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1. Introduction  

 

    Contamination of biotic and abiotic components with 
heavy metals may affect all forms of life and lead to dire 
consequences in animal and human health [1,2].     The type 
of heavy metals and their impact on public health differ 
from their permissible limits. For instance, elements such as 
cadmium, arsenic, mercury, and lead are biologically 
unnecessary and could be toxic for living organisms even at  
extremely low  concentrations  [3].  Furthermore,  essential 
            
 

 
 

 

minerals (e.g., silver, copper, and zinc) in excess amounts 

may result in toxicity for the consumers [4]. 

    Heavy metal concentrations in aquatic ecosystems are 

often monitored by measuring their concentrations in 

water, sediments, and the associated biota [5]. Heavy 

metals could be transferred through aquatic food webs and 

accumulate in living organisms [2,6], which in turn exerts 

antagonistic effects and  causes  various  human  and  animal  

diseases [3]. 

 

 
 

 

Background: The present study aimed to determine the concentrations of cadmium (Cd) 
and lead (Pb) in water, bottom sediments, and tissues of sampled fish from Mellat 
artificial lake in Iran. 

Methods: Two stations were selected to evaluate the heavy metal concentrations, 
including the IRIB qanat (S1) and middle part of the lake (S2). The measurements were 
performed in triplicate via flame atomic absorption spectroscopy. 

Results: In water, the highest levels of Pb (5.33 mg/l) and Cd (0.650 mg/l) were observed 
in the sampled sediments from S2 in autumn and winter, respectively (P < 0.05). Seasonal 
analysis revealed that the highest and lowest Pb concentrations were in the fish muscles 
in summer (8.107 mg/kg) and spring (0.487 mg/kg), respectively, while the fish liver 
showed the maximum (3.982 mg/kg) and minimum Pb concentrations (0.690 mg/kg) in 
autumn and winter, respectively. The Pb concentration in the fish muscle and liver was 
above the standard limits for human consumption. However, the Cd level in the fish 
muscle in spring was below the standard limits, which gradually increased and exceeded 
the standard limits. 

Conclusion: Precautions are required to avoid the contamination of Mellat Lake with 
heavy metal-based sources due to the discharge of pollutants. 
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   Cadmium (Cd) and lead (Pb) are the most common 
elements with regard to heavy metal toxicity in aquatic 

ecosystems, which are considered alarming globally [7]. 

Lead is a toxic heavy metal that causes numerous 
complications in the neurological system and has high 

concentrations in urban areas due to the combustion of 

leaded petrol [8]. The importance of the bioaccumulation of 
cadmium in aquatic animal tissues and biomagnification of 

this element in water, sediments, and aquatic food chain 
have been reported in some studies in this regard [9]. In 

addition, several studies have indicated that cadmium is a 

carcinogenic substance, which may adversely affect human 
kidney function and significantly increase the risk of breast, 

prostate, colon, rectal, kidney, and lung cancer [10]. Reports 

have also denoted the presence of these metals in Buriganga 
River in Bangladesh [11] and Musa estuary in the Persian 

Gulf in Iran, while their geo-accumulation has also been 
reported in summer and winter [12]. 

    In a study in this regard, Wildi et al. (2004) stated that the 

lakes and reservoirs located in the downstream of the urban 
areas in Switzerland have been polluted with cadmium, 

lead, chromium, mercury, and cobalt, and the main 

environmental risk was the remobilization of the 
contaminants and their return to the food chain [13]. In 

another study, lead and cadmium concentrations were 
measured in the muscles, liver, and gill tissues of common 

carp from Beyşehir Lake in Turkey, and the results indicated 

that the concentrations of these heavy metals reached the 
highest value in summer and winter. On the other hand, the 

samples evaluated in spring and autumn had the lowest 

heavy metal concentrations [14]. In another research, Iqbal 
and Munir (2014) reported the distribution of some heavy 

metals in various tissues of common carp in Rawal Lake, 
which is an urban artificial reservoir in Pakistan [15]. 

    Mellat Lake is located in the northeast of Tehran (Tehran, 

Iran) and was built in 1966. The lake is an attraction to the 
local visitors and recreational fishermen owing to its 

location in Tehran metropolis. Moreover, the stored water 

behind the lake is the main source of the irrigation of the 
garden. 

