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ABSTRACT 

           The present investigation was carried out to assess the spatial and seasonal variations 

in heavy metals concentrations in water, sediments as well as belowground and aboveground 

parts of the dominant macrophyte Phragmites australis along contaminated El-Qabouty 

junction Canal. Analyses of 12 heavy metals content (Br, As, Co, Ni, Fe, Cr, Hg, Zn, Cd, Pb, 

Se, Mn) in water, hydrosoil and plant samples were collected from two sites along El-

Qabouty Canal and seasonally analyzed using XRF. The results recorded the highest 

concentrations of Co, Mn, As, Cr and Fe in water with 9.73, 9.79, 24.89, 26.38 and 47.57 

mg/l, respectively in spring season at the southern site nearby industrial drain output. 

Seasonally, the pollutant content was lower in winter. Higher concentrations of Co, Cr, Hg, 

Ni, Pb, Se and Zn were recorded in belowground parts for P. australis at the norther site of 

the canal in summer. The bioaccumulation factors (BF) of heavy metals were more than one 

and in the order Hg>Se>Br>Pb>Zn>Mn with values 174.38, 106.26, 52.30, 18.49, 7.21, 

2.98, respectively. The translocation factors (TF) of As and Cd were 15.97 and 12.58, 

respectively. The obtained results and indices indicated that P. australis can grow and 

tolerate in highly contaminated waste water and is a good candidate to serve as hyper-

accumulator, phyto-stabilizer and bio-monitors of heavy metals. 

 Key words:  

Phragmites australis, heavy metals, phytoremediation, juncation canal, Lake Manzala.  

1. INTRODUCTION 

         Water pollution by heavy metals is one of the most serious environmental hazards in many 

countries around the world, including Egypt  [1] . The most anthropogenic sources of water 

contaminated metals are industrial, petroleum contamination and sewage disposal [2], [3]. Moreover, 

environmental pressures caused by heavy metal releases from industry  to  air and water bodies 

expanded with time [4]. The release of despicably treated urban sewage and industrial effluents 

containing heavy metals into lakes have become a serious environmental problem, as the consumption 

of polluted lake water that contains heavy metals postures a threat to human health through 

bioaccumulation in ecological food chains [5]. In aquatic ecosystems contaminated by heavy metals, 

unlike organic contaminants, cannot be devastated by biological processes; as they concentrate in 

bottom sediments, then travel up the food chain, and often biomagnifying at higher trophic levels [6]. 
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           Heavy metal removal may be processed via chemical precipitation, coagulation–flocculation, 

adsorption, ion exchange, membrane filtration and other advanced oxidation strategies that require 

excessive capital, working and management costs [7]. Henceforth, it was once necessary to advocate 

an economic and eco-friendly technology to do away with these heavy metals and improve the 

wastewater quality[8]. 

          The nature and growth forms of macrophytes enable them to be as natural absorbers of heavy 

metals and other different nutrients [9]. Removal of heavy metals from wastewater and polluted 

sediments by macrophytes has been pronounced as a low cost and effective technology[10]. Their 

roots, rhizomes and shoots are efficient absorbers for heavy metal ions through the direct absorbance, 

deposition and accumulation [11, 12] . 

         Behavior and distribution of many macrophytes are frequently corresponded with water quality 

and sediment properties[13, 14]. They possess several  mechanisms of heavy metal tolerance and a 

sophisticated network for maintenance of metal homeostasis in both water and sediments [15]. In 

addition, the microbiota associated with their roots, play a major role in detoxification of toxic metal 

ions [16]. They can accumulate high levels of heavy elements from water and sediments through their 

well-developed root system, tolerance to toxicity, highly productive biomass, and stationary nature 

[17]. Therefore they can accumulate pollutants at  high levels irrespective of their content in the 

environment [11].  

        Various macrophyte species show different behavior regarding their ability to accumulate 

elements in their organs [12] . According to different capacity for metal uptake, species of relatively 

high ability to accumulate metals in the aboveground tissues could be good candidates for 

phytoextraction [18]. Other species, with strong ability to reduce metal translocation from roots to 

shoots, could be considered as phytostabilizers of metal-polluted environments [19] .  

         The macrophyte Phragmites australis is the major component of reed stands along the shores of 

lakes and wetlands in Egypt [20, 21] . It grows on soils with different pH, salinity, fertility, and 

texture [22] . Its network of emergent stems emerge from a belowground network of rhizomes that 

play a role in clonal spread of the plant [23]. P. australis considered ideal for phytoremediation due to 

its high growth rate and biomass production, deep fibrous root system, adaptability to a wide range of 

climatic conditions, and great capacity for metals accumulation [24, 25]. 

Lake Manzala is the largest and the foremost vital fisheries resource along the Mediterranean 

coast of Egypt [26] . It is subjected to continuous pollution hazards due to the inflow of huge amounts 

of wastewater, agricultural drainage and industrial wastes through several  canals at its southern and 

western parts [27]. One of these canals is El-Qabouty canal, which receives wastewater from the 

industrial and investment zones of Port Said with different industry of chemicals, paints, dyes, textiles 

and others. The discharge of such industrial wastewater that are untreated, partially treated or treated 

may affect the water quality, hydrosoil properties and macrophytic vegetation along the shores and 

banks of El-Qabouty Canal. Previous studies focused on pollution in Lake Manzala, However, there 

has been little previous research carried out for evaluation heavy metals concentrations at El-Qabouty 

Canal in contaminated water, sediments and existing macrophytic vegetation as reported by Ibrahiem 

et al., (2012) and El morsi et al., (2017) [28 , 29] . Therefore, the aim of the current study was to 

evaluate spatial and seasonal variations in heavy metals concentrations in water, sediments as well as 

belowground and aboveground parts of the dominant macrophyte P. australis along contaminated El-

Qabouty Canal. Such evaluation will also assess the efficacy of P. australis as phytoremediation for 

industrial wastewater.  

2. MATERIALS AND METHODS 

2.1- Study area  

The two selected sites were selected to represent spatially different degrees of pollution from the 

discharged outlet of the industrial area along the EL Qabouty junction canal, Port Said (Figure 1). The 
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first site (Site 1) was about 4 km far away from the outlet pipe at the Northern Site of El- Qabuty 

canal (NSQ), while the second one (Site 2) was nearby the discharge outlet Southern Site of El- 

Qabuty canal (SSQ).  

 

 

 

 

Figure 1. The location of sampling sites northern and southern of El-Qabouty junction canal in Lake 

Manzala at Port Said, Egypt. 

2.2- Water and soil samplings 

          At each selected site, sampling was done seasonally (summer, winter and spring) during 2018. 

One liter of water samples was collected separately at depth of 0.5–1m and kept in acid-cleaned 

polyethylene bottles from the two selected sites along the canal. Then, the samples were filtered using 

a Whatman glass microfiber filter (No.1) and acidified with 65% concentrated Nitric acid and 

preserved for further analysis.  

Hydrosoil samples were collected from the canal bottom by using core sampler according to 

Boyd and Tucker (1992) [30], at the same selected sites of water and P. australis samplings. They 

transferred in cleaned plastic bags to the laboratory where they were air-dried. Soil clods and 

aggregates are pulverized by means of wooden mortar and pestle to reduce particle size, then they 

passed through 2.0 mm and 0.5 mm stainless steel sieve after screening.  

 

2.3- Plant sampling  

Six samples of P. australis were harvested individually from the same water and sediment locations 

during the three seasons for every site. The plant parts were washed thoroughly several times using 

distilled water. Then they transferred in cleaned plastic bags to the laboratory, where they separated 

into aboveground and underground parts. Then, each part was dried at 80 C° and ground into fine 

powder by laboratory blender for further analysis.  

2.4- Physiochemical and heavy metal analysis 

For each site and season, water and hydrosoil were analyzed for their physiochemical characteristics. 

Biochemical oxygen demand of water (BOD) was estimated according to Rodger B. Baird et al. 
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(2017) [31]. Hydrogen ion concentrations (pH) of water and hydrosoil were determined by electrical 

pH meter (Adwa, Romania). Electrical conductivity (EC) and total dissolved solids (TDS) were 

measured using Ec and TDS meter (Cole-parmer model ChicagoП.60648). Determination of organic 

matter content was evaluated by loss on ignition method according to Condie, (1993) [32]. Leaf water 

content (LWC) and specific leaf area (SLA) of P. australis were investigated following Rawson et al., 

(1987) [33]. The chlorophylls and carotenoids were measured following the procedures of Dudek et 

al. (2014) [[34]]. 

For each site and season, the concentrations of heavy metals (Br, As, Cd, Co, Cr, Fe, Hg, Mn, 

Ni, Pb, Se and Zn) were measured  in water, hydosoil and P. australis parts using (XRF) X-ray 

fluorescence spectrometers [Thermo Scientific ARL PERFORM‟X Spectrometers (X-UQ-Helium)].  

2.5- Heavy metal uptake and accumulation  

Heavy metals concentration in soils and P. australis parts was calculated on the basis of dry weight. 

For each element, the bioaccumulation factor (BF) was computed by dividing its total content in 

below-ground portions by total content in soil (Brooks 1998) [35] .  

 BF= C Below-ground /C Soil 

The translocation factor (TF) was calculated [35, 36]. TF is the ratio of metal concentration in above-

ground parts and its concentration in below-ground portions. 

 TF= C Above-ground / C Below-ground  

2.6- Data analysis 

 All statistical analyses were conducted using SPSS version 16.0 for Windows. One-way analysis of 

variance was used to determine the significance of fluctuation in water and sediment quality measures 

across time (ANOVA). The Pearson's coefficient (r) was used to determine correlations between 

nutrient and heavy metal concentrations in plant organs and water or sediment samples. 

