
 

 

 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE            BIOSCIENCE RESEARCH, 2018 15(4):3606-3618.           OPEN ACCESS 
  
 

Environmental assessment of a floodplain exposed 
to pollution at Taif Governorate, Kingdom of Saudi 
Arabia 

Wael Abdel-Moneim Omar1,2* and Montaser Mohammed Sayed M. Hassan1,3 
 
1Department of Biology, Faculty of Science, Taif University, KSA 
2Department of Zoology, Faculty of Science, Cairo University, Egypt 
3Department of Zoology, Faculty of Science, Ain Shams University, Egypt 
  
*Correspondence: ecowael@yahoo.com  Accepted: 18 Oct.2018 Published online: 18 Dec. 2018 
Metal pollutants were detected in biotic (Typha domingensis plant and Chironomus spp. larvae) and 
abiotic (water and sediment) components along 3 sampling sites in Wadi Al Arj floodplain, Taif 
Governorate, KSA, during winter and summer seasons 2016-2017. This included measurement of metal 
concentrations (Cu, Zn, Mn, Cd, Pb, Fe and Al) in water, sediment, T. domingensis and Chironomus 
spp. samples, calculating metal pollution index (MPI) and bioaccumulation factor (BAF) as well as 
evaluating the sediment pollution status. Water physico-chemical properties reflected seasonal changes 
in weather conditions and other related factors. The detected variations in metal concentrations among 
studied samples showed temporal and spatial related patterns with a general trend to show significant 
increase during winter season. The calculated MPI performed better in indicating the overall metal load 
in the studied samples where it showed the order: Chironomus larvae > T. domingensis plant > sediment 
> water, and confirmed the marked increase in metal concentrations during winter season. Metal 
concentrations and BAF values for both studied biotic components were in consistence with each other 
and confirmed the potential use of T. domingensis and Chironomus spp. larvae as possible bio-monitors 
for metal pollution. 
 
Keywords: Environmental assessment, Heavy metals, Typha domingensis, Chironomus spp., Metal pollution index, 
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INTRODUCTION 

Life in water bodies as opposed to terrestrial 
conditions is characterized by a stronger relation 
between aquatic organisms and the surrounding 
environment due to the high mobility of pollutants 
in water (Moiseenko and Kudryavtseva, 2001). 
Following the increase in human activities of 
various kinds, such as domestic, commercial, 
agricultural and industrial activities, different types 
of waste materials enter the aquatic ecosystems 
and affect its water quality (Omar and Mahmoud, 
2017). As a key constitutive element of 
ecosystems, water has become the final recipient 
for a variety of pollutants that may cause 

contamination in both irrigation and groundwater 
(Rehman and Cheema, 2016). Such pollutants 
can induce various biological responses in aquatic 
organisms, affecting the organisms from the 
biochemical to the population-community levels 
and cause various harmful effects on wildlife 
(Eder et al., 2004; Mayon et al., 2006).  

Among the myriad pollutants released into 
aquatic ecosystems, trace metals have a 
particular significance in eco-toxicological studies. 
Because of their toxicity, long-term persistence, 
accumulative and non-biodegradable nature, 
metals are potentially hazardous to terrestrial and 
aquatic ecosystems, and thus to wildlife and 
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human (Tchounwou et al., 2012). Once metals 
accumulate in the abiotic components of the 
ecosystem, they start a long sequence of 
bioaccumulation and biomagnification towards 
higher trophic levels (Barwick and Maher, 2003; 
Ololade et al., 2008). Aquatic ecosystems are 
particularly vulnerable to metal pollutants 
produced by natural and anthropogenic sources 
(Omar and Mahmoud, 2017). The threats posed 
by metal pollutants on ecosystem services are 
difficult to assess because of the complex 
behavior of metals and their interactions in aquatic 
ecosystems (Komjarova and Blust, 2009).  

Pollution of freshwater resources is a 
worldwide problem. Sewage and municipal 
effluents include many types of pollutants such as 
organic matter and trace metals. Wadi Al-Arj, as 
one of the main floodplains in Taif city, is 
subjected to that kind of pollution. Uncontrolled 
urbanization and anthropogenic activities as main 
sources of pollution have serious implications on 
biodiversity of freshwater ecosystems that may 
lead to habitat destruction, loss of biodiversity and 
degraded ecological functions (Nicacio and Juen, 
2015). Al-Ghanim (2012) indicated a decrease in 
zooplankton species diversity as a direct effect of 
sewage effluents in Wadi Hanifa stream, Riyadh, 
Saudi Arabia. Abdul-Aziz et al., (2003) studied the 
influence of desalination plants in AI-Jubail city, 
Saudi Arabia, on the planktonic community in the 
Arabian Gulf coastal waters. They found high 
mortality of fish, benthos and other organisms 
near to the discharge points.  

