pollution indices were employed to determine the pollution status of
heavy metals in Edku lagoon.

Pollution Index (PI)

Pollution index is based on individual metal calculations and categorized to five
classes (Table 3) according to the following equation (Caeiro et al., 2005):

| 5 el

&), + &),

pr =X

2

where Ci is the concentration of each element, and Si is the standard values according to
CCME (2007).

Table 3: Categories of water pollution index

Class Pl value Class
1 <1 No effect
2 1-2 Slightly affected
3 2-3 Moderately affected
4 3-5 Strongly affected
5 >5 Seriously affected

Heavy Metal Pollution Index (HPI)

This index gives the combined effect of individual heavy metals on surface water
quality (Sheykhi and Moore, 2012). For this index, a rating is given to each heavy metal
based on its relative significance and defined as inversely proportional to the
recommended standard value for each heavy metal (Reddy, 1995). The HPI model
(Mohan et al., 1996) is given by

i=1 W:Q;

i=1 Wi

HPI =

Where, Wi is the unit weighting of the ith heavy metal, Q; is the sub-index for the ith
heavy metal, and n is the number of heavy metals which equals 6 (Fe, Mn, Zn, Cu, Pb
and Cd) for this study. The sub-index (Q;) is calculated by:

n
_ | M=
Q; Zi:i ST 100

where M; is the monitored value of heavy metal of ith parameter, I; is the ideal value of
the ith parameter and S; is the standard value of the ith parameter. The critical pollution
index of HPI value for drinking water as given by Prasad and Bose (2001) is 100. The
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weightage (W;) was taken as the inverse of MAC (MAC adapted from Siegel, 2002), S;
the WHO standard for drinking water and I; the guide value for the chosen element (Edet
and Offiong, 2002) (Table 4).

A value of HPI below 100 represents low pollution of heavy metals, while 100 is the

threshold value at which harmful health consequences are probable. An HPI value greater
than 100 indicates the water is unsuitable for consumption (Kumar et al., 2019).

Table 4: Standard values used for the indices computation.

Parameters W S | MAC
Fe 0.005 0.3 0.2 0.2
Mn 0.02 0.1 0.5 0.05
Zn 0.0002 5 3 5
Cu 0.001 1 2 1
Pb 0.7 0.1 0.01 0.0015
Cd 0.3 0.005 0.003  0.003

W is weightage (1/MAC), S is standard permissible in ppm, I is highest permissible in ppm and MAC is
maximum admissible concentration

Heavy Metal Evaluation Index (HEI)

HEI represents the overall surface water quality with respect to heavy metals
content, and is calculated by the following equation (Al-Ani et al., 1987; Ameh, 2013):

n M!_
HEI = Z e —
=1 MAC,;
where M; and MAC; are the monitored value and maximum admissible concentration of

the ith parameter, respectively. The calculated HEI values could be classified as <10 for
low, 10 - 20 for moderate and >20 for high pollution.

Contamination Index (Cy)

The Cq4 is computed separately for each sample of water analyzed, as a sum of the
contamination factors of individual components exceeding the upper permissible value
(Edet and Offiong, 2002) and determined as:

Where, Cs = contamination factor for the i-th component, Ca; = analytical value for the i-
th component, Cy; = upper permissible concentration of the i-th component (N denotes
the ‘normative value’) and Cy; is taken as MAC. The computed C4 values could be
classified as: low (C4 < 1), medium (C4 = 1-3) and high (C4 > 3).
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Human health Risk Assessments

Risk assessment is defined as the method of assessing the possibility of
occurrence of any given possible magnitude of adverse health effects over a specified
time period and is a function of the hazard and exposure. Meanwhile, the potential
exposure of humans to trace metals could be through three main pathways such as direct
ingestion, inhalation and dermal absorption through exposed skin (USEPA, 2004; Wu et
al., 2009; Meng et al., 2016). Fishermen population spend more time with contact with
lagoon water during fishing. Therefore, the exposure dose for dermal absorption through
exposed skin was calculated as the following:

