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Extended Abstract

Introduction

In countries such as Iran, where drinking water, agriculture, and industry heavily rely on groundwater
resources, management and protection are fundamental priorities. Excessive extraction has caused severe
decline in groundwater levels and water quality reduction. Given increasing population and surface water
shortage, dependence on quality groundwater has intensified significantly.

The Qazvin Plain, as a major agricultural and industrial hub, plays an effective role in regional food
security and economic development. Agricultural and industrial activities have imposed increasing pressure
on water resources. Although part of water demand is supplied through the Taleghan Dam and seasonal
rivers, this plain has severe dependence on groundwater with increasing extraction, leading to level decline
and serious quality challenges.

The Qazvin Plain is located within 49°10' to 50°40' East longitude and 35°20' to 36°31' North latitude.
The plain area is 5059.3 square kilometers with elevation ranging between 1131 and 2902 meters. With semi-
arid climate, it receives average annual precipitation of 317 millimeters. With 250,000 hectares of agricultural
land, the agricultural sector accounts for more than 85 percent of water consumption.

The objective is to classify groundwater quality for agricultural, drinking, and industrial uses, and
investigate spatial and temporal variations over a 20-year period from 2001 to 2021.

Methodology

Groundwater quality data were obtained from Qazvin Regional Water Company. Water type and facies
were determined using the Piper diagram. Qualitative classification for agricultural purposes was conducted
according to Wilcox classification, for drinking according to Schoeller classification, and for industrial
purposes using Langelier Saturation Index (LSI). The Wilcox method classifies water based on electrical
conductivity (EC) and sodium adsorption ratio (SAR) into four classes: excellent, good, average, and
unsuitable. Schoeller method classifies water into six classes based on total dissolved solids (TDS) and total
hardness (TH). Langelier index categorizes water as corrosive (LS1<0), balanced (LSI=0), or scaling (LSI>0).
Spatial and temporal zoning maps were prepared using Kriging interpolation in GIS at five-year intervals.
Results and Discussion

Piper diagrams analysis over five periods (2001-2021) revealed continuous aquifer degradation. In 2001,
most samples showed calcium-bicarbonate facies indicating fresh water. By 2006, samples shifted toward
calcium-sulfate facies. In 2011, degradation accelerated with dramatic dispersion increase and sodium-
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chloride facies emergence indicating serious salinization. By 2016, critical condition became evident with
high facies diversity. In 2021, crisis peaked with maximum dispersion, where calcium-bicarbonate facies
appeared only in limited samples, and significant portions showed saline facies dominated by sodium-
chloride and sodium-sulfate.

For agricultural water quality, no sample was excellent quality. Good quality decreased from 25.25% in
200110 17.91% in 2021 (29% reduction). Average quality increased from 46.46% to 58.95%, and unsuitable
samples fluctuated between 14.23% and 33.33%. Medium and unsuitable categories comprised 75 to 92
percent.

For drinking water quality, about 70% of samples remained in good to average categories, but good
quality decreased from 29% to 22%. Completely inappropriate category increased from zero to 2.74%. In
total hardness, good quality declined from 39% to 24%, while acceptable water increased to 44%.

For industrial water quality, significant changes occurred. Corrosive water decreased from 96.97% to
70.1%, while scaling water increased dramatically from 2.02% to 23.1%. Balanced water comprised only 1
to 6.7%. More than 93% falls into corrosive or scaling categories, requiring treatment before use.

Spatial-temporal analysis revealed northern areas had best quality while southern areas faced worst
guality, with degradation advancing from south to north. For agriculture, medium and unsuitable water
increased from 75% to over 90%. For drinking, good quality decreased from 29-39% to 22-24%. For industry,
over 93% are either corrosive or scaling.

Conclusions

Groundwater resources show concerning degradation trends. Facies evolution from fresh to saline types,
dramatic diversity increase, and significant reduction in suitable quality represent serious warnings.

For agriculture, unsuitable water increased from 75% to over 90%, necessitating urgent strategies
including extraction control, cropping pattern modification, and drainage systems development. For drinking,
good quality decreased from 29-39% to 22-24%, with southern areas requiring advanced treatment. For
industry, more than 93% are corrosive or scaling, requiring treatment.