Taif Governorate belongs administratively to 
the Holy Mecca region, Kingdom of Saudi Arabia. 
The city lies at an elevation of 1.879 m (6.165 ft) 
on the slopes of Al-Sarawat Mountains. It is the 
centre of an agricultural area known for its grapes, 
roses and honey. Taif has a hot desert climate, 
with hot summers and mild winters. Temperatures 
are not as extreme in summer as for lower-lying 
regions of Saudi Arabia. Precipitation is low, but 
all months see some rain, with more rain during 
summer season than other seasons. The 
rainwater is naturally collected in low floodplain 
areas and sometimes it forms small water 
reservoirs and streams (Hassan, 2015).  

The present study was designed to provide 
preliminary information regarding metal pollution 
in some biotic and abiotic components of Wadi-Al 
Arj floodplain as well as to fill the gap of 
knowledge about the impacts of seasonal 
variations of rainwater and municipal effluents on 
the floodplains and consequently on the plant and 
faunal communities that represent a major part in 

many food chains. The selected study sites are 
considered ideal to evaluate effects of point 
sources of pollution on enclosed aquatic 
ecosystems. 
 
MATERIALS AND METHODS 

Study area and sampling sites 
Wadi Al-Arj is the downstream part of Wadi 

Wajj that flows from southwest to northeast 
through Taif city. The wadi is considered as a 
floodplain that drains rainwater. This water is the 
main source for irrigation and some domestic 
uses in the area. Along the wadi and its banks 
there are several agricultural, grazing and 
municipal activities. These human activities may 
discharge polluted effluents but the main source 
of pollution is the wastewater treatment plant that 
discharges directly towards Wadi Al-Arj. The 
floodplain bed consists mainly of sand, mud and 
gravel derived by water current. The water is 
shallow, flowing all year round and almost clear 
(Hassan, 2015). 

Water, surface sediment, cat-tail plant (Typha 
domingensis) and Chironomus spp. 
(Chironomidae, Diptera) larvae were collected 
monthly during winter and summer seasons, 
2016-2017 (a total of 24 samples/site seasonally) 
from the following sites (Fig. 1):  

Site 1:  
Located at Wadi Al Arj (the downstream part 

of Wadi Wajj) (at GPS coordinates of 21° 21′ 
52.64″ N and 40° 30′ 26.24″ E). It lies away from 
any anthropogenic activities and covered mainly 
with natural rainwater. 

Site 2:  
Located at the municipal effluent discharge 

point towards Wadi Al Arj (at GPS coordinates of 
21° 22′ 00.30″ N and 40° 30′ 32.40″ E). The 
bypass of the nearby water treatment plant is 
discharged at this site through an underground 
pipe.  

Site 3:  
Located in the area where rainwater totally 

mixes with the municipal effluents (at GPS 
coordinates of 21° 22′ 14.34″ N and 40° 30′ 39.49″ 
E).  

The three study sites cover a distance of 
about 1.5 km within the main floodplain of Wadi Al 
Arj. Samples were collected in an area of 50 m2 
around the reported GPS coordinates of each site 
and stored at 4ºC in acid washed polypropylene 
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containers for further investigations. Samples of T. 
domingensis plant were collected of the same size 
(not more than 20 cm in height) and the 
submerged parts of the plant were prepared for 
metal analysis. Chironomus larvae were hand 
collected and washed through 250µm mesh sized 
sieve.   

Sample analyses 
Water pH, temperature, electrical conductivity 

(EC) and total dissolved solids (TDS) were 
measured using portable water multi-parameter 
meter (Hanna, model HI9811-5, USA), while 
dissolved oxygen was measured using portable 
oxygen meter (Hanna, model HI98193, USA) 
immediately in the field between 09:00 and 11:00 
am. Moreover, phosphate, nitrate, calcium and 
magnesium contents in water samples were 
measured according to the standard procedures 
illustrated by the American public health 
association (APHA, 2005). Water samples were 
filtered (Whatman 0.45 µm glass-fiber), acidified 
with concentrated nitric acid (pH < 2) and stored 
for metal analysis. 

Samples of surface sediment, cat-tail plant (T. 
domingensis) and Chironomus larvae were dried 
at 105oC for 12 hours then burned in a muffle 
furnace at 550oC for 16 hours. Then samples 
were acid-digested and diluted with de-ionized 
water to known volume using the dry-ashing 
procedure proposed by Hseu (2004). Metal 
concentrations (Cu, Zn, Mn, Cd, Pb, Fe and Al) 
were determined using flame atomic absorption 
spectrophotometer (Thermo Scientific ICE 3300, 
UK, equipped with double beam and deuterium 
background correction) according to APHA 
(2005).  