_ CwXSAXKp XET XEF XED XCF

EW = AT

where CDy is the dermal absorption, pug/kg/day; Cw is the concentration of heavy metal in
water, pg/l; SA is the exposed skin area, in this study, 17,000 cm? Kp is the skin
permeability coefficient in water, cm/h; ET is the exposure time during bathing and
shower, in this study 0.6 h/day; EF is the exposure frequency, in this study 350 day/year
assuming that the local inhabitants spend 15 days of the year outside the site; ED is the
exposure duration, in this study 68 years; CF is the unit conversion factor, 1 1/1000 cm?;
BW is the average body weight, in this study 65 kg; AT is the averaging time (in days),
ED x 365 days, in this study 23,800. These values were obtained from Tripathee et al.
(2016).

cD,

The human health risk assessment was computed using Hazard Quotients (HQs) for
metals as the following:

CD,

RfD
where, RfD is the reference dose for different metals, for Fe: 45, Mn: 0.8, Zn: 60, Cu: 12,
Pb: 0.42 Hg: 0.0003 and Cd: 0.005 ug/kg/day, according to U.S. risk-based assessments
(USEPA, 2006).

HQ@s =

RESULTS AND DISCUSSION

Physico-chemical Parameters
The results of physico-chemical parameters in all stations are tabulated in Table 5
and their spatial distribution are illustrated in Fig. 2.

The pH of water determines the solubility and biological availability of chemical
constituents such as nutrients and heavy metals. It is interdependent with the most water
quality constituents, including carbon dioxide, alkalinity and hardness and influence the
toxicity of hydrogen sulphide, cyanides and heavy metals, as well as having an indirect
effect on ammonia levels; unionized NHj3 increases with pH increasing (Klontz, 1993).
pH values ranged from 7.6 at station 2 to 8.9 at station 6 with an average value of 8.2.
Spatially, pH values increase towards eastern and western parts of Edku lagoon and
decrease at the middle part of the lagoon. Decreasing pH value at the middle part may
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refer to liberation of CO, and H,S during the decomposition of organic matter as a result
of the waste water discharge in addition to the shortness activities of phytoplankton
(Khalil, 1990; Ali, 2008). These areas affected by drainage water disposal via Kom
Belag and Bersik drains. It worth to mention that pH values correlate (r= 0.8) with
dissolved oxygen. Changes in pH and DO are both affected by algal photosynthesis,
aquatic respiration, water temperature and oxidative decomposition of organic matter
(Scholz, 2006). Moreover, the consumption or production of carbon dioxide is often
accompanied by the production or consumption of oxygen (Zang et al., 2011). It is
worth mentioning that, the average value of pH of Edku lagoon (8.2) is close to the
average pH values of Manzala (8.5) (Abu Khatita et al., 2017) and Bardawil (8.4)
lagoons (El-Kassas et al., 2016).

Dissolved oxygen refers to the level of free, non-compound oxygen present in
water. It is one of the important factors controlling the biota in the aquatic habitat.
Oxygen content can be used as an indicator of organic loading, nutrient input and
biological activity (EI-Enany, 2004; Shakweer, 2005). Fish stop feeding if the level
drops to around 3—4 ppm and die if DO falls to 1 ppm (Weiner, 2000). Many fish can
killed not by direct toxicity of contaminants, but also due to the deficiency of oxygen
through the biodegradation of contaminants (Weiner, 2000). The DO levels ranged from
3.5 mg/l at station 3 to 12.5 mg/l at station 5 with an average of 6.7 mg/l. Based on the
lateral variation in DO values, the lagoon divided into eastern side which displayed lower
DO values and western side which characterized by higher DO values. The areas which
have lower DO value are mainly affected by drainages water. The depletion of dissolved
oxygen may attribute to nitrification process or decomposition of organic matter and
detrital materials that consume dissolved oxygen. Table 7 shows that, DO in Edku lagoon
displays reversible relations with nitrite, nitrate, orthophosphate and chlorophyll-a (r=-67,
-0.72, -0.65 and -0.63, respectively). These relations confirm depletion of DO duo to
increasing nutrients as well as consuming of oxygen during nitrification process.
Compared with the other Nile Delta lagoon, the average value (6.7 mg/l) of dissolved
oxygen in Edku lagoon are greater than value (5 mg/l) of Manzala lagoon (Abu Khatita
etal., 2017).

