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The analyzed parameters included sulfate (SO42-), chloride (Cl-), bicarbonate (HCO3-), pH, total
dissolved solids (TDS), total hardness (TH), potassium (K+), sodium (Na+), magnesium (Mg2+), and
calcium (Ca2+). These parameters were used to calculate the water quality levels of springs in the llam
watershed using the Water Quality Index (WQI) method. For this purpose, four selected springs within the
watershed were chosen to represent the region's hydrogeochemical conditions and water quality (Figure
1). Sampling was conducted monthly over six months, from April 2023 to September 2023. All tests were
performed using standard laboratory methods and precise instruments to obtain accurate and reliable data.
The collected samples were stored in a refrigerator at 4°C to prevent microbial degradation before water
quality analysis. The calculation of the WQI involves several steps. In the first step, each parameter is
assigned a weight ranging from 1 to 5 based on its impact on human health, with these weights estimated
according to WHO standards. The second step calculates the relative weight using Equation 1 (Chung et
al., 2014; Patil et al., 2020; WHO, 2004b, 2011, 2014, 2017).

Wi wi @

X wi
Where Wi represents the relative weight, wi is the weight of each parameter, and n is the total number of
parameters. In the third step, the quality rating index (qi) is calculated. This index is obtained by dividing
the concentration of each parameter in a water sample by its standard value, as described in Equation 2
(WHO, 2004; Patil et al., 2020; WHO, 2017).

gi== x 100 @
Where Ci is the concentration of each parameter in the water sample, and Si is the WHO standard value
for each parameter in mg/L. Additionally, the SI (sub-index for the n-th parameter) is calculated for each

chemical parameter using Equation 3, and finally, the WQI is determined using Equation 4 (Chung et al.,
2014; WHO, 2014, 2017).

SI=Wixgi (3)
wQl = ¥ SI (4)
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Figure 1 - Map of the locations of sampled stations in the Ilam Dam watershed.

Results and Discussion

The results of this study indicated that the water quality of the examined springs in the region is highly
favorable based on the Water Quality Index (WQI). The WQI values at the sampling stations ranged from
38.07 to 45.45, reflecting excellent water quality in all studied springs throughout the research period.

A comparison of the quality data with World Health Organization (WHO) standards also revealed that all



measured parameters, including sulfate, chloride, bicarbonate, pH, TDS, total hardness, potassium,
sodium, magnesium, and calcium, fall within the permissible standard limits. The analysis of the Schuler
diagram indicated that the spring water quality is in good condition for drinking purposes. Furthermore,
the analysis of the Piper diagram revealed that the water quality falls under the hydrochemical group of
calcium bicarbonate, indicating a favorable ionic composition of the water for various uses.

Conclusion

Despite the excellent quality of the region's spring water based on valid quality indices and standards,
continuous monitoring and precise management of the area's water resources are essential to maintain the
current quality and prevent potential future contamination. In areas where water resources play a key role
in meeting drinking, agricultural, and industrial needs, human and natural factors such as agricultural
activities, industrial development, environmental degradation, and climate change can pose serious threats
to water quality. The findings of this study revealed that analyzing qualitative data using the WQI index
and Schuler and Piper diagrams is an effective tool for assessing water quality status. These tools not only
enhance the understanding and interpretation of complex data but also enable the comparison of water
quality across different regions and the identification of areas vulnerable to pollution. Additionally, these
methods can provide a robust scientific foundation for developing protective policies, implementing water
quality monitoring programs, and making effective management decisions.
Ultimately, adopting integrated management practices and utilizing these analytical tools can significantly
contribute to the long-term protection of water resources and the sustainability of the region's aquatic
ecosystems.
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Table 1. Classification of drinking water quality based on the WQI index.
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Table 2. Normalized and relative weights of chemical parameters (WHO, 2011).
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Table 3. Classification of drinking water standards based on the Schoeller diagram (Choramin et al.,