Quality assurance and quality control 
(QA/QC) protocols included the use of analytical 
blanks, replicate analyses, standard solutions 
prepared in the same acid matrix and standard 
reference material. Standards for instrument 
calibration were prepared using mono-element 
certified reference solution (Merck Co.). Standard 
reference material (SRM 2709, National institute 
of standards and technology, NIST, USA) was 
used to validate extraction procedures. The metal 
average recovery percentages ranged from 93 to 
105 % for all measured samples. 

Statistical analysis 
The statistical analysis was carried out using 

Statistical Analysis System (SAS), version 9.1. 
The results are expressed as mean ±standard 
error (SE). Initially, data were tested for normality 

and homogeneity of variances using Shapiro-Wilk 
and Levene's tests, respectively. Data were 
statistically analyzed using Student’s t-test, one-
way analysis of variance (ANOVA) and Duncan’s 
multiple range test to determine statistical 
difference in means at P<0.05 which was 
indicated by different case letters in the 
descending order A, B and C. 

Risk assessment of sediment pollution 

Sediment contamination factor (SCF) 
The level of sediment contamination by a 

metal is often expressed in terms of sediment 
contamination factor (SCF) which is calculated 
according to Hakanson (1980) as: SCF = Cs / Cb 

Where, Cs is the mean metal concentration in 
the sediment sample and Cb is the background 
value (also known as shale value or crustal value) 
of that metal. The average background values of 
the studied metals in the Earth’s crust as indicated 
by Turekian and Wedepohl (1961) are 45, 95, 
850, 0.3, 20, 46000 and 80000 mg/kg dry wt. for 
Cu, Zn, Mn, Cd, Pb, Fe and Al, respectively. 
Hakanson (1980) classified SCF into four groups; 
SCF < 1 (low contamination), 1 ≤ SCF < 3 
(moderate contamination), 3 ≤ SCF < 6 
(considerable contamination) and SCF ≥ 6 (very 
high contamination). 

Enrichment factor (EF) 
Normalized enrichment factor was applied to 

investigate the degree of sediment’s metal 
contamination in comparison to the background 
levels and to differentiate metal source as 
originating from anthropogenic or natural sources 
(Ergin et al., 1991). This involves normalization of 
the detected metal with respect to a reference 
element such as Al, Fe and Mn (Karbassi et al., 
2008). Aluminium was used as a normalizer as it 
is rich in the Earth’s crust assuming that it is free 
from anthropogenic impact. EF values for each 
metal in sediment were calculated according to 
Buat-Menard and Chesselet (1979) as: EF = 
(Cs/CAl)sample / (Cs/CAl)background 

Where, (Cs/CAl)sample is the ratio of 
concentration of the examined metal to that of Al 
in each sampling site and (Cs/CAl)background is the 
same ratio of the background concentrations 
reported by Turekian and Wedepohl (1961). EF 
value < 1.5 suggests that metal originates from 
natural sources, while EF value ≥ 1.5 corresponds 
to anthropogenic input (Ergin et al., 1991). Birch 
and Olmos (2008) categorized EF values into six 
main classes; EF < 1 (no enrichment), 1 ≤ EF < 3 
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(minor enrichment), 3 ≤ EF < 5 (moderate 
enrichment), 5 ≤ EF < 10 (moderate severe 
enrichment), 10 ≤ EF < 25 (severe enrichment) 
and EF ≥ 25 (extremely severe enrichment). 

Metal pollution index (MPI): 
The overall metal content in the studied 

samples was calculated according to Usero et al., 
(1997) as: MPI = (M1 ×M2 ×M3 ×···×Mn) 1/n 

Where, M is the mean concentration of metal 
n. 

Bioaccumulation factor (BAF) 
BAF of the detected metals in cat-tail plant 

and Chironomus larvae was calculated according 
to Gobas et al., (2009) as: BAF (l/kg) = Cs / Cw  

Where, Cs is the mean metal concentration in 
the studied samples (mg/kg dry wt.) and Cw is the 
mean metal concentration in water (mg/l). 
 
RESULTS AND DISCUSSION 

The temporal and spatial assessments of 
water physico-chemical properties are illustrated 
in Table 1. Water pH showed non-significant 
temporal and spatial differences. The water 
temperature showed significant temporal increase 
during summer season among the studied sites 
and significant increase in both sites 2 and 3 in 
comparison to site 1 during both seasons. This 
clearly reflects the seasonal changes in weather 
conditions and other related factors along these 
sites. As indicated earlier, the water input source 
at site 2 is an underground pipe that could be the 
reason for the detected increase in water 
temperature in comparison to the natural open 
water surface at site 1. Consequently, dissolved 
oxygen followed the opposite trend where it 
showed significant temporal increase during 
winter season among sites 1 and 3 as well as 
significant spatial increase in site 1 during both 
seasons. 