Salinity is an ecological factor of considerable importance, influencing the types
of organisms that live in a body of water. Water salinity is classified into; fresh water (<
0.5 g/l), brackish water (0.5 — 30 g¢/l), saline water (30 — 50 g/I), and brine water (> 50
g/l). EI-Enany (2004), mentioned that salinity is one of the most important factors that
affect dynamics, composition, distribution and diversity of bottom population in many
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aquatic ecosystems.. Salinity varied significantly from 1.2 g/l at station 1 to 12.2 g/l at
station 7 with average value of 3.4 g/l. It is increases towards Boughaz El-Maadia and
decrease towards drains. The highest values of salinity are observed in the northern part
of the lagoon close to Boughaz area where saline water of Mediterranean Sea discharges
to the lagoon. On the other hand, the eastern part of Edku lagoon is characterized by low
salinity as a result of the drains that supply the lagoons with about 2 x 10° m® yr * of
freshwater (Oczkowski and Nixon, 2010). Also, expansion of fish farming activities
contributed for increasing the volume of drainage water (Shakweer, 2006).
Comparatively, the average value of salinity in Edku lagoon (3.4 g/l) is lower than
average value (7.4 g/l) of Manzala (Abu Khatita et al., 2017) and Qarun lake (from 26.4
—43.9 g/l) (Fathi and Flower, 2005).

The dissolved inorganic nitrogen comprises ammonia, nitrite and nitrate. The
pathways of the nitrogen cycle are highly dependent on microbial activities and
transformations, and one of the most important pathways in the nitrogen cycle is
nitrification, the oxidation of ammonia to nitrite and sub-sequently to nitrate
(Hovanec and Delong, 1996).

In this study, the highest values of inorganic nitrogen (ammonia; 1.9 mg/I, nitrite
0.191 mg/I and nitrate 0.915 mg/l) were recorded at station 1 for ammonia and nitrite and
station 2 for nitrate, while the lowest values (1.3, 0.065 and 0.065 mg/l, respectively)
were observed at station 7 with an average value of 1.6, 0.122 and 0.475 mgll,
respectively. The levels of inorganic nitrogen were increased in the middle part of the
lagoon especially opposite to Kom Belag drain, which probably attributed to drainage
water inflow to these areas which supply about 1100 t of dissolved inorganic nitrogen
annually (Shakweer, 2006). It is worth to mention that, the rate of the ammonification
process increases especially at high temperature (Ali, 2008). Also increasing of nitrate
can also be formed in water bodies through the oxidation of ammonia and nitrite

It can be observed a good correlation between ammonia and nitrate (r= 0.62) and
nitrite and nitrate (r= 0.87). In general, the average concentration of nitrite and nitrate
were 0.122 and 0.475 mg/l, respectively, that greater than those at Manzala lagoon (0.110
and 0.18 mg/I, respectively) (Abu Khatita et al., 2017). In the same context, the average
concentration of nitrite is higher than the standard value of aquatic life (0.065 mg/l)
(CCME, 2007).

Phosphate is not generally recognized as toxic to aquatic organisms and it is an
important nutrient which can assist in stimulating the growth of aquatic organisms,
particularly algae in fresh and brackish waters. Phosphorus (P) is the rate-limiting
nutrient in the eutrophication of most freshwater ecosystems (Mainston and Parr, 2002).
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The maximum value of orthophosphate (O.P.) was 0.527 mg/l and recorded at
station 1, while the minimum value was 0.198 mg/l and recorded at station 7. The spatial
distribution shows that the eastern side of the lagoon is characterized by the highest
values while the western side characterized by the lowest one. It is worth mentioning that
drains to Edku lagoon supply about 650 t of dissolved inorganic phosphorus annually
(Shakweer, 2006). In general, the average value of ortho-phosphate (0.390 mg/l) is
greater than that of Manzala lagoon (0.210 mg/l) (Abu Khatita et al., 2017). Ferreira et
al. (2011) recommended optimum range of orthophosphate (0.01-0.20 mg/l) for
maximum growth and production of the most aquatic life which mean that, most part of
the lagoon is under critical condition.