3. RESULTS 

3.1- Physicochemical characteristics of water  

The physicochemical characters of water for both sites NSQ and SSQ of the contaminated El-Qabuty 

junction canal during different seasons are presented in Figure 2. The results show that highest mean 

values for pH was 9.21 in SSQ at summer season, while pH mean ranged from 7.19 to 8.97 in NSQ. 

Total dissolved solids (TDS) of water showed the highest value (8540 mg/l) at SSQ in spring season 

compared to their counterparts at NSQ, while the lowest values were in summer and winter (6460 and 

6480 mg/l, respectively) in NSQ. Electric conductivity (EC) varied greatly between sites and seasons. 

EC' water of SSQ illustrated the highest values 17090 µS/cm at spring opposed to NSQ which showed 

the lowest mean values at 7760 µS/cm in winter. The highest value of DO was 9.54 mg/l in NSQ 

during winter and its lowest value was 6.16 mg/l at SSQ in summer. Biochemical oxygen demand 

(BOD) of SSQ showed the highest value (146.6 mg/l) at winter and the lowest value (39.1 mg/l) at 

summer.  
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Figure 2. Seasonal variation of physicochemical parameters of water for northern (NSQ) and southern 

(SSQ) sites of El-Qabouty junction canal. 

3.2- Physicochemical characteristics of hydrosoil  

The physicochemical characters for hydrosoil of both sites NSQ and SSQ of the contaminated El-

Qabuoty junction canal are shown in Table 1. Soil's pH had the highest value (9.46) at SSQ site 

during summer season, while its lowest value was 8.4 at NSQ in winter. In spring, soil of SSQ had the 

highest values for TDS, NaCl and Ec (2143 mg/g, 8.033 % and 4283.33 µS /cm, respectively) 

compared to NSQ site soil with the lowest values (236.66 mg/g, 0.97% and 473.66 µS /cm, 

respectively). Chloride concentrations showed significant difference between the two sites along the 

study period. The values of chlorides ranged from 9.99 mg/g to 17.483 mg/g in SSQ soil during 

winter and from 0.8885 mg/g to 9.922 mg/l in NSQ soil. Soil organic matter content of SSQ ranged 

from 5.171% to 1.255% was higher than those of their counterparts of NSQ site soil ranged from 

0.622% to 2.478%.    
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Table (1): Mean ± standard error of seasonal variation of hydrosoil characteristic at El-Qabouty 

junction canal. Northern site in (1stline) and southern site bold in (2ndline). Values with the same 

small letters in the same rows do not significantly different at p<0.05 according to LSD used for 

seasonal variations. Values with capital letters in same columns do not significantly different at 

p<0.05 according to LSD used for site variations. 

               Winter                     Spring                Summer 

pH 8.40
aA

±0.1 8.61
aA

±0.05 8.63a±0.05 

 8.44
A
±0.25 8.72

A
±0.46 9.46±0.1 

EC µS /cm 854
aA

±16.28 473.66
a
±42.19 761a±112.22 

 1070.33
A
±62.73 4283.33±422.3 1825.33±88.696 

TDS mg/g 425.66±9.24 236.66±21.18 380.33±56.44 

 535±30.53 2143±0.21 913±44.6 

NACL % 1.47
aA

±1.33 0.97
a
±0.07 1.53a±0.2 

 2.06
A
±1.33 8.033±0.57 3.5±0.152 

OM % 2.478
a
±1.01 0.622

a
±0.01 0.721

a
±0.98 

 4.434
a
±3.52 5.171

a
±1.73 1.255

a
±0.16 

Cl  mg/g 9.922
A
±1.673 0.885±0.42 3.647A±0.01 

 17.483
A
±7.503 9.99±0.852 10.889A±0.01 

EC=Electrical conductivity, TDS=Total dissolved solids, OM%=Organic matter, Cl=Chloride. 

3.2.1- Correlations between water and soil parameters 

Pearson correlations between water and soil variables are shown in Table 2. The results revealed that 

water pH had significant positive correlations with soil EC, TDS and NaCl (r =0.549, 0.549 and 

0.546, respectively), while DO, EC, TDS of water have significant correlations with all soil parameter 

except pH and Cl. Water BOD showed positively significant correlations with soil Cl (r = 0.602). 

Table (2) Correlation coefficients between water and soil variables at junction canal (El-Qabuty).  ** 

= Significant at p< 0.01, * = Significant at p< 0.05. 

soil 

water         

pH EC  TDS  NaCl Cl 

pH 0.154  0.549*  0.549* 0.546* 0.134 

DO -0.408 0.582* -0.582* -0.596** -0.467 

Ec 0.333 0.722** 0.722** 0.745** 0.095 

TDS 0.266 0.961** 0.961** 0.964** 0.248 

BOD -0.104 -0.016 -0.017 0.024 0.602** 

 DO=Dissolved oxygen, Ec=Electrical conductivity, TDS=Total dissolved solids, BOD= Biochemical 

oxygen demand. 

 

3.3- Heavy metal concentrations in water  

The results of heavy metal concentrations of water at NSQ and SSQ sites along El-Qabouty junction 

canal during the different seasons are represented in Table 3. In spring, the SSQ had the highest 

concentrations of Co, Mn, As, Cr and Fe were 9.73, 9.79, 24.89, 26.38 and 47.57 mg/l, respectively. 

However, the same site recorded the highest values of Zn (2.12 mg/l) and Pb (61.54 mg/l) during 

winter. Summer had the lowest mean values for the majority metal concentrations, except for Cd, Ni, 

Hg and Se with higher values (0.03, 0.08, 12.83 and 12.94 mg/l, respectively) at SSQ.  
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Table (3): Mean values± standard error for seasonal variation of heavy metal concentrations  in water 

at northern site in (NSQ, first line) and southern site in bold (SSQ, second line) of El-Qabuty junction 

canal compared to food and Agriculture Organization (FAO) for heavy metals in wastewater [38].  

Metals                    Winter            Spring   Summer Maximum level of FAO 

As 0.01
A
±0 6.24

a
±0.05 0.01A

a
±0                                0.10 

 

0.01
Aa

±0 24.89
Aa

±0.14   0.04
Aa

±0 

Br 89.99±0.01 174.23±1.58 150.75±0.17                                - 

 

104.13±0.1 115.17±0.17 121.03±0.06 

Cd <0.01
Aa

±0 <0.01
Aa

±0 <0.01
Aa

±0                                0.01 

 

0.02
Aa

±0 0.01
Aa

±0   0.03
Aa

±0 

Co                     0.01
A
±0 3.68±0.14 0.29±0.17                                0.05 

 

       0.08
Aa

±0.01 9.73
a
±0.14 3.04

a
±0.01 

Cr 0.01
A
±0 1.42±0.14 7.86±0.16                                0.10 

 

18.04
Aa

±0.14 26.38±0.17 24.37
a
±0.17 

Fe 5.04
Aa

±0.16 19.81±0.14 3.01
Aa

±0.06                             5.00 

 

25.09
Aa

±0.14 47.57±0.17 6.25
Aa

±0.06 

Hg <0.01
Aa

±0 <0.01
a
±0 <0.01

a
±0                                0.0005 

 

7.65
A
±0.14 10.52±0.17 12.83±0.06 

Mn <0.01
Aa

±0 <0.01a±0 <0.01Aa±0                              0.20 

 

5.13
Aa

±0.14 9.79±0.17 7.66
Aa

±0.14 

Ni <0.01
Aa

±0 <0.01
Aa

±0 <0.01
Aa

±0                               0.20   

 

0.05
A
±0.01 0.02

Aa
±0.01 0.08

Aa
±0.01 

Pb 38.26±0.01 17.37±0.14 26.60±0.17                               5.0 

 61.54±0.1 50.65±0.17 31.14±0.06 

Se <0.01
A
±0 <0.01±0 <0.01±0                                   0.02 

 0.15
Aa

±0.01 3.64
a
±0.14 12.94

a
±0.17 

Zn 0.12±0.01 0.15
A
±0.01 0.89±0.17                                2.00 

 2.12±0.1 1.58
Aa

±0.14 1.16
a
±0.17 

Values with the same small letters in the same rows do not significantly different at p<0.05 according 

to LSD used for seasonal variations. Values with capital letters in same columns do not significantly 

different at p<0.05 according to LSD used for site variations. 

 

3.4- Heavy metal concentrations of hydrosoil  

The results showed significant seasonal and spatial variations in the concentrations of heavy metals 

Table 4. The mean concentrations of Br, Cr, Fe, Mn, Ni, Pb, and Zn of winter season attained the 

highest values in SSQ with the concentrations of 108.74 mg/kg, 181.75 mg/kg, 63379.80 mg/kg, 

1014.04 mg/kg, 93.64 mg/kg, 30.09 mg/kg and 184.92 mg/kg, respectively. The spring and summer 

showed the lowest values in concentrations of most elements during study; but summer of SSQ 

attained the highest values of As, Co, Hg, Se and Cd with concentrations of 41.67 mg/kg, 21.87 

mg/kg, 41.12 mg/kg, 8.00 mg/g, and 14.25 mg/kg, respectively.  
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Table (4): Mean ± standard error of seasonal variations of heavy metal concentrations in hydrosoil 

(mg/kg dry wt) at northern (NSQ) and southern (SSQ) sites of El-Qabouty junction canal in reference 

to the corresponding values of World Average Soil (WAS)[[39], [40]]. Northern site in 1
st
 line and 

southern site bold in 2
nd

 line.  