Values of water EC, TDS, calcium and 
magnesium were generally associated to each 
other where they showed significant temporal 
increase in site 1 during winter season and 
significant spatial decrease in site 2 during both 
seasons. The basin nature along the course of the 
studied sites and the seasonal differences in 
water flow rates explain these differences. 

Water phosphate content showed non-
significant temporal difference in site 1 and 
significant temporal increase during summer 
season in sites 2 and 3. Water nitrate content 
showed significant temporal increase during 
summer season among the three studied sites. 

Meanwhile, both phosphate and nitrate contents 
showed significant spatial increase in site 2 during 
both seasons. Industrial, agricultural and sewage 
effluents are characterized by high load of 
nutrients such as ammonia, nitrate and 
phosphate. Additionally, they are accompanied by 
chemical pollutants, such as trace metals, that 
may cause degradation in the receiving aquatic 
ecosystems and subsequently affect the quality of 
human food and public health (Maceda-Veiga et 
al., 2010). High levels of nutrients have been 
reported to enhance eutrophication, which could 
further deplete the dissolved oxygen levels of the 
aquatic medium (Minareci et al., 2009). 

A preliminary survey (unpublished data) was 
conducted in the study area to investigate levels 
of common metals. This survey indicated that the 
most common metals in the area are copper, zinc, 
manganese, cadmium, lead, iron and aluminium. 
Among trace metals, some are potentially toxic 
(As, Cd, Pb, Hg), others are probably essential 
(Ni, V, Co) and many are essential (Cu, Zn, Fe, 
Mn) (Biswas et al., 2012). More recently, Gu et al., 
(2013) have explored the spatial and temporal 
distribution of some metals (Al, Cd, Cr, Cu, Fe, 
Mn, Ni, Pb and Zn) based on six sediment cores 
recovered from Egyptian lagoons. They indicated 
that the upper 10-15 cm of the cores showed 
spatial and temporal fluctuations depending on 
the prevalent conditions. 

Metal concentrations in water and sediment 
samples are listed in Table 2. Metal 
concentrations in water samples showed 
significant temporal increase during winter season 
for all of the studied metals except Mn that 
showed significant temporal increase during 
winter season in site 1 only. The increase in 
rainwater input during summer season and 
consequently metal dilution rates could explain 
this finding, which was also evident in most cases 
of metal concentrations in sediment samples. 
Water Zn and Pb concentrations showed non-
significant spatial differences during both seasons 
while Cu showed similar situation during summer 
season only. Water Fe concentrations showed 
significant spatial increase in site 1 during both 
seasons while water Mn concentrations showed 
the same case during winter season only. Water 
Cd and Al concentrations showed significant 
spatial increase in site 2 during both seasons. 

Sediment samples showed non-significant 
spatial differences for Mn during both seasons, 
significant spatial increase for Cu, Zn, Cd, Pb and 
Al in site 2 during both seasons and significant 
spatial decrease for Fe in site 2 during both 
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seasons.   
Table 1. Physico-chemical properties of water samples (mean ±SE, n= 24) 

 
pH 

Temperature 
(ºC) 

Electrical conductivity 

(EC) (µs/cm) 

Winter Summer Winter Summer Winter Summer 

Site 1 7.9a ±0.36A 7.7a ±0.33A 16.7b ±0.66B 18.9a ±0.93B 1553.3a ±108.82A 850.1b ±81.91A 

Site 2 7.4a ±0.45A 7.3a ±0.74A 22.8b ±1.43A 26.2a ±1.22A 646.3a ±63.18C 601.0a ±64.44B 

Site 3 7.5a ±0.53A 7.4a ±0.63A 21.1b ±0.78A 24.8a ±2.11A 916.7a ±58.82B 786.8b ±39.23A 

 

Total dissolved solids 
(TDS) (mg/l) 

Dissolved oxygen 

(mg/l) 
Phosphate 

(mg/l) 

Winter Summer Winter Summer Winter Summer 

Site 1 773.3a ±53.33A 420.2b ±33.71A 10.20a ±0.72A 8.42b ±0.68A 3.26a ±0.26C 3.11a ±0.32C 

Site 2 320.0a ±51.16C 301.4a ±27.40B 6.49a ±1.09B 5.54a ±0.73B 6.09b ±0.33A 7.02a ±0.36A 

Site 3 456.7a ±43.30B 393.6a ±29.32A 8.05a ±0.82B 6.45b ±0.50B 5.01b ±0.27B 6.21a ±0.24B 

 
Nitrate (mg/l) Calcium (mg/l) Magnesium (mg/l) 

Winter Summer Winter Summer Winter Summer 

Site 1 0.54b ±0.13C 0.93a ±0.11C 7.74a ±0.45A 5.93b ±0.32A 6.50a ±0.39A 5.29b ±0.34A 

Site 2 2.68b ±0.25A 4.04a ±0.43A 5.13a ±0.42C 5.01a ±0.24B 4.31a ±0.27C 4.22a ±0.22B 

Site 3 1.19b ±0.21B 2.22a ±0.21B 6.52a ±0.29B 5.78b ±0.33A 5.52a ±0.32B 4.89b ±0.25A 

Statistical significant differences (P<0.05) are shown with different superscript lower-case letters in the same row, and different 
superscript capital letters in the same column for each parameter. 

