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Abstract

Background and Objectives: In recent years, the quality of surface waters has deteriorated due
to pollution from various sources such as agricultural runoff, industrial effluents, and municipal
wastewater. These factors can alter water quality and affect the livelihoods of communities and
the environment. Assessing the quality of surface waters for agricultural and irrigation purposes
is essential to ensure the safety of crops, ecosystems, and human health. The use of unsuitable
water for agriculture can lead to soil salinization, ecosystem degradation, desertification, and the
occurrence of dust storm events. Therefore, stakeholder participation and policy interventions
are essential to enforce regulations and best practices for the protection of surface water quality.
Methodology: The Hamoun-Hirmand watershed, covering an area of 63,589.6 square
kilometers, is located in the southeast of Iran. This closed watershed is highly important in
terms of water resources and faces challenges such as water scarcity, pollution, and threats from
climate change. Efforts are underway to improve water management, protect this unique
ecosystem, and ensure food security. This study monitored the quality of surface waters in this
watershed with a focus on sustainable agricultural practices, aiming to protect the ecosystem,
prevent desertification, and reduce dust storm events caused by human activities. For this
purpose, the chemical quality of surface water in the Hamoun-Hirmand watershed was
investigated at 10 hydrometric stations with quantitative (flow rate) and qualitative
(physicochemical parameters) data during the years 1976 to 2016. Parameters such as flow rate,
electrical conductivity (EC), total dissolved solids (TDS), acidity (pH), cations (calcium,
magnesium, sodium, and potassium), anions (chloride, sulfate, and carbonate), sodium
percentage, sodium adsorption ratio (SAR), and total hardness were examined. Finally, the Piper
diagram was used to study the hydrochemical facies, and the Wilcox diagram was applied to
assess water quality for irrigation and agricultural purposes. Using 26 years of data from two
meteorological stations in Zabol and Zahak, this research examined dust storm events, identified
the generating winds, and analyzed the relationship between dust storms and water salinity. The
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WRPIot View.8.0.2 software was employed to draw the dust rose diagrams.

Results: The study of Hamoun surface waters showed that salinity (EC and TDS) varied among
stations. The dominant ions were sodium, magnesium, chloride, and sulfate. lon concentrations
increased over time due to geological, hydrological, and climatic factors of the region. Salinity
was within acceptable limits in most stations except for Pol-e Shileh and Lar-Payin, but it
showed an increasing trend. The droughts of 1998-2008 and 2010-2011 were associated with
increased salinity. EC and TDS had a direct correlation with each other and an inverse
relationship with water flow. The highest salinity values were observed in hot months with the
lowest flow rates. In the upstream part of the watershed, water quality was mainly “slightly
saline to saline” and suitable for irrigation and agriculture, while in the downstream part, water
quality was “very saline” and mostly fell into the C4-S4 and C4-S3 classes, unsuitable for
agriculture and leading to increased salt concentrations, especially sulfate and chloride anions
and sodium cations. The quality of Hirmand River water declined in the Chah-Nimeh wells,
probably due to irrigation, agricultural and aquaculture activities, high evaporation, and the
entry of suspended sediments into the wells. The study of dust in Zahak and Zabol showed that
the significant increase of dust events in specific years was associated with factors such as
geographical location, climate changes, land use, and water salinity. Although water salinity
played a more significant role in Zahak, other factors contributed in Zabol. Overall, the
occurrence of dust storms was the result of the complex interaction of multiple environmental
factors, with water salinity being one of them.

Conclusion: The Hamoun-Hirmand watershed faces water quality challenges due to both
natural and human factors such as climate change, irrigation and agricultural activities,
wastewater, and urbanization. These factors affect salinity, ion concentrations, and the overall
health and quality of water, ultimately impacting soil and ecosystems. Continuous monitoring of
water quality parameters and the adoption of water management strategies are essential to
address challenges leading to ecosystem and land degradation and to ensure sustainable use of
this vital resource. Conservation, efficient irrigation, and wastewater treatment can improve
water quality. Therefore, further research is required to identify sources of pollution and
develop comprehensive water management programs, considering the relationship between land
use practices, water quality, and ecosystem health.

