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Abstract. Heavy metals contamination of surface waters has become an important issue in the last 

decades. The present study aimed to investigate the levels of lead and cadmium in the water of the 

Damavand River, Iran. Sampling was carried out in 10 stations during summer and autumn 2015. Metal 

analysis was performed by atomic absorption spectrophotometer. Surface water at each sampling point 

was measured for selected physicochemical parameters with a multiparameter meter. Statistical analysis 

was carried out by SPSS and Excel software. The results showed that the mean concentrations (mg/L) of 

lead in the samples were higher than cadmium over the studied months. The highest levels of lead 

(2.13±0.80) and cadmium (1.03±0.50) were found in station 9 while the lowest levels of lead (0.09±0.00) 

and cadmium (0.03±0.00) were in station 1 (before entering the city of Damavand). Significant 

differences (P<0.05) were observed between the stations, however, there were no significant variations 

between the levels of metals in the months. Significant differences were found between the levels of 

physicochemical parameters among different months at 95% confidence level. Present values revealed 

that the concentrations of metals in the stations were higher than the maximum permitted levels for 

drinking water set by different organizations. 
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Introduction  

The pollution of surface water ecosystems as a result of anthropogenic and natural 

sources has become a growing global concern (Aktar et al., 2010). Over the past half 

century, human activities have altered the natural balance of aquatic environment. This 

can lead to destroy the natural environment and natural resources of future generations 

(Salati and Moore, 2009). The contamination of surface waters by heavy metals is one 

of the most serious environmental problems due to their bioaccumulation capabilities 

(Diagomanolin et al., 2004). In order to develop and implement an effective 

environmental management, knowledge of the changing levels of heavy metals and 

their possible source in the environment is necessary (Owamah, 2013).  

Heavy metals are found in natural aquatic systems in low levels; however, the excess 

load of these metals in water bodies as a result of anthropogenic inputs could be a great 

concern (Abubakar et al., 2015). Although some metals like iron and zinc are needed as 

micronutrients for plants and animals in low levels, other metals like cadmium (Cd) and 

lead (Pb) are known to be extremely toxic to living organisms even at low 

concentrations (Kar et al., 2008). Industrial activities and discharges of untreated 

effluents, waste and agricultural runoff are the major human sources of heavy metals 

pollution (Varol and Sen, 2012). Heavy metals can accumulate in aquatic organisms, 

persist in water and find their way to human body through drinking water or via the 

food chain (Reyhani et al., 2013; Varol and Sen, 2012). The levels of metals in aquatic 

environment are generally monitored by determining their levels in water, sediment and 

biota (Alex et al., 2013). 
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Water quality in urban river systems is under increasing stress because of industrial 

and domestic wastewater effluents and agricultural runoff (Al Obaidy et al., 2014). 

Many rural citizens throughout the world tend to use river water for household needs 

and thus anthropogenic activities have threatened their water supply (Sibanda et al., 

2014). The River Damavand running by the side of the Damavand City in Iran, 

receives municipal and industrial loads from its surrounding environment. Many 

industrial units have set up in the downstream of the river and the number of 

industries in this area is continuously increasing. This river plays an important role in 

supplying water for municipal and agricultural uses, and thus there is an urgent need 

to measure and monitor metals of the river. 

Some studies in the literature have focused on heavy metal pollution of water 

resources in Iran (Salati and Moore, 2010; Diagomanolin et al., 2004); however, no 

studies have been conducted examining the levels of metals in the Damavand River. Cd 

and Pb are among the most important pollutants in the study area, as a result of surface 

runoff discharges of industries like steel and cement factories. The objective of this 

study was, therefore, to determine the concentration of Pb and Cd in the water of 

Damavand River and to compare the results with the acceptable metal limits given by 

international organizations. 

Materials and Methods 

The Damavand River situated between 35˚ 70ˊ 13˝ N and 52˚ 05ˊ 86˝ E and 

originates from the Damavand Mountains in the northeast of Tehran province in Iran. 

There are various industries like electroplating, chemicals, wood preservations, iron and 

steel, cement, plastic and rubber industries which are in an industrial area, located in 

downstream of the river (Khoramdasht region). There are also villages, and agricultural 

lands built on both sides of the river. The river is used by the local residents for various 

activities such as swimming and drinking. 