Chlorophyll-a is an important biological indicator for the algae biomass, and it
is often considered as the main factor for assessing eutrophication (Jayaweera and
Asaeda 1996; Yung et al., 1997; Zhou et al., 2004). Chlorophyll-a can be used as a
non-specific indicator of the trophic status (level of pollution) of a water body
(Hakanson et al., 2007). Algal growth is closely related to a variety of environmental
water quality parameters such as total nitrogen, total phosphorus, light intensity, water
temperature, pH and DO (Smith, 1983; Lovell and Konopka, 1985; Scholz, 2006).

The highest value was recorded at station 1, being 102.7 ug/l, while the lowest
value was recorded at station 7, being 51.3 pg/l. The spatial distribution showed that the
values decrease towards the northwestern part, while the middle part displays the highest
values of chlorophyll-a. The highest values of chlorophyll-a are found in the areas
exposed to drainage water containing high concentrations of nutrient salts (nitrite, nitrate,
ammonia, orthophosphate, total phosphorus and silicate). High levels of nutrients cause
algal blooms. It is worth to mention that there is a positive relation between chlorophyll-
a and nutrient salts (ammonia r= 0.77 and orthophosphate r=0.78) of Edku lagoon.

Heavy Metals

The concentration values of heavy metals in Edku lagoon are tabulated in Table 5
while spatial distribution of values are illustrated in Fig. 3. The obtained data revealed
that heavy metals varied between 0.334 to 0.552 mg/I for Fe, 0.119 to 0.401 mg/l for Zn,
0.106 and 0.441 mg/l for Cu, 0.136 to 0.424 mg/l Mn, 0.031 to 0.097 mg/l for Pb, 0.022
to 0.064 mg/l for Cd and 0.02 to 0.08 pg/l for Hg. The concentrations of heavy metals in
water take the following sequence; Fe > Cu > Mn > Zn > Pb > Cd > Hg. Spatially,
concentrations of Fe, Mn, Zn, Cu and Cd increase southward and eastward and decrease
towards northwestern side of the lagoon, while concentrations of Cd and Pb decrease
towards middle part and increase towards eastern and western parts of the lagoon. In
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general, the stations that affected by drains are more polluted by heavy metals, while the
stations far from drains inputs are less. Shakweer (2006) mentioned that drains discharge
2 x 10° m® yr* of different type of effluent to lagoon. Alloway and Ayres (1997) stated
that the domestic sewage added more amount of zinc. The correlation coefficient (based
on Pearson’s correlation matrix) between heavy metals content is presented in Table 7. Fe
positively correlates with Mn (r= 0.82), Cu (r= 0.80), Pb (r= 0.25), Zn (r= 0.88), Cd (r=
0.38) and Hg (r=0.94). Moreover, Zn has a positive correlation with Cu (r= 0.99), Mn (r=
0.99) and Hg (r= 0.98). In addition, Hg correlates with Mn (r= 0.95), and Cu (r= 0.95)
and Pb correlates with Cd (r= 0.98). Suresh et al. (2011) reported that, high correlation
coefficient between the variables means their common source, mutual dependence and
identical behavior during the transport. In general, the average value of heavy metals in
Edku lagoon (Fe; 0.44 mg/l, Zn; 0.290 mg/l, Cu; 0.328 mg/l, Mn; 0.322 mg/l and Pb;
0.059 mg/l) were lower than values of Manzala lagoon (Fe; 0.931 mg/l, Zn; 0.484 mgll,
Cu; 0.488 mg/l, Mn; 0.430 mg/l and Pb; 0.161 mg/l) (Abu Khatita et al., 2017) but
greater than those of Bardawil lagoon (Fe; 0.29 mg/l, Zn; 0.17 mg/l, Cu; 0.01 mg/l, Mn;
0.04 mg/l and Pb; 0.04 mg/l) (El-Kassas et al., 2016) and El-Mex Bay (Fe; 0.022 mg/l,
Zn; 0.005 mg/l, Cu; 0.002 mg/l, Mn; 0.322 mg/l and Pb; 0.004 mg/l) (Abbas, 2015).
Unfortunately, the average concentration of Cd in Edku lagoon reach highest
concentration (0.040 mg/l) compared to Manzala lagoon and EI-Mex Bay (0.034 and
0.0003 mg/l, respectively). The average value of heavy metals compared with different
standard in Table 6. Since average value of Fe, Pb and Cd violate the maximum
permissible limits of Canadian Council of Ministers of the Environment (CCME, 2007),
Egyptian Organization for Standardization and Quality (EOS, 2005), United State
Environmental Protection Agency (USEPA, 2009) and World Health Organization
(WHO, 2006).
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Table 5: Physico-chemical parameters and heavy metals concentrations in water
samples of Edku lagoon.

