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ARTICLE INFO ABSTRACT

. . In this study, the physicochemical and microbiological quality of six water sources,
Article type: including three local sources in Chenaran village (a reservoir, a waterfall, and a
Research Paper spring) and three rainwater harvesting sources (collected from bitumen-coated roofs,

asbestos roofs, and open surfaces), was evaluated over two time intervals (at the
time of sampling and two months later). Sampling was conducted in three
replications, and twelve quality parameters, including EC, TDS, pH, nitrate,
phosphate, and alkaline metals, were measured using standard laboratory methods.

Article history The results were compared with the guidelines of the World Health Organization
. (WHO) and the Iranian National Standard (ISIRI 1053). The statistical analysis
Received: 09 August 2025 using the paired T-test indicated that the mean values of five quality parameters,
s including phosphate, nitrate, sodium, EC, and turbidity, exhibited significant
Revised: 08 September 2025 differences between the two sampling periods (p-values: 0.015, 0.000, 0.013, 0.022,
Accepted: 13 September 2025 and 0.010; p-value<0.05). In contrast, the least variation between the two periods

. . was observed for the quality factors Ca and TDS, with p-values of 0.562 and 0.508,
Published online: 12 November 2025 !respectively. The Gibbs diagram analysis indicated that the quality parameters of
rainwater sources had an atmospheric origin, while the local sources were
influenced by geochemical processes (rock—water interaction). The cationic trilinear
diagram revealed that some sources, such as the reservoir and waterfall, exhibited
sodium-type water, while others, like the bitumen-coated roof, showed calcium-type
Keywords: water. The microbial analyses revealed that the waterfall and spring water sources
were contaminated in both sampling periods and therefore require disinfection

Rainwater Harvesting, before drinking, whereas rainwater and reservoir sources were free from microbial

Ph_ysico_chemical C_har_aCteriS_tiCS, contamination. Overall, although most of the village’s water sources met drinking
Microbial Contamination, Gibbs water standards, preliminary microbial treatment remains essential to ensure safety
Diagram, Chenaran Village. for human consumption.
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EXTENDED ABSTRACT

Introduction: In recent decades, the shortage of freshwater resources, especially in the arid and semi-arid
regions of Iran, has become one of the most serious environmental and social challenges. Population growth,
urbanization, climate change, and reduced precipitation have placed increasing pressure on surface and
groundwater resources, threatening water security in many rural areas. Under these circumstances, rainwater
harvesting, as a traditional, low-cost, and environmentally friendly method, has attracted considerable attention.
However, concerns remain regarding the chemical and microbial quality of harvested rainwater, particularly
after contact with various collection surfaces, which may pose risks to consumer health. This study aims to
comprehensively evaluate the physicochemical and hydrochemical characteristics of rainwater harvested from
rooftop surfaces in Chenaran village, Maraveh Tappeh, and to assess the feasibility of using this method as a
sustainable and safe solution for water supply in arid and semi-arid regions.

Methodology: To assess the water quality in the region, six types of water sources were selected, including
three conventional sources (water reservoir, waterfall, and spring) and three rainwater-harvested sources
(collected from bitumen-coated roofs, asbestos roofs, and open surfaces). Rooftop surfaces were thoroughly
cleaned before rainfall, and rainwater sampling was conducted 5 to 10 minutes after the onset of precipitation to
minimize initial contamination. Sampling was performed in three rounds, with two samples taken from each
source and analyzed at two time intervals (immediately and two months post-sampling) to evaluate changes in
physicochemical and microbial quality over time. Physicochemical parameters, including electrical conductivity
(EC), total dissolved solids (TDS), salinity, turbidity, pH, total hardness, calcium, magnesium, phosphate,
potassium, nitrate, and sodium, were measured according to WHO guidelines. Microbial quality was assessed
using the presence/absence (P/A) method for indicator bacteria. All analyses were performed based on standard
methods, and results were compared with the WHO and ISIRI 1053 standards. Paired t-tests were used to
compare physicochemical properties between the two sampling intervals. Additionally, hydrochemical status
and water types were evaluated using the cation ratio and Gibbs diagrams.

