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Abstract: Industrial wastewaters are of the major sources of heavy metal pollution in the 

environment. In the Middle East, gas and oil industry is the major source of heavy metal pollution 

and releases significant amounts of metals into the terrestrial and aquatic environment. In this research 

the capability of the common reed (Phragmitis australis) in absorbing heavy metals Cd, Pb and V 

from the wastewater of a gas refinery plant in Iran was investigated. The plant samples were collected 

from the vicinity of the BidBoland gas refinery plant in Iran and were used for the treatment of 

wastewaters collected from the outflow of the refinery plant. The metal concentrations were measured 

in the roots of the plant species before treatment and after 2, 6 and 10 days of treatment procedure. 

The heavy metal concentrations were measured after acid digestion and using an ICP-OES instrument. 

After 10 days of treatment, the concentrations of the metals in plant tissues increased by 2.5, 6.9 and 

2.7 times for Cd, Pb and V, respectively. The best treatment time was suggested to be 6 days. The 

common reed was observed to have a very good capability in removing heavy metals from the gas 

refinery wastewater. 
 

Introduction 

Human beings around the globe release huge amount 

of wastewater into the environment. In particular, 

significant concentrations of heavy and hazardous 

metals, are released in industrial wastewater and 

these can cause numerous environmental problems 

(Atashgahi et al., 2011). These adverse effects 

associated with metals can include the alteration of 

the structure of crops and functions of organisms and 

their effects can be observed in food chains. High 

metal concentrations can be toxic to some organisms 

and metal imbalance in plant tissues can be critical 

for different kinds of diseases (Ha et al., 2010).  

The capability of some plant species to absorb and 

accumulate high levels of metals in their organs can 

be used for the purification of polluted 

environments; in a process known as 
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phytoremediation. Aquatic macrophytes exhibit a 

high potential for heavy metal phytoremediation due 

to their rapid growth and high biomass (Carranza-

Alvarez et al., 2008). 

Among the different possible methods of wastewater 

treatment, phytoremediation is an environmental 

friendly and economic method. One of the plant 

species which has been widely used for treatment of 

heavy metals is common reed (Phragmeties 
australis), which can tolerate different environmental 

conditions, including high concentrations of toxic 

heavy metals (Ye et al., 1997; Stoltz and Greger 

2002; Kropfelova et al.,  2006; Sardar Khan, 2009). 

In the Middle East, one of the major industries is oil 

and gas production and the resulting wastewater 

contains elevated levels of heavy metals such as lead, 

cadmium and vanadium. In this study, the potential 
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of common reed was investigated for the 

phytoremediation of Cd, Pb and V in wastewater 

from the BidBoland gas refinery in Iran. 

 

Material and Methods 

Study area: BidBoland gas refinery is located 32 km 

north east of Behbahan in the province of Khozestan, 

Iran (Fig.1). Samples of wastewater were collected 

from the outflow, 300 m south of the refinery. 

Wastewater discharge was 60 to 70 m3 per hour. 

Sixty samples of the common reed (Phragmeties 
australis) were collected from the surrounding area; 

their roots were placed in plastic bags and 

immediately transferred to the laboratory. The roots 

of thirteen of these samples were washed with water, 

dried and prepared for chemical analysis. Three 

plastic containers were used in order to plant 30 other 

plant samples. These 30 plant samples were 

nourished in these containers within 15 days to reach 

a height of approximately 40 cm. Wastewater 

samples were transferred into another plastic 

container (100×150×40 cm) and the 40 cm plant 

samples were transferred and planted in this 

container. 

Samples were taken from the roots (using acid 

washed plastic knives) of the plants during three 

phases, namely after 2, 6 and 10 days from 

transferring wastewater into the containers. During 

each phase, 13 plant samples were selected by 

random and taken out from the container. The roots 

of these samples were washed with water, dried in a 

fume hood and stored in clean plastic bags for 

chemical analysis.  

Preparation of plant samples: All plastic and 

glassware were washed with soap and hot water, 

rinsed three times with distilled water and stored in 

a solution of 10% HNO3 and HCl for 2 weeks; and 

rinsed three times with dionized water afterwards. 

The plant tissues were dried in an oven for 48 to 72 

hours in 110°C and ashed in a furnace in 550°C for 

48 hours. Wet and dry weights of the samples were 

recorded. Ashed samples were digested using 

concentrated Analar grade HNO3 (Merck, Germany) 

and diluted by %1 HNO3. The concentrations of the 

metals were measured using an ICP-OES instrument. 

(PerkinElmer, USA). For certifying the analysis 

method, for each 20 root samples 2 blanks and 2 

homogenised and spiked samples were analyzed 

under the same laboratory conditions. 

Statistical analysis: Statistical analyses were 

performed using SPSS 16. The normalization of data 

was checked using Kolmogorov Smirnov test. 