[J) — _
0 5 S = g > =
E &~ 1 T © s E g P
5 3C =3 = =~ Eg 8 =g =
o g s 8 & & 2% 3
(= 2 P2
1 28 7.7 1.2 45 19 0.191 0.792 0.527
2 28 7.62 1.9 3.9 16 0.163 0.915 0.456
3 28.3 1.7 1.8 35 15 0.166 0.578 0.496
4 29.1 8.32 2.3 7.6 1.7 0.067 0.308 0.284
5 28.9 8.68 3.1 125 15 0.101 0.288 0.293
6 30.3 8.9 1.3 7.5 14 0.104 0.217 0.475
7 29.1 8.6 12.2 7.5 1.3 0.065 0.227 0.198
Max. 30.3 8.9 12.2 125 19 0.191 0.915 0.527
Mini. 28 7.62 1.2 35 13 0.065 0.217 0.198
Average 28.8 8.21 3.4 6.7 15 0.122 0.475 0.389
¢
5 ¢ ¢ 5 § 3 & 38 %
O
1 102.73 0.402 0.332 0.289 0.347 0.046 0.028 0.00005
2 97.32 0.415 0.339 0.308 0.352 0.051 0.031 0.00005
3 100.97 0.467 0.348 0.313 0.377 0.054 0.036 0.00006
4 88.87 0.533 0.413 0.387 0425 0.064 0.048 0.00007
5 73.77 0.334 0.264 0.212 0.251 0.031 0.022 0.00003
6 75.24 0.552 0.424 0.401 0.441 0.071 0.052 0.00008
7 51.32 0.367 0.136 0.119 0.106 0.097 0.064 0.00002
Max. 102.73 0552 0.424 0.401 0.441 0.097 0.064 0.00008
Mini. 51.32 0.334 0.136 0.119 0.106 0.031 0.022 0.00002
Average 84.31 0.438 0322 0.289 0.328 0.059 0.040 5.14E-05

Table 6: Heavy metal concentrations in water from Edku lagoon in relation to other
locations in Egypt and standard limits of the water parameters.

Fe

Mn

Zn

Cu

Pb

Cd

(ma/l)  (mgl)  (mg/)  (mg/l)  (mgl)  (mgny H9(m/D)
Edku 0439 0322 0290 0328 0059 00401  0.000051
Manzala (Abu Khatitaet — g31 43 04gs 0488 0161 0034 .
al., 2017)
E"MGXZ%%(AbbaS' 0.022 ; 0.005 0002 0004  0.0003 ;
Bardawzf(')ﬁ;'sayed’ 0.29 0.04 047 001 004 i :
CCME (2007) 0.3 0.05 005 0004 0007 0001  0.000016
EOS (2005) 0.3 0.1 3 2 001  0.003 :
USEPA (2009) 0.3 0.05 5 1 0015 0005  0.002
WHO (2006) 0.3 0.4 3 2 001 0003 0001
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Fig. 2: Spatial distribution of physico-chemical parameters in water samples of

Edku lagoon.
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Eutrophication Index (E.l.)

Eutrophication Index (E.l.) is a multi-metric (combination of nutrients and
chlorophyll-a) tool for the assessment of trophic status proposed by Primpas et al.
(2010). The calculated values of E.I. varied between 0.50 and 0.95. Consequently,
stations 3-7 are under mesotrophic condition while stations 1 and 2 are under eutrophic
condition (Fig. 4) where the water exhibit poor class of ecological quality according to
the E.I. scale proposed by Primpas et al. (2010) (Table 9).