Table 2. Metal concentrations in water (mg/l) and sediment (mg/kg dry wt.) samples (mean ±SE, n= 
24) and metal pollution index (MPI) 

  Water Sediment 

  Winter Summer Winter Summer 

Cu 

Site 1 0.068a ±0.004A 0.006b ±0.001A 9.14a ±0.75C 5.44b ±0.50C 

Site 2 0.075a ±0.006A 0.008b ±0.001A 48.42a ±2.09A 33.69b ±2.02A 

Site 3 0.056a ±0.003B 0.006b ±0.002A 18.43a ±0.83B 18.60a ±0.94B 

Zn 

Site 1 0.050a ±0.004A 0.021b ±0.003A 9.52a ±1.53C 8.06a ±1.34C 

Site 2 0.052a ±0.002A 0.024b ±0.002A 42.28a ±3.09A 33.69b ±3.14A 

Site 3 0.056a ±0.003A 0.028b ±0.004A 27.18a ±2.66B 22.73b ±1.56B 

Mn 

Site 1 0.028a ±0.003A 0.017b ±0.001A 61.29a ±2.08A 52.85b ±2.81A 

Site 2 0.014a ±0.003B 0.015a ±0.002A 61.82a ±3.49A 49.40b ±1.34A 

Site 3 0.015a ±0.002B 0.016a ±0.003A 59.85a ±2.74A 47.50b ±2.92A 

Cd 

Site 1 0.011a ±0.002B 0.005b ±0.001B 0.045a ±0.008C 0.029b ±0.005C 

Site 2 0.018a ±0.001A 0.012b ±0.001A 0.131a ±0.013A 0.095b ±0.008A 

Site 3 0.009a ±0.001B 0.004b ±0.001B 0.073a ±0.009B 0.071a ±0.009B 

Pb 

Site 1 0.092a ±0.002A 0.009b ±0.002A 2.13a ±0.07C 0.21b ±0.01C 

Site 2 0.087a ±0.006A 0.009b ±0.001A 3.05a ±0.15A 1.13b ±0.04A 

Site 3 0.091a ±0.007A 0.007b ±0.002A 2.47a ±0.11B 0.44b ±0.02B 

Fe 

Site 1 1.089a ±0.022A 0.518b ±0.015A 2190.71a ±63.52A 742.95b ±50.74A 

Site 2 0.305a ±0.015C 0.145b ±0.019C 1459.23a ±96.60C 520.71b ±33.89B 

Site 3 0.465a ±0.019B 0.361b ±0.017B 1801.32a ±71.52B 687.60b ±59.40A 

Al 

Site 1 0.490a ±0.037B 0.375b ±0.045B 741.12a ±43.23B 755.75a ±23.87B 

Site 2 0.695a ±0.046A 0.549b ±0.043A 1157.33a ±60.66A 950.63b ±32.95A 

Site 3 0.471a ±0.022B 0.408b ±0.033B 752.23a ±68.32B 724.18a ±28.10B 

MPI 

Site 1 0.09 0.03 18.80 9.67 

Site 2 0.08 0.03 36.44 22.57 

Site 3 0.07 0.03 25.66 16.35 
 
Statistical significant differences (P<0.05) are shown with different superscript lower-case letters in the same row, and different 
superscript capital letters in the same column for each parameter. 
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Aquatic sediments show higher metal levels 
than the ambient medium as a result of 
precipitation from the water column as well as the 
adsorption of metals onto organic matter and their 
settlement downwards (Omar et al., 2012). Metals 
mainly originate from exogenous sources 
including agricultural influx, industrial effluents 
and/or sewage via the surrounding areas except 
for Mn, Fe and Al which were reported by WHO 
(2017) to represent part of the most abundant 
metals in the Earth’s crust. This can justify the 
detected increase in levels of these metals in 
most of the studied samples. Omar et al., (2014) 
indicated that Cu, Zn, Cd and Pb are typical 
anthropogenic metals that increase in accordance 
with increasing human activities, which clearly 
support the present findings. 