The spatial pattern indicates degradation advancing from south to north. The trend shows increasing
salinity and hardness resulting from excessive extraction, reduced recharge, and likely saline water intrusion.
This requires urgent actions including extraction control, artificial recharge enhancement, agricultural return
flows treatment, and pollution prevention. Without fundamental measures, sustainability will be severely
threatened.
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Table 1- Classification criteria for Agricultural water

ol Cods EC Sadb SAR (Sadb
Water Quality (uS/cm) Classification Classification
e
o <250 C1 <10 S1
excellent
- 250-750 c2 10-18 s2
good
buogio
750-2250 C3 18-26 S3
Average
calial
i >2250 C4 >26 S4
Unsuitable
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Table 2- Quality classification of agricultural water based on the Wilcox method

ol cois’ $339WS lp T oS g9 Sadb
Water Quality Water Quality type for agricultural use Classification

S EgliS (sl cslio =y pd c151
excellent Clean- completely harmless to agricultural

g 539U (sl ccanlio =g

-5 ' ks sy o ' 255 o5 . C2S1, C2S82, C1S2

good Slightly Salty- almost suitable for agricultural

Lo Y liees L) (555918 (sl o0l 6 — o8

7 (13 s ) csioglis sl il JIB =8 353, C352, C351, C253, C1S3

Average Salty- for agricultural with the necessary arrangements

- GNP SRS 95 ke C4S1,C4S2, CAS3,C454, C354,C254,C154
Unsuitable Too Salty- harmful to agricultural
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Table 3- Quality classification of drinking water based on the Schuller method

of cus
e TDS (mg/L) TH (mg/L)
Water Quality
7 <500 <250
Good
Jrt & 500-1000 250-500
Acceptable
S
1000-2000 500-1000
Average
Cuwliob
) ) 2000-4000 1000-2000
Inappropriate
Canliol Mals
) . 4000-8000 2000-4000
Completely inappropriate
2rd S >8000 >4000
Undrinkable
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(Sunkari et al., 2019)
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Table 4- Quality classification of industrial water based on the Langelier Saturation Index

ol cuds aEY Had s
Water Quality Langelier Saturation Index_(LSI)
it 0<Ssl
Corrosion
b b ol
b b B - SI1=0
Balanced Water
138o
p) ._9«4) SI>0
Scaling

+0.2 +0.3 +0.4 +0.5
| |-
I .

Scaling

Fig. 3- Langelier Saturation Index
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Table 5- Water Type and Facies Based on Piper Diagram

SLjoyed Logsl sl < ulug' ol [ J PWESS) 0 lws g oo
. . Anion Cation . .
Time Period Concentration  Concentration Water Type Water Facies Type and Facies
™ S i el
2001(\YA-)  HCOs>SO:>Cl  Ca>Mg>Na+K ® o i * o o
Bicarbonate Calcic Calcium-Bicarbonate
Sew — a3l S e — w5l edS
2006(¥A)  HCO>SOSCI  CasMgsNask oo™ 9w = g~ S5 07
Bicarbonate-Sulfate Calcic Calcium-Bicarbonate-Sulfate
5L - wla oS 5L — 58 gu — CanundS”
2011('\¥2-)  SO~HCO:>Cl  Ca>Mg>Na+K s o T = ® SRR e
Sulfate-Bicarbonate Calcic Calcium-Sulfate-Bicarbonate
0,5 — «la) Ll — cudS Ll — CanndS =0 IS — 5l
2016(\Ya0)  SOs>CI>HCOs  Ca>Mg>Na+K A > o ) . # R
Sulfate-Chloride Calcic-Mixed  Calcium-Sulfate-Chloride-Mixed
0,8 — «la) - bl Lalises — —o i — &5la)
20210f-)  SO~CI>HCOs  Ca>Na>Mg+K A s e T . ke olS Sl
Sulfate-Chloride Mixed-Sodic  Mixed-Sodium-Sulfate-Chloride
(98 Cdd (S (5l el yly Ol i gy 1 Jgo
Table 6- Trend of Quality Parameter Changes in Qazvin Plain
Falb 2001(YYA+) 2006(YY'A0) 2011(Y¥4+) 2016(Y¥40) 2021(V£++)
Parameter
A oS
. . Ca Ca Ca Ca & Mg Ca, Mg & Na
Dominant Cation
e gl
) . HCO:s HCOs & SOs SO+ & Cl SO+ & Cl SO+ & Cl
Dominant Anion
ladiges SuSTy, Sgdxe Sgdore s Lwgio 03 S 03 S s
Sample Distribution Limited Relatively Limited Moderate Extensive Very Extensive
o)l ) g9 o bwgia L b ks FShs
Facies Diversity Low Moderate High Very High Maximum
O Sl sladiges YL bogie oS oS o oS b
Good Quality Samples High (>35)  Moderate (25-30)  Low (15-20) Very Low (<10) Very Low (<5)
13 k) o> oS S o Lo 4.>_,»»" J:6 \_fb.
Saline Facies (% Very Low Low Moderate Considerable High
aline Facies (%) (<5%) (5-10%) (10-20%) (20-30%) (>30%)
S Cundy sl Cgllas s SRRULS S Sl sl
Quality Status Satisfactory Relatively Good Concerning Critical Highly Critical
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Fig. 4- Water Type and Facies Based on Piper Diagram (2021)
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High - S3