2015).
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Table 4. WQI values and the statistical parameter values used for the calculation of WQI in the springs of
the llam Dam watershed.
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Devisatt?tr)]n?:ng ) Mean (mg/L) Maximum (mg/L) Minimum (mg/L) Parameter

3.66 49.57 56.18 41.88 Ca?
3.47 16.64 25.78 11.25 Mg#
0.88 3.22 4.83 1.9 Na*
0.21 0.56 0.96 0.14 K*
32.63 255.20 328 193 TH
25.05 240.83 276 188 TDS
0.45 7.54 8.3 6.8 pH
18.83 182.35 205.7 139.24 HCOs™
3.79 12.31 21.8 5.4 CI-
13.88 37.11 62.43 7.2 SO+
2.10 41.95 45.45 38.07 wWQl
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Table 5. Status of the parameters studied in drinking water sources based on comparison with the Schuler

diagram.
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Station Parameter
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Figure 2. Average temporal and spatial variations of SO4? in the stations and months studied
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Figure 3. Average temporal and spatial variations of CI in the stations and months studied.
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Figure 4. Average temporal and spatial variations of HCOjs" in the stations and months studied.
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Figure 5. Average temporal and spatial variations of pH in the stations and months studied.
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Figure 6. Average temporal and spatial variations of TDS in the stations and months studied.
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Figure 7. Average temporal and spatial variations of TH in the stations and months studied.
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Figure 8. Average temporal and spatial variations of K* in the stations and months studied.
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Figure 9. Average temporal and spatial variations of Na* in the stations and months studied.
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Figure 10. Average temporal and spatial variations of Mg?* in the stations and months studied.
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Figure 11. Average temporal and spatial variations of Ca?* in the stations and months studied.
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Figure 12. Average variations of WQI in the spring and summer seasons during the months studied.
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Figure 13. Schuler diagram of the studied springs' water.



axllao )90 i uT ).qb Hloges NP STl
Figure 14. Schuler diagram of the water quality of the studied springs.
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Table 6. Comparison of the Water Quality Index (WQI) in the springs of the Ilam Dam watershed during
the study period with springs from other areas.

axdllas 50 ddlaio WQ| Fan o
Study area Reference
bl s sl adg> 38.07 — 45.45 yol> aslllas
oyl 39,y lesel 16.67 - 75.1 Motamedi Rad et al., 2021
5,5 ks B0 able 50. 75 Gharemahmogcélzug& Shirzadnia,
Srikakulam India 10.84 -191.33 Sundar Kumar et al., 2010
Karnataka State, India 89.21 — 660.56 Ramakrishnaiah et al., 2009
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Table 7. Average Quality Parameters of the Studied Springs' Water in the Watershed

ol bl
Station Parameter
4 3 2 1
31.53 4572 29.57 41.64 SO4*
8.72 16.1 13.18 11.25 Cl-
180.22 188.73 182.49 177.98 HCO3
7.48 7.6 7.52 7.55 PH
242 245.33 263.66 212.33 TDS
233.16 292 245.16 250.5 TH
0.34 0.64 .58 0.68 K*
3.6 3.19 3.15 2.95 Na*
15.43 17.88 16.72 16.2 Mg?
52.17 50.34 48.26 47.49 Ca**
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Table 8. The results of principal component analysis for measured parameters in studied river springs
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Component Paraméter
3 2 1
-0.672 -0.153 0.723 SO4*
0.222 -0.329 0.918 Cr
0.312 0.221 0.924 HCOs
-0.272 -0.360 0.893 PH
0.959 0.213 0.189 TDS
-0.148 -0.081 0.986 TH
-0.223 -0.832 0.508 K*
0.225 0.941 -0.253 Na*
0.053 -0.372 0.927 Mg?
0.046 0.998 0.051 Ca?*
17.191 30.736 52.073 “’“.L"‘B
Variance
o g_j u.uc‘l) sy (:)lg.l dw J*’“T dse> slodois u]
S o5 Al

e () CodsS dgge 5 Lais D500 5 WS oo ST Rl

Boled oo anl jotins ()85 g (20 paw Jgeol cale, L1

SISl
205 oo el raghy cnl plowl )3 (5 Sen oz L

F

Atashi yazdi, S. S., Motamedvaziri, B., Hosseini, S.
Z., & Ahmadi, H. (2022). Assessment of vulnerability
and hydrogeochemical specifications of Bahabad
Yazd Plain aquifer. Environmental Monitoring and
Assessment, 194, 1-21.