Water samples were collected once monthly from July to December 2015. Samples 

were chosen from 10 sampling stations along the Damavand River (Table 1) at a depth 

of approximately 20 cm below the surface, poured into sterilized bottles, kept in an ice 

pack and transported to the laboratory for analysis. No sample was collected at station 9 

in September and October due to very low flow at this site. On each sampling station, 

selected water physicochemical parameters (temperature, pH and electrical 

conductivity) were monitored using a multiparameter meter from Hach (model 

senION156). The levels of Cd and Pb in the water samples were determined using 

method 3111 of the standard methods for the examination of water and wastewater by 

Air-acetylene flame atomic absorption spectrophotometry (APHA et al. 1998). 

The analytical data quality was guaranteed through accomplishment of laboratory 

quality assurance and quality control methods, including calibration with standards, use 

of standard operating procedures and analysis of both  reagent blanks and 

replicates. Statistical analysis was performed using SPSS v.22 and Excel 2010 software. 

The analysis of variance (ANOVA) followed by Duncan test (α= 0.05) was applied to 

determine the differences among the groups. 
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Results 

The geographical characteristics of the sampling stations and the concentrations of 

Pb and Cd in water samples from different stations are presented in Table 1. Analysis of 

variance revealed significant differences (P < 0.05) in Cd and Pb levels between 

sampling stations. The abundance of Pb and Cd in the stations followed the order: 

S1<S2=S3=S4<S5=S6<S7=S8=S10<S9 and S1<S2=S3=S4<S5=S6=S7<S8=S10<S9, 

respectively, according to Duncan test. Temperature, pH, and electrical conductivity 

levels of the Damavand River surface water during sampling months are given in Table 

2. The Duncan test revealed that there was a significant variation between the levels of 

these three physicochemical parameters among different months at 95% confidence 

level. Fig 1. provides information about monthly variations of Cd and Pb concentrations 

in the samples during six-month sampling period. Levels of both metals fluctuated 

slightly, but the trends were downward. The results from the present study were also 

compared with standards established by different organizations. 

 
Table 1. Geographic locations of the stations and mean levels (Mean±SD) of heavy metals in 

the stations during sampling months 

Stations Location 
Altitude above 

sea level 

Pb 

(mg/lit) 

Cd 

(mg/lit) 

1 
Rouh-afza region (Before 

entering the city of Damavand) 
2033 0.09±0.00 0.03±0.00 

2 
Entrance to the city of 

Damavand 
1994 0.10±0.00 0.04±0.02 

3 Farameh region 1924 0.10±0.01 0.04±0.02 

4 Valiran region 1895 0.13±0.04 0.05±0.02 

5 Under the Shalambeh Bridge 1826 0.21±0.14 0.18±0.12 

6 Hesar paein region 1786 0.35±0.27 0.24±0.19 

7 Mara region 1735 0.67±0.35 0.45±0.41 

8 Khoramdasht region 1695 1.17±0.65 0.65±0.36 

9 Zaredareh region 1421 2.13±0.80 1.03±0.50 

10 Entrance to the Mamlo Dam 1309 1.52±0.93 0.78±0.47 

 

 
Table 2. The mean and standard deviations of physicochemical parameters of water in the 

studied stations during the 6-months studied period 

Parameters 

Months 

July August September October November December 

Temperature 

(°C) 
22.82±0.55 24.89±0.51 24.64±0.33 14.47±8.54 6.27±0.19 6.07±0.35 

pH 7.65±0.34 7.46±0.32 7.95±0.25 7.72±0.30 7.70±0.11 7.69±0.17 

Electrical 

conductivity 

(μmhos/cm) 

764.30±80.70 826.33±11.88 805.78±104.87 701.56±96.60 730.00±65.78 791.40±187.63 
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Figure 1. Monthly variation in mean levels of heavy metals (mg/lit) in the studied months 

