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The microbial and physicochemical characteristics of drinking water in terms of
type and quantity are the basis for judging its potability and the impact of each of
the above components on improving its quality, increasing its acceptability, or
threatening its consumers' health. This study aims to investigate the microbial and
physicochemical parameters and heavy elements of lead and cadmium in drinking
water in Ardabil city and compare it with national and international standards to
answer whether Ardabil drinking water is in a healthy state or not. This cross-
sectional study was conducted by sampling from four regions of the north, south,
east, and west of Ardabil city in the summer of 2019 and winter of 2020 to
monitor the quality of water resources. Chemical analysis and examination of the
elements present in the water were performed on the samples, and the samples
were analyzed for the presence of heavy metals lead and cadmium, total hardness
based on carbonate-calcium, total dissolved solids (TDS), pH, chlorine (CL),
fluoride, phosphate, nitrate, nitrite, sulfate, dissolved oxygen (DO), biochemical
oxygen (BOD), chemical oxygen (COD), turbidity, fecal coliform and total
coliform using standard methods and were compared with the Iranian National
Standard 1053 and the WHO International Standard. The results showed that the
values of the measured parameters, except for the average cadmium (in 53% of
cases, the concentration of this metal exceeded the World Health Organization
guideline value), phosphate, maximum total hardness, fluoride, and nitrite, were
lower than the values of the Iranian National Standard 1053 and the WHO
International Standard. Seasonal changes also affect the quantity and quality of
drinking water, so that the highest values for the parameters studied were obtained
in the winter (cold season of the year).
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EXTENDED ABSTRACT

Introduction: The largest proportion of the world's population deprived of access to safe water lives in Asia
and Africa and resides in rural areas. About 80% of the Earth's surface is covered with water, of which about
97% is in the oceans and seas, which are too salty and unfit for human consumption, and about 2.4% is trapped
in large glaciers and polar ice caps. Therefore, less than 1% of water resources are available for drinking,
agricultural, domestic, and industrial use. Water quality is a very important issue in public health and health
management. Before addressing practical solutions for its extraction, transport, purification, and distribution, it
is necessary to recognize this vital element that affects health and is related to sustainable development.
Understanding water in terms of quantity and quality, and how it is obtained, is a fundamental step towards its
improvement and use. In general, water quality depends on the geology of the area (weathering and erosion) and
the ecosystem, as well as wastewater disposal, industrial pollution, use of water for heat reduction, and overuse
(which may reduce the amount of water available). The development process in Iran has led to widespread
problems, including water pollution. This issue becomes more important when our country is located in an arid
and semi-arid region, and groundwater accounts for about 52% of fresh water consumption. Therefore, due to
the environmental and health importance of the issue of water pollution, the present study examines the
microbial and physicochemical quality of drinking water sources in Ardabil city and compares it with the
national standard of Iran and the guidelines of the World Health Organization.

Methodology: This descriptive-cross-sectional study was conducted seasonally during the winter of 2019 and
summer of 2020 to determine the microbial and physicochemical quality of drinking water in Ardabil city in the
north, south, east, and west regions of the city. For this purpose, sampling was carried out from four different
areas of Ardabil city in two drinking water distribution networks using special containers. Then, the prepared
samples were transferred to the laboratory for analysis, interpretation and reporting of the quality of the samples.
In the laboratory microbial tests, in addition to the colorimetric test, the presence of coliforms was determined
by the multi-tube test method, and in the chemical tests, titrimetric and device methods were mainly performed
based on the standard method. In total, the samples were analyzed for 17 quality parameters including total
dissolved solids (TDS), pH, sulfate, phosphate, nitrite, nitrate, total hardness based on calcium carbonate,
fluoride, chlorine, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand
(COD), lead, cadmium, turbidity, fecal coliforms, and total coliforms using standard methods and compared
with the Iranian National Standard 1053 and the WHO international standard.