Element  

mg/kg 

             winter                spring             summer WAS 

 mg/kg 

As 6.69
Aa

±0 5.64
Aa

±0 20.83
Aa

±0.01 6.83 

 2.74
Aa

±0 2.00
Aa

±0 41.67
A
±0.01  

Br 36.48
Aa

±0.01 5.59
Aa

±0 24.84
Aa

±0.01 10 

 108.7
Aa

±0.06 64.08
Aa

±0.01 41.15
Aa

±0.01  

Cd 2.00
Aa

±0 1.25
Aa

±0 17.11
Aa

±0.01 0.4 

 4.01
Aa

±0 2.03
Aa

±0 14.25
Aa

±0.01  

Co 8.82
Aa

±0 5.60
Aa

±0 19.92
A
±0.01 11.3 

 10.95
Aa

±0 4.57
Aa

±0 21.87
Aa

±0.01  

Cr 78.26
a
±0.02 55.91

Aa
±0.01 56.20

Aa
±0.01 59.5 

 181.7±0.01 72.02
Aa

±0.02 74.84
Aa

±0.01  

Fe 27639
a
±4.98 11235

Aa
±0.58 10966

Aa
±0.01 35000 

 63379±13.58 32859
Aa

±10.69 21184
Aa

±0.01  

Hg 5.26
Aa

±0 16.64
Aa

±0 0.60
a
±0 0.26 

 10.46
A
±0.01 56.01

A
±0 41.12±0.01  

Mn 556.2
a
±0.06 319.7

a
±0.03 332.6

aA
±0.01 488 

 1014±0.11 595.7
a
±0.16 460.8

Aa
±0.01  

Ni 30.03
a
±0.01 14.38

Aa
±0 39.06

Aa
±0.01 29 

 93.64±0.02 53.07
aA

±0.01 50.32
Aa

±0.01  

Pb 1.56
a
±0 17.52

Aa
±0 6.05

Aa
±0 27 

 30.09±0.02 8.12
Aa

±0 17.22
Aa

±0  

Se 1.43
Aa

±0 2.89
Aa

±0 1.10
Aa

±0 0.5 

 6.04
Aa

±0 1.74
Aa

±0 8.00
Aa

±0  

Zn 65.49
a
±0.01 24.34

a
±0 48.9

Aa
±0.01 70 

 184.9±0.06 122.5±0.02 77.6
A
±0.01  

Values with same small letters in same rows do not significantly different at p<0.05 according to LSD 

used for seasonal variation, where are values with capital letters in same columns do not significantly 

different at p<0.05 according to LSD used for site variation. 

3.5- Physiological characteristic of Phragmites australis: 

The seasonal variation in the properties of leaves for P. australis appeared in the Table 5. The results 

revealed significant differences in the measured attributes of the two sites over the study time. The 

largest values of chlorophylls a, b, total carotenoids and total pigments were 2.74 mg/g, 0.620 mg/g, 

0.701 mg/g and 3.961 mg/g, respectively in NSQ site at winter compared to the other seasons. 

Specific leaf area in SSQ in spring attained the greatest area (195.43  ) and the highest water 

content (248.06%) opposed to corresponding values in the winter and summer. 

3.5.1- Correlation between physiological characteristic of Phragmites australis and hydrosoil 

parameters 

Correlation between hydrosoil variables and P. australis at the studied sites are represented in Table 

6. It has been found that SLA, Chl a, Chl b, total cartonoid and total pigments showed no significant 

correlations with soil variables. Leaf water content (WC) has negative correlation with all parameters 

and heavy metals of soil. All heavy metals has no correlation except Cd had significant correlation 
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with P. australis leaf water content, chlorophyll a and total carotenoid (r = 0.529, 0.296 and 0.598, 

respectively). 

Table (5): Mean ± standard error of seasonal variations of Phragmites australis leaf attributes (mg/g 

f.wt) at El-Qabouty junction canal. Northern site (NSQ) in 1
st
line and southern site (SSQ) bold in 

2
nd

line. Values with the same small letters in the same rows do not significantly different at p<0.05 

according to LSD used for seasonal variations, where are values with capital letters in the same 

columns do not differ significantly at p<0.05 according to LSD used for site variations.   

              Spring                              Summer                             Winter                   

Chl a 2.74±0.192 1.412
Aa

±0.168 1.524
Aa

±0.324 

 

1.9
a
±0.67 1.522

Aa
±0.111 1.715

Aa
±0.152 

Chl b 0.620±0.084 0.312
Aa

±0.048 0.363
Aa

±0.084 

 

0.336
a
±0.009 0.383

Aa
±0.047 0.484

Aa
±0.044 

TC 0.701
A
±0.039 0.413

A
±0.045 0.622±0.072 

 

0.595
A
±0.033 0.369

A
±0.035 0.627±0.15 

TP 3.961±0.299 2.137
Aa

±0.26 2.609
Aa

±0.335 

 

2.831±0.094 2.273
A
±0.163 2.826

A
±0.143 

WC (%) 198.17
Aa

±9.3 

 

248.06
A
±14.7 

 

    167.52
Aa

±23.82 

 

 

140.47
Aa

±37.3 

 

  202.7
A
±5.87 

 

    126.48
Aa

±3.86 

 
SLA  142.16

A
±30.3 

 

166.81
Aa

±13.23 

 

    156.64
Aa

±20.92 

 

183.43
Aa

±13.9 

 

195.43
Aa

±12.11 

 

     119.37
A
±5.18 

 

Chl a = chlorophylls a, Chl b= chlorophylls b, TC= total carotenoid, TP= total pigment, 

WC%=water content, SLA  = specific leaf area. 

   

Table (6): Correlation coefficients between Phragmites australis and hydrosoil variables in El-

Qabouty junction canal, Port Said.  ** = Significant at p< 0.01, * = Significant at p< 0.05. 

     P. 

australis 

soil          

WC SLA Chl a Chl  b total carotenoid total pigment 

pH -0.101 -0.261 -0.234 0.042 0.079 -0.150 

EC -0.036 0.28 -0.182 0.029 -0.406 -0.289 

TDS -0.036 0.28 -0.182 0.03 -0.406 -0.289 

As -0.388 -0.466 0.046 0.212 0.15 0.226 

Br -0.146 0.288 0.136 0.051 0.028 0.071 

Cd -0.529* -0.344   0.296* 0.064 0.598** 0.061 

Hg -0.139 0.134 -0.225 0.014 -0.372 -0.305 

Pb 0.207 0.198 -0.102- -0.334 -.004- -0.156 

Cr -0.463 0.103 0.225 -0.042 0.04 0.161 

Mn -0.315 0.226 0.304 0.027 0.022 0.207 

Ni -0.427 0.152 0.077 -0.080 0.046 0.02 

Zn -0.261 0.336 0.121 0.072 0.061 0.04 

Se -0.560* -0.262 -0.116 0.058 0.11 0.101 

Fe -0.224 0.259 0.268 -0.017 0.005 0.172 
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3.5.2- Heavy metals in P. australis organs  

The concentrations of heavy metals in both aerial and underground parts of P. australis were 

presented in Table 7. The results showed significant differences between aerial and underground parts 

in the two studied sites at the different seasons. Heavy metal concentration of underground parts in 

NSQ site occurred in the following order Fe> Mn > Br >Zn >Cr >Ni >Pb >Se >Hg >As >Co >Cd, 

while the order of heavy metal in aerial parts was as follow Fe> Mn > Br> Zn> Cr> As> Hg> Ni> 

Se> Cd> Co> Pb. In SSQ site, the heavy metals of underground part was enriched with Fe as the most 

metal followed by Mn> Br> Zn> Cr> Ni>Hg> Pb > Se> As> Cd >Co and the concentrations of 

elements for aerial parts in the same site were as follow Fe> Mn> Br> Z> Cr> Ni> Hg> Pb> As> Co> 

Se> Cd. Iron recorded its highest concentration in the underground part in SSQ site at dry season with 

value 11472.01 mg/kg, while its lowest value was 1429.42 mg/kg in the aerial part at the same site. 

The highest concentration of Mn was 1432.59 mg/kg in the underground part of SSQ site in winter; 

while its lowest concentration was 292.88 mg/kg at NSQ site during summer. Cd concentration 

ranged from 19.25 mg/kg in underground parts in SSQ site at summer while the lowest value was 0.10 

mg/kg in spring at NSQ site. Notably, the underground parts at NSQ site attained the highest values of 

most metals such as Co, As, Cr, Hg, Ni, Pb, Se, and Zn with concentrations 101.05 mg/kg, 67.37 

mg/kg, 159.96 mg/kg, 104.63 mg/kg, 150.18 mg/kg, 110.95 mg/kg, and 229.09 mg/kg, respectively 

during summer season. It must be recorded that Br and As are the only metals which their 

concentrations in aerial parts were higher than in the underground parts.  

3.5.3- Bioaccumulation and translocation of heavy metals in P. australis. 

The cited results in Table 8 revealed that Bioaccumulation Factors (BF) and Translocation Factors 

(TF) of considered heavy elements varied greatly between sites. Except Co and Fe, the BF of all 

metals was found to be high in dry seasons than winter season. The Bioaccumulation Factor of 

different metals ranged from 174.38 for Hg to 2.35 for Cd. 