Discussion 

Regarding Table 1, station 1 showed significantly lowest levels of Pb (0.09±0.00) 

and Cd (0.03±0.00) in water samples at 95% confidence level while station 9 had 

significantly highest levels of Pb (2.13±0.80) and Cd (1.03±0.50). An obvious 

explanation for this result is that the Damavand River at upstream points receives lower 

amounts of wastewater effluents, due to location of the industrial unit in the 

downstream part of the river. An earlier study on Tigris River, Turkey also reported that 

heavy metal concentrations in water samples at sites situated downstream of the copper 

mine plant were higher than the other sites (Varol and Sen, 2012). A decrease in metal 

levels at station 10 is probably due to a dilution process. The nonsignificant differences 

between levels of Cd and Pb in some stations indicate that these metals originate from 

the same source of pollution. The concentrations of heavy metals in this study were 

higher than those reported by Salati and Moore (2010) in the Khoshk River at Shiraz, 

Iran and those found in Sava River in Serbia (Vukovic et al., 2011). 

The comparison of metal levels in the presents study with international standards 

revealed that Cd and Pb concentrations in water samples from all the stations were 

above standard values of 0.003 mg/lit Cd and 0.01 Pb mg/lit in drinking water set by 

World Health Organization (WHO) and 0.005 mg/lit Cd and 0.015 Pb mg/lit suggested 

by Environmental Protection Agency (EPA) (WHO 2008; USEPA, 2009). The same 

condition was reported by Owamah (2013) in a petroleum impacted river in the Niger 

Delta region. In a study from Sardabrud River in north of Iran, the levels of Pb and Cd 

were recorded lower than the maximum permitted concentration for drinking water 

quality set by WHO and EPA (Reyhani et al., 2013). 

According to Table 2, there was a marked decrease in water temperature (from 

24.89±0.51˚C to 6.07±0.35 ˚C) from August to December. The mean levels of 

temperature across the sampling months followed the order: August= September= July> 

October> November=December in accordance with Duncan test results. Generally, 
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warmer water temperatures in aquatic ecosystems (more than 25 ˚C) may affect the 

toxicity of some chemicals in the water (Sibanda et al., 2014); however, the temperature 

range in this study was lower than 25 ˚C. Significantly (P<0.05) lower mean level of pH 

(7.46±0.32) was recorded in August while significantly (P<0.05) higher levels 

(7.95±0.25) were observed in September. pH values in this study were within the 

permissible pH ranges for drinking water recommended by WHO (WHO, 2008). A 

study on river waters in western Tamil Nadu, India indicated that pH levels of the 

waters were within the acceptable ranges for aquatic life (Rajiv et al., 2012). Data also 

shows a significant (P<0.05) lower level of electrical conductivity (701.56±96.60) in 

October and significant (P<0.05) higher mean level of this parameter (826.33±11.88) in 

August. The levels of electrical conductivity in this research were higher than that in 

Densu River of Ghana (Karikari and Ansa-Asare, 2006). 

As we can see in this graph, the mean concentrations (mg/lit) of Pb in the samples 

were higher than Cd over the studied months. The highest mean levels of Pb 

(0.90±0.56) and Cd (0.60±0.40) were found in November. The lowest values of Pb 

(0.16±0.10) were recorded in September while lowest levels of Cd (0.07±0.03) were in 

October; however, ANOVA showed that there were no significant variations between 

the levels of both metals in the months at 95% confidence level. This result could be 

explained by the fact that there was heavy rainfall in both summer and autumn seasons 

in the study area that resulted in distribution of metals within the river water .In a 

previous research study on evaluating heavy metals in Karoon River, Iran levels of 

heavy metals in water samples were reported higher during rainy months 

(Diagomanolin et al., 2004). A report from Ganga River in India showed significant 

seasonal changes in the levels of Cd and nonsignificant changes in the concentration of 

Pb during the studied period (Kar et al., 2008). 

In conclusion, Damavand River has been seriously polluted by heavy metals due to 

industrial and municipal activities in the surrounding area. High levels of heavy metals 

(Pb, Cd) in water samples compared to WHO and EPA guidelines for water quality 

signifies potential health risks to consumers. Untreated discharges of urban sewage and 

industrial wastes are the main causes of poor water quality in this region. To reduce the 

existing quantity of metal contamination in the Damavand River, solid and liquid waste 

management practices are highly required. 
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