
Australian Journal of Basic and Applied Sciences, 5(6): 891-896, 2011
ISSN 1991-8178

Evaluation of Heavy Metals Pollution in Drinking Water Based on Ground Water
Sources

1Farhang Farahmand, 2Gevorg Pirumyan, 3Farhid FarahmandGhavi

1Department of Chemistry, Islamic Azad University, Varamin- Pishva branch, Varamin, Iran. 
2Department of Chemistry, Yerevan State University, Yerevan, Armenia.

3Faculty of science, Iran Polymer and Petrochemical Institute, 14965/115, Tehran, Iran.

Abstract: The heavy metal trace elements concentrations in drinking water were determined at
different sampling stations in northern suburbs of Tehran during fall and winter 2008-2009. The level
of elemental concentration of metals was determined by (ICP-AES) technique. The results showed that
the concentration range of Pb, Cd and Cr present in samples was in the given order of 51-83, 4.1-8.93
and 82-108 μg/L, which are above WHO standards as well as the Iranian National Standard Guideline.
The phosphate and nitrogen fertilizers could be the major sources of heavy metals’ presence in
drinking water of the areas under water pollution assessment.
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INTRODUCTION

The quality of drinking water is a serious public health concern world-wide. The land of Iran is covered
by arid and semi-arid areas with an average annual precipitation less than one third of that of the world
Baghvand et al., (2011). The water demand in Iran is supplied by surface and underground water sources. Iran
is one of the countries that it almost encounters increasing water shortages every year unless some actions are
taken to reduce current water consumption (Nabi Bidhendi et al., 2007). In most parts of the country, the
scarcity of fresh water resources is noticeable. Besides, the demand for water has essentially increased by the
improvement in population’s living standards. Groundwater supplies provide over half of the total annual water
demand in Iran. The importance of groundwater as an alternative water supply is increasingly realized, due
to higher costs and diminishing quality of surface waters in face of increasing water shortage problem
(Georgopoulou et al., 2001; Gül et al., 2005; Arlosoroff et al.,1989; Fatta et al., 2007) Monitoring the quality
and quantity of groundwater resources would be indispensible for improvements of population’s health in some
areas which are the only available source of drinking water and agricultural irrigation.

The expansion of industries leads to the pollution of ecosystems. Most of the monitoring efforts started
in the 1960s, since then the research programs have been focused on the detection of undesirable and
deleterious effects of chemical pollutants Oertel and Salanki, 2003). Surface and underground water sources
are known to contain trace elements. Toxic elements are discharged into rivers and lakes and leaches into the
soil and groundwater. Chemicals of high health risk are widespread but their presence is unknown because their
long term health effect is caused by chronic exposure opposed to acute exposure. For example, arsenic has
been found in groundwater of Bangladesh and west Bengal Organization Guidelines for Drinking-water Quality,
(World Health Organization 2004). Some of the metals like arsenic, mercury, lead among others, have an
enormous impact on human health and present increasing risk to diseases, such as skin lesions, skin cancer,
cancers of the bladder, kidney and lung (by arsenic pollution), and Minamata disease by mercury poisoning,
etc. Water-related diseases, (2010).

Besides, heavy metals are not biodegradable and enter a global ecological cycle via natural water which
is the main pathway Ahmad et al., (2010). These metals can be concentrated easily along the food chain, cause
toxicity to plants and accumulate in human tissues (Barati et al., 2010; Diagomanolin et al., 2004). Therefore,
the measurement of heavy metals concentrations in various water supplies in Iran or other countries is
important for proper evaluation of the hazards associated with their intake.

In this study, concentrations of heavy metals have been determined at 7 different sampling stations in the
north suburbs of Tehran, during two seasons, fall and winter 2008-2009. The importance of the groundwater
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in the area should not be underestimated because they are the only water source for drinking, agricultural and
gardening purposes for the people living in these areas. Despite the lack of alternative water sources, the
groundwater geohydrology of the region remains poorly studied.

MATERIALS AND METHODS

The Areas under Study:
Tehran Province is one of the 31 provinces of Iran. It covers an area of 18,909 square kilometers and is

located to the north of the central plateau of Iran. Tehran Province borders Provinces of Māzandarān in the
north, Qom in the south, Semnān  in the east, and Qazvīn in the west. The great Tehran includes 13
townships, 43 municipalities, and 1358 villages. This province has a semi-arid, steppe climate in the south and
an Alpine climate in the north.