As regard to Translocation Factor (TF), Co, Fe, Hg and Zn recorded values < 1 at the two 

sites in all studied seasons. On the other hand, the TF of Pb, As, Br, Cd and Mn showed higher values 

of TF compared to the other metals. The BF of Cr and Ni had values <1 in the SSQ during spring but 

TF for both metals recorded values >1 (1.23 and 1.13, respectively). Notably, Results revealed that 

BF of AS and Cd were 0.15, 0.06 respectively but their TF recorded 15.97 and 12.82 respectively. 
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Table (7): Mean ± standard error of seasonal variations of heavy metal concentrations  in Phragmites australis (mg/kg dry .wt) along El-Qabouty junction 

canal compared to critical ranges of metals in plants (mg/kg) [[39]]. Northern site (NSQ) in 1
st
 line and the southern site (SSQ) bold in (2

nd
line). 

Metal 

mg/kg 

Critical 

ranges in 

plants 

Winter Spring Summer 

Above Below Above Below Above Below 

AS 5 - 20 15.97Aa±3.35 1.05Aa ±0 35.06Aa ±6.69 29.50Aa ±17.03 41.32Aa ±5.83 101.05±58.34 

  5.23A±2.44 4.22A±0 7.30A±4.21 16.69A±4.31 3.85A±0 20.72±10.13 

Br --- 117.56Aa ±2.36 97.83Aa ±24.52 360.34b ±37.3 292.42b ±22.69 115.39a ±5.83 259.82Ab ±58.34 

  54.44Aa ±4.40 103.31Aa ±12.51 253.24b ±41.9 180.37bc ±20.93 383.41c ±10 276.12Ab±10.13 

Cd 5 - 30 4.16Aa ±0.10 3.00aA ±0 0.10aA ±0 0.20aA ±0 12.85±5.8 1.48a ±0 

  2.04Aa ±0 4.23Aa ±0 2.03Aa ±1.17 4.70Aa ±0 2.25a ±0 19.25±10.12 

Co 15 - 50 0.79Aa ±0 2.87Aa ±1.88 0.87Aa ±0 2.49Aa ±0 11.58Aa ±5.83 67.37±67 

  0.43Aa±0 1.07Aa±0 1.08Aa±0 3.67Aa±0 4.93Aa±0 5.64a ±0 

Cr 5 - 30 40.38Aa±2.73 81.33Aa±14.19 25.15Aa±11.11 51.59Aa±23.92 70.54Aa±5.83 159.96A±58.34 

  30.17Aa±8.68 54.83Aa±3.85 51.62Aa±15.29 41.88Aa±2.03 44.97Aa±10.13 134.93A±10.13 

Fe 1000 - 3000 1538.04Aa ±141.42 6949.38Ab ±1269 1429.42Aac ±231.6 4104.16±326.4 2049.60Aac ±5.83 4360.41Aabc±58.34 

  1470.75Aa ±54.27 9294.45Ab ±1610 3483.04Aac ±373.1 11472.01ac ±3222 1989.06Aac ±10.13 7469.67bA ±10.13 

Hg 1 - 3 7.24Aa±1.77 33.37Aa±9.69 18.50Aa±2.81 33.39Aa±2.57 13.11Aa±5.83 104.63A±58.34 

  24.98Aa±11.20 48.06Aa±2.83 0.87A±0 2.49A±1.43 35.35Aa±10 73.07A±10 

Mn 400 - 1000 846.42Aa±146 747.07a±0.07 520.44Aa±55.32 952.81Aa±210 292.88A±5.83 405.37Aa±58.34 

  471.55Aa±52.65 1432.59±523 489.80Aa±51.99 486.69Aa±126.19 398.81Aa ±10 299.40Aa±10.13 

Ni 10 - 100 6.64Aa±2.61 26.10Aa±6.41 6.47Aa±3.63 41.41Aa±15.16 20.47Aa±5.83 150.18±58.34 

  5.64A±3.08 30.48Aa±5.59 11.44A±2.53 10.09A±0.57 39.79Aa±10.13 80.42±10 

Pb 30 - 300 0.23Aa±0 0.46Aa±0 5.11Aa±2.95 29.36Aa±19 10.11Aa±5.83 110.95±58.34 

  22.99Aa±2.95 6.08Aa±3.19 0.54Aa±0           12.22Aa±7.51 31.15Aa±10.13 47.20a±0 

Se 5 - 30 2.70a±1.57 2.98Aa±0 3.14Aa±1.81 3.12Aa±2.02 14.58Aa±5.83 106.23±58.3 

  0.54a±0 0.62Aa ±0 2.08Aa±1.20 3.44Aa±2.11         3.59Aa±0 21.34a±10 

Zn 100 – 400 121.57Aa±2.31 147.30Aab±15.67 75.56a±6.68 175.43Aabc±43.12 68.20Aa±5.83 229.09Ac±58.34 

  64.02Aa±3.23 115.08Aab±15.67 146.87b±17.03 166.19Ab±21.03 110.78Aab±10 176.53Ab±10 

Values with same small letters in same rows do not significantly different at p<0.05 according to LSD used for seasonal variation, where are values with 

capital letters in same columns do not differ significantly at p<0.05 according to LSD used for site variation. 
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Table (8) Translocation factor (TF) and Bioaccumulation factor (BF) of the measured element in Phragmites austalis 

along El-Qabouty junction canal. Northern site (NSQ) in bold 1
st
 line and southern site (SSQ) in 2

nd
line. 

 

Element 

 

BF TF 

Winter Spring Summer Winter Spring Summer 

AS 0.15 5.23 4.85 15.97 1.19 0.41 

 1.46 8.35 0.50 1.31 0.44 0.19 

Br 2.68 52.30 10.46 1.20 1.23 0.44 

 0.95 2.81 6.71 0.53 1.40 1.39 

Cd 1.50 0.20 0.06 1.39 0.50 12.85 

 1.75 2.35 1.35 0.29 0.43 0.10 

Co 0.32 0.44 3.38 0.28 0.35 0.17 

 0.09 0.80 0.26 0.43 0.29 0.87 

Cr 1.04 0.92 2.85 0.50 0.49 0.44 

 0.30 0.58 1.80 0.55 1.23 0.33 

Fe 0.25 1.02 0.40 0.22 0.12 0.47 

 0.15 0.12 0.35 0.16 0.85 0.27 

Hg 6.35 2.01 174.38 0.22 0.55 0.13 

 4.59 0.04 1.78 0.52 0.35 0.48 

Mn 1.35 2.98 1.22 1.13 0.55 0.72 

 1.41 0.82 0.65 0.33 1.01 1.33 

Ni 0.87 2.88 3.84 0.25 0.16 0.14 

 0.33 0.19 1.60 0.19 1.13 0.49 

Pb 0.29 1.68 18.49 0.50 0.17 0.09 

 0.20 1.50 2.78 3.78 0.04 0.66 

Se 2.08 1.08 106.23 0.91 1.01 0.14 

 0.10 1.98 2.67 0.87 0.60 0.17 

Zn 2.25 7.21 4.68 0.83 0.43 0.30 

 0.62 1.36 2.27 0.56 0.88 0.63 

    

4.  DISCUSSION 

 The industrial wastes from factories and investments zone of Port Said are discharging in El- Qabouty junction canal. 

These wastes are not under strict management and consequently may be untreated or partially treated. Therefore, the 

evaluation of such heavy metal contamination impact on the ecosystem of the canal is critical for monitoring and 

assessing the potential role of P. australis in phytoremediation. Particularly, the impact assessment along the canal 

could be similar or higher than that of Lake Manzala [41]. 

Generally, the results of the present study showed that high values of most physiochemical variables and heavy metal 

concentrations were higher at SSQ site which located nearby the industrial discharge outlet (SSQ). This may be 

attributed to the nature of area and ensure that the industrial discharge is partially and/or untreated  which lead to  an 

increase in the mobilization of the contaminated elements in the canal ecosystem and disturbance of their 

biogeochemical cycles [42]. Similarly, Madkour (2007) [43] mentioned that El-Qabouty canal has turned into highly 

eutrophic basin as a result of the continuous release of untreated domestic, industrial and agricultural wastewater. 

The results show that pH values are slightly alkaline at both sites, and matches with Salah El Din (2005) [44]  in Lake 

Manzala. The alkalinity along the canal could be attributed to activating air oxygen dissolution by the abundant 

phytoplankton and photosynthetic activity by aquatic vegetation [45]. The present result also revealed that the seasonal 

variation in pH has no significance differences which coincides, with Ibrahiem (2012) [29] . The higher TDS of water 

samples was in SSQ site during the dry season which may be attributed to its nearby to the wastes effluent draining 

point with elevated and concentrated cations and anions during drought Jung (2001) [46]. The highest EC at SSQ site 

in spring could be reflected it's nearby to the discharge point and the existence of considerable amounts of soluble 
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inorganic substances as indicated by high TDS in accordance with Salman et al., (2019) [47]. Elmorsi et al.( 2017) [28] 

confirmed that electric conductivity (EC) is positively correlated with TDS.  On the other hand, the water of El 

Qabouty junction canal is generally saline water according to classification estimated of Ibrahiem ( 2012) [29].   

Dissolved Oxygen (DO) is fundamental for the survival of aquatic life, and hence it serves as an important indicator of 

ecosystem condition and water quality [48, 49] . The results of the present study showed the lowest DO was in the SSQ 

site compare to the highest one at the NSQ site which could be related the discharge of large amounts of biodegradable 

organic compounds near the first site which stimulate the microbial activity with reducing DO that was consistent with 

Aniyikaiye et al., (2019) [49] . Such high microbial activity at SSQ site is reflected in the obtained results of higher 

BOD during winter, which reached levels greater than the adopted limits of Egyptian Governmental Law No. 48/1982 

(BOD ≤10.00 mg/l). On the other hand, the lower temperature during winter may be facilitate oxygen dissolving 

capacity of water, photosynthesis activity at water surface and anaerobic decomposition of ammonia and organic 

materials of industrial and municipal effluents that correspond with Abdel -Samei et al., (2007) and Banerjee  (2016) 

[50, 51].   