Bahrami, M., Khaksar, E., & Bahrami, A. (2022).
Groundwater quality evaluation for potable and
irrigation uses in the semi-arid region of southern Iran.
Irrigation and Drainage, 71(3), 749-765.

Bhusal, J., & Gyawali, P. (2015). Water quality of
springs in Badigad Catchment, Western Nepal.
Bulletin of the Department of Geology, 18, 67-74.
Carbajal-Hernandez, J. J., Sanchez-Fernandez, L. P.,
Villa-Vargas, L. A., Carrasco-Ochoa, J. A, &
Martinez-Trinidad, J. F. (2013). Water quality
assessment in shrimp culture using an analytical
hierarchical process. Ecological indicators, 29, 148-
158.

Camdevyren, H., Demyr, N., Kanik, A., & Keskyn, S.
(2005). Use of principal component scores in multiple
linear regression models for prediction of
Chlorophyll-a in reservoirs. Ecological Modelling,
181(4), 581-589.

Chaudhry, A. K., Kumar, K., & Alam, M. A. (2019).
Spatial distribution of physicochemical parameters for
groundwater quality evaluation in a part of Satluj
River Basin, India. Water Supply, 19(5), 1480-1490.

arwgs ol Jool 5l ol mlie 5l aigy soliul g cbsla>
o & aadlbe cnl gy ladar 58S e 50 sl
g Sl a3l T o Soul asg> Glrdeis O CoalS
ol ceas elh a5 s e plas ol gl Jels @l
7 Sy osk )0 (syn 990 sladige (sles 0 (WQD)
Syle 413 Jle osgazs ;0 (VT o 05 B 1190 9,8) anle
o Bilas gl ol YU cuaS saups il Cuxdy oyl
Slo walie gleole b ;o WQI asli polie 5 el
3,90 sl el b Jdow ol ddlaie ol o Ol coaS LS
loosgaze 13 bl opl soles a5 3,8 0l s anlllae
L osls cpl ollas 4y azg5 b oaijlo (1,8 Caslio g 0l
el Lo g WHO) Sl cuslage olojle slas lastil
ol lrastz Ol aS C8F ax (g only g s
Sy Srae slp g wollhe Lo gt 5l adlais
il ax g a5 Cawl 5,50 (J il sl sl SlS
Jsb o cunl (Sew ol cuas slas lasbiul a5 il
Sl 5 (Sogll bt oy @)l5 Sl o 42 o
yoies 35l 9 O alply S i lse g o
5 05Y o ulinl jeie Soley 5l liebl gl O mlee
sl a5 I 0 sl (5900 oolaiwl glp Ll Hogyel
tolle i 1 3l Jlo 5o alllan o5 ailate 3 ]
(sloygs yllai & b 5l baolasbsl cpl Jads s jls o5
Cool Fl sl O e Conse 5 et )]
&b YL Josly p asdllas cpl zols @odls jgbay .ol



a case study in and around Hua County, China.
Arabian Journal of Geosciences, 9, 1-17.
Lotfinasabasl, S., Dargahian, F., & Khosroshahi, M.
(2020). Water quality assessment of Gopalriver and its
variations in the Maroon basin. Watershed
Engineering and Management, 12(3), 835-852. (In
Persian)

Motamedi Rad, M., Goli Mokhtari, L., Bahrami, S. &
zanganeh asadi M A. (2021). Assessment of the
quality of water resources for drinking, agriculture,
and industry in the karstic aquifer of Roein Esfarayen
basin of North Khorasan province. Journal of Applied
Research in Geographical Sciences, 21(62), 62-73. (In
Persian)

Noori, R., Khakpour, A., Omidvar, B., & Farokhnia,
A. (2010). Comparison of ANN and principal
component analysis-multivariate linear regression
models for predicting the river flow based on
developed discrepancy ratio statistics. Expert Systems
with Applications, 37(8), 5856-5862.