Results and Discussion: The results showed that rainwater collected in Chenaran village was the purest source
in terms of physicochemical quality, with the lowest levels of ions, hardness, turbidity, and TDS, while
conventional sources such as the reservoir and spring had higher values for these parameters but still remained
within the permissible limits of national (ISIRI 1053) and WHO standards. The turbidity of rainwater and spring
was within the desirable range, whereas rainwater collected from bitumen-coated rooftops required treatment
due to high turbidity. The statistical analysis using the paired T-test indicated that the mean values of five quality
parameters, including phosphate, nitrate, sodium, electrical conductivity, and turbidity, exhibited significant
differences between the two sampling periods (p-values: 0.015, 0.000, 0.013, 0.022, and 0.010;
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p-value<0.05). In contrast, the least variation between the two periods was observed for the quality factors Ca and
TDS, with p-values of 0.562 and 0.508, respectively. The Gibbs diagram analysis indicated that the quality
parameters of rainwater sources had an atmospheric origin, while the local sources were influenced by geochemical
processes (rock—water interaction). The cationic triangular diagram indicated that the cationic type in some
sources, such as the reservoir and waterfall, was sodic, while in others, such as bitumen-coated rooftops, it was
calcic. Microbial results showed that the waterfall and spring were contaminated and high-risk for drinking in
both periods, whereas rainwater and the reservoir were free of microbial contamination. Overall, with proper
collection and storage practices, rainwater can be considered a suitable source for drinking water supply in arid
regions, although mineral adjustment and initial treatment are recommended.

Conclusion: The results demonstrated that rainwater harvesting in Chenaran village, when proper collection and
storage practices are observed, can serve as a pure and safe source for drinking water supply in arid and semi-
arid regions. The collected rainwater exhibited higher quality in terms of physicochemical parameters such as
ion concentrations, hardness, turbidity, and TDS compared to conventional local sources, and remained within
the permissible limits of national and international standards. Furthermore, the atmospheric origin and absence
of microbial contamination in rainwater highlighted its superiority over traditional sources such as springs and
waterfalls, which were found to be contaminated and high-risk in both sampling periods. Therefore, the
development of rainwater harvesting systems that adhere to health and technical standards, provide user
education, and utilize appropriate treatment and storage technologies can play a significant role in enhancing
water resilience, reducing dependence on groundwater resources, and improving water security in water-scarce
regions of the country.
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Figure 1- Geographical location of Chenaran village in Iran, Golestan Province, and Maraveh Tapeh city
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Table 1- Mean physicochemical parameters of village water sources in three sampling rounds immediately after sampling

Iranian Village water sources
National :
Paramet . ) ]
e Unit WHO Standard Rain ACS;?]S;?: B(I:tc?z;]eedn Spring Waterfall Water
standard (ISIRI r00fto r00fto pring source
1053) P P
Water
femperature oo — 250 250 250 250 250 250
(during
testing)
Electrical mho
Conductivity %/cm 1000 2000 327 783 420 9403 7117 11013
(EC)
Total
Dissolved ~ mg/L 1000 1500 263 367 197 4523 3420 5333
Solids (TDS)
Salinity (F;Z; 0.0 0.0 0.0 0.4 0.3 0.6
Turbidity ~ NTU 5 5 35 12.9 24.3 47 9.1 9.1
pH — 6585 659 7.7 75 7.7 75 8.2 7.8
Total mg/L 200 500 213 747 347 3453 2427 3213
Hardness
Calcium (Ca) mg/L 200 300 5.3 12.8 8.5 82.7 50.1 89.1
Ma?&eg)'“m mg/L 50 30 1.9 10.2 3.2 333 282 23.8
Ph(olfgh;"te mg/L - 05 01 0.2 0.1 0.2 0.1 0.2
4
Nitrate (NOs) mg/L 50 50 7.0 11.0 7.9 8.9 10.9 10.3
Sodium (Na) mg/L 200 200 5.0 5.3 4.0 973  89.0  118.0
POt?iS)'“m mglL 12 30 0.6 0.6 0.6 3.4 2.4 3.2

YU lde (Mg/L) ovy/y Ll of o)l ).ula Ol s opds g 050 p ol 3L Hlade a5 (TDS) Jgloxe dols dlge IS 590 )
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B ol e (5550s )l polie ol se L5 &S (%00 /5 B - ) 39 (bt B