    The present study aimed to assess lead and cadmium 
contamination in the water, sediments, and tissues of the 

Cyprinidae fish family in Mellat lake as one of the largest 

artificial lakes in Tehran. 

 
2. Materials and Methods 
 

2.1. Description of the Study Area 
 

    Mellat artificial urban lake is located in Mellat Park, which 
is the municipal green space in Tehran, occupying an area of 
approximately 220 hectares in the northeast of Tehran 
metropolis. The geographical state of the lake is 35°46'45"N 
and 51°24'35"E, and the water is supplied by qanats, 
precipitations, and runoff. 
 
2.2. Sample Collection 
 

    Sampling was performed from the water, sediments, and 
fish seasonally during March 2016-March 2017. Two 
stations (S1 and S2) were selected in Mellat artificial lake 
(Figure 1) to evaluate the effects of seasonal variations on 

heavy metal concentrations. The S1 station (IRIB qanat) was 
selected considering the water inlet to the lake, and the S2 
station was selected in the middle of the lake to represent 
the possible significant pollution sources. 
    The water samples were collected using the methods 
recommended by the United States Environmental 
Protection Agency (USEPA). In summary, water samples 
were collected using sterile bottles (50 ml), which were 

immediately stored at the temperature of 4 ± 1 ᵒC before 

laboratory analysis (less than 4 hours). The samples were 
filtered through the Whatman filter paper No. 42 to 
eliminate unwanted objects (e.g., wood pieces, plants, and 
other particles). In total, three samples were collected from 
each station to determine the heavy metal concentrations 
on the same date at the depth of 1.5 meters seasonally. 
    The bottom sediments were sampled using an Ekman 
bottom grab sampler seasonally based on the 
recommended EPA methods. Sampling was performed at 
the depth of 3-4 meters in triplicate for each time in order 
to obtain an appropriate portion of the sediments. 
Following that, the samples were wet-sieved through a five-
millimeter mesh to remove the plant fragments [16]. The 
settled sediments were washed with methanol and hexane 
to obtain homogeneous samples and dried in open air prior 
to the digest process. 
    The fish specimens were caught through gillnetting 
(mesh size: 65 mm) and transferred to the science and 
research laboratory in ice. The sampled fish belonged to the 
Cyprinidae fish family, and the total length (TL) and body 
weight (BW) of the samples were measured (Table 1). In 
addition, the fish tissues (muscles and liver) were obtained 
and stored in the refrigerator (less than 48 hours) for heavy 
metal contamination analysis. 
    All the animal procedures were performed in accordance 
with the ethical guidelines of the Science and Research 
University and international guidelines for the care and use 
of animals for scientific research. 
 
2.3. Determination of Heavy Metals 
 

    The collected fish samples were dried in an oven at the 
temperature of 105°C and transferred to a furnace oven at 
the temperature of 550°C. Afterwards, one gram of the dried 
fish samples was mixed with 65% nitric acid (10 ml) and 
heated at the temperature of 140°C for three hours. The 
digestion process was completed when all the samples were 
totally dissolved in the acid. Following that, the digested 
samples were filtered through a filter paper (Whatman 
No.1, Maidstone, UK) and preserved at the temperature of 
4°C until the analysis of the heavy metal concentrations in 
the solution via flame atomic absorption 
spectrophotometer (FAAS) [17]. Moreover, triplicate 
digestion was carried out for each sample seasonally.  
    Water digestion was performed by mixing 100 milliliters 
of    the   sampled     water    with    five    milliliters    of   5M  
 
 

      

 

Table 1: Body Weight (BW) and Total Length (TL) of Sampled Fish from 

Mellat Lake 
Season Biometric characteristics 

TL (mm) BW (g) 

Spring 336.0 ± 59.4 331.6 ± 80.8 

Summer 316.3 ± 76.5 301.8 ±  62.3 

Autumn 291.2 ± 68.6 285.2 ±  69.2 

Winter 286.6 ± 52.1 264.6 ± 48.3 
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 hydrochloric acid. Afterwards, the digestion process was 

completed by heating the solution at the temperature of 

105°C for two hours. At the next stage, double distilled 

water was added to the solution to obtain the final volume 

of 100 milliliters, and the solution was used for the AAS 

analysis. 

