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Abstract 

The ability of the native emergent macrophytes Typha domingensis for monitoring 

pollution with trace metals in Egyptian Lake Burullus was investigated through developing 

regression models for predicting their concentrations in the plant tissues. Plant samples (above-

ground shoot and below-ground root and rhizome) as well as sediment samples were collected 

monthly during one growing season and analyzed. The association of trace metals concentration 

with several sediment characteristics (pH, organic matter, clay and silt) was also studied using the 

simple linear correlation coefficient (r).  . The concentration of some trace metals was significantly 

proportional to its values in the sediment such as Cd in the shoot, rhizome and root, Fe in the 

rhizome, and Ag in the root. There was positive relationship between the bioaccumulation factor 

(BAF) of Ag, Cd, Fe, Pb and Zn and sediment pH, organic matter and clay content. The developed 

regression models were significantly valid with high model efficiency and coefficient of 

determination, and low mean normalized average error. Trace metals were accumulated in the 

below-ground root and rhizome rather than in the shoot. Only Ag, Co and Ni provided 

bioaccumulation factor (BAF) < 1, while Ag was the only trace metal that could be transferred to 

some extend from the root to the rhizome and from there to the shoot [translocation factor (TF) 

2.55 and  1.15, respectively]. Typha domingensis in Lake Burullus could be regarded as a bio-

indicator of trace metals pollution, and a good candidate as phytoremediator for Ag. The 

information on the phytoremediation capacity of T. domingensis certainly helps to solve 

contamination problems at Egyptian Lake Burullus region using this native plant. 
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Introduction 

Pollution of wetlands and coastal lakes with trace metals is a serious threat to the life of 

aquatic organisms, since these are fragile ecosystems that have a low self-cleaning capacity 

compared to other types of ecosystems (Bonanno et al., 2017; Soner et al., 2017). Therefore, they 

can become an important sink for these elements (Vemic et al., 2014). The level of pollution with 

trace metals can be determined by analyzing water, sediments and aquatic plants (Dummee et al., 

2012). Sediment analysis can provide useful information regarding mid- and long-term pollution 

of the aquatic ecosystems, since they accumulate important amounts of trace metals and other 

contaminants (Matache et al., 2018; Pico et al. 2020). In addition, contaminated sediments can be 

a source of trace metals for water and negatively affect organisms living in sediments due to their 

toxicity (Ghazi et al., 2019).  

Trace metals are primarily released to water from a variety of sources such as mining, urban 

sewage, smelters, tanneries, textile industry and chemical industry (Chakravarty et al., 2010). 

These metals are toxic, accumulative and non-biodegradable, thus they are potentially hazardous 

to aquatic ecosystems as well as to human life (Tchounwou et al., 2012; Labbé et al., 2017). Their 

removal from water usually requires technologies such as reverse-osmosis, ion-exchange, 

electrodialysis, adsorption, etc. Most of these treatments are quite expensive, energy intensive and 

metal specific (Bonanno et al., 2017). In this context, the removal of pollutants from water and 

wastewater using aquatic plants (phytoremediation) offers a promising technology for removing 

trace metals, as it has long been known that these plants are capable of accumulating them 



(Miretzky et al., 2004; Galal et al., 2018; Eid et al., 2012a; Eid and Shaltout, 2014; Bonanno et al., 

2017; Eid et al., 2019a). 

Typha domingensis (Pers.) Poir. ex Steud. (family Typhaceae), also known as water 

cattails, is a plant that grows throughout the warm-temperate and tropical regions. This plant is 

also commonly used in constructing wetlands for enhancement of water quality due to its high 

growth rate and great capacity for accumulating nutrients in its tissues (Hegazy et al., 2011). It is 

a rhizomatous perennial that forms dense and nearly monospecific stands through vigorous 

vegetative growth; and a tightly-packed advancing front of ramets, which exclude other plants (Eid 

et al., 2012b). Although sometimes considered an invasive weed (Woo and Zedler, 2002), water 

cattail is now attracting the attention for its usefulness in various ecological fields such as 

purification of polluted water, bank protection against boat wash, wetlands diversity restoration 

and mitigation strategies (Eid et al., 2012a; Ghazi et al., 2019).  

Mechanisms of trace metal uptake and accumulation by plants are very complex as the 

mobility of these metals in soil and their transfer to plant depends on many factors related to the 

soil classification, plant and environment (Bešter et al., 2013; Lago-Vila et al., 2019; Saravanan et 

al., 2019). Detailed field data on a broad range of site specific parameters, especially when a large 

number of sites are under investigation, is often expensive and laborious to obtain. Therefore, it is 

appropriate to develop prediction models that link trace metal concentrations in plant to a subset 

of the most important soil properties such as pH, organic matter, and texture (Reichman, 2002; 

Odoh et al., 2019). Regression models are a useful tool for estimating the concentration of trace 

metals in plants based on various soil parameters, particularly metal concentrations in soil, pH and 

organic matter content (Waegeneers et al., 2011). Substantial evidence has indicated that using a 

constant bio-accumulation factor (as the ratio of metal concentration in plant biomass to that in the 



soil) is not appropriate for the prediction of soil-plant translocation of trace metals in the different 

types of soils (Raguž et al., 2013; Augustsson et al., 2015). Consequently, empirical regression 

models incorporating soil pH, organic matter and clay have been proposed to improve the 

prediction of metal uptake by plants (Zhang et al., 2016) because metal uptake is significantly 

affected by soil physicochemical properties, rhizosphere processes and plant species (Laporte et 

al., 2015).  