16 Bad
@, 14
w 1.2 Poor
9]
=]
k= 1
_E 08 | [T TTTommTEeeEeeeEEeeeee-
S 0.6 Moderate
_@ 04 | B--R_--BL_-EB__B__B_NB___
£02 Good
= High

1 2 3 4 35 6 7
Stations

Fig. 4. Distribution of Eutrophication Index (E.l.) in sample stations.

Water Quality Index (WQI)

The WQI was apply on water quality parameters to display an overall picture of
water quality of Edku lagoon. The obtained values were ranged from 818 at station 5 to
1566 at station 6. Overall, all sample classified as "bad water " (Fig. 5 and Table 9) and
consequently these waters unsuitable for most of organisms which reflect the impact of
discharging wastewater.

1000
8 Bad water
2| e el e e e e = e = =
_____________________ Alery Poor
Poor
Good
50
1 2 3 4 5 6 7 Excellent

Stations

Fig. 5. Distribution of water quality index (WQI) in sample stations.
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Pollution Assessment Indices
Pollution Index (PI)
Studied heavy metals in the lagoon were ordered as Cu> Cd> Pb> Mn> Zn> Hg> Fe

based on calculated PI (Table 8) where, Fe shows slight effect on aquatic life (PI= 1.07).
However, Hg (Pl= 2.58) shows moderate effect while Mn and Zn (Pl= 4.45 and 4.18,
respectively) displays strong effect on aquatic life. Moreover, Cu, Pb and Cd (PI= 56.70,
7.27 and 33.84, respectively) illustrates Serious effect on aquatic life.

Table: 8 Pollution index of the measured metals in water of Edku lagoon.

Pollution index

Parameters PI) Effect

Fe 1.075304 Slightly affected
Mn 4.452774 Strongly affected
Zn 4.182846 Strongly affected
Cu 56.69504 Seriously affected
Pb 7.2738 Seriously affected
Cd 33.83785 Seriously affected
Hg 2.576941 Moderately affected

Heavy Metal Evaluation Index (HEI)

Heavy metal evaluation index was applied to assess the quality of surface water
with respect to heavy metal contents. The values of HEI varied from 35.27 to 90.70
(Table 9) with an average of 61.89. In general, all values were found to be higher than 20,
indicating high pollution status of heavy metals in the examined lagoon water.

Contamination Index (Cy)

The contamination index (Cq) value varied from 28.27 to 83.70 (Table 9) with an
average of 54.89. Overall, all examined water samples indicating very high contamination
of lagoon water by the heavy metals.

Heavy Metal Pollution Index (HPI)

The HPI is based on the composite influence of the individual heavy metals on the
overall water quality (Mohan et al., 1996). The critical condition arises if the index
reaches the value of 100. The result shows that all values of HPI are greater than the
critical value for drinking water (Fig. 6 and Table 10) based on Prasad and Bose (2001).

Human Health Risk Assessment

The results obtained for human health risk assessment estimated from the hazard
quotient (HQgermal) USing the USEPA risk assessment models for all monitoring data of
heavy metals, for non-cancer effect, are presented in Table 11. The HQgermar Of most
heavy metals (Fe, Mn, Zn, Cu, Pb and Hg) were lower than one. The HQ < 1 meaning
that these non-carcinogenic pollutants may have not negative health effects. On the other
hand, HQgermal for Cd in some water sample (samples 3, 4, 6 and 7) violate the unity (Fig.
7). Tripathee et al., (2016) noted that pollutants may pose potential adverse health
effects if the HQ value of the metal is greater than unity.
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Table 9: Water quality index (WQI), eutrophication index (E.l.), heavy metal
evaluation index (HEI) and contamination index (C4) of water samples of Edku
lagoon.