O'Dwyer, J., Hynds, P. D., Byrne, K. A, Ryan, M. P,
& Adley, C. C. (2018). Development of a hierarchical
model for predicting microbiological contamination of
private groundwater supplies in a geologically
heterogeneous region. Environmental Pollution, 237,
329-338.

Ouyang, Y. (2005). Evaluation of river water quality
monitoring stations by principal component analysis.
Water Research, 39(12), 2621-2635.

Pantha, S., Timilsina, S., Pantha, S., Manjan, S. K., &
Maharjan, M. (2022). Water quality index of springs
in mid-hill of Nepal. Environmental Challenges, 9,
100658.

Patil, V. B., Pinto, S. M., Govindaraju, T., Hebbalu,
V. S, Bhat, V. & Kannanur, L. N. (2020).
Multivariate statistics and water quality index (WQI)
approach for geochemical assessment of groundwater
quality—a case study of Kanavi Halla Sub-Basin,
Belagavi, India. Environmental Geochemistry and
Health, 42, 2667-2684.

Piper, A. M. (1944). A graphic procedure in the
geochemical interpretation of water-analyses. EOS,
Transactions American Geophysical Union, 25(6),
914-928.

Qureshimatva Umerfarug, M., Maurya Rupesh, R.,
Gamit Sandip, B., & Solanki Hitesh, A. (2015).
Seasonal Variation of Phytoplankton in Bibi Lake,
Ahmedabad, Gujarat, India. Preservation, 4(10).
Ramakrishnaiah, C. R., Sadashivaiah, C., &
Ranganna, G. (2009). Assessment of water quality
index for the groundwater in Tumkur Taluk,
Karnataka State, India. Journal of Chemistry, 6(2),
523-530.

Saadatmand, A., Noorollahi, Y., Yousefi, H., &
Mohammadi, A. (2021). Investigation, modeling, and
analysis of qualitative parameters of groundwater
resources in Kurdistan’s Kamyaran plain. Iranian
Journal of Ecohydrology, 8(2), 357-367. (In Persian)

Chitsazan, M., Aghazadeh, N., Mirzaee, Y. &
Golestan, Y. (2019). Hydrochemical characteristics
and the impact of anthropogenic activity on
groundwater quality in the suburban area of Urmia
city, Iran.  Environment,  development and
sustainability, 21, 331-351.

Choramin, M., Safaei, A., Khajavi, S., Hamid, H., &
Abozari, S. (2015). Analyzing and studying chemical
water quality parameters and their changes on the
basis of Schuler, Wilcox, and Piper diagrams (project:
Bahamanshir River). WALIA journal, 31(S4), 22-27.
Chung, S. Y., Venkatramanan, S., Kim, T. H., Kim, D.
S, & Ramkumar, T. (2015). Influence of
hydrogeochemical processes and assessment of
suitability for groundwater uses in Busan City, Korea.
Environment, Development and Sustainability, 17,
423-441.

de Paul Obade, V., & Moore, R. (2018). Synthesizing
water quality indicators from standardized geospatial
information to remedy water security challenges: A
review. Environment International, 119, 220-231.
Dwivedi, S. L., & Pathak, V. (2007). A preliminary
assignment of water quality index to Mandakini River,
Chitrakoot. Indian Journal of Environmental
Protection, 27(11), 1036.