Medium - S2

Low - S1
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Table 7- Percentage of each the Quality classification of agricultural water based on the Wilcox method

SLiog e oy busgia eliol
Time excellent good Average Unsuitable
Period C481,C4S2, C4S3,C484,
C181 C2S81, C282,C1S2  (C3S3, C3S2, C3S1, C283, C1S3 C354,C284,C154
2001(¥A-) 0 25.25 46.46 28.28
2006(1yA2) 0 27.37 47.37 25.17
2011(yva-) 0 19.79 46.88 33.33
2016(1y20) 0 19.18 46.58 34.25
2021()¥--) 0 17.91 58.95 23.14
Wilcox Diagram
32
C1S4
Unsuitable c2s4
Unsuitable c3s4
26 + Unsuitable
\ C454
Unsuitable
- \
E Average \
@ 207 c283
g Average
i 13-\ 353
= Average
©
E \ C4S3
< 15 Unsuitable O
E c1S2 \
= Good ]
T Cc2s82
Qo Good \
» c3s52
104 Average P
\ c4S52
\ . A < o Unsuitable
% .
“Lv. -
5 Cc181 p . L — * [ °
Excellent Cood cast .:..-..‘ o o® R (]
%° Average Iy cas1
K Sep g 4° o0 ,°2°% Unsuitable
e ..'.‘t .':'"-.- .u':. o
° :' o, o O °
o‘100 250 750 2250 5000 10000
Conductivity (micromhos/cm at 25°C)
Low - C1 Medium - C2 High - C3 Very High - C4

Salinity Hazard

(Ve o) (S SUig gy el 2 (55,9WiS O CuS gainalab —0 JSS
Fig. 5- Quality classification of agricultural water based on the Wilcox diagram (2021)
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Table 8- Percentage of each the Quality classification of drinking water based on the Schuller method

TDS
Period Good  Acceptable  Average Inappropriate inapp fopriayte Undrinkable
2001(\YA)  29.29 30.3 33.33 7.07 0 0
2006(\vA0)  27.37 26.32 41.05 5.26 0 0
2011('v-)  20.83 32.29 36.46 9.38 1.04 0
2016()v20)  20.55 27.4 38.36 10.96 2.74 0
2021(7F-)  22.39 34.33 35.07 6.72 1.49 0
TH
2001(7vA+)  39.39 36.36 23.23 101 0 0
2006(\¥Ad) 3895 40,00 20.00 105 0 0
2011(\wa-)  27.08 29.17 3958 417 0 0
2016('va0)  24.66 35.62 34.25 4.11 137 0
2021(vf-+)  23.88 44.03 27.61 373 075 0
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Schoeller Diagram 2021
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Fig. 6- Quality classification of drinking water based on the Schuller diagram (2021)
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Table 9- Percentage of each the Quality classification of industrial water based on the Langelier Saturation Index

sl 0,93 oy Sl o I g,
Time Period Corrosion Balanced Water Scaling
2001(¥A-) 2.02 101 96.97
2006(\vAd) 3.16 2.11 94.74
2011(yva-) 20.83 521 74.00
2016(vas) 13.7 14 84.9
2021( ¥ -) 231 6.7 70.1
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Quality classification of agricultural water (Wilcox)
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Fig. 7- The spatial and temporal variations map of the Quality classification of agricultural water based on the Wilcox
method
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Quality classification of drinking water (Schuller)
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Fig. 8- The spatial and temporal variations map of the Quality classification of drinking water based on the Schuller
method
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Quality classification of industrial water (L.SI)
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Fig. 9- The spatial and temporal variations map of the Quality classification of industrial water based on the
Langelier Saturation Index
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