Water quality Eutrophication Heavy metal Contamination
Stations index (WQI) Index (E.l.) evaluation index (HEI) index (Cy)
value Rank value status value Rank value Rank
1 1086  Bad water 0.954 Eutrophic/poor 49.10 Highly polluted 42.10  high
2 1133  Bad water  0.875 Eutrophic/poor 53.65 Highly polluted  46.65 high
3 1235  Bad water 0.772  Mesotrophic/moderate  57.79  Highly polluted  50.79 high
4 1473  Bad water 0.665 Mesotrophic/moderate  70.16  Highly polluted  63.16 high
5 818 Bad water  0.615 Mesotrophic/moderate  35.27  Highly polluted  28.27 high
6 1566  Bad water 0.621  Mesotrophic/moderate  76.51  Highly polluted  69.51 high
7 1072  Bad water 0.502  Mesotrophic/moderate  90.70  Highly polluted  83.70 high
Min. 818 0.502 35.27 28.27
Max. 1566 0.955 90.70 83.70
Average 1198 0.715 61.89 54.89

Table 10: Heavy metal pollution index (HPI) of water samples of Edku lagoon.

Sub-index (Qi)

Stations HPI
Fe Mn Zn Cu Pb Cd

1 1.01 -0.84 0.03 -0.17 28.00 375 392.7

2 1.08 -0.81 0.03 -0.16 31.89 420 440.5

3 1.34 -0.76 0.03 -0.16 34.22 495 516.1

4 1.67 -0.44 0.03 -0.16 42.00 675 699.8

5 0.67 -1.18 0.03 -0.17 16.33 285 293.0

6 1.76 -0.38 0.03 -0.16 47.44 735 763.7

7 0.84 -1.82 0.03 -0.19 67.67 915 956.5
1200.0
1000.0
800.0
600.0
400.0
200.0
0.0

1 2 3 4 5 6 7

Stations

HPI == === Critical pollution index value

Fig. 6. Distribution of heavy metal pollution index (HPI) in sample stations.
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Table 11: Hazard Quotient (HQgermal) OF different metals for water samples of Edku

lagoon.
Hazard Quotient (HQgerma)
parameters
2 3 4 5 6 7
Fe 0.00140 0.00145 0.00163 0.00186 0.00116 0.00192 0.00128
Mn 0.06512  0.06650 0.06826 0.08101 0.05178 0.08317 0.02668
Zn 0.00045 0.00048 0.00049 0.00061 0.00033 0.00063 0.00019
Cu 0.00454  0.00460 0.00493 0.00556 0.00328 0.00577 0.00139
Pb 0.01719  0.01905 0.02018 0.02391 0.01158 0.02653 0.03624
Cd 0.87877 0.97292 1.12985 1.50646 0.69046 1.63200 2.00862
Hg 0.02615  0.02615 0.03138 0.03662 0.01569 0.04185 0.01046
2.50000

2.00000

1.50000
Risks to human health

The hazard quotients (HQs)

1.00000 :
0.50000
0.00000
1 2 3 4 5 6 7
Stations

| BFe BMn OZn MCu BPb BCd I]]Hgl

Fig. 7. Distribution of the hazard quotient (HQgermar) for different metals in sample
stations.

CONCLUSION

Edku lagoon exposed to different anthropogenic stress. Wastewater effluents
discharging adversely impacts the physico-chemical parameters of the lagoon water.
Discharging process lead to increasing the levels of ammonia, nitrite, nitrate,
orthophosphate and chlorophyll-a in the lagoon particularly in the eastern part. Moreover,
the studied heavy metals (Fe, Mn, Zn, Cu, Pb, Cd and Hg) concentration violate the
maximum permissible limits. The trophic index used in this research has helped to range
the trophic level of Edku lagoon from mesotrophic to eutrophic condition. Water quality
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index indicates that the lagoon water is classified as bad water for the aquatic life.
Furthermore, the results of HPI, HEI and C4 showed that the lagoon water is highly
contaminated by heavy metals, while Pl indicate that the lagoon water varied from
slightly affected to seriously affected by heavy metals. Human health risk assessment
revealed that, HQgermar for Cd in some water sample violate the unity which may pose
potential adverse health effects. The results of this paper may be helpful the for
development of the lagoon. Hence, removal of heavy metals from drains before
discharging to lagoon water is important to protect the aquatic life there.
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