Gharemahmoodlu, M. (2023). Assessment and
comparison of the spring and well water resources
quality for Drinking and Irrigation Purposes (Case
study: East of Gorgan Plain. Journal of New
Approaches in Water Engineering and Environment,
2(1), 47-66. (In Persian)

Gurung, A., Adhikari, S., Chauhan, R., Thakuri, S.,
Nakarmi, S., Rijal, D., & Dongol, B. S. (2019).
Assessment of spring water quality in the rural
watersheds of western Nepal. Journal of Geoscience
and Environment Protection, 7(11), 39-53.

He, S, & Wu, J. (2019). Hydrogeochemical
characteristics, groundwater quality, and health risks
from hexavalent chromium and nitrate in groundwater
of Huanhe Formation in Wugi county, northwest
China. Exposure and Health, 11, 125-137.

Kazakis, N., & Voudouris, K. S. (2015). Groundwater
vulnerability and pollution risk assessment of porous
aquifers to nitrate: Modifying the DRASTIC method
using quantitative parameters. Journal of Hydrology,
525, 13-25.

Kibetu, P.M., Thumbi, G.M., Okwadha, G.O., &
Nyadawa, M.O. (2017). Groundwater quality
assessment and water quality indexing: Case study of
Makueni County, Eastern Kenya. In Jkuat Annual
Scientific Conference Proceedings, 130-143.

Kresic, N., & Stevanovic, Z. (Eds.). (2009).
Groundwater hydrology of springs: engineering,
theory, management, and sustainability. Butterworth-
heinemann.

Li, P, Wu, J., & Qian, H. (2016). Hydrochemical
appraisal of groundwater quality for drinking and
irrigation purposes and the major influencing factors:



Sadat-Noori, S. M., Ebrahimi, K., & Liaghat, A. M.
(2014). Groundwater quality assessment using the
Water Quality Index and GIS in Saveh-Nobaran
aquifer, Iran. Environmental Earth Sciences, 71, 3827-
3843.
Sadeghi-Lari, A., Bahrami, M., & Dastandaz, T.
(2024). Temporal and spatial variations of
groundwater quantity and quality for drinking and
irrigation purposes in the arid and hot weather of
Southern Iran. Physics and Chemistry of the Earth,
Parts A/B/C, 134, 103582.
Shrestha, A. K., & Basnet, N. (2018). An evaluation
of physicochemical analysis and water quality index
of Ratuwa River of Damak, Jhapa, Nepal. Int J Recent
Res Rev, 11(2), 1-9.
Solgi, E., Bigmohammadi, F., Rozbhani, Z., &
Ghiasvand, S. (2022). Water quality assessment of
surface and groundwater sources used for drinking and
agriculture. Irrigation Sciences and Engineering,
45(3), 97-111. (In Persian)
Sundar Kumar K., Kumar PS., Babu M. J. R., & RAO
C.H. (2010). Assessment and mapping of groundwater
quality using geographical information systems.
Assessment, 2(11), pp.6035-6046.
Tripathi, D. K., Pandey, G., & Jain, C. K. (2015).
Physicochemical analysis of selected springs water
samples of Dehradun City, Uttarakhand, India. Int J
for Innov Res Sci Tech, 2(5), 99-103.
WHO. (2004a). Guidelines For Drinking-Water
Quality. World Health Organization.
WHO. (2004b). Guidelines for drinking water quality
vol. 1 recommendations (p. 130). Geneva: WHO.
WHO. (2011). Guidelines for drinking-water quality.
World Health Organization, 216, 303-304.
WHO. (2014). Guidelines for drinking-water quality,
World Health Organization (3rd ed., 1(515). Geneva,
Recommendations.
WHO. (2017). Guidelines for drinking-water quality.
In: Incorporating 1st Addendum, fourth ed. World
Health Organization, Geneva.
Zahedi, S., Azarnivand, A., & Chitsaz, N. (2017).
Groundwater quality classification derivation using
multi-criteria-decision-making techniques. Ecological
Indicators, 78, 243-252