The use of native plants capable of accumulating trace metals for phytoremediation has an 

important ecological and global aspect, since these plants are more efficient in terms of survival, 

rapid growth and reproduction under conditions of environmental stress than introduced plants 

(Balázs et al., 2018; Galal et al., 2018; Oyuela Leguizamo et al., 2017; Zhang et al., 2018). Thus, 

the effectiveness of a phytoremediation process depends on the selection of appropriate plants for 

particular environment (Duman et al., 2007). In addition, the information on the accumulation 

potential of aquatic plants can help in choosing appropriate plants for phytoremediation of aquatic 

ecosystems (Eid et al., 2019a). Our previous study (Eid et al., 2012a) established the accumulation 

of trace metals in Typha domingensis tissues, phytoextractive potential of its tissues and amount 

of trace metals released back into the water after decomposition of the dead tissues. Therefore, the 

present study aims at investigating the ability of the native emergent macrophyte T. domingensis 

as a bioindicator of aquatic pollution in Egyptian Lake Burullus through developing a novel 

regression models for predicting the concentration of trace metals in the plant tissues based on the 

sediment properties including metals concentration, pH, organic matter and soil texture (silt and 

clay). To our knowledge, so far, no prediction models for the uptake of trace metals of Lake 

Burullus by T. domingensis grown under natural habitat can be found in the literature. In addition, 

this paper discusses the potential of T. dominguesis for phytoremediation not only because of its 



ability to translocate metals to leaves and other aerial tissues of the plant but also because of its 

ability to immobilize these metals in roots and rhizome. 

 

Materials and methods  

Study area 

Lake Burullus (Long. 31° 22´-31° 35´ N, Lat. 30° 31´-31° 08´ E) is one of five lagoons 

(Mariut, Edku, Burullus, Manzala, Bardawil) extending along the Mediterranean coast of Egypt, 

and is connected with the Mediterranean Sea through a natural outlet called Al-Bughaz (Galal et 

al., 2012). The area of the Lake approximates 410 km2 with an oblong shape bordered by 

agricultural lands in the south and a sand bar separating it from the Mediterranean Sea in the north. 

The depth of this lake varies between 20 cm close to the shore of the eastern basin and 200 cm in 

the middle basin and near the sea outlet. Lake Burullus is a eutrophic lake, which receives 

approximately 4 billion m3 of drainage water per year from the Nile Delta agricultural lands (Eid 

et al., 2012a). The main sources of trace metals in the lake are (i) the input of domestic, industrial, 

and agricultural drainage from human settlements, (ii) factories and (iii) reclaimed lands in the 

adjacent area (Masoud et al., 2011). It is characterized by an arid climate with warm summers (20-

30 °C) and mild winters (10-20 °C). The lake was registered as a Ramsar site (in 1998) due to its 

importance for wintering, refuge, foraging and breeding of birds, and as a suitable habitat of fry 

and juvenile fish (Eid et al., 2012a). Typha domingensis spreads in the River Nile, lakes, ditches, 

canals, drains and marshy places (Boulos, 2005), and it is one of the major components of the 

vegetation stands along the shores of Lake Burullus (Shaltout and Al-Sodany, 2008). 

Sampling design 



Sampling was carried out monthly during one growing season (February to October) in 

three sampling sites (Site 1: Lat. 31° 30ʹ 43.77ʹʹ N, Long. 31° 00ʹ 25.78ʹʹ E; Site 2: Lat. 31° 32ʹ 

53.17ʹʹ N, Long. 31° 02ʹ 49.53ʹʹ E; Site 3: Lat. 31° 31ʹ 42.36ʹʹ N, Long. 31° 03ʹ 21.01ʹʹ E) 

representing the growth of T. domingensis populations (Fig. 1). These sites were best and pure or 

nearly pure T. domingensis stands with other species like Echinochloa stagnina (Retz.) P. Beauv., 

Phragmites australis (Cav.) Trin. ex Steud. and Vossia cuspidata (Roxb.) Griff., forming < 5% of 

the total standing biomass (Eid et al., 2012a). Above-ground tissues (leaves and inflorescences) 

were sampled using three randomly distributed quadrats (each of 0.5 × 0.5 m) at each sampling 

site. Care was taken to randomly select quadrats and to ensure that sampling was not conducted in 

quadrats that were less than 2 m from the shoreline or from previously sampled quadrats. Below-

ground tissues (roots and rhizomes) were excavated from the same quadrats at a depth of 0.5 m 

(90-100 % of all roots and rhizomes located between 0 and 0.2 m deep; Miao and Sklar, 1998), 

washed with lake water until they got free of sediment, and then sorted into rhizomes and roots, 

stored in plastic bags, cooled in ice, and then transported to the laboratory packed in ice. Once at 

the laboratory, the above- and below-ground tissues were carefully washed with de-ionized water 

over a 4 mm mesh sieve to minimize material loss. Plant samples were washed with deionized 

water to remove trace metals deposited in the surface (Bešter et al., 2015; Balkhair and Ashraf, 

2016; Bonanno et al., 2017). The washing step is carried out through a sieve to ensure short contact 

times and avoid any potential osmolarity problem. One composite sample from each quadrat from 

each T. domingensis tissue at each of the three sampling sites per month, in total, 81 plant samples 

per tissue were collected to determine eight trace metals. Once cleaned, samples were oven dried 

at 85 °C to a constant weight and ground in a metal-free plastic mill into particles less than 0.4 mm 

for trace metals analysis 



 

Sediment sampling and analysis 

At each sampling site, three sediment samples were collected monthly from the same 

sampling quadrats as a profile at a depth of 50 cm using a hand sediment corer (made of stainless 

steel, 50 cm long with an inner diameter of 70 mm). To collect the core, the corer was pushed 

down into the sediment to a 50 cm depth. Next, the sediment core was slowly extracted out of the 

corer and then stored in a plastic bag and were transferred to the laboratory where the sediments 

were air dried and passed through a 2 mm sieve to separate gravel and debris and maintained for 

further analysis. A composite sample from each quadrat was used for sediment analysis. Thus, 

from each site, three samples were used and overall 81 samples for the growing season. Soil texture 

was analyzed using Bouyoucos hydrometer method (Bouyoucos, 1962), whereby the percentage 

of silt and clay were calculated. The total organic matter (OM) was determined by loss-on-ignition 

at 550 °C for 2 h. Soil-water mixtures 1:5 were prepared to determine soil’s pH using a pH meter 

Model 9107 BN, ORION type. Diethylenetriaminepentaacetic acid solution (DTPA) was used for 

the extraction of available trace metals. The concentrations of Ag, Cd, Cu, Co, Fe, Pb, Ni and Zn 

were determined by atomic absorption spectrophotometer (Shimadzu AA-6300; Shimadzu Co. 

Ltd., Japan). All these procedures were outlined by Allen (1989). The instrumental settings and 

operational conditions were adjusted in accordance with the manufacturers’ specifications. 