The seven sampling stations were: Lavasan-e-Bozorg which is situated in the city of Tehran and its
geographical coordinates are 35° 49' 30" North, 51° 46' 58" East,  Barg-e- Jahān with geographical coordinates:
35° 50' 37" North, 51° 44' 2" East, Zard Band-e- Lashgarak in 35° 49' 0 North,  51° 34' 0 East, Nīknām Deh, 
with geographical coordinates: 35° 49' 7" North, 51° 43' 52" East, Kond-e-sofla (Kond-e-pa’in) 35° 51' 53
North and 51° 38' 49 East with approximate population for 7 km radius from this point is 1814,  Rahatabad
with geographical coordinates: 35° 53' 48" North, 51° 37' 1" East and Rasanan in 35° 48' 8 North, 51° 45'
21 East. The area of the sites under study was Fig.1 gives the general description of the geographical region
of sampling sites. 274.78 km2.

Fig. 1: Iran map and the sampling stations.

Sampling Technique:
First, essential information on geohydrology of the district was obtained and groundwater resources were

identified. For the determination of heavy metals, the samples of water were collected from seven stations.
Prior to sample collection, the flasks were rinsed with tap water and then kept overnight with 1:1 HNO3-H2O,
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and finally rinsed with double-distilled water. Collected samples were stored in pure polyethylene vials for
analysis. The samples were acidified with (0.2 vol%) nitric acid ultrapure (Merck, Germany) for obtaining pH
less than 2. Acidification minimizes the adsorption of metals onto the walls of the container. The samples were
stored at approximately 3-4°C in refrigerator before analysis. Sampling was performed twelve times in each
station; with 84 total sampling times. The stations and the order of sampling from each station are shown in
Tables 1 and 2.

Table 1: Designation numbers of the stations
Number of the station 1 2 3 4 5 6 7
Name Barg-e- Jahān Rasanan Lavasan-e- Zard Band-e Nīknām Deh Kond sofla Rahatabad

Bozorg Lashgarak (Kond-e-pa’in)

Table 2: The order of sampling at the determined stations from the first week to the 12th   week
Day Number of the stationSaturday

-------------------------------------------------------------------------------------------------------------------------------------------------
1 7 6 5 4 3 2 1 7 6 5 4

Sunday 2 1 7 6 5 4 3 2 1 7 6 5
Monday 3 2 1 7 6 5 4 3 2 1 7 6
Tuesday 4 3 2 1 7 6 5 4 3 2 1 7
Wednesday 5 4 3 2 1 7 6 5 4 3 2 1
Thursday 6 5 4 3 2 1 7 6 5 4 3 2
Friday 7 6 5 4 3 2 1 7 6 5 4 3
The number of the week 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th

Analytical methods
Element concentrations were determined by an instrument of inductively coupled plasma atomic emission

spectrometry (ICP-AES Jobin -Yvon 138 Ultrace, France) equipped with VGA (vapor generation accessory).
The operating parameters were as follows:

Forward power: 800W; RF frequency: 16 MHz; plasma gas (Ar):12 L/min; aerosol gas (Ar): 0.29 L/min;
flow rate of sheath gas (Ar): 0.18 L/min; nebulizer type: mein hard. The procedure’s method was followed
by Standard Method EPA 200.7 for concentration determinations of Pb, Cr, Ag, Cd and As in water and
wastewaters (Determination 2007). All standard and sample solutions were prepared with deionized triplet
distilled water obtained by Aquamax Ultra 370, Young Lin Instrument Co., Korea. Vapor generation accessory
was applied for determination of As. Determinations of Hg were performed by a Shimadzu graphite furnace
absorption spectroscopy (AA680, Japan) according to water and waste water standard method of 3113B. 

All glassware were previously soaked in 15% HNO3 solution for at least 48 hr and afterwards rinsed with
deionized water (Kanicky et al., 1999). Calibration curves for ICP-AES were determined using different sets
of standard solutions. The sets consisted of standards containing 0, 25, 50, 100, 200, 500 and 1000 µg/L of
metals in ultrapure HNO3 (Merck).

For preparing the samples, two hundred milliliters of well-mixed samples were transferred to beakers. Four
milliliters of HNO3 1:1 (v/v) were added in each sample. Watch glasses were used to cover the containers,
to prevent them from contamination. Then, samples were heated to 80–85°C using hotplates to obtain the final
volume of about 10–20 ml before metal precipitation Barkacs et al (2002),. The above procedure was repeated
twice. The beaker walls and the covers were washed carefully with ultra pure deionized water and then the
rinse water was filtered. The filtrate was transferred to a 100-ml volumetric flask with the addition of about
10 ml of water. All samples were prepared in duplicate. Following the metal concentration determinations, the
mean values of elemental concentration and the relative standard deviations (R.S.D.) were also calculated. The
statistical analysis was performed using ANOVA.