    For the digestion of the sampled sediments, one gram of 

the sediment samples was dried and transferred to a 

digestion tube (250 ml), and five milliliters of 65% 

hydrochloric acid was added, along with six milliliters of 

37% hydrochloric acid, which were heated at the 

temperature of 120°C for three hours. The digested 

sediments were cooled, filtered (Whatman No. 42, 

Maidstone, UK), and diluted up to 25 milliliters using double 

distilled water. 
 

2.4. Detection of Cadmium and Lead Concentrations 
 

    In the present study, AAS was used to determine the 
cadmium and lead concentrations in various digested 

samples using an atomic absorption Varian Spectra AA-200 

spectrophotometer (Varian, Australia) in accordance with 
the instructions of the manufacturer, and hollow cathode 

lamps (Cathodeon) were used as    the   energy   sources.  The 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

optical density of cadmium and lead were estimated at 228 

and 217 nanometers, respectively. 
 

2.5. Statistical Analysis 
 

   Data analysis was performed in SPSS version 22, and the 

results were expressed as the mean and standard error. The 
statistical differences in the heavy metal concentrations 

between water, sediments, fish tissues, and stations in 
different seasons were determined using one-way analysis 

of variance (ANOVA) at the significance level of 0.05. 

 

3. Result and Discussion  
 

    Table 2 shows the seasonal variations in lead and 

cadmium concentrations in the water and sediment 

samples collected from Mellat Lake. Accordingly, the 
highest lead level in the S1 was observed in spring (mean: 

0.1550 ± 0.1151 mg/l), while the highest lead concentration 

in the S2 was observed in summer (mean: 0.085 ± 0.0088 
mg/l). Meanwhile, the lowest lead concentration in the S1 

and S2 was obtained in winter, and the highest lead level 
(mean: 5.332 ± 0.147 mg/l) in the sediments was observed 

in autumn. The minimum lead level in the sediments was 

recorded in spring (mean: 0.820 ± 0.035 mg/l). 
 

 

 

Figure 1: Location of Study Area and Sampling Stations (S1 and S2) 



Shamsaie Mehrgan M, et al.                                                                                                                                           Cadmium and Lead Concentrations in Mellat Lake, Iran 

178                                                                                                                                  Journal of Human, Environment, and Health Promotion. 2019; 5(4): 177-82 

 
 

    According to the obtained results, the highest cadmium 

concentration was recorded in the S1 (mean: 0.009 ± 0.000 
mg/l) and S2 (mean: 0.017 ± 0.000 mg/l) in summer. On the 

other hand, the lowest concentration of cadmium was 

observed in the S1 (mean: 0.000 ± 0.000 mg/l) and S2 
(mean: 0.001 ± 0.000 mg/l) in winter. The maximum 

concentration of cadmium in the sediment samples was 
obtained in winter (mean: 0.654 ± 0.071 mg/l), while the 

minimum cadmium concentration in the sediments was 

reported in spring (mean: 0.011 ± 0.001 mg/l).  
    According to the information in Table 3, lead 

concentration had a significant difference in the muscles 

and liver of the sampled fish. In addition, the highest lead 

levels were observed in the muscle (mean: 8.107 ± 0.395 

mg/kg) and liver tissues (mean: 3.982 ± 0.338 mg/kg) in 

summer and autumn, respectively. The minimum lead 

concentration was detected in the muscle (mean: 0.487 ± 

0.028 mg/kg) and liver tissues (mean: 0.690 ± 0.044 mg/kg), 

which were recorded in spring and winter, respectively. 

However, no significant difference was observed in the 

cadmium level between the muscle and liver tissues of the 

sampled fish in spring. The highest cadmium concentration 

in the muscle (mean: 0.25 ± 0.048 mg/kg) and liver tissues 

(mean: 0.26 ± 0.026 mg/kg) of the fish was observed in 

summer and winter, respectively, while the lowest 

cadmium levels (mean: 0.05 ± 0.004 mg/kg and 0.05 ± 0.000 

mg/kg, respectively) were denoted in spring (P < 0.05). 

Cadmium and lead are classified as non-essential elements, 

and their high concentrations may be detected in aquatic 

organisms due to anthropogenic activities. The toxicity of 

these heavy metals (even at low levels) has been confirmed 

in humans and animals. The present study revealed the 

correlations between the seasonal variations and 

environmental contamination degree with heavy metals in 

water, sediments, and fish tissue samples (C. carpio) in 

Mellat Lake. 