          The results of pH in indicated neutral to slightly alkaline of hydrosoil, which could be stimulated the metal 

removal through immobilization in the rhizosphere and absorption by their roots, as well as somewhat by precipitation  

[52, 5].  Kabata-Pendias, (2011) [53]  found that pH of soil is the major factor controlling both total and relative uptake 

of heavy metals, through its effect on its chemical, physical, and biological qualities [54 , 55]. The higher soil electrical 

conductivity and total dissolved solid at SSQ site during summer and spring may be related to the deposition of 

chemical compounds from the nearby discharge point and the higher evaporation during warm seasons that agreement 

with Fritioff et al., (2005) and Shrivastava P. & Kumar R.  (2015)  [56 , 57]. The significant correlation between EC 

and TDS indicated that the dissolved solids were mainly ionic [58]. This conclusion coincides  with Thirumalini and 

Kurian Joseph (2009) [59] in the fact  that TDS – EC correlation ratio may not be same for all water and soil natural 

and it varies widely with in themselves. DO of water have negative significant correlations with soil's TDS may be due 

to the concentration of DO is controlled by it consumption by aerobic organisms and plants which is reproduced during 

photosynthesis. Moreover, DO level mainly affected by the type of nearest water effluents [28]. Cl is found in nature in 

the form of sodium (NaCl) and potassium (KCl) salts, and it makes up around 0.05 % of the lithosphere. The high  

Cl'soil contents in El-Qabuty canal recorded during cold period at southern area reflect the contamination from the 

industrial area that agreed with the high Cl concentration readings are observed at area in the eastern section of Port 

Said by [60].  

The results revealed spatial variations in concentrations of heavy metals )Co, Cr, Fe, As, Cd, Mn, Se, Hg and 

Ni) in water with higher values during spring and summer. Such spatial and seasonal fluctuations could be due to high 

temperatures of water and air associated with rising evaporation rate and metal concentrations that is demonstrated by 

Ouro-Sama et al., (2020) [61] . On the other hand, the increase of heavy metal concentrations of water may be 

attributed to the mobilization of metals from the hydrosoil due to the effect of both high temperature and fermentation 

of organic materials by microbial activity that agree with the previous studies Kouamenan et al., (2019) [62] .    

Lead was classified as being potentially hazardous and toxic by The United States Environmental Protection 

Agency ( EPA ) to most forms of life [63]. The present results showed extremely high levels for lead at both sites SSQ 

& NSQ where it represented three to 12 times more the FAO standard limits. Such extremely high Pb concentrations 

may be due to high discharge of untreated and/or partially treated industrial and agricultural wastes in the canal. 

Additionally, dust collects a large amount of Pb from gasoline burning in automobiles eventually makes its way into 

the Lake Manzala and lead to an increase in Pb content [64]. The high content of water Zn concentration could be 

related to its leaking from the protective plates of fishing boats and the discharge of industrial wastes especially 

electroplating and synthetic fiber production. The sequence of water heavy metal concentrations was 

Pb>Fe>Cr>As>Hg which is different from that of Lake Manzala Zn>Cu> Pb>Cd; Bahnasawy, et al (2011) [65] . 

Hydrosoil composition is considered a good indicator for heavy metals contamination,  as they are rapidly 

immobilized from water to hydrosoil where their adsorption and accumulation occur due to low solubility [66]. 

Consequently, the present results showed higher concentrations of the measured metals in hydrosoil than their 

counterparts in water.    
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Metallic ions are commonly associated with organic matter and deposited in hydrosoil in wetland environments, which 

are key sinks and sources for heavy element contamination [66 , 67 , 68]. Heavy metals are linked to the soil, organic 

matter concentration, pH, and redox potential, all affect the element's ability to escape in stable or ionic form [68]. 

Metal cations are bonded to negatively charged particles like clay and organic materials in the soil [70]. Metals that 

detach from soil particles and enter the soil solution become accessible, with the potential to accumulate in plants and 

other soil-dwelling creatures [71]. Heavy elements like Zn and Ni  are more prone to form stable compounds with 

humic chemicals [69].  

The highest concentrations of SSQ hydrosoil for Cd, As, Co and Se at summer were probably due to their cycling and 

deposition at the surface in response to higher temperature and evaporation that accepted with Abu Khatita S. A. et al., 

(2015) [72]. On the other hand, the lower concentrations during winter could be related to lower evaporation and rainy 

season which receded the water and soil [73].  

The physiological characteristic of the plant may be affected by heavy metal uptake and cause alteration in plant 

metabolic pathways, such as photosynthesis, respiration, and growth [13]. In this respect, the present results revealed 

significant increase in pigment concentrations of P. australis as a stronger indication of effluent toxicity [74]. Kolotov 

et al. (2003) [75]. Morever, Hadad, et al. (2010) [76] reported that chlorophylls level is an excellent toxicological 

indication for different metals that are dependent on macrophyte species. The significant increase in chlorophylls a, b, 

total carotenoid and total pigments at SSQ could be related to the heavy load of industrial effluents which stimulate the 

above-ground biomass that accepted with previous studies Hadad et al.,(2010) and Eid et al.,(202)  [76 , 22] . 

The degree of upward translocation of metals by wetland plants from root tissues to aerial parts is dependent upon the 

plant species, the specific metal, and a number of environmental conditions [78] . Several plant species undergo serious 

difficulties for heavy metal uptake due to the antagonistic and synergetic effects [78 , 79]. 

In the current study, the highest concertation of most heavy metals (Co, Cr, Hg, Ni, Pb, Se and Zn) in below-ground 

parts (rhizome- root) for P. australis indicating that trace metals are largely maintained in the underground organs due 

to tolerance strategies that prevent harmful levels in underground organs from spreading to aboveground ones that 

agreement with Aboyeji et al.,(2020) and Klink (2017) [80, 24]. On the other hand, the higher levels of Cd, As, Br and 

Mn in the aerial parts could indicate their translocation and/or deposition through the atmosphere. The highest 

concentration of Cd was previously recorded nearby El-Qabuty area as a result of urban extension and agricultural 

disposal especially the phosphatic fertilizers that accepted with Zahran et al., (2015) [82]. Previous research found that 

defensive strategy of Cd contamination in P. australis through increasing antioxidant enzyme activities and potential 

use for Cd detoxification [82, 83] . 

Arsenic (As) is a highly dangerous element found in a variety of species, and its toxicity varies depending on the 

species. The form (inorganic or organic) and oxidation state of arsenic are affected by pH, redox conditions, 

surrounding mineral composition, and microbial activities [85]. The current study revealed that concentration of As in 

under-ground parts of P. uastralis at NSQ site exceeded critical ranges (5- 20 mg/kg) of metals that consistent with 

Pether  et al., (2001) [39]. Robinson et al (2006) [86] proved that Arsenic is adsorbed onto the surface of the plant via 

physicochemical reactions rather than biological uptake, probably as co-precipitation and incorporation with into Fe 

oxides attached to the surface of the plant.  

Bioaccumulation factor (BF) and translocation factor (TF) 

Bioaccumulation process is based on high concentrations of heavy metals in below-ground organs [86- 87]. 

Most elements  recorded BF >1 values indicating that P. australis is considered  hyper-accumulator species [89] . The 

BF of studied heavy metals were ordered as Hg > Se > Br > Pb > As > Zn > Ni > Mn > Cr > Cd.  In previous study, 

Rzymski, et al (2014) [90] recorded that roots of P. australis accumulated significantly higher levels of Cr, Cu, Co, Fe, 

and Ni. Recently Abdelaal et al.(2021) [91] showed that P. australis as hyper-accumulators for Fe, Zn, Mn, Co, Cd, Ni 

and Pb.  The difference in the order of metals accumulation at two sites may be attributed to the different sources and 

intensities of industrial drainage regions and spatial distribution of heavy metals [92] . The BF of most metals was 

found to be high in dry seasons than winter season may be due to the fact that in rainy season the pollution was lower 

because of heavy rainfall and flushed out through the canal that is also reported with Mondol et al., (2011) [73].  Such 

bioaccumulation results have also been  reported by other studies of P. australis [92, 93] . The lower values of BF in 

high metal-contaminated hydrosoil could be explained by avoiding metal uptake by the plant and/or by 
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low bioavailability of metals in water and hydrosoil. It has been speculated that plant can immobilize heavy metals in 

unavailable forms through complexation with organic matter and/or precipitation under reducing conditions [95].  

In the present study, the TF of Pb, As, Br, Cd and Mn showed higher values of TF compared to the other metals that 

may be due to heavy metals enter the roots and travel cell to cell through an apoplastic or symplastic pathway. In 

Apoplast pathway, heavy metal moves through the cell walls and intercellular space of the root cortex, while in the 

symplastic pathway, heavy metals pass through specialized transporter proteins and are chelated, eventually loading 

into the xylem at previous studies Maestri et al, (2010) [96]. Certain pathways formed by plants to cope with heavy 

metals exposure are linked to some stress-signaling molecules, i.e., salicylic acid, ethylene, and nitric oxide [97]. Key 

elements of maintenance of metal homeostasis  in hyperacculators plants  are chelation and sequestration which result 

either in removal of toxic metal from sensitive sites or conduct essential metal to their specific cellular destination[98]. 