Statistical Analysis:
Statistical analysis was performed using MiniTab software (Release 11.12, Minitab Inc., State College, PA,

USA). Data were reported as mean ± standard deviation at significance level of p < 0.05. Differences were
considered statistically significant when the p value was < 0.05. 

RESULTS AND DISCUSSION

As shown in Table1, there are seven stations allocated for this study. These villages are located in the
north of the city. The sampling from wells was carried out every alternate week according to Table 2 for two
seasons (fall and winter); therefore the sampling was performed for twelve weeks on a rotational schedule
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according to which most of the stations would be sampled at least once every alternate week. It implies that
in every consecutive week of sampling, all stations are tested in different days from the last sampling for a
proper random sampling of every station. The concentrations of heavy metals in the drinking water, collected
in two seasons from specified stations are given in Table 3. Heavy metals are the cause of more environmental
pollution than organic chemicals.  Although some of the metals such as Cu, Se, Zn are essential nutrients to
humans, animals, and plants, but when present at high concentrations they can be toxic. The concentration of
different trace metals such as, silver, arsenic, cadmium, chromium, mercury and lead were measured in the
areas under investigation. The WHO and Iranian National Standard guideline have recommendation limits in
concentration values for different metals as depicted in Table 4 (Guidelines 1993;Guidelines, 2009). As it is
evident in Tables 3 and 4, the level of Hg, As and Ag in sources under investigation are within the limits of
both standard guidelines, although the concentrations of Cd, Pb and Cr in drinking water samples of 7 places
are much higher than the WHO guideline .The concentrations of Pb in stations designated as numbers 1, 3 and
5 were slightly above the Iranian National Standard and for Cd the concentration of this metal in stations
numbered as 2, 4 and 5 were below the Iranian National Standard.  It is observed that among all the metals
present in drinking water of all the stations Hg and As were at the lowest while, Cr was at highest
concentration level. The concentration range of Pb, Cd and Cr in drinking water was in the given order of 51-
83 μg/L, 4.1-8.93μg/L and 82-108 μg/L. The variations of heavy metal concentration in the drinking water
were not significant in two seasons of fall and winter or days (P > 0.05) and were relatively stable throughout
the 6 months of the year in all the villages. However, it is revealed that there is a slight increase in
concentration levels during the winter months when the ground is covered with snow and there is more
intensive percolation of water into the soil and as a result water absorbs and dissolves more metals and their
salts. Such trend has been observed in the investigation of arsenic element in drinking water of eight villages
in Kurdestan Province Mosaferi et al (2008)and Ni, Cr and Cu in Khuzestan Province Diagomanolin et al.,
(2004).

Table 3: Average concentrations and RSD% of determined heavy metals
Station Pb Hg Cd As Ag Cr

------------------------------ -------------------------------- ----------------------------------- ----------------------------------------
Mean (µg/L) RSD% Mean (µg/L) Mean (µg/L) RSD% Mean (µg/L) Mean (µg/L) RSD% Mean (µg/L) RSD%

1 56.03±3.51 6.25 0.48<less than0.5 6.68±0.81 11.98 0.06 <less than1 22.13 ±2.2 9.946 104.92 ±5.87 5.59
2 69.15±4.30 6.07 0.19<less than0.5 5.03 ±0.63 11.94 0.22 <less than1 31.12 ±2.31 7.42 108.06 ±5.92 5.48
3 54.61±3.62 6.59 0.16<less than0.5 6.74 ±0.60 8.90 0.45 <less than1 32.09 ±3.32 10.35 95.64 ±8.43 8.81
4 81.04±6.21 7.65 0.18<less than0.5 4.12 ±0.42 9.70 0.32 <less than1 27.49 ±2.4 8.73 82.48 ±7.03 8.52
5 51.50±3.40 6.60 0.08<less than0.5 4.68 ±0.31 6.42 0.31 <less than1 25.50 ±2.72 10.66 97.95 ±4.78 4.88
6 72.62±6.12 8.27 0.03<less than0.5 8.93 ±0.52 5.60 0.07 <less than1 34.00 ±2.32 6.82 103.94 ±5.02 4.83
7 83.09±6.00 7.22 0.21<less than0.5 8.38 ±0.71 8.35 0.22 <less than1 22.6 ±2.58 11.40 96.75 ±6.09 6.29