Assessment of sediment contamination status 
is a necessary measure to protect aquatic 
ecosystems as well as to differentiate the 
influence caused by natural and/or anthropogenic 
sources (Yu et al., 2008). Several factors and 
calculation methods have been reported in 
literature to assess the degree of metal 
contamination and enrichment status in sediment 
samples. Among these factors, the sediment 
contamination factor (SCF) and enrichment factor 
(EF) are the most commonly employed in field of 
soil/sediment geochemistry (Rajmohan et al., 
2014). According to the categories of sediment 
contamination nominated by Hakanson (1980), 
values of SCF showed that all sites had low 
contamination levels with the studied metals (SCF 
< 1) except site 2 during winter season that 
showed moderate contamination level with Cu (1 
≤ SCF < 3) (Fig. 2a). 

The detected EF values for Pb in site 1 during 
summer season and Fe in site 2 during summer 
season were lower than 1.5 indicating that they 
originate from natural sources. All other detected 
EF values were higher than 1.5 indicating that the 
detected metals originate from anthropogenic 
sources (Ergin et al., 1991) (Fig. 2b). According to 
the EF categories illustrated by Birch and Olmos 
(2008), sediment samples showed severe 
enrichment with Cu and Cd (10 ≤ EF < 25) in site 
1 during both seasons and extremely severe 
enrichment with Cu, Zn and Cd (EF ≥ 25) in sites 
2 and 3 during both seasons. Sediment samples 
showed moderate severe enrichment with Mn (5 ≤ 
EF < 10) for all samples except in site 2 during 
summer season which showed moderate 
enrichment (3 ≤ EF < 5). Pb and Fe in sediment 
samples showed minor enrichment (1 ≤ EF < 3) in 
sites 1 and 3 during summer season. Fe in 

samples of site 2 during summer season was the 
single detected metal to show no enrichment (EF 
< 1) (Fig. 2b). EF calculations for Al were not 
conducted as it was used as a normalizer 
(reference element) in EF calculations of other 
metals. Generally, the detected values of EF were 
in line with the present findings of SCF and clearly 
illustrate the intricate pollution condition in the 
study area and long-term exposure to metals 
specially Cu, Zn and Cd in sites 2 and 3.  

Metal concentrations in T. domingensis plant 
and Chironomus larvae are listed in Table 3. 
Metal concentrations in T. domingensis samples 
showed significant temporal increase during 
winter season for all of the studied metals except 
Al in site 3 that showed non-significant temporal 
differences during both seasons. Metal 
concentrations in T. domingensis samples 
showed general spatial fluctuations among sites. 
Cu, Zn and Al showed significant spatial decrease 
in site 1 during both seasons. Mn and Fe showed 
significant spatial increase in site 1 during both 
seasons. Cd and Pb showed significant spatial 
increase in site 2 during winter season and non-
significant spatial differences among sites during 
summer season.   

Metal concentrations in samples of 
Chironomus larvae showed significant temporal 
increase during winter season for all of the studied 
metals except Cd in site 1 that showed non-
significant temporal differences during both 
seasons and Al that showed significant temporal 
increase during summer season. Metal 
concentrations in samples of Chironomus larvae 
showed also spatial fluctuations among sites. Zn 
showed significant spatial decrease in site 1 
during both seasons. Mn and Fe showed 
significant spatial increase in site 1 during both 
seasons. Cd, Pb and Al showed significant spatial 
increase in site 2 during both seasons. Cu 
showed significant spatial increase in site 2 during 
winter season and in both sites 2 and 3 during 
summer season. Generally, results of metal 
concentrations in T. domingensis plant and 
Chironomus larvae were more or less in 
consistence with each other. Macrophytes in 
comparison to other aquatic plant and animal 
species have been reported to have a larger or 
similar capacity for metal accumulation (Jana, 
1988; Albers and Camardese, 1993) which 
support the present findings in regards to metal 
accumulation in both T. domingensis plant and 
Chironomus larvae.  
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Table 3. Metal concentrations in samples of cat-tail plant (Typha domingensis) and Chironomus 
spp. larvae (mg/kg dry wt.) (mean ±SE, n= 24) and metal pollution index (MPI) 

 
 

Cat-tail plant  
(Typha domingensis) 