TF  is used to assess a plant's ability to translocate metals from the underground organs to the aboveground ones [95- 

96]. The plant recorded TF>1 for different metals with a sequence of decreasing TF values As> 

Cd>Zn>Pb>Br>Cr>Mn>Ni. For other elements like Hg and Zn recorded TF < 1 in both studied sites and different 

seasons; while their BFs were more than 1. The obtained results indicated that most of the heavy metals are retained in 

the underground parts (high BF) of P. australis and translocated lesser to shoots (low TF) which suggested its 

utilization for phytostabilizing of these heavy elements that accepted with Yoon  et al., (2006) [99]. Previous results 

proved that the translocation of some heavy metals by P. australis was restricted by the root epidermis or endodermal 

Casparian strip which serves as a barrier [101]. The division of labor between uptake of roots and shoots is probably 

associated with the anatomy and morphology of different taxa, characteristic of species differing in growth rate, surface 

to volume ratio and physiological condition of individual plants [102]. 

5. CONCLUSION 

Junction canal (EL-Qabouty) is subjected to an estimated high degree of heavy metal pollution from the waste of many 

industrial factories. XRF (X-ray fluorescence) is accurate and an excellent technology for qualitative and quantitative 

analysis of material composition. The present study clearly demonstrates that SSQ site nearby industrial drain output in 

Qabuty canal is more polluted than NSQ that is relatively far from the source of industrial output. P.australis is a good 

candidate for phytoremediation  and has efficacy to extract trace elements to reduce the pollution load that reaches the 

canal from the industrial zone south of Port Said.  

 The maximum content of heavy metals in soil and P. australis is Fe with concentrations 11472.01and 63.379 mg/kg, 

respectively. Heavy metal concentration of underground parts in NSQ site occurred in the following order Fe> Mn > 

Br >Zn >Cr >Ni >Pb >Se >Hg >As >Co >Cd, while the order of heavy metal in aerial parts was as follow Fe> Mn > 

Br> Zn> Cr> As> Hg> Ni> Se> Cd> Co> Pb. Heavy metals concentration in the under-ground biomass reaches its 

maximum values in dry seasons.   The underground parts of P.australis were found to hyperaccumulate and 

phytostabilize  Hg, Cr, Ni, Pb, Se and Zn. Highest Bioaccumulator  factor (BF)  of heavy metals were observed in the 

order Hg>Se>Br>Pb>Zn>Mn .  The plant was most efficient in translocating As (TF = 15.97) and Cd (TF=12.58).  It 

would be best to create clusters i.e. combine the discharged wastewater produced by a group of factories for primary 

treatment before being discharged. Development, more well-designed and well-documented demonstration projects are 

necessary to promote phytoremediation as an environmentally friendly and cost-effective technology. 

REFERENCES 

[1] M. S. K. and M. A. G. Yahya Al Naggar, “Environmental Pollution by Heavy Metals in the Aquatic 

Ecosystems of Egypt,” Open Access J. Toxicol., vol. 3, no. 1, 2018. 

[2] Y. A. Hamed, T. S. Abdelmoneim, M. H. ElKiki, M. A. Hassan, and R. Berndtsson, “Assessment of heavy 

metals pollution and microbial contamination in water, sediments and fish of Lake Manzala, Egypt,” Life Sci. J., 

vol. 10, no. 1, pp. 86–99, 2013. 

[3] M. V Prasanna, R. Nagarajan, S. Chidambaram, and A. Elayaraja, “Assessment of Metals Distribution and 

Microbial Contamination at Selected Lake Waters in and Around Miri City , East Malaysia,” pp. 507–511, 

2012. 

[4] M. A. E.-K. Zahran, Y. A. El-Amier, A. A. Elnaggar, H. A. E.-A. Mohamed, and M. A. E.-H. El-Alfy, 

“Assessment and Distribution of Heavy Metals Pollutants in Manzala Lake, Egypt,” J. Geosci. Environ. Prot., 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/phytoremediation


AJBAS Volume 3, Issue II, 2022  Hafez, et al 

 

268 

 

vol. 03, no. 06, pp. 107–122, 2015. 

[5] M. Kumari and B. D. Tripathi, “Effect of Phragmites australis and Typha latifolia on biofiltration of heavy 

metals from secondary treated effluent,” Int. J. Environ. Sci. Technol., vol. 12, no. 3, pp. 1029–1038, 2015. 

[6] M. A. Ashraf, M. J. Maah, I. Yusoff, and M. M. Gharibreza, “Heavy metals accumulation and tolerance in 

plants growing on ex-mining area, Bestari Jaya, Kuala Selangor, Peninsular Malaysia,” ICEEA 2010 - 2010 Int. 

Conf. Environ. Eng. Appl. Proc., no. Iceea, pp. 267–271, 2010. 

[7] M. Kumari and B. D. Tripathi, “Ecotoxicology and Environmental Safety Ef fi ciency of Phragmites australis 

and Typha latifolia for heavy metal removal from wastewater,” Ecotoxicol. Environ. Saf., vol. 112, pp. 80–86, 

2015. 

[8] P. Saha, O. Shinde, and S. Sarkar, “Phytoremediation of industrial mines wastewater using water hyacinth,” Int. 

J. Phytoremediation, vol. 19, no. 1, pp. 87–96, 2017. 

[9] S. Mukhopadhyay and S. K. Maiti, “Phytoremediation of metal mine waste,” Appl. Ecol. Environ. Res., vol. 8, 

no. 3, pp. 207–222, 2010. 

[10] P. K. Rai, Heavy metal phytoremediation from aquatic ecosystems with special reference to macrophytes, vol. 

39, no. 9. 2009. 

[11] A. Klink, A. Macioł, M. Wisłocka, and J. Krawczyk, “Metal accumulation and distribution in the organs of 

Typha latifolia L. (cattail) and their potential use in bioindication,” Limnologica, vol. 43, no. 3, pp. 164–168, 

2013. 

[12] G. Bonanno, J. Vymazal, and G. L. Cirelli, “Translocation, accumulation and bioindication of trace elements in 

wetland plants,” Sci. Total Environ., vol. 631–632, pp. 252–261, 2018. 

[13] F. Barraza, G. S. Yánez-jácome, and D. Romero-est, “Cadmium bioaccumulation and gastric bioaccessibility in 

cacao : A field study in areas impacted by oil activities ...,” 2017. 

[14] M. Scientiae, C. Biology, and W. Cape, “Monitoring of Heavy Metals in the Bottelary River Using Typha 

capensis and Phragmites australis Monitoring of Heavy Metals in the Bottelary River Using Typha capensis and 

Phragmites australis,” no. February, 2005. 

[15] K. Viehweger, “How plants cope with salinity,” Bot. Stud., vol. 55, no. 35, pp. 1–8, 2014. 

[16] G. C. Nikalje and P. Suprasanna, “Coping with metal toxicity – cues from halophytes,” Front. Plant Sci., vol. 9, 

no. June, pp. 1–11, 2018. 

[17] A. Basile, S. Sorbo, B. Conte, and F. Trinchella, “International Journal of Phytoremediation Toxicity , 

Accumulation , and Removal of Heavy Metals by Three Aquatic Macrophytes,” no. April, 2012. 

[18] M. P. Mourato, I. N. Moreira, I. Leitão, F. R. Pinto, and J. R. Sales, “Effect of Heavy Metals in Plants of the 

Genus Brassica,” pp. 17975–17998, 2015. 

[19] M. Wong, “Lead and zinc accumulation and tolerance in populations of six wetland plants Related papers.” 

[20] M. I. El-Bana, “Floristic composition of a threatened Mediterranean sabkhat of Sinai,” in Sabkha Ecosystems, 

vol. II, 2008, pp. 155–162. 

[21] K. Shaltout, M. El-Bana, and T. Galal, Coastal Lakes as Hot Spots for Plant Diversity in Egypt, vol. 72. 2019. 

[22] E. M. Eid et al., “Seasonal potential of Phragmites australis in nutrient removal to eliminate the eutrophication 

in Lake Burullus , Egypt Seasonal potential of Phragmites australis in nutrient removal to eliminate the 

eutrophication in Lake,” J. Freshw. Ecol., vol. 35, no. 1, pp. 135–155, 2020. 

[23] A. M. Lambert, T. L. Dudley, and K. Saltonstall, “ Ecology and Impacts of the Large-Statured Invasive Grasses 

Arundo donax and Phragmites australis in North America ,” Invasive Plant Sci. Manag., vol. 3, no. 4, pp. 489–

494, 2010. 

[24] A. Klink, “A comparison of trace metal bioaccumulation and distribution in Typha latifolia and Phragmites 

australis: implication for phytoremediation,” Environ. Sci. Pollut. Res., vol. 24, no. 4, pp. 3843–3852, 2017. 

[25] S. Rezania, J. Park, P. F. Rupani, N. Darajeh, X. Xu, and R. Shahrokhishahraki, “Phytoremediation potential 

and control of Phragmites australis as a green phytomass: an overview,” Environ. Sci. Pollut. Res., vol. 26, no. 

8, pp. 7428–7441, 2019. 

[26] M. E. S. T. and B. K. A. M. Wael H. Hegazy1, Mohamed A. Hamed2, E. 1- Department of Chemistry, Faculty 

of Science, Suez University, Egypt 2- National Institute of Oceanography and Fisheries, and ABSTRACT, 

“Determination of Some Heavy Metals in water of the Southern Region of Lake Manzala, Egypt,” Egypt. J. 



Hafez, et al  AJBAS Volume 3, Issue II, 2022 

 

269 

 

 

Aquat. Biol. Fish., Vol. 20, No. 4 69 – 81 ISSN 1110 – 6131 Determ., vol. 20, no. 4, pp. 69–81, 2016. 