    According to the findings of the current research, the 

highest lead concentration was observed in the S1 and S2 in  

spring and summer, respectively, while the lowest lead 

concentration in the S1 and S2 was obtained in winter. The 

highest cadmium concentration was recorded in the S1 and 

S2 in summer, and the lowest cadmium concentration was 
observed in the S1 and S2 in winter. 

    The higher levels of these heavy metals during summer 

may be due to dry weather, which results in higher 

evaporation and decreased precipitation [14]. Consistently, 
Obasohan and Eguavoen (2008) reported that dry seasons 

are associated with  the   increased   accumulation    rate   of 

 
 

 
 

heavy metals in water and stocked fish [18].  
 

    According to the literature, lead exerts various 

detrimental effects, including neurotoxicity and 

nephrotoxicity, rapid behavioral malfunction, reduced 

growth and metabolism, and changes in the social behavior 

of some mammals [19]. In the present study, the highest 

lead concentration was observed in the water samples in 

spring and sediments in autumn. The lowest values were 

measured in winter and spring in the water and sediment 

samples, respectively. In this regard, the World Health 

Organization (WHO), Food and Agriculture Organization 

(FAO), and EPA have cooperatively set the limit of 5-10 mg/l 

for the lead concentration allowed for agricultural irrigation 

purposes [20]. Correspondingly, neither S1 nor S2 exceeded 

the mentioned limit. 

    According to the results of the present study, the 

cadmium concentration in the water samples was highest 

in summer and lowest in winter, which could be due to the 

increased human activities and dry weather, affecting the 

environment of Mellat Lake directly or indirectly. In a 

research in this regard, Zyadah (1995) reported that the 

seasonal fluctuations of heavy metals in Lake Manzala 

(Egypt) may be due to the variations in the agricultural 

drainage water, sewage effluents, and industrial wastes that 

are discharged into the lake [21]. Furthermore, Ali and 

Abdel Satar (2005) observed the highest heavy metal 

concentrations in the water in fish farms (El-Fayoum, Egypt) 

in warm seasons (spring and summer) due to the overlying 

of water and release of heavy metals from sediments to 

water columns [22]. 

    The results of the present study indicated that the 

accumulation pattern of the heavy metals in water was 

proper for irrigation based on the EPA guidelines (2002) [3]. 

Meanwhile, cadmium is toxic even at low concentrations 

(0.1 mg/l) and has the capacity to accumulate in soil and 

animal tissues. Therefore, water with low contents of 

cadmium should not be recommended even for the 

irrigation of plants  [23]. Heavy metals such as cadmium 

could interact with cytoplasmic components (e.g., enzymes) 

and adversely affect metallothionein (MT) function [24]. In 

the current research, the cadmium level in the fish muscles 

in spring was below the standard limits, while it gradually 

increased and exceeded the standard limits in summer . 

    Sediments are considered to be a proper indicator of 

heavy metal contamination in the monitoring of these   

pollutants in aquatic environments [4,7].  

 
 

Table 2: Seasonal Concentrations of Lead and Cadmium (mg/l) in Water (S1 and S2) and Sediment Samples of Mellat Lake 
Season Pb (mg/L)  Cd (mg/L) 

S1 S2 Sediment  S1 S2 Sediment 

Spring 0.155 ± 0.115 a 0.042 ± 0.012 b 0.820 ± 0.035 d  0.001 ± 0.000 b 0.006 ± 0.000 a 0.011 ± 0.001b 

Summer 0.070 ± 0.005 b 0.085 ± 0.008 a 3.160 ± 0.204 b  0.009 ± 0.000 a 0.017 ± 0.000 a 0.050 ± 0.008 b 

Autumn 0.045 ± 0.0107 b 0.050 ± 0.010 b 5.332 ± 0.147 a  0.001 ± 0.000 b 0.001 ± 0.000 b 0.072 ± 0.007 b 

Winter 0.007 ± 0.000 c 0.007 ± 0.008 c 1.170 ± 0.051 c  0.000 ± 0.000 b 0.001 ± 0.000 b 0.654 ± 0.071a 