Plant analysis 

A ground sample of 1 g of above- and below-ground tissues of T. domingensis was digested 

by 20 ml tri-acid mixture of HNO3:H2SO4:HClO4 (5:1:1, v/v/v) in a microwave sample preparation 

system (PerkinElmer Titan MPS, PerkinElmer Inc., USA) till a transparent color appeared, then 

plant digests were filtered and diluted to 25 ml with double de-ionized water (Allen, 1989). Blank 



samples were included to verify the accuracy and precision of the digestion procedure and 

subsequent analyses. Analytical-grade chemicals were used for sample digestion. The 

concentrations of Ag, Cd, Cu, Co, Fe, Pb, Ni and Zn were determined by atomic absorption 

spectrophotometer (Shimadzu AA-6300; Shimadzu Co. Ltd., Japan) using the same procedures as 

in sediment (Allen, 1989) and also following the manufacturers’ specifications. The following 

detection limits were indicated for the trace metals given in µg l−1: 12.5 for Ag; 10.0 for Fe and 

Ni; 7.0 for Co; 5.0 for Cu; 2.5 for Cd; 2.0 for Pb; and 1.8 for Zn. To verify the accuracy of the 

trace metals determination in plants, a certified reference material (SRM 1573a, tomato leaves) 

was digested and analyzed in triplicate. The coefficient of variation of replicate analysis was 

calculated for different determinations. Accuracy was estimated by comparing the measured 

concentration with the certified value and then expressed in percentage. The recovery rates ranged 

from 94.7% to 103.8% for the reference material (Table 1). 

Data analysis 

The most common method to model the transfer of trace metals from sediment to plant is 

the use of empirical bio-accumulation factor (BAF), which is based on the assumption of a linear 

relationship between plant and soil metal concentrations. The BAF evaluates the potentiality of 

plants for accumulating metals in their roots, while the translocation factor (TF) estimates the 

potential to transfer metals from the root to the rhizome and aerial shoot. The BAF was calculated 

according to Galal et al. (2018) as follows:  

𝐵𝐴𝐹 =
element concentration in the root (mg kg-1) 

concentration of element in the sediment (mg kg-)
 

while  

 𝑇𝐹𝑟ℎ𝑖𝑧𝑜𝑚𝑒 =
element concentration in the rhizome (mg kg-1) 

concentration of element in the root (mg kg-1)
 



and  

𝑇𝐹𝑠ℎ𝑜𝑜𝑡 =
element concentration in the shoot (mg kg-1) 

concentration of element in the root (mg kg-1)
  

 

Before performing the analysis of variance (ANOVA), the data were tested for their 

normality of distribution using Shapiro-Wilk’s W test and homogeneity of variance using Levene’s 

test, and when necessary, data were log-transformed. Sediment trace metals, pH, organic matter, 

silt and clay contents were subjected to a repeated ANOVAs to test the differences over time (the 

differences at different sampling times). The trace metals data for T. domingensis tissues were 

subjected to two-way analysis of variance (ANOVA-2) to evaluate the differences among T. 

domingensis tissues over time. The simple linear correlation coefficient (r) was calculated for 

assessing the relationship between plant trace metals and sediment variables (n = 81), on one hand 

and between the BAF of trace metals and soil variables, on the other hand. The data did not differ 

significantly among the three studied sampling sites (data not presented). Thus, the data collected 

monthly from two sampling sites (n = 54) were used to determine the regression equations for 

predicting the concentration of the 8 trace metals in the cattail tissues based on certain sediment 

characters (pH, OM, silt, clay and the 8 trace metals) as independent variables, while the data from 

the third sampling site (n = 27) were used as a validation dataset.  

Soil OM, pH, silt, clay and trace metals concentration are the key factors explaining the 

concentrations of these metals observed in plants (Novotná et al., 2015). The general equation of 

the model was established as: 

Cplant = a + b × Csoil + c × pH + d × OM + e × Silt + f × Clay 



where Cplant is the concentration of a given trace metal in T. domingensis tissues; Csoil is the 

available trace metal concentration in the soil; OM is the soil OM content (%); Silt is the soil silt 

content (%); Clay is the soil clay content (%) and a, b, c, d, e and f are the regression coefficients. 

The model quality was evaluated based on the coefficient of determination (R2), model 

efficiency (ME), model strength determined as the mean normalized average error (MNAE) and 

model bias determined as the mean normalized bias (MNB). These values were calculated as 

follows (Novotná et al., 2015): 

ME = 1 – {∑ (Cmodel – Cmeasured)
2 / ∑(Cmeasured – Cmean)

2}; 

MNAE = {∑ (Cmodel – Cmeasured)/(Cmeasured)}/n; 

MNB = ∑ (Cmodel – Cmeasured) / ∑Cmeasured 

Cmodel is the predicted concentration of trace metal given by the model, Cmeasured is the 

measured concentration of the same trace metal, Cmean is the mean of the same measured trace 

metal concentration, and n is the number of observations. The resulted regression equations were 

used to estimate the trace metal concentrations of the validation dataset (n = 27 for root, rhizome 

and shoot). The deviations of the estimated concentration of an trace metal in a tissue from the 

measured trace metal in the same tissue were assessed using Student’s t-test. SPSS 15 (SPSS, 

2006) was used to perform all statistical analyses. 

Results 

Sediment properties 

Significant differences were recorded for organic matter, silt and clay contents, pH and Cu, 

Fe, Pb, Zn concentrations during the growing season, while no significant differences were found 

for Ag, Cd, Co and Ni concentrations (data not presented). The mechanical analysis of the sediment 

supported the growth of T. domingensis in Lake Burullus indicated that the soil has 25.7% clay 



and 5.3% silt (Table 2). In addition, the sediment was relatively rich in organic matter, which 

ranged between 2.9 and 7.1% with an average of 4.7%. On the other side, the chemical analysis of 

the sediment showed that it was slightly alkaline with an average value of 7.9. Moreover, the metal 

at the highest concentration in the sediment was Fe (29.9 mg kg−1 d.w.), while Cd had the lowest 

(0.2 mg kg−1 d.w.). Trace metal concentrations in the sediment was descending arranged in the 

order: Fe > Ni > Pb > Co > Cu > Zn > Ag > Cd.  