Table 4: WHO and Iranian National Standard Maximum allowable concentrations of different metals in (µg/L) (WHO 1993; Iranian
National Standard 2009)

Element WHO guideline values (µg/L) Iranian  National Standard (µg/L)
Lead (Pb) 10 50
Mercury (Hg) 1 1
Cadmium (Cd) 3 5
Arsenic (As) 10 50
Silver (Ag) 100 -
Chromium (Cr) 50 50

Heavy metals enter the living environment by natural and anthropogenic routes. Increased anthropogenic
input of toxic metals in soils may result in the transport of an increased content of metals in the groundwater
or surface water. Hazardous metals input include those from commercial fertilizers, phosphate industry waste,
and mining and water processing Aydin, et al., (2010). In these regions, agricultural waste water is the major
source of water pollution. Chemical fertilizers, containing heavy metals such as Cd, Pb and Cr are used in
agriculture-related industries of the villages. The phosphate and nitrogen fertilizers are major sources of heavy
metals in soil and transfer of Cd, Zn and other heavy metals in soil-plant systems (Javied et al., 2009; Zhao
X., Wang D., 2010; Otero et al., 2005). From these sources heavy metals may leach into the water. Phosphate
fertilizers increase the concentration levels of Cd, As, Cr, Pb, and P in solvated soil and they therefore, lower
the soil pH. The increase in solution of such metals could be due to desorption of heavy metals from the soil
Taylor and Percival (2001). Uptakes of such elements by plants, which are consumed directly or indirectly by
humans, originate from heavy metal contaminants in phosphate fertilizers and need to be of serious concern.
Also municipal wastewater from villages is directly discharged into the soil where there is no wastewater and
sewage treatment plant currently active in this area Razmkhah et al., (2010). The chemical analysis of the
drinking water of these stations has been reported elsewhere Farahmand, (2009) and the results indicate to the
lowest value of pH being 7.80 at station 1, as the following increasing trend: 7.90 at station 4 and 7, 7.96 at
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station 5, 8.00 at stations 2 and 3 and the highest amount of 8.20 was obtained at station 6. Thus the pH in
ground water varied between 7.8 and 8.2 and displays consistency in pH values. All the water samples show
neutral to alkaline values.

Figure 2 represents different heavy metals concentrations of each station. As it is observed the
concentration of chromium is higher than other metals, which is probably due to the concentration of this metal
in the fertilizers being used. Because these villages are near each other and using almost the same fertilizers,
the trends of the elemental concentrations are more or less similar in all.

Fig. 2: The comparison of 4 elements concentration in different stations.

Conclusion:
In this study, 6 heavy metals and their concentrations were detected and measured in the drinking water

of 7 stations in the suburbs of Tehran, the capital of Iran. Chromium is reported as the highest concentration,
with lead and cadmium standing next. The concentrations of these metals are higher than the official safe
recommended values, and the concentrations of mercury, arsenic and silver are below than the guideline values.
In this area agricultural waste water and using phosphate and nitrogen fertilizers are the major sources of water
pollution by heavy metals. Therefore, the use of such fertilizers should be of serious concern.

ACKNOWLEDGMENT

The authors would like to express their appreciation to Islamic Azad University, Varamin branch, Iran and
Dr. Ali Moghimi for technical support of this work.

REFERENCES

Ahmad, M.K., S. Islam, S. Rahman, M.R. Haque, M.M. Islam, 2010. Heavy metals in water, sediment
and some fishes of Buriganga river, Bangladesh, Int. J. Environ. Res., 4(2): 321-332.

Arlosoroff, S., R. Roche, F. Wright, 1989.Economic considerations for low-cost, groundwater-based rural
water supply, Developments in water science, 39: 519-530.

Aydin, I., F. Aydin, A. Saydut, E.G. Bakirdere, C. Hamamci, 2010. Hazardous metal geochemistry of
sedimentary phosphate rock used for fertilizer (Mazıdag, SE Anatolia, Turkey), Microchemical Journal, 96: 247-
251.

Baghvand, A., T. Nasrabadi, G.R. Nabi Bidhendi, A. Vosoogh, A. Karbassi, N. Mehrdadi, 2010. Ground
water quality degradation of an aquifer in Iran central desert, Desalination, 260: 264-275.

Barati, A.H., A. Maleki, M. Alasvand, 2010. Multi-trace elements level in drinking water and the
prevalence of multi-chronic arsenical poisoning in residents in the west area of Iran, Science of the Total
Environment, 408: 1523-1529.