[27] R. Elasbah, T. Selim, and A. Mirdan, “Faculty of Engineering – Port Said University,” vol. 10, no. September, 

pp. 103–110, 2017. 

[28] R. Elmorsi, K. Abou-El-Sherbini, and M. Hamed, “Physicochemical properties of Manzala Lake, Egypt,” 

Egypt. J. Chem., vol. 0, no. 0, pp. 0–0, 2017. 

[29] S. Ibrahiem, “DETECTION OF INDUSTRIAL POLLUTION AT THE NORTHEASTERN PART OF 

DETECTION OF INDUSTRIAL POLLUTION AT THE NORTHEASTERN PART OF MANZALA 

LAGOON-EGYPT,” no. June, 2012. 

[30] C. S. Boyd, C. E. ; Tucker, “Water quality and pond soil analyses for aquaculture,” 1992. 

[31] E. W. R. Rodger B. Baird, Andrew D.Eaton, “standard methods for the examination of water and wastewater 

.23RD,” 2017. 

[32] K. C. Condie, “Chemical composition and evolution of the upper continental crust: Contrasting results from 

surface samples and shales,” Chem. Geol., vol. 104, no. 1–4, pp. 1–37, 1993. 

[33] H. Rawson, P. Gardner, and M. Long, “Sources of Variation in Specific Leaf Area in Wheat Grown at High 

Temperature,” Funct. Plant Biol., vol. 14, no. 3, p. 287, 1987. 

[34] G. Dudek, A. Strzelewicz, M. Krasowska, A. Rybak, and R. Turczyn, “A spectrophotometric method for plant 

pigments determination and herbs classification,” Chem. Pap., vol. 68, no. 5, pp. 579–583, 2014. 

[35] C. Bini, M. Wahsha, S. Fontana, and L. Maleci, “Effects of heavy metals on morphological characteristics of 

Taraxacum of fi cinale Web growing on mine soils in NE Italy,” J. Geochemical Explor., vol. 123, pp. 101–108, 

2012. 

[36] C. Bini, M. Wahsha, S. Fontana, and L. Maleci, “Effects of heavy metals on morphological characteristics of 

Taraxacum officinale Web growing on mine soils in NE Italy,” J. Geochemical Explor., vol. 123, no. 

December, pp. 101–108, 2012. 

[37] T. M. Galal and H. S. Shehata, “Bioaccumulation and translocation of heavy metals by Plantago major L. 

grown in contaminated soils under the effect of traffic pollution,” Ecol. Indic., vol. 48, pp. 244–251, 2015. 

[38] A. I. Al-Zarah, “Assessment of Trace Elements in Wastewater Effluent in Al-Hassa Eastern Province of the 

Kingdom of Saudi Arabia,” Res. J. Environ. Sci., vol. 8, no. 8, pp. 405–421, 2014. 

[39] D. S. Pether, G. C. Alina Kabata-Pendias, Ph.D., Chemistry of Trace Elements, vol. 2, no. 4640. 2001. 

[40] S. T. Berlin, H. New, L. Paris, and H. Kong, Trace Elements in. 1989. 

[41] G. H. Elsaeed, A. Nabil El-Hazek, M. B. Ezzat, and N. F. Fathallah, “Investigating the Improvement of Water 

Circulation of the Egyptian Northern Lakes, Case study „Al-Manzala Lake,‟” Artic. Int. J. Appl. Sci. Eng. Res., 

pp. 85–94, 2020. 

[42] H. Ali, E. Khan, and I. Ilahi, “Environmental chemistry and ecotoxicology of hazardous heavy metals: 

Environmental persistence, toxicity, and bioaccumulation,” J. Chem., vol. 2019, no. Cd, 2019. 

[43] F. F. Madkour, “THE POTENTIAL IMPACT OF LAKE MANZALA ON THE PHYTOPLANKTON AND 

HYDROGRAPHIC CHARACTERS OF THE SUEZ CANAL, EGYPT,” vol. 77, no. 2, 2007. 

[44] R. A. Salah and E. Din, “Changes in Physico-Chemical Characters and Its Impact on Phytoplankton Structure of 

Lake Manzala .,” vol. 6, 2005. 

[45] M. E. Goher, M. H. Abdo, W. A. Bayoumy, and T. Y. M. El-ashkar, “Open Access Some heavy metal contents 

in surface water and sediment as a pollution index of El- Manzala Lake , Egypt,” vol. 4, pp. 210–225, 2017. 

[46] M. C. Jung, “Heavy metal contamination of soils and waters in and around the Imcheon Au-Ag mine, Korea,” 

Appl. Geochemistry, vol. 16, no. 11–12, pp. 1369–1375, 2001. 

[47] E.-M. M. S. and M. A. A.-H. Salman A. Salman1, Salah A. M. Zeid2, “Soil characterization and heavy metal 

pollution assessment in Orabi farms ,” vol. 1, pp. 1–13, 2019. 

[48] S. M. and R. S. Trick J K, “Contaminated groundwater sampling and quality control of water analyses Source 

 

[49] T. E. Aniyikaiye, T. Oluseyi, J. O. Odiyo, and J. N. Edokpayi, “Physico-chemical analysis of wastewater 

discharge from selected paint industries in Lagos, Nigeria,” Int. J. Environ. Res. Public Health, vol. 16, no. 7, 

2019. 



AJBAS Volume 3, Issue II, 2022  Hafez, et al 

 

270 

 

[50] M. B. S. and M. H. G. Abdel -Samei A. Elewa, Ebtisam A. Saad, “STUDIES ON THE EFFECT OF DRAIN 

EFFLUENTS ON THE WATER QUALITY OF LAKE MANZALA, EGYPT. Abdel,” vol. 11, no. 2, pp. 65–

77, 2007. 

[51] S. Banerjee, A. Kumar, S. K. Maiti, and A. Chowdhury, “Seasonal variation in heavy metal contaminations in 

water and sediments of Jamshedpur stretch of Subarnarekha river, India,” Environ. Earth Sci., vol. 75, no. 3, pp. 

1–12, 2016. 

[52] M. A. Barakat, “New trends in removing heavy metals from industrial wastewater,” Arab. J. Chem., vol. 4, no. 

4, pp. 361–377, 2011. 

[53] A. Kabata-Pendias, “Trace elements in soils and plants. Trace Elements in Soils and Plants, Fourth Edition 

(2011).,” 2011. 

[54] R. W.- NC Brady, “The Nature and Properties of Soils , Upper Saddle River 2002 -,” 2002. 

[55] B. Y. T. W. Goodwin, “THE NATURE AND PROPERTIES OF SOILS,” no. May, pp. 467–473, 2016. 

[56] Å. Fritioff, L. Kautsky, and M. Greger, “Influence of temperature and salinity on heavy metal uptake by 

submersed plants,” Environ. Pollut., vol. 133, no. 2, pp. 265–274, 2005. 

[57] P. Shrivastava and R. Kumar, “Soil salinity: A serious environmental issue and plant growth promoting bacteria 

as one of the tools for its alleviation,” Saudi J. Biol. Sci., vol. 22, no. 2, pp. 123–131, 2015. 

[58] A. F. Rusydi, “Correlation between conductivity and total dissolved solid in various type of water: A review,” 

IOP Conf. Ser. Earth Environ. Sci., vol. 118, no. 1, 2018. 

[59] S. T. and K. Joseph, “correlation between Electrical conductivity and Total Dissolved Solid in Natural Water,” 

2009. 

[60] R. Y. El-Kady, A. E. El-Rayes, Y. M. Sultan, and A. M. Aziz, “Mapping of soil geochemistry in Port Said 

governorate, Egypt utilizing GIS and remote sensing techniques,” Imp. J. Interdiscip. Res. (IJIR, vol. 3, no. 3, 

pp. 1261–1270, 2017. 

[61] K. Ouro-Sama et al., “Spatial and seasonal variation of trace elements contamination level of the waters from 

the hydrosystem Lake Togo-Lagoon of Aného (South of Togo),” SN Appl. Sci., vol. 2, no. 5, pp. 1–18, 2020. 

[62] N. M. Kouamenan, S. Coulibaly, B. C. Atse, and B. G. Goore, “Seasonal and spatial variations of heavy metals 

in water and sediments from mainland and maritime areas of Ebrie lagoon (Côte d‟Ivoire, Western Africa),” Int. 

J. Biol. Chem. Sci., vol. 13, no. 4, p. 2374, 2019. 

[63] E. I. Odokuma, F. C. Akpuaka, P. S. Igbigbi, P. O. Otuaga, and D. Ejebe, “Patterns of cephalic indexes in three 

West African populations,” African J. Biotechnol., vol. 9, no. 11, pp. 1658–1662, 2010. 

[64] M. O. Arnous and M. A. A. Hassan, “Heavy metals risk assessment in water and bottom sediments of the 

eastern part of Lake Manzala, Egypt, based on remote sensing and GIS,” Arab. J. Geosci., vol. 8, no. 10, pp. 

7899–7918, 2015. 

[65] M. Bahnasawy, A. Khidr, and N. Dheina, “Assessment of heavy metal concentrations in water , plankton , and 

fish of Lake Manzala , Egypt,” vol. 35, no. 2, pp. 271–280, 2011. 

[66] T. M. Ansari, “Heavy Metals in Marine Pollution PerspectiveÃ ¢ Â € Â “ A Mini Review,” no. June, 2019. 

[67] R. P. Gambrell, “Trace and toxic metals in wetlands-a review (1994). Journal of Environmental Quality,” 1994. 