Plant analysis 

Significant variations in Ag, Cu, Fe and Zn concentrations were recorded between the 

different tissues of T. domingensis (data not presented). Significant differences were recorded for 

Cd and Cu concentrations throughout the growing season of T. domingensis, while no significant 

differences were found for Ag, Co, Fe, Ni, Pb and Zn (data not presented). The chemical analysis 

of the different tissues of T. domingensis showed that trace metals were accumulated in the below-

ground root and rhizome rather than in the shoot (Table 3). The plant tissues accumulated most 

trace metals, except Ag and Cd, in the order: root > rhizome > shoot. However, Ag and Cd were 

accumulated in the rhizome where the highest concentration was found (4.3 and 7.1 mg kg−1 d.w., 

respectively), while the lowest (2.0 and 6.4 mg kg−1 d.w.) were in the shoot and root, respectively. 

Moreover, the highest concentrations of Co, Cu, Fe, Ni, Pb and Zn (5.8, 15.3, 7024.5, 13.1, 88.3 

and 51.9 mg kg−1 d.w., respectively) were accumulated in the plant root, while the lowest (5.0, 4.4, 

515.3, 8.7, 75.9 and 17.1 mg kg−1 d.w., respectively) were in the shoot.  

Bio-accumulation and translocation factor 

The descriptive statistical analysis of the bio-accumulation factor (BAF) of trace metals 

from the sediment to the root of T. domingensis observed that most trace metals except Ag, Co and 

Ni had BAF greater than 1 (Table 4). The highest BAF (240.18) was recorded for Fe, while the 



lowest (0.40) was recorded for Ag. The BAF of the estimated trace metals fell in the order: Fe > 

Cd > Zn > Pb > Cu > Ni > Co > Ag. On the contrary, the translocation factor (TF) of trace metals 

showed the transfer of Ag, Cd and Ni from the root to the rhizome with TF of 2.58, 2.11 and 1.14, 

respectively. Meanwhile, Ag and Cd were only translocated from the root to the shoot with TF of 

1.15 and 1.04, respectively. 

Plant-sediment correlations 

In some cases, the simple linear correlation between the level of any of the investigated 

trace metals in the different tissues of T. domingensis and the same trace metal in the sediment  as 

well as pH, OM, silt and clay was significantly positive at P < 0.05, while others were negatively 

correlated (Table 5). Shoot/Fe, rhizome/Ag and Cd, and root/Ag, Cd, Fe, Pb and Zn had significant 

positive correlations, while rhizome/Cu and root/Co had significant negative ones with sediment 

pH, OM, silt and clay. On the other side, the concentration of some trace metals were significantly 

proportional to their concentration in the sediment such as Cd in the shoot, rhizome and root (r = 

0.233, 0.362 and 0.291, respectively); rhizome Fe (r = 0.491); and root Ag (r = 0.478). However, 

the concentrations of others trace metals had significant negative correlations with their 

concentration in sediment such as rhizome/Cu, Ni and Pb (r = −0.357, −0.266 and −0.284, 

respectively) and root/Co (r = −0.383). 

On the other side, the simple linear correlations between the bio-accumulation factor (BAF) 

of trace metals by the root of T. domingensis and sediment pH, OM, silt and clay were presented 

in Figures (2-5). The BAF of Ag, Cd, Fe, Pb and Zn had significant positive correlation with 

sediment pH, OM and clay content. However, significant negative correlations were found 

between the BAF of Co and Cu (r = −0.337 and −0.503) with sediment pH; Co (r = −0.258) with 

sediment OM; and Co and Ni (r = −0.245 and −0.281) with sediment clay. In addition, the BAF 



of Ag, Cu, Fe and Zn was positively correlated (r = 0.354, 0.308, 0.340 and 0.302, respectively) 

with sediment silt.  

Prediction of trace metals 

Correlations between the measured and predicted trace metal values, with a high coefficient 

of determination (R2), high ME and low mean MNAE reflected the goodness of fit of the model. 

Additionally, the presence of a non-significant difference (P-value) between the measured and 

predicted concentrations of the trace metals indicated good performance of the developed model. 

In general, predictive performance of the model to estimate trace metal concentrations in the 

different tissues of T. domingensis (Table 6) were significantly valid. The model efficiency (ME) 

values ranged between 0.185 and 0.615 for shoot Zn and Fe; 0.145 and 0.734 for rhizome Pb and 

Cu; and 0.168 and 0.757 for root Zn and Cu, respectively. In addition, the regression models had 

relatively low mean normalized average error (MNAE), which ranged between 0.058 and 0.538 for 

shoot Pb and Ni; 0.065 and 0.615 for rhizome Zn and Ni; and 0.036 and 0.308 for root Fe and Ag. 

Likewise, the mean normalized bias was low, which ranged from 0.003 to 0.078 in shoot Ag and 

Cd; 0.000 to 0.042 in rhizome Cu and Ag; and 0.028 to 0.078 in root Fe and Ag. Moreover, the 

coefficient of determination (R2) for all models was relatively high with maximum values of 0.585 

for shoot Pb; 0.751 for rhizome Cd and 0.763 for root Zn. It is worth to mention that the t values 

of the difference among the actual and predicted values of the eight trace metals in the different 

tissues of T. domingensis were insignificant (P > 0.05). 

 

Discussion 

Geochemical and climatic conditions have an important role in determining the physico-

chemical properties of the water body and the underlying aquifer (Galal and Farahat, 2015; Ghazi 



et al., 2019). A number of factors may control trace metal bioavailability in the sediment including 

organic matter, pH, competitive ions concentration, root exudates and plant species and age 

(Sarwar et al., 2017). The chemical analysis of the sediment samples from Lake Burullus showed 

that the pH was slightly alkaline, which may limit trace metals solubility and availability (Balkhair 

and Ashraf, 2016). It is worth to note that most investigated trace metals in sediments are within 

the range of concentrations considered safe in soils by Allen (1989), Kabata-Pendias (2011) and 

Chiroma et al. (2014). Ag concentration (5.9 mg kg−1) in the sediment samples was several times 

higher than the average global range (0.1 mg kg−1) recorded by Kabata-Pendias (2011). High 

concentrations of Ag in Lake Burullus is closely related to domestic and industrial wastewater 

discharges in this lake (Shaheen et al., 2019). Silver is a rare but natural metal that may also have 

an anthropic origin due to emissions from smelting operations, the manufacture and disposal of 

certain photographic and electrical supplies, coal combustion and cloud seeding. Silver 

accumulates in sediments because it adsorbs to manganese dioxide, iron salts, and the clay fraction. 