Barkacs, K., M. Ovari, N. Oertel, E. Szabo, E. Szurdoki, G.y. Zaray, 2002. Elemental analysis of
Dikerogammarus villosus samples for river water monitoring, Microchemical Journal, 73: 99-111. 

Diagomanolin, V., M. Farhang, M. Ghazi-Khansari, N. Jafarzadeh, 2004. Heavy metals (Ni,Cr,Cu) in the
Karoon water way river, Iran, Toxicology Letters, 15: 163-68.

Determination of metals and trace elements in water and wastes by inductively coupled plasma- atomic
emission spectrometry, method 200.7, Revision 4.4, EMMC Version.

895



Aust. J. Basic & Appl. Sci., 5(6): 891-896, 2011

Fatta, D., S.t. Canna-Michaelidou, C. Michael, E. DemetriouGeorgiou, M. Christodoulidou, A. Achilleos,
M. Vasquez, 2007. Organochlorine and organophosphoric insecticides, herbicides and heavy metals residue in
industrial wastewaters in Cyprus, Journal of Hazardous Material, 145: 169-179.

Farahmand, F., 2009, Investigation of some pollutant parameters of underground water in countryside of
Tehran city, Information technologies & management, 7: 169-185.

Georgopoulou, E., A. Kotronarou, A. Koussis, P.J. Restrepo, A. Gomez-Gotor, Rodriguez J.J. Jimenez,
2001. A methodology to investigate brackish groundwater desalination coupled with aquifer recharge by treated
wastewater as an alternative strategy for water supply in Mediterranean areas, Desalination, 136: 307-315.

Gül, A., F. Rida, A. Aw-Hassan, O. Büyükalaca, 2005. Economic analysis of energy use in groundwater
irrigation of dry areas: a case study in Syria, Applied Energy, 82(4): 285-299.

Guidelines for Drinking-water Quality: 2004. Recommendations, Third edition, Volume1,
Recommendations, Chapter 8, chemicals aspects, World Health Organization Geneva.

Guidelines for drinking-water quality, 2nd Edition, Volume 1, Recommendations, By World Health
Organization, Geneva, 1993.

Guidelines for drinking-water quality standard of Iran, Iran water resources management Co., Deputy of
research, office of standard and technical criteria 2009.

http://www.who.int/water_sanitation_health/diseases/arsenicosis/en/. Accessed 10 Jan. 2011.
Javied, S., T. Mehmood, M.M. Chaudhry, M. Tufail, N. Irfan, 2009. Heavy metal pollution from phosphate

rock used for the production of fertilizer in Pakistan, Microchemical Journal, 91: 94-99.
Kanicky, V., V. Otruba, J.M. Mermet, 1999. Comparison of some analytical performance characteristics

in inductively coupled plasma spectrometry of platinum group metals and gold. Talanta, 48: 859-866.
Mosaferi, M., M. Yunesian, S. Dastgiri, A. Mesdaghinia, N. Esmailnasab, 2008. Prevalence of skin lesions

and exposure to arsenic in drinking water in Iran, Science of the total environment, 390: 69-76.
Nabi Bidhendi, G.R., A.R. Karbassi, T. Nasrabadi, H. Hoveidi, 2007. InXuence of copper mine on surface

water quality, International Journal of Science and Technology, 4(1): 85-91.
Oertel, N. and j. Salanki, 2003. Chapter 10, Biomonitoring and bioindicators in aquatic ecosystems. in

Ambasht R. S., Ambasht N. K., Kluwer ( Ed.) Modern Trends in Applied Aquatic Ecology, Academic Plenum
publishers, USA.

Otero, N., L. Vito` ria, A. Soler, A. Canals, 2005. Fertilizer characterization: Major, trace and rare earth
elements, Applied Geochemistry, 20: 1473-1488.

Razmkhah, H., A. Abrishamchi, A. Torkian, 2010. Evaluation of spatial and temporal variation in water
quality by pattern recognition techniques: A case study on Jajrood River (Tehran, Iran), Journal of
Environmental Management, 91: 852-860.

Taylor, M.D., H.J. Percival, 2001. Cadmium in soil solutions from a transect of soils a way from a
fertilizer bin, Environmental pollution, 113: 35-40.

Zhao, X., D. Wang, 2010. Mercury in some chemical fertilizers and the effect of calcium superphosphate
on mercury uptake by corn seedlings (Zea mays L.), Journal of Environmental Sciences, 22(8): 1184-1188.

Water-related diseases, World Health Organization, 2010.

896