Chironomus spp. larvae 

  Winter Summer Winter Summer 

Cu 

Site 1 35.04a ±3.65B 9.46b ±1.90B 149.17a ±12.81B 36.05b ±3.89B 

Site 2 45.59a ±4.13A 19.01b ±3.30A 183.66a ±12.01A 96.74b ±8.95A 

Site 3 43.93a ±3.96A 17.94b ±2.05A 111.82a ±14.62C 82.71b ±6.57A 

Zn 

Site 1 65.75a ±4.72B 35.96b ±3.76B 171.33a ±13.28B 96.12b ±12.90B 

Site 2 86.78a ±5.73A 46.45b ±4.03A 362.05a ±19.77A 151.54b ±16.24A 

Site 3 78.06a ±3.85A 49.23b ±3.78A 371.78a ±24.49A 160.72b ±12.98A 

Mn 

Site 1 201.86a ±12.29A 180.67b ±5.03A 184.22a ±13.38A 97.61b ±9.97A 

Site 2 136.11a ±7.61B 78.47b ±1.82B 84.91a ±9.91B 33.40b ±8.72C 

Site 3 129.49a ±2.39B 56.81b ±2.91C 101.64a ±15.21B 57.66b ±6.74B 

Cd 

Site 1 0.374a ±0.022B 0.077b ±0.003A 0.603a ±0.074B 0.626a ±0.060B 

Site 2 0.416a ±0.011A 0.076b ±0.004A 1.589a ±0.128A 1.065b ±0.044A 

Site 3 0.209a ±0.016C 0.074b ±0.007A 0.637a ±0.092B 0.287b ±0.032C 

Pb 

Site 1 1.01a ±0.12C 0.30b ±0.04A 4.73a ±0.22C 0.31b ±0.04B 

Site 2 2.40a ±0.11A 0.33b ±0.03A 7.42a ±0.38A 0.57b ±0.09A 

Site 3 1.99a ±0.22B 0.32b ±0.02A 5.92a ±0.29B 0.35b ±0.03B 

Fe 

Site 1 3313.52a ±89.02A 1381.34b ±93.43A 4870.32a ±196.89A 3626.22b ±175.17A 

Site 2 1495.35a ±94.57C 806.18b ±54.44C 3226.56a ±88.94C 2149.98b ±199.90C 

Site 3 2066.43a ±82.18B 970.84b ±92.03B 4415.07a ±105.65B 3002.99b ±112.62B 

Al 

Site 1 1134.77a ±84.44C 961.05b ±62.91C 692.62b ±48.20C 871.85a ±74.51C 

Site 2 2559.53a ±88.71A 2160.42b ±99.18A 1672.06b ±118.17A 2678.68a ±99.98A 

Site 3 1487.93a ±76.65B 1400.01a ±95.78B 1431.80b ±119.71B 1708.73a ±87.63B 

MPI 

Site 1 48.82 21.14 89.30 41.37 

Site 2 57.42 22.62 120.04 55.93 

Site 3 47.77 20.68 100.10 45.36 

Statistical significant differences (P<0.05) are shown with different superscript lower-case letters in the 
same row, and different superscript capital letters in the same column for each parameter. 

 

 
 

Figure 1. Map of Wadi-Al Arj showing positions of the studied sites 
Source: Google earth.com 
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Figure 2. Sediment contamination status as indicated by (a) sediment contamination factor (SCF) 
and (b) enrichment factor (EF) 

 
 

 
 

Figure 3. Metal’s bioaccumulation factor in samples of (a) cat-tail plant (Typha domingensis) and 
(b) Chironomus spp. larvae 
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Metal pollution index illustrates a general 
overview of the detected results (Tables 2 and 3). 
MPI was used to compare the overall metal 
contents among the studied samples where it 
showed the order: Chironomus larvae > T. 
domingensis plant > sediment > water. Moreover, 
samples collected during summer season showed 
lower metal load than winter season. Taking into 
consideration the high rate of rainwater flow 
during summer season accompanied with high 
water exchange rate, the accumulation of metal 
pollutants is expected to decrease during summer 
season in comparison to winter season in all of 
the studied ecosystem components. According to 
Tomlinson et al., (1980), the amount of 
exchangeable metal held in the sediment is 
affected by many factors. These include: (a) 
Particle size - in general the finer the sediment the 
greater the binding capacity. (b) Levels of 
particulate and dissolved organic matter - this may 
occur naturally or due to waste disposal as 
sewage. Metals have high affinity to humic 
substances present in organic matter. The quality 
and quantity of organic matter differentially 
influence metal binding within sediments. In 
general, metal concentration in sediment is 
directly proportional to the sediment content of 
organic matter. (c) Redox - the distribution of 
metals between the sediment and water column is 
different under anoxic and oxygenated conditions, 
especially in the presence of sulphide. Thus 
metals such as copper, zinc and iron form 
insoluble sulphides which would tend to be bound 
in the sediments, and which might be released 
into the water column upon oxygenation. All these 
factors clearly support the present findings where 
Chironomus larvae followed by T. domingensis 
plant had the highest MPI.   

Metal’s bioaccumulation factor in T. 
domingensis plant showed that Mn, Fe and Al had 
the highest BAF values among the studied sites 
during both seasons. Site 3 showed also high 
BAF values of Cu together with Mn, Fe and Al 
during summer season (Fig. 3a). In agreement 
with Bonanno et al., (2017), T. domingensis 
shows high potential to bioaccumulate Mn. 
Meanwhile, Metal’s bioaccumulation factor in 
samples of Chironomus larvae showed great 
temporal and spatial variability with Fe being the 
most prevalent metal except in site 1 during winter 
season and site 3 during summer season where 
Fe was the second most prevalent metal after Mn 
and Cu, respectively (Fig. 3b). This indicates 
clearly the high affinity of Chironomus larvae to 
bioaccumulate iron. 