Moreover, clay content was higher than the silt, and this may affect the mobility of trace metals in 

the sediment. As Violante et al. (2010) pointed out, trace metals are strongly retained at the edges 

of layered silicate clays, which decreases their phytoavailability as the clay percentage increases 

in soils. Furthermore, Fe is the metal with the highest concentrations in the sediment. This can be 

attributed to the fact that Fe and Mn are the most abundant metals in the lithosphere, and they 

generally occur as Fe-Mn oxides and hydroxides. These oxides play an important role in 

precipitation or solubility of some trace metals in soils (Zeng et al., 2011). Ni, Cu, Ag and Zn 

presented the highest coefficients of variation (CV) and the widest concentration ranges, 

attributing their presence to anthropogenic sources, while the lowest CV of other metals indicated 

a low anthropic impact (Liang et al., 2017; Eid et al., 2019a). 



The bio-accumulation factor (BAF) was used to assess the relationship of trace metal 

concentration between the sediment and plant tissues (Galal et al., 2017). Generally, it shows the 

movement of trace metals from the sediment to the plant root, which indicates the uptake potential 

of available metals from the environment giving an idea whether this plant is an excluder, 

accumulator or indicator (Eid et al., 2019a). The BAF of trace metals except Ag, Co and Ni was > 

1, which means that T. domingensis can bioaccumulate trace metals based on high concentrations 

in the below-ground tissues. These results agreed, to a great extent, with Galal et al. (2017) on 

Vossia cuspidata; Barbosa et al. (2015) and Galal and Shehata (2016) on Arundo donax; and Ghazi 

et al. (2019) and Eid et al. (2012a) on T. domingensis. According to Weis and Weis (2004), aquatic 

plants are root accumulators for trace metals, and this confirms the findings of the present study 

that T. domingensis has potential for immobilizing trace metals in roots.  

The translocation factors (TF) showed the transfer of Ag, Cd and Ni from the root to the 

rhizome, and Ag and Cd from the root to the shoot, and consequently Co, Cu, Fe, Ni, Pb and Zn 

were retained in the subterranean tissues. Similar findings were reported by Ghazi et al. (2019) 

and Eid et al. (2012a) on T. domingensis. According to Rezania et al. (2019), emergent plants have 

lesser mobility and translocation of trace metals from below- to above-ground tissues. As reported 

by Zu et al. (2005), the TF > 1 indicates metal accumulating plants, while TF < 1 denotes metal 

excluding plants. Therefore, T. domingensis is suitable for Ag phytoextraction, but exclude the 

other metals. The high BAF and low TF of most investigated metals indicate the potential of T. 

domingensis for these metals phytostabilization. As reported by Mohammed and Babatunde 

(2017), harvesting the above-ground tissues of T. domingensis contributes only a small percent of 

the trace metals removal because low concentrations of trace metals were translocated from the 

root to the shoot. According to some authors, one of the most requirement for candidates for 



phytoremediation is a high translocation to shoot (Lago-Vila et al., 2019). Otherwise it is 

considered that metals cannot be extracted or eliminated from the different environmental 

compartments of the lake and therefore there is no phytoremediation. However, within the field of 

sediments phytoremediation, there are numerous sub-fields, among them phytostabilization or 

phytoimmobilization, rhizofiltration or rhizodegradation (Oyuela Leguizamo et al., 2017) where 

the finding of our study can find application. 

Significant linear correlations were recognized between the concentration of some trace 

metals in the different plant tissues and their concentration in the sediment such as Cd in the shoot, 

rhizome and root; Fe in the rhizome; and Ag in the root. These correlations suggest that T. 

domingensis may reflect the cumulative effect of environmental pollution due to the contamination 

of the lake sediment, and trace metal concentrations increases in the plant tissues with its increase 

in the sediments (Eid et al., 2012a; Galal et al., 2017). Similar studies already found a linear 

relationship between Cd in the plant tissues and its concentration in the sediments (Herawati et al., 

2000; Kabata-Pendias, 2011; Galal and Shehata, 2016). These results also indicate that the study 

plant can also be considered as a bio-indicator for Cd, Fe and Ag pollution in Lake Burullus. 

The application of regression models to predict trace metal concentrations in the plant 

tissues is considered an appropriate option, since significant and strong correlations may be found 

between soil properties (metal content, clay, silt, pH and OM) with metal concentration in the plant 

tissues. According to Luna et al. (2018), the higher the value of the coefficient of determination 

(R2), the better the quality of the model. Most of the obtained regression models were statistically 

significant at P=0.001 with acceptable values for R2 (maximum values of 0.585 for shoot Pb; 0.751 

for rhizome Cd and 0.763 for root Zn). 



 Similar results were reported by Eid et al. (2019b) for faba bean plants grown in soils 

amended with different rates of sewage sludge and Lopes et al. (2012) for plants in pasturelands 

fertilized with manure. The high percentage of variance explained by the resulted models may be 

attributed to low soil variation from which data were gathered (Boshoff et al., 2014). In addition, 

the data used to build the models had high variability, which may affect the quality of the models 

and consequently the values of the R2 (Luna et al., 2018). Moreover, the produced models provided 

low MNAE (0.058 - 0.538), which means that the concentrations of trace metals estimated by the 

model are in the range of concentrations measured experimentally. This result reflects the good fit 

of the models (Hough et al., 2004).  

The concentration of metals in plants is affected by soil properties (such as the percentage 

of silt and clay, pH value and OM content) and its trace metal content (Bešter et al., 2013). Soil 

metal content was the most consistent in contributing to metal concentrations in plant tissues 

according to Eid et al. (2018, 2019b), Boshoff et al. (2014), Bešter et al. (2013) and Jung (2008). 