Different letters on each column indicate a significant difference between treatments [n = 3; P < 0.05]; S1 and S2 are IRIB and middle part of lake, respectively 
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Different letters on each column indicate a significant difference between treatments [n = 3; P < 0.05] 
 

    Heavy metals in water bodies plunge and precipitate at 
the bottom, thereby becoming part of the sediment 
component. High heavy metal contents could be detected 
from the base pH value (pH=7.40-8.59) at the location 
where the metal is difficult to dissolve and settle [25], which 
in turn leads to the reduction of bottom-dwelling organisms 
(e.g., shrimp, crab, and mussels) due to heavy metal toxicity 
[9]. In the present study, the sediments accumulated heavy 
metals more than water. This is in line with the findings of 
Ibrahim and Omar (2013) in the Nile River (Asyut 
Governorate, Egypt) [26], Davies et al. (2006) in the Bonny 
River (Elechi Creek, Nigeria) [27], and Eja et al. (2003) in the 
Great Kwa River (Nigeria) [28].  
    In a study in this regard, Tekinm Özan and Aktan (2012) 
recorded the cadmium concentrations in the sediments of 
Işıklı Lake (Turkey), which was estimated to be within the 
range of 0.19-3.06 mg/l; the proposed values are lower 
compared to the current research [14]. On the other hand, 
Al Saadi et al. (2002) reported the highest concentrations of 
lead, copper, and cadmium in spring in the sediments of 
Lake Habbaniyah (Iraq) [29]. However, our findings 
demonstrated that the maximum concentrations of lead 
and cadmium were in the sediment samples in autumn and 
winter, respectively, which could be attributed to the 
seasonal amounts of urban runoff. The permissible limit of 
cadmium in sediments is 1.5 mg/kg based on the Australian 
Interim Sediment Quality Guidelines (ISQG) and 3.53 mg/kg 
according to the EPA. Moreover, the safety level for lead in 
sediments has been set at 50 mg/kg in the ISQG, while the 
WHO recommends that lead concentration should not 
surpass 0.3 μg/g (wet weight basis), with the recommended 
lead limit determined to be 450 micrograms per day for 
adults [30]. In the present study, the concentrations of 
cadmium and lead in the sampled sediments were below 
the threshold risks. 
    The content of heavy metals in aquatic biota often 
increases through lifespan and bioaccumulation, so that 
water biota could be used as reliable indicators for heavy 
metal pollution. In addition, there is a strong correlation 
between MT expression and environmental heavy metals in 
fish tissues that high exposure to heavy metals, induces MT 
synthesis to help the fish in detoxification of these elements 
[24]. 
    Heavy metal concentrations in the tissues of freshwater 

fish vary considerably in different studies, which could be 

due to the physiological role of each organ, feeding habits, 

ecological needs, metabolism, age, and size of fish [1,4,6,9]. 

According to the current research, the highest level of 

accumulated lead in the liver and muscles were observed in 

summer and autumn. On the other hand, the minimum 

value of lead was detected in spring and winter. Mellat Park 

is located in Tehran, which is the capital of Iran and rated as 

one of the most polluted cities in the world. As such, higher 

levels of lead are often detected in the water bodies near 

highways and large cities due to high gasoline combustion. 
 

4. Conclusion 

    In this study, the concentrations of heavy metals were 

determined in different compartments of Mellat Lake in 

Tehran, Iran. According to the results, the water samples 

had the highest lead concentration in spring, while the 

lowest concentration was observed in winter. In addition, 

the highest level of lead was measured in the bottom 

sediments in autumn and winter. Heavy metal 

accumulations were higher in the liver tissues of the 

sampled fish (C. carpio) compared to the muscle samples. 

The maximum and minimum levels of lead in the liver 

tissue samples of the fish were measured in autumn and 

winter, respectively. On the other hand, the highest and 

lowest cadmium levels in the fish muscles were recorded in 

summer and spring, respectively. 

    Considering the high concentration of lead in the fish 

muscle and liver tissues (above the permissible limits for 

human consumption), the use of the lake water for 

recreational purposes and fishing may be detrimental to 

human health. Therefore, it is recommended that quality 

control indices be taken into account due to the low 

concentrations of the studied heavy metals in the studied 

lake. Furthermore, efforts are required to reduce the runoff 

of these heavy metals into Mellat Lake. 
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