[68] P. M. Coquery, M. and Welbourn, “The relationship between metal concentration and organic matter in 

sediments and metal concentration in the aquatic macrophyte Eriocaulon septangulare(1995),” 1995. 

[69] M. I. El-bana, “Effects of traffic density and habitat type on spatial bioaccumulation and translocation of heavy 

elements in Phragmites australis (Cav.) Trin. ex Steudel,” 2015. 

[70] A. A. Ansari, S. S. Gill, R. Gill, G. R. Lanza, and L. Newman, “Phytoremediation: Management of 

environmental contaminants, volume 1,” Phytoremediation Manag. Environ. Contam. Vol. 1, no. December, pp. 

1–348, 2015. 

[71] J. E. Gall, R. S. Boyd, and N. Rajakaruna, “Transfer of heavy metals through terrestrial food webs: a review,” 

Environ. Monit. Assess., vol. 187, no. 4, 2015. 

[72] S. A. Abu Khatita, A. M., Shaker, I. M., Shetaia, “Urbanization And Human Activities Around Manzala Lake, 

Egypt: Studies On Heavy Metal Distribution And Environmental Impacts,” Sedimentol. Egypt, vol. 22, no. 

January 2017, pp. 69–83, 2015. 

[73] MONDOL, “WATER AND PLANT SAMPLES AROUND TEJGAON INDUSTRIAL AREA OF 



Hafez, et al  AJBAS Volume 3, Issue II, 2022 

 

271 

 

 

BANGLADESH,” vol. 35, no. 1, pp. 19–41, 2011. 

[74] M. E. Burton KW, King JB, “Chlorophyll as an indicator of the upper critical tissue concentration of cadmium 

in plants. (2004) Water Air Soil Pollut 27:147–154,” 2004. 

[75] V. S. Kolotov BA, Demidov VV, “Chlorophyll content as a primary indicator of the environment degradation 

due to contamination with heavy metals(2003). Dokl Biol Sci 393:550–552,” 2003. 

[76] H. R. Hadad, M. M. Mufarrege, M. Pinciroli, G. A. Di Luca, and M. A. Maine, “Morphological response of 

typha domingensis to an industrial effluent containing heavy metals in a constructed wetland,” Arch. Environ. 

Contam. Toxicol., vol. 58, no. 3, pp. 666–675, 2010. 

[77] V. J. Ruiz M, “Nutrient bioaccumulation in Phragmites australis: Management tool for reduc tion of pollution in 

the Mar Menor2010. Water Air Soil Pollut. 205(1-4):173–185.,” 2010. 

[78] N. Youghly et al., “Assessment of heavy metal contamination and tolerant bacteria associated with halophyte 

Arthrocnemum macrostachyum in Lake Manzala, Egypt,” Alfarama J. Basic Appl. Sci., vol. 0, no. 0, pp. 0–0, 

2020. 

[79] V. Angelova, R. Ivanova, G. Todorov, and K. Ivanov, “Heavy metal uptake by rape,” Commun. Soil Sci. Plant 

Anal., vol. 39, no. 3–4, pp. 344–357, 2008. 

[80] C. M. Aboyeji et al., “Synergistic and antagonistic effects of soil applied P and Zn fertilizers on the 

performance, minerals and heavy metal composition of groundnut,” Open Agric., vol. 5, no. 1, pp. 1–9, 2020. 

[81] G. Bonanno and G. L. Cirelli, “Comparative analysis of element concentrations and translocation in three 

wetland congener plants: Typha domingensis, Typha latifolia and Typha angustifolia,” Ecotoxicol. Environ. 

Saf., vol. 143, no. March, pp. 92–101, 2017. 

[82] M. A. E.-K. Zahran, Y. A. El-Amier, A. A. Elnaggar, H. A. E.-A. Mohamed, and M. A. E.-H. El-Alfy, 

“Assessment and Distribution of Heavy Metals Pollutants in Manzala Lake, Egypt,” J. Geosci. Environ. Prot., 

vol. 03, no. 06, pp. 107–122, 2015. 

[83] M. Antonielli, S. Pasqualini, P. Batini, L. Ederli, A. Massacci, and F. Loreto, “Physiological and anatomical 

characterisation of Phragmites australis leaves,” Aquat. Bot., vol. 72, no. 1, pp. 55–66, 2002. 

[84] Q. Gong, J. Deng, Y. Xiang, Q. Wang, and L. Yang, “Calculating Pollution Indices by Heavy Metals in 

Ecological Geochemistry Assessment and a Case Study in Parks of Beijing,” J. China Univ. Geosci., vol. 19, 

no. 3, pp. 230–241, 2008. 

[85] B. V. Tangahu, S. R. Sheikh Abdullah, H. Basri, M. Idris, N. Anuar, and M. Mukhlisin, “A review on heavy 

metals (As, Pb, and Hg) uptake by plants through phytoremediation,” Int. J. Chem. Eng., vol. 2011, 2011. 

[86] B. Robinson et al., “Arsenic hyperaccumulation by aquatic macrophytes in the Taupo Volcanic Zone, New 

Zealand,” Environ. Exp. Bot., vol. 58, no. 1–3, pp. 206–215, 2006. 

[87] G. Bonanno, “Comparative performance of trace element bioaccumulation and biomonitoring in the plant 

species Typha domingensis, Phragmites australis and Arundo donax,” Ecotoxicol. Environ. Saf., vol. 97, pp. 

124–130, 2013. 

[88] S. Bose and A. K. Bhattacharyya, “Heavy metal accumulation in wheat plant grown in soil amended with 

industrial sludge,” Chemosphere, vol. 70, no. 7, pp. 1264–1272, 2008. 

[89] A. Bernabé-Antonio, L. Álvarez, L. Buendía-González, A. Maldonado-Magaña, and F. Cruz-Sosa, 

“Accumulation and tolerance of Cr and Pb using a cell suspension culture system of Jatropha curcas,” Plant 

Cell. Tissue Organ Cult., vol. 120, no. 1, pp. 221–228, 2015. 

[90] P. Rzymski, P. Niedzielski, P. Klimaszyk, and B. Poniedzia??ek, “Bioaccumulation of selected metals in 

bivalves (Unionidae) and Phragmites australis inhabiting a municipal water reservoir,” Environ. Monit. Assess., 

pp. 1–14, 2014. 

[91] M. Abdelaal et al., “Phytoremediation perspectives of seven aquatic macrophytes for removal of heavy metals 

from polluted drains in the nile delta of Egypt,” Biology (Basel)., vol. 10, no. 6, 2021. 

[92] M. S. M. El-bady, “Spatial Distribution of some Important Heavy Metals in the Soils South of Manzala Lake in 

Bahr El-Baqar Region , Egypt,” vol. 2, no. 3, pp. 1–15, 2014. 

[93] G. Bonanno, “Trace element accumulation and distribution in the organs of Phragmites australis (common reed) 

and biomonitoring applications,” Ecotoxicol. Environ. Saf., vol. 74, no. 4, pp. 1057–1064, 2011. 



AJBAS Volume 3, Issue II, 2022  Hafez, et al 

 

272 

 

[94] P. Rzymski, P. Niedzielski, P. Klimaszyk, and B. Poniedziałek, “Bioaccumulation of selected metals in bivalves 

(Unionidae) and Phragmites australis inhabiting a municipal water reservoir,” Environ. Monit. Assess., vol. 186, 

no. 5, pp. 3199–3212, 2014. 

[95] F. I. Almasoud, A. R. Usman, and A. S. Al-Farraj, “Heavy metals in the soils of the Arabian Gulf coast affected 

by industrial activities: analysis and assessment using enrichment factor and multivariate analysis,” Arab. J. 

Geosci., vol. 8, no. 3, pp. 1691–1703, 2015. 

[96] E. Maestri, M. Marmiroli, G. Visioli, and N. Marmiroli, “Metal tolerance and hyperaccumulation: Costs and 

trade-offs between traits and environment,” Environ. Exp. Bot., vol. 68, no. 1, pp. 1–13, 2010. 

[97] M. Masood, A. Al-Nasser, A. Salama, E. Radwan, and K. Radwan, “Assessment of environmental and pollution 

level in water and insect‟s fauna of freshwater habitat,” J. Biosci. Appl. Res., vol. 4, no. 3, pp. 313–330, 2018. 

[98] A. R. Memon et al., “Plant Defense Response,” Trop. Agric. Res., vol. 25, no. 4, pp. 27–54, 2015. 

[99] J. Yoon, X. Cao, Q. Zhou, and L. Q. Ma, “Accumulation of Pb, Cu, and Zn in native plants growing on a 

contaminated Florida site,” Sci. Total Environ., vol. 368, no. 2–3, pp. 456–464, 2006. 

[100] N. M. Majid, M. M. Islam, R. Abdul Rauf, P. Ahmadpour, and A. Abdu, “Assessment of heavy metal uptake 

and translocation in Dyera costulata for phytoremediation of cadmium contaminated soil,” Acta Agric. Scand. 

Sect. B Soil Plant Sci., vol. 62, no. 3, pp. 245–250, 2012. 

[101] P. A. Vesk, C. E. Nockolds, and W. G. Allaway, “Metal localization in water hyacinth roots from an urban 

wetland,” Plant, Cell Environ., vol. 22, no. 2, pp. 149–158, 1999. 

[102] S. S. Ahmad, Z. A. Reshi, M. A. Shah, I. Rashid, R. Ara, and S. M. A. Andrabi, “Phytoremediation Potential of 

Phragmites australis in Hokersar Wetland - A Ramsar Site of Kashmir Himalaya,” Int. J. Phytoremediation, vol. 

16, no. 12, pp. 1183–1191, 2014. 

  

 

 

  

 