In this study, organic matter and clay contents also made a significant contribution to the 

accumulation of trace metals in T. domingensis, where high metal accumulation was associated 

with lower percentages of organic matter and clay. Organic matter can reduce the bioavailability 

of trace metals in soils by adsorption or formation of stable complexes with humic substances (Liu 

et al., 2009). In addition, soil pH value is frequently included in prediction models due to its effect 

on the bioavailability of trace metals in soil (Lopes et al., 2012). 

Phytoremediation has a great role in improving the environment through ecological 

restoration and recovery processes (Oyuela Leguizamo et al., 2017). Trace metals uptake by plant 

tissues depends on various factors such as pH, temperature, salinity, organic matter and levels of 

other associated elements (Bonanno et al., 2017). In the present study, the investigated trace metals 



were accumulated in the below-rather than the above-ground tissues of T. domingensis in 

accordance with the behavior of many emergent plants such as Phragmites australis (Eid, 2012); 

T. domingensis (Eid et al., 2012a; Ghazi et al., 2019); Echinochloa stagnina (Shaltout et al., 2010); 

A. donax (Galal and Shehata, 2016) and V. cuspidata (Galal et al., 2017). According to Bonanno 

et al. (2017), aquatic plants may accumulate high levels of trace metals in their below-ground 

tissues due to their high internal detoxification potential. In addition, Norah (2014) reported that 

concentrations of trace metals in the root exceeding those in the shoot may reflect high 

phytoavailability of these metals in the sediment. 

 

Conclusion 

It was clear that soil properties such as clay and silt percentage, pH value and OM content, 

in addition to trace metal concentration, had a great effect on metal concentration in the tissues of 

T. domingensis. The obtained regression models were significant with acceptable values for 

coefficient of determination (R2) statistically significant at P< 0.001 and low MNAE. The 

application of the developed models can overcome the limitations of the use of BAF because these 

models identify statistically significant sediment properties affecting T. domingensis uptake of 

trace metals. Thus, these models have the advantage to identify those parameters to be controlled 

to a significant reduction in the transfer of these metals to the food chain and hence reduces the 

risk to living organisms. These models also provide new opportunities to carry out ecological risk 

assessments and establish sediment quality criteria for trace metals. 

Typha domingensis in Lake Burullus could be regarded as bio-indicator for trace metals 

pollution since it accumulate many of them (the BAF of trace metals except Ag, Co and Ni, and 

the TF of Ag and Cd were greater than 1). This indicates that T. domingensis is suitable for Ag 



phytoextraction, and the exclusion of the remaining metals. Moreover, the high BAF and low TF 

of most investigated metals indicate the potential of T. domingensis for these metals 

phytostabilization.  
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Table 1. Certified values of a reference sample (SRM 1573a, dried tomato leaves) and analyzed 

concentrations of the heavy metals ± SD with atomic absorption spectrophotometer. 

Heavy metal Certified value (mg kg−1) Analyzed value (mg kg−1) Recovery rate (%) 

Ag Not specified 0.25 ± 0.05  - 

Cd 1.52 ± 0.04 1.44 ± 0.03 94.7 

Cu 4.70 ± 0.14 4.88 ± 0.31 103.8 

Co 0.57 ± 0.02 0.59 ± 0.02 103.5 

Fe 368.0 ± 7.0 353.0 ± 3.0 95.9 

Pb Not specified 0.92 ± 0.09 - 

Ni 1.59 ± 0.07  1.64 ± 0.15 103.1 

Zn 30.90 ± 0.70 30.57 ± 0.43 98.9 
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Table 2. Chemical characteristics of the sediment (n = 81) in stands supporting the growth of 1 

Typha domingensis in Lake Burullus (Egypt) during one growing season (February - October).  2 

Value pH 

Sediment content 

(%) 

Heavy metal concentration (mg kg−1) 

OM Silt Cla

y 

Ag Cd Co Cu Fe Ni Pb Zn 

Minim

um 

7.4 2.9 3.1 23.0 4.2 0.1 10.2 6.4 23.8 14.0 10.3 4.7 

Maxim

um 

8.6 7.1 8.3 28.5 7.5 0.2 15.4 11.8 41.9 33.9 15.7 12.1 

Mean 7.9 4.7 5.3 25.7 5.9 0.2 13.1 8.9 29.9 25.1 13.3 7.7 

CV (%) 3.4 21.4 28.3 7.0 16.9 9.5 11.2 17.0 15.3 19.0 11.2 28.3 

CV: coefficient of variance, OM: organic matter. 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

  11 
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Table 3. Heavy metal concentrations (n = 81) in shoots, rhizomes and roots of Typha 12 

domingensis in Lake Burullus (Egypt) during one growing season (February - October).  13 

Tissue Value 

Heavy metal concentration (mg kg−1) 

Ag Cd Co Cu Fe Ni Pb Zn 

Shoot Minimum 0.1 4.2 1.2 2.4 341.2 2.2 66.3 13.5 

Maximum 3.5 8.5 8.0 8.3 670.6 20.2 91.3 19.6 

Mean 2.0 6.6 5.0 4.4 515.3 8.7 75.9 17.1 

CV (%) 45.0 20.6 29.6 33.3 22.6 55.2 10.1 9.8 

Rhizome Minimum 0.9 3.9 1.0 2.3 1628.7 1.7 62.9 17.0 

Maximum 7.1 9.9 10.8 10.1 5651.9 23.2 114.8 26.9 

Mean 4.3 7.1 5.2 5.7 3333.6 12.0 82.2 21.5 

CV (%) 48.1 22.3 52.5 42.2 32.2 48.3 14.8 12.1 

Root Minimum 0.8 4.1 1.7 8.4 5825.9 3.0 70.4 37.0 

Maximum 4.2 9.1 8.3 20.2 7755.6 24.6 111.2 65.4 

Mean 2.3 6.4 5.8 15.3 7024.5 13.1 88.3 51.9 

CV (%) 43.3 19.9 25.7 19.9 7.2 41.8 13.2 15.8 

CV: coefficient of variance. 14 

  15 
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Table 4. Descriptive statistical results (mean ± standard error, n = 81) of the bio-accumulation and 16 

translocation factors of heavy metals from sediment to Typha domingensis roots; and from roots 17 

to rhizomes and shoots, respectively. 18 

 19 

 20 

Heavy metal 

Bio-accumulation factor 

(BAF) 