5 b O ciges ol o) STl it 456 oS usl T il slo)sS oy ete ) o (TUrbidity) o ysu8
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Table 2- Mean physicochemical parameters of village water sources in three sampling rounds, two months after sampling

Iranian Village water sources
Parameters : National Asbestos-  Bitumen-
Unit
St\;\:] Z'z?r d Standard  Rain  cement coated  Spring Waterfall ;/(\)/S:gg
(ISIRI 1053) rooftop rooftop
Water
temperature °C 25.0 25.0 25.0 25.0 25.0 25.0
(during testing)
Electrical mho
Conductivity H 1000 2000 33.3 81.0 43.3 948.3 716.7  1108.7
slcm
(EC)
Total Dissolved
Solids (TDS) mg/L 1000 1500 17.0 37.7 29.7 456.0 344.0 537.0
. Ppt
Salinity (%) 0.0 0.0 0.0 0.4 0.3 0.6
Turbidity NTU 5 5 3.9 15.4 26.2 5.4 10.6 9.9
pH — 6.5-8.5 6.5-9 7.6 7.7 7.7 8.0 8.3 8.3
Total Hardness mg/L 200 500 21.3 74.7 34.7 344.0 2427 320.0
Calcium (Ca) mg/L 200 300 53 12.8 8.5 82.7 50.1 89.1
Mag\r}legs)'“m mgll 50 30 19 102 32 330 282 234
Phosphate
(POs) mg/L 0.5 0.1 0.1 0.1 0.2 0.1 0.2
Nitrate (NOs)  mg/L 50 50 6.5 10.0 7.2 8.2 9.8 9.4
Sodium (Na)  mg/L 200 200 5.0 5.7 4.3 98.0 89.3 118.7
Potassium (K) mg/L 12 30 0.6 0.6 0.6 3.3 2.4 3.1
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Figure 2— Comparative histogram of physicochemical parameters in water sources of Chenaran village, measured

immediately and two months post-sampling. Rain (Ra), Asbestos-cement rooftop (As), Bitumen-coated rooftop (Bi),
Spring (Sp), Water source (Ws), and Waterfall (Wf)
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Table 3 — Results of paired t-test for evaluating significant differences in physicochemical properties immediately and
two months post-sampling

Parameters p-value Parameters p-value Parameters p-value
EC 0.022 pH 0.093 PO4 0.015
TDS 0.508 Total Hardness 0.175 NO3 0.000
Salinity 0.363 Ca 0.562 Na 0.013
Turbidity 0.010 Mg 0.181 K 0.111
Ol gl (1955900 CuduS g s

ol gy jledatal L (o)l paiged Sl g oo 93 5 lojer) (Sloj 03l 93 50 bz (sl Ol wlie 29,50 CudeS )2
(F) Jgi 52 ()l pdines ¥ 5o (sl o] @l oy ol oMo 3 el ol g Conmnl s &y 05 plosl (PIA) g pas] jguis
ol 05 b 29500 (591 (392 (A) e b (P) o ol 2 lniolojl ol Jgdo () o 0 )|

(PIA) ygiz o] gl (9 31 83\ikasl Ly (5,13 prcigas 31 d2s 8lo 93 9 Abolidls rdigad (29 Sue Copnidy gl - F oo
Table 4- Results of microbiological analysis of samples immediately and two months post-sampling using the
Presence/Absence (P/A) test method

Village water sources

Experiment time Sample Rain Asbestos-cement  Bitumen-coated  Spring Waterfall Water

number rooftop rooftop source
Immediately after 1 (A) (P) (P) (P) (P) (A)
sampling 2 A A (A) P (P (A)

3 (A) (P (A) P P (A)
Two months post- 1 (A) (P) (P) (P) (P) (A)
sampling 2 A A (A) P P (A)

3 (A) (P (P) P P (A)
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Figure 3- Gibbs diagram of the studied water sources immediately and two months post-sampling. Rain (Ra),
Asbestos-cement rooftop (As), Bitumen-coated rooftop (Bi), Spring (Sp), Water source (Ws), and Waterfall (Wf)
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Figure 4- Triangular diagram of the studied water sources immediately (a) and two months post-sampling (b). Rain
(Ra), Asbestos-cement rooftop (As), Bitumen-coated rooftop (Bi), Spring (Sp), Water source (Ws), and Waterfall (Wf)
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