Typha domingensis, commonly known 
as southern cat-tail, is an 
emergent perennial herbaceous plant that is 
widespread in the tropics, subtropics and warm 
temperate regions worldwide. It is a very common 
species that colonies a wide variety of wetland 
habitats and represents one of the major 
components of the vegetation stands along the 
study area (Hassan, 2015). The potential use of T. 
domingensis as a possible biomonitor for metal 
contamination has been highlighted by several 
researchers (Eid et al., 2012; Bonanno, 2013; 
Bonanno et al., 2017). Eid et al., (2012) indicated 
that T. domingensis reflects the cumulative effects 
of environmental pollution from water and 
sediment due to its high growth rate and great 
capacity for accumulating nutrients and metals in 
its tissues. In general, uptake of elements by 
wetland plants depends on numerous biotic and 
abiotic factors and their interaction (Yang and Ye, 
2009). Accumulation of metals by macrophytes is 
in particular affected by their concentrations in 
water and sediment (Ruiz and Velasco, 2010; 
Bonanno, 2013), but even more by metal 
speciation, such as availability of free ions and the 
effect of humic complexes (Bonanno and Lo 
Giudice, 2010). Plants show high ability to absorb 
metals, especially those essential for their growth 
and development such as Mn, Cu and Zn, which 
are essential in photosynthetic processes 
(Kabata-Pendias, 2011). Macrophytes, in 
particular, play a fundamental role in wetlands as 
the principal living accumulators of metals through 
active and passive absorption. In terms of 
biomass, macrophytes are the predominant 
organisms in highly productive littoral ecosystems, 
such as wetlands (Vodyanitskii and Shoba, 2015). 
Results of metal concentrations in T. domingensis 
samples reported in the present study were 
comparable or even lower in most cases than 
those reported by Bonanno (2013) as well as 
Bonanno and Cirelli (2017) excluding iron that 
was not detected in these studies. 

Freshwater invertebrate fauna play a key role 
in the maintenance of aquatic ecosystem 
services, mainly in secondary production and 
energy flow dynamics (Ramírez and Pringle, 
1998). Among these organisms, aquatic insects 
are the most important, because they are the 
major representatives of functional feeding groups 
helping in ecosystem dynamics (Tomanova et al., 
2006). Among aquatic insects, the dipteran family 
Chironomidae, commonly referred to as non-biting 
midges, are common inhabitants of freshwater 
ecosystems and often dominate aquatic insect 
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communities in both abundance and species 
richness (Leonard and Ferrington, 2008). 
Chironomids make up the most widespread insect 
family, and they have received much attention by 
researchers worldwide due to their outstanding 
abilities as biological indicators of environmental 
conditions (Rosenberg, 1992; Lindegaard, 1995; 
Resh and Rosenberg, 2008). Chironomus larvae 
have been reported as tolerant species since they 
have the ability to survive in extreme 
environmental conditions with low dissolved 
oxygen and high concentrations of pollutants 
(Mousavi et al., 2003; Al-Shami et al., 2010). 
Chironomid larvae are unusual among aquatic 
insects in possessing hemoglobin analog. Thus 
they are bright red in color and often known as 
bloodworms. This high hemoglobin content is one 
of the main adaptations that enables larval stages 
to cope with unfavorable oxygen conditions 
(Coffman and Ferrington, 1996; Panis et al., 1996) 
and, in agreement with the present findings, 
explains their high affinity to bioaccumulate iron. 

CONCLUSION 
The continued uncontrolled waste discharge 

at point sources of pollution may pose serious 
threats to both inhabiting biota and public health. 
Integrating several indicators of metal pollution 
proved to be of great value in field surveys also in 
monitoring and assessing temporal and spatial 
variations in the pollution status of aquatic 
ecosystems even under minor and intricate 
pollution gradients. Typha domingensis plant and 
Chironomus spp. larvae are considered as 
potential sentinel organisms in biomonitoring 
metal pollution. The present study affirmed that 
MPI is of particular concern in indicating the 
overall metal load in a combined mixture rather 
than measuring metal concentrations individually. 
Moreover, it is recommended to monitor SCF and 
EF of sediment as well as MPI and BAF as 
efficient and reliable indicators of the real behavior 
of metals after their interaction in biotic and abiotic 
components of aquatic ecosystems. A 
comprehensive monitoring of the aquatic 
resources, regular pollution assessment surveys 
and advisories for the resident human population 
are needed, but also there is an urgent need to 
design an effective management strategy for 
pollution reduction along such sensitive 
ecosystems. 
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