Translocation factor (TF) 

Rhizome Shoot 

Ag 0.40 ± 0.02 2.58 ± 0.22 1.15 ± 0.10 

Cd 34.12 ± 0.80 1.11 ± 0.02 1.04 ± 0.02 

Co 0.46 ± 0.02 0.97 ± 0.07 0.98 ± 0.08 

Cu 1.75 ± 0.05 0.37 ± 0.01 0.29 ± 0.01 

Fe 240.18 ± 4.56 0.47 ± 0.02 0.07 ± 0.00 

Ni 0.55 ± 0.03 1.14 ± 0.11 0.85 ± 0.10 

Pb 6.74 ± 0.16 0.94 ± 0.02 0.87 ± 0.02 

Zn 7.43 ± 0.32 0.43 ± 0.01 0.34 ± 0.01 
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Table 5. Pearson correlation coefficient (r-value, n = 81) between heavy metals in Typha domingensis tissues and chemical characteristics of the 21 

sediment.  22 

T. domingensis 

heavy metals 

Sediment heavy metals 

pH OM Silt Clay 

Ag Cd Co Cu Fe Ni Pb Zn 

Shoot 

Ag −0.231 −0.264* 0.148 −0.221 −0.293* −0.336** −0.048 0.096 0.149 −0.174 −0.205 −0.032 

Cd 0.238* 0.233* 0.209 0.344** −0.573*** 0.075 −0.118 −0.286* 0.463*** 0.173 −0.243* −0.011 

Co −0.003 0.000 0.017 0.008 −0.017 0.140 −0.216 −0.168 0.058 −0.050 −0.511*** 0.132 

Cu 0.087 0.118 −0.173 −0.230 −0.048 −0.017 0.101 0.045 −0.140 −0.148 −0.141 0.026 

Fe 0.256* 0.271* 0.065 0.401*** −0.045 0.244 −0.063 −0.185 0.303* 0.584*** 0.538*** 0.515*** 

Ni 0.220 0.090 −0.119 −0.048 −0.283* 0.160 −0.045 0.196 0.063 −0.025 −0.357** 0.273* 

Pb 0.212 0.158 −0.026 0.092 −0.371** −0.085 −0.031 −0.071 0.143 0.002 −0.089 −0.435*** 

Zn 0.219 0.205 −0.261* −0.055 0.151 0.035 0.167 −0.025 −0.153 −0.280* −0.161 −0.092 

Rhizome 

Ag 0.038 0.050 0.180 −0.655*** 0.103 −0.183 0.427*** 0.257* −0.390** −0.528*** −0.228 −0.177 

Cd 0.371** 0.362** 0.069 0.332** −0.727*** −0.026 −0.260* −0.460*** 0.682*** 0.709*** 0.301* 0.478*** 
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Co −0.306** −0.250* −0.160 −0.144 0.489*** −0.224 −0.040 0.490*** −0.456*** −0.227 −0.191 −0.159 

Cu −0.233* −0.222 −0.109 −0.357** 0.662*** −0.009 0.326** 0.541*** −0.697*** −0.529*** −0.023 −0.438*** 

Fe −0.122 −0.128 0.165 −0.024 0.491*** 0.144 0.010 0.312** −0.320** 0.136 0.251* 0.227 

Ni −0.008 0.025 −0.071 −0.221 0.371** −0.266* 0.087 0.403*** −0.229 −0.231 −0.034 0.030 

Pb 0.075 0.013 0.005 0.169 0.041 −0.018 −0.284* 0.149 0.169 0.335** 0.240* 0.008 

Zn 0.002 0.006 0.107 0.131 0.343** 0.066 −0.135 0.202 −0.140 0.430*** 0.387** 0.351** 

Root 

Ag 0.478*** 0.459*** −0.263* 0.481*** −0.107 0.102 −0.136 −0.140 0.414*** 0.504*** 0.343** 0.298* 

Cd 0.310** 0.291* 0.055 0.417*** −0.547*** 0.062 −0.329** −0.456*** 0.701*** 0.607*** 0.263* 0.555*** 

Co −0.090 −0.221 −0.383** −0.485*** 0.145 0.411*** 0.205 0.144 −0.371** −0.348** −0.171 −0.282* 

Cu 0.048 0.059 −0.235* 0.119 0.467*** 0.063 0.087 0.251* −0.250* 0.214 0.517*** −0.009 

Fe 0.281* 0.311** −0.167 0.224 −0.010 0.063 −0.075 −0.233* 0.267* 0.493*** 0.552*** 0.506*** 

Ni 0.170 0.269* −0.040 −0.178 −0.080 −0.097 0.225 0.095 −0.123 −0.332** −0.235* −0.286* 

Pb 0.152 0.052 0.174 0.181 −0.330** 0.338** −0.140 −0.242* 0.454*** 0.298* 0.193 0.420*** 

Zn 0.409*** 0.447*** 0.062 0.335** −0.647*** −0.057 −0.242* −0.596*** 0.749*** 0.697*** 0.420*** 0.529*** 

OM: organic matter content, *: P < 0.05, **: P < 0.01, ***: P < 0.001. 23 

 24 
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Table 6. Regression models between heavy metal concentrations in Typha domingensis tissues (mg kg−1) and sediment heavy metals 25 

(mg kg−1), pH, organic matter (OM) content (%), silt and clay contents (%).  26 

Equation R2 ME MNAE MNB 

Student's t-test 

t-value P 

Shoot       

Agshoot= −3.680− 0.198 × Agsediment+ 0.926 × pH − 0.236 × OM− 0.053 × Silt + 0.036 × Clay 0.152* 0.218 0.245 0.003 0.718 0.480 

Cdshoot= −4.777 + 20.246 × Cdsediment+2.251 × pH + 0.963 × OM− 0.629 × Silt − 0.446 × Clay 0.567*** 0.607 0.078 0.078 2.168 0.062 

Coshoot= 6.488+ 0.033 × Cosediment+0.056 × pH + 0.590 × OM− 0.720 × Silt − 0.053 × Clay 0.350*** 0.303 0.184 0.069 1.759 0.092 