Results and Discussion: As mentioned, in order to further ensure the quality of drinking water in Ardabil city,
drinking water samples were collected from four different regions of the north, south, east, and west of the city,
and also to investigate the impact of climate change on drinking water quality. The samples were collected at
two different times, winter and summer. After obtaining the values of water quality parameters from the
laboratory, the statistical characteristics of the values of these parameters were calculated using SPSS software.
In general, it can be said that the values of cadmium, phosphate, maximum hardness, and fluoride in Ardabil
drinking water are higher than the standards in some samples (50%, 62%, 37%, and 37% of samples,
respectively). Cadmium is naturally found in small amounts in drinking water. However, values higher than the
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permissible limit indicate environmental pollution, such as the entry of wastewater or the use of chemical
fertilizers in agriculture and their entry into drinking water sources. Considering that this metal is mostly
introduced into the environment through chemical toxins or phosphorus fertilizers and enters groundwater
sources, it can be said that agricultural activities and human wastewater are important reasons affecting the
concentration of cadmium in drinking water sources. The amount of cadmium storage in the body increases with
zinc deficiency. Therefore, an increase in cadmium is accompanied by a decrease in zinc in the body, which
causes a decrease in enzymatic reactions in the body. In the present study, the amount of cadmium in drinking
water in Ardabil city was higher than the Iranian standard 1053 and also higher than the World Health
Organization guideline values.

Conclusion: It could be concluded that the levels of phosphate, cadmium, fluoride, and hardness parameters in
some drinking water samples from Ardabil city were higher than the Iranian standard 1053 and also higher than
the World Health Organization guideline values, which requires further studies in this regard. While the
measurement results for other drinking water quality parameters, including lead, showed lower values than the
standards under study, this indicates that the drinking water in this city is safe. Due to the presence of the
dangerous element cadmium, it can be said that the water is not in a healthy state, which, of course, applies to 50
% of the samples prepared. Besides, observations indicated that seasonal changes affect the quality of drinking
water resources.
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Table 1- Statistical characteristics of the values of drinking water quality parameters in Ardabil city based on
national and global health standards
WHO drinking . . -
water standard in Iranian national Max Min Mean S_tandz.ird Unit Quality Number
standard diversion parameters
2003
0.01 0.05 0.0035 0.0015 0.0027 0.0007 mg/l Pb 1
0.003 0.005 0.0562 0.0276 0.046 0.0005 mg/l Cd 2
Opil(;ge_i;(r)r(\)ax: Optimal max: 200
245 135 184.25 45,53 mg/l TH 3
Max allowed: 300 Max allowed: 500
Optimal max: 600 Optimal max: 1000
. 544 285 483.87 83.78 mg/Il TDS 4
Max allowed: ). allowed: 1500
1000 '
Optimal max: 250
200 127.80 19.52 93.41 34.38 mg/l Cl 5
Max allowed: 400
Optimal max: 250  Optimal max: 250
84.72 52.88 68.12 12.60 mg/l SO~ 6
Max allowed: 500  Max allowed: 400
--- 9 mg/L at 25°c 7.24 3.44 4.69 1.16 mg/l DO 7
6.5-8.5 6.5-8.5 7.26 6.87 7.05 0.12 pH 8
0.5-1.5 0.5-1.5 1.94 0.33 0.99 0.73 mg/l F 9
10 Less than 7 3.00 0.00 0.75 1.16 mg/l O, BOD 10
3.90 0.00 1.15 1.66 mg/l O, COoD 11
Optimal max: 0.1
0.1 0.75 0.04 0.31 0.22 mg/l PO,~ 12
Max allowed: 0.2
Optimal max: less
than 1 Less Less Less .
5 than 5 than 5 than 5 Less than 5 NTU Turbidity 13
Max allowed: 5
Optimal max: 0 Less Less Less
0.004 than than than Less than 0.03 mg/Il Noy 14
Max allowed: 3 0.03 0.03 0.03
Optimal max: 0
10 ”I]';;S4 trll':;s 4 t:]';;z Less than 4 mg/l Noz 15
Max allowed: 50
0.00 0.00 000 0.0 0.00 0.00 Mpg/ 10 kocal coliform 16
0.00 0.00 000 000 0.00 0.00 Mpg/ 10 Total cotiform 17
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Figure 2- Comparison of the values of drinking water

quality parameters of Ardabil city in winter and summer

seasons
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