Figure 1. Location of BidBoland gas refinery. 
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ANOVA and Duncan tests were used to compare the 

average concentrations of the metals in different 

treatment times (0, 2, 6 and 10 days). Pearson 

correlation coefficients were used for determination 

of any correlation between concentrations of the 

metals in the common reed tissues.  

 

Results and Discussion 

Heavy metal concentrations in plant tissues: 
Percentage recoveries were between 90 to 105 

percent for all metals measured. The detection limits 

(equal to 3×SD of blanks) were 2, 10 and 100 ppb 

for Cd, Pb and V, respectively. The mean and 

standard deviation of Cd, Pb and V concentrations in 

plant tissues for different treatment times (0, 2, 6 and 

10 days after treatment) are shown in Table 1. 

Figure 2. Cd Concentrations in Common reed samples (µg g-1 dry weight). 

Figure 3. Pb Concentrations in Common reed samples (µg g-1 dry weight). 

Figure 4. V Concentrations in Common reed samples (µg g-1 dry weight) 
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Concentrations of the metals in plant tissues are 

showed in Figures 2 to 4. 

The average concentrations of Pb in common reed 

tissues were 1.78, 13.25, 14.28 and 9.38 (µg g-1 dry 

weight) for 0, 2, 6 and 10 days of the treatment, 

respectively. The average concentrations of Cd in 

plant tissues were 0.61, 1.53, 1.95 and 1.21 (µg g-1 

dry weight) for 0, 2, 6 and 10 days after the 

treatment, respectively. The concentration of V in 

plant tissues was 11.54 (µg g-1 dry weight); which 

increased to 29.24, 40.83 and 24.75 (µg g-1 dry 

weight) after 2, 6 and 10 days of treatment, 

respectively.  

Based on statistical analysis, significant differences 

(P<0.05) were found between the concentrations of 

heavy metals in common reed tissues; and between 

the concentrations of each metal in samples taken 

from different retention times of 0, 2, 6 and 10 days. 

The Increase in the concentration of heavy metals in 
the plant roots: Lead in the roots increased 6.87 

times, the highest increase related to the beginning 

of the treatment, followed by 2.73 times for V and 

2.54 times for Cd, as showed in Table 2. The average 

concentrations of heavy metals in roots of the 

common reed samples before and after 10 days of 

treatment followed the order of Cd < Pb < V. 

Cadmium: Among the metals, cadmium showed the 

lowest concentrations in roots of common reed, as 

was observed before in other studies (Bonanno and 

Lo Giudice, 2010; Nirmal Kumar et al., 2008). This 

metal is a non-essential element with high toxic 

effects on growth and metabolism of the plant 

species. This metal releases free radicals and reactive 

oxygen species; which cause oxidative stress and 

consequently the death of plants with damaging 

membrane proteins, lipids, nucleic acid and 

pigments. However, the common reed (Phragmeties 
australis) is one of the species with high tolerance to 

Cd, as a result of high activity of antioxidant 

enzymes (Bonanno and Lo Giudice 2010). 

Common reed (Phragmites australis) accumulates 

Cd in its roots and hardly transfers it to the shoots. 

This might be a mechanism to avoid the potential 

toxic effects on photosynthetic organs (Dhir et al., 

2009). The average increase in the concentration of 

Cd in roots of common reed in this study was 

1.56 µg g-1 dry weight, which is comparable with 

1.4 µg g-1 dry weight in roots of Carex rostrata and 

4.6 and 4.3 µg g-1 dry weight in roots of Phragmites 
australis and Eriophorom ansustifolium, respectively 

(Soltoz and Greger, 2002). Sardar Khan (2009) 

found Cd uptake of 2.9 and 3.6 µg g-1 dry weight in 

roots of Phragmites australis and Thypha latifolia, 

respectively. 

Lead: Lead can be naturally found in plant tissues; 

however it is not recognized as an essential element. 

Broyer et al. (1972) stated that if Pb is necessary for 

plants, its concentration at the level of 2–6 μg/kg 

should be sufficient. Transportation and industrial 

activities release huge amount of lead into the 

environment.  

Rühling and Tyler (1968) reported an increase of Pb 

Treatment time   
Metal concentration 

(µg g-1 dry weight) 

0 2 6 10 

Mean SD Mean SD Mean SD Mean SD 

Cd  0.61 0.25 1.53 0.84 1.95 0.74 1.21 0.59 

Pb  1.78 1.20 13.25 5.03 14.28 7.46 9.38 3.96 

V 11.54 6.39 29.24 8.47 40.83 7.65 24.75 7.18    

 

Table 1. Means and standard deviations of Cd, Pb and V concentrations in common reed tissues in different retention times 

 Cd (µg g-1 dry weight) Pb (µg g-1 dry weight) V (µg g-1 dry weight) 

Mean in the beginning 0.61 1.78 11.54 

 
Mean after treatment 1.56 

 

12.30 

 

31.61 

 
Increase 2.54 Time 

 

6.87 Time 

 

2.73 Time 
 

 

Table 2. The increase in the concentration of Cd, Pb and V by common reed roots 

of the A. braschnicowi populations 



33 
 

 

Hamidian et al./ Int. J. Aquat. Biol. (2014) 2(1): 29-35 

concentration in Hypnum cuperssiforme tissues 

within a 100-year period. Various lead uptake rates 

have been reported for plant species. This might be 

because of several environmental factors including 

geochemical anomalies, type of pollutants, the plant 

species and seasonal changes (Kabata-Pendias and 

Pendias, 2010).  