Cushoot= 5.304−0.174 × Cusediment–0.255 × pH –0.218 × OM− 0.027 × Silt + 0.148 × Clay 0.080ns 0.349 0.226 0.058 1.265 0.218 

Feshoot= −1441.779 + 6.888 × Fesediment+105.424 × pH + 7.046 × OM + 33.662 × Silt + 27.352 × Clay 0.548*** 0.615 0.096 0.029 1.089 0.287 

Nishoot= −10.990+ 0.098 × Nisediment+0.654 × pH + 0.053 × OM–1.242 × Silt + 0.717 × Clay 0.230** 0.285 0.538 0.041 0.390 0.700 

Pbshoot= 72.820+2.007 × Pbsediment+9.666 × pH +8.416 × OM–3.639 × Silt –4.687 × Clay 0.585*** 0.380 0.058 0.002 0.156 0.877 

Znshoot= 27.013− 0.190 × Znsediment – 1.288 × pH –0.709 × OM + 0.070 × Silt + 0.185 × Clay 0.129ns 0.185 0.074 0.027 1.542 0.137 

Rhizome       

Agrhizome= 10.458 + 0.187 × Agsediment – 1.548 × pH –1.665 × OM + 0.314 × Silt + 0.434 × Clay 0.396*** 0.516 0.525 0.042 0.525 0.605 

Cdrhizome= −19.686 + 25.021 × Cdsediment+2.583 × pH + 0.990 × OM − 0.157 × Silt − 0.085 × Clay 0.751*** 0.629 0.097 0.024 1.051 0.304 

Corhizome= 45.126 − 0.171 × Cosediment – 4.552 × pH + 0.228 × OM − 0.298 × Silt − 0.046 × Clay 0.234** 0.398 0.513 0.004 0.042 0.967 

Curhizome= 46.114 + 0.065 × Cusediment – 5.044 × pH – 1.280 × OM + 0.574 × Silt + 0.076 × Clay 0.620*** 0.734 0.209 0.000 0.005 0.996 

Ferhizome= −1961.287 + 115.595 × Fesediment – 660.039 × pH –8.731 × OM + 184.909 × Silt + 237.983 × 

Clay 

0.449*** 0.477 0.197 0.012 0.253 0.802 

Nirhizome= 28.447–0.488 × Nisediment – 5.202 × pH –3.960 × OM + 1.244 × Silt + 1.908 × Clay 0.328*** 0.450 0.615 0.023 0.278 0.784 
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Pbrhizome= 132.921–1.511 × Pbsediment – 0.434 × pH +5.289 × OM + 0.298 × Silt –2.090 × Clay 0.205** 0.145 0.082 0.003 0.124 0.902 

Znrhizome= 25.642 + 0.229 × Znsediment – 2.834 × pH +0.739 × OM + 0.465 × Silt + 0.408 × Clay 0.408*** 0.663 0.065 0.031 0.978 0.357 

Root       

Agroot= −8.745 + 0.428 × Agsediment+ 0.938 × pH + 0.316 × OM + 0.065 × Silt − 0.027 × Clay 0.481*** 0.511 0.308 0.076 1.192 0.245 

Cdroot= −20.775 + 13.593 × Cdsediment+2.450 × pH + 0.263 × OM + 0.019 × Silt + 0.151 × Clay 0.664*** 0.695 0.084 0.029 1.397 0.176 

Coroot= 21.590 − 0.367 × Cosediment – 1.116 × pH − 0.383 × OM + 0.012 × Silt − 0.016 × Clay 0.305*** 0.706 0.099 0.058 1.904 0.071 

Curoot= 43.631 + 0.441 × Cusediment – 5.195 × pH – 0.132 × OM + 1.138 × Silt + 0.133 × Clay 0.421*** 0.168 0.188 0.068 1.824 0.081 

Feroot= −1905.352 + 26.132 × Fesediment+436.974 × pH –114.308 × OM + 201.571× Silt + 161.495 × Clay 0.569*** 0.576 0.036 0.028 1.890 0.076 

Niroot= 31.634–0.085 × Nisediment+0.419 × pH –0.846 × OM –0.501 × Silt − 0.509 × Clay 0.138ns 0.315 0.300 0.052 0.852 0.403 

Pbroot= −112.518− 0.216 × Pbsediment+16.786 × pH – 4.005 × OM + 2.245 × Silt + 3.023 × Clay 0.328*** 0.256 0.104 0.032 1.444 0.162 

Znroot= −84.229–0.679 × Znsediment+13.449 × pH +1.845 × OM + 0.988 × Silt + 0.813 × Clay 0.763*** 0.757 0.077 0.058 1.490 0.164 

R2: coefficient of determination, ME: model efficiency, MNAE: mean normalized average error, MNB: mean normalized bias, *: P < 0.05, **: P < 0.01, ***: P < 0.001, ns: not 27 

significant (i.e., P > 0.05), The deviations of the estimated concentration of an heavy metal in a tissue from the measured heavy metal in the same tissue were assessed using 28 

Student’s t-test.29 
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Fig. 1. Map of Lake Burullus showing the three sampling sites. 
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Fig. 2. Linear relationships (r-value) between bio-accumulation factor (BAF) of heavy metals in 

Typha domingensis roots and sediment pH. **: P < 0.01, ***: P < 0.001, ns: not significant (i.e., 

P > 0.05).  
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Fig. 3. Linear relationships (r-value) between bio-accumulation factors (BAF) of heavy metals in 

Typha domingensis roots and sediment organic matter content. *: P < 0.05, ***: P < 0.001, ns: not 

significant (i.e., P > 0.05). 
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Fig. 4. Linear relationships (r-value) between bio-accumulation factors (BAF) of heavy metals in 

Typha domingensis roots and silt content. *: P < 0.05, **: P < 0.01, ***: P < 0.001, ns: not 

significant (i.e., P > 0.05). 
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Fig. 5. Linear relationships (r-value) between bio-accumulation factors (BAF) of heavy metals in 

Typha domingensis roots and clay content. *: P < 0.05, **: P < 0.01, ***: P < 0.001, ns: not 

significant (i.e., P > 0.05). 

 