In this study, a lead uptake rate of 12.307 µg g-1 dry 

weight was observed, which was higher than the 

rates Sardar Khan (2009) reported for Phragmites 
australis 2/9 (µg g-1 dry weight) and Typha latifolia 

3/6 (µg g-1 dry weight).  

Vanadium: Plants can easily uptake vanadium by 

their roots, especially in acidic soil. A linear 

relationship between the concentration of V in soil 

and plant tissues indicates that plant species can 

uptake VO2+ in acidic conditions more rapidly than 

V3− and HV42− species, which are dominated in 

neutral and alkaline solutions. It seems that cationic 

V might be more available to plant species than 

anionic V (Welch, 1979). 

Vanadium is an essential element for algae and some 

bacterial species. It is not proved to be an essential 

metal for higher plant species, however some 

evidences imply it might be a catalyst in N2 fixation 

(Kabata-Pendias and Pendias, 2010). There is no 

evidence of deterioration effects of V on plants, 

while Welch and Cray (1975) expressed that V is an 

essential elements for plant species and a 

concentration of less than 2 μg/kg is needed for plant 

growth. 

Shacklette and Connor (1973) determined 

concentration between 50–180 mg/kg V in Spanish 

moss samples collected from areas affected by crude 

oil discharges. Gough and Severson (1976), reported 

V concentrations as high as 700 mg/kg in sagebrush 

found in vicinity of a plant producing phosphorus 

fertilizer. In neighborhood of crude oil refinery plant, 

Pawlak (1976) reported V concentrations of 13 and 

8 mg/kg in clover and grass tissues, respectively. In 

this study a V uptake rate of 31.610 µg g-1 dry weight 

was found for Phragmites australis. There is not 

much information available on the removal of V 

using Phragmites australis, therefore, it is not 

possible to make comparisons. 

Proper treatment time for metal removal using 
phytoremediation: This study showed that a 

treatment time of 6 days is the best for the removal 

of Cd, Pb and V from wastewater using common 

reed. This is in agreement with a treatment time of 7 

days that Hadad et al. (2006) found for Typha 

domingensis. He suggested this treatment time for 

treatment of wastewater with high EC, pH and heavy 

metal content. After 10 days of treatment, the 

concentrations of metal, in plant tissues were 

decreased, which might be due to metal release and 

that uptake rate, might have gone higher that tolerant 

threshold of the plant. Ye et al. (2003) suggested a 

retention time of 12 days as the proper time for the 

removed of nutrient and metals.   
Correlation between Cd, P and V concentrations in 
plants roots: Balancing heavy metals in plant organs 

is very important and necessary; and affect their 

physiology and consequently their growth. In this 

study, significant correlations (P<0.01) were found 

between the concentrations of Pb and Cd; Pb and V; 

and Cd and V in plant tissues with correlation 

coefficients of 0.40, 0.51 and 0.41, respectively. The 

interaction between metals is one of the major causes 

of their toxicity. For example, Hernandez et al. 

(1998) reported that uptake of Mn by plant can be 

reduced in presence of Cd. When plants uptake 

metals to the concentrations higher than their 

tolerance or toxic threshold, there might be 

interactions between the metals and their metabolic 

functions might be interfered. For instance, 

excessive uptake of Zn by plant might affect Fe 

metabolic function, and even in normal 

concentrations of Fe, the plant might suffer from 

chlorosis (Market, 1987).  
 

Conclusions 

Phytoremediation is a natural method for wastewater 

treatment with numerous benefits such as its easy 

processing, energy saving, environmental 

conservation; e.g. improving local biodiversity, 
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enhancing the quality of local weather, less emission 

of CO2, using natural resources of energy (such as 

solar radiation and wind) and soil, plants and animals 

in wastewater treatment, control of soil erosion and 

increasing available water supply (Schröder et al., 

2007). Due to our observed uptake rates of Pb, V and 

Cd by common reed plant during wastewater 

treatment (compared to other studies) and because it 

is a native plant species in Khozestan Province (due 

to appropriate climate conditions), and because this 

plant species has a very high growth rate in this area, 

it is suggested to use common reed for the removal 

of heavy metals from this specific wastewater. 

However, in similar situations when common reed is 

regarded to be used for the treatment of wastewater, 

the source and type of pollutants should be 

investigated and a pilot study is needed before any 

further investment.    
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