Keywords: Surface water quality, Hamoun-Hirmand Basin, hydrochemical facies, dust storm
event, dust rose.
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Figure 1. (a) Location of the Hamoun-Hirmand watershed among other watersheds in Iran, (b) Distribution and
location of the hydrometric stations under study.
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Table 1. Location, type, and number of samples, and the years with available statistical records for the
hydrometric stations under study

Station Number of Period River Latitude Longitude Establishment year
samples
Milak 67 1996-2016 Canal No.1 31 61.8 1983
Kahak Dam 183 1978-2016 Sistan 30.826389 61.760556 1941
Bridge Shirdel 50 1999-2016 Shirdel Canal 30.956667 61.790278 1970
Shile Bridge 50 1983-1998 Shile 30.261667 61.035833 1995
Jarike 45 2002-2016 Inlet canal 30.811389 61.762778 1981
Cfg:trll;rtne 123 1989-2018  Out Let canal 30.864167 61.663889 1982
Lar 34 1990-2013 Lar 29.705833 60.903333 1993
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Table 2. Statistical parameters of water quality at the hydrometric stations in the Hamoun-Hirmand watershed

EC T.D.S ca® Mg* Na* K* HCO3  CO3* Cr S04* Debi
Station Value PH SAR Na%

ps/cm mg/l megq/I m3/s

Max 2010 1306 910 925 7640 410 330 1340 020 460 070 690  6.60 2053
Milak Mean 849 531 807 387 5926 115 163 472 008 339 015 215 230 8.05
Min 310 171 73 0654 2143 03 025 067 002 08 0 0.5 0 0.37

Max 1710 1111 900 803 7652 210 330 1070 010 500 060 530 600  124.00

Shirdel Bridge ~ Mean 881 563 796 418 6266 096 180 502 009 357 000 224 209 12.28
Min 408 265 74 0809 2212 04 1 12 004 22 0 0.2 0.1 0.24

Max 2840 1846 910 1205 8214 320 500 1980 025  6.30 110 1320 1370  718.30

Kahak Dam  Mean 893 545 810 390 5776 117 193 496 009  3.09 019 254 252 4091
Min 210 116 73 0042 238 03 03 0.06 0 0.2 0 0.2 0 0.00

Max 2004 1302 940 926 8023 150 340 1390 020 520 170 760 680  313.70

Jarikeh Mean 944 509 804 464 6509 093 184 560 010 341 018 264 232 60.68
Min 409 265 72 1894 46 04 1 195 005 05 0 0.5 0.1 0.14
Max 2710 1761 915 1375 8270 350 520 2040 030  6.70 130 1220 7.0 0.00
Chgzrt':;]eh Mean 1018 618 823 540 6817 099 18 642 010 338 029 337 266 0.00
Min 496 272 73 0371 12 04 04 055 004 09 0 0.6 0.2 0.00

Max 11315 8485 880 4219 9156 430 1170 10430 179 550 150 7020 4619 197850

Shile Bridge ~ Mean 2035 1047 820 1314 77.44 147 361 2290 044  3.64 030 1616 838 50277
Min 885 485 755 393 6256 08 11 465 003 2 0 26 048 0.40

Max 13310 8651 875 3996 9113 600 980 10650 130 1280 160 7680 3820 13820
Lar Mean 4105 2691  7.73 1615 7793 299 290 3198 050 462 012 2292 1106 721

Min 720 395 6.7 2.57 37.65 1 0.3 3.15 0.05 1.5 0 1.5 0.5 0.00
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Figure 2. Salinity profile of surface waters at hydrometric stations in the Hamoun-Hirmand watershed during
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Figure 3. Concentrations of cations and anions in the surface waters of the Hamoun-Hirmand watershed,
categorized by hydrometric station (a, b) and by month (c, d).
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Figure 4. Hydrochemical facies of surface waters in the Hamoun-Hirmand watershed, categorized by
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Figure 5. Percentage of water hardness in the surface waters of the Hamoun-Hirmand watershed, categorized by

hydrometric station during the study years
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Figure 6. Relationship between electrical conductivity (EC) and total dissolved solids (TDS) in the surface waters
of the Hamoun-Hirmand watershed
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Figure 7. Relationship between electrical conductivity (EC), total dissolved solids (TDS), and flow rate in the
surface waters of the Hamoun-Hirmand watershed
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Table 3. Classification of EC, SAR, and Wilcox water quality indices for irrigation and agricultural purposes

EC (us/cm) SAR Water Qua.llty for Class of Water
Irrigation
. . No saline -Suitable for
Quality Class Range Quality Class Range irrigation C182
Excellent C1 <250 Excellent S1 <10 Low saline - Suitable C1S2, C1S2, C1s2
Saline- may be used with
. - C1S2, C182, C182,
Good Cc2 250-750 Good S2 10-18 caution and requires C1S2, C152, C152
management Practice
Permissible C3 750-2250 Doubtful S3 18-26 Very Saline C1S2, C1S2, C1S2,
Doubtful Cc4 >2250 Unsuitable S4 >26 cis2, %11222 cis2,

Wileox sauaid b glae soul o5 5 bellau) 53 5,58 Golas ¢l » of &S sbaib ao s - Joax

Table 4. Percentage of water quality classes for agricultural purposes at hydrometric stations and in the
Hamoun-Hirmand watershed (according to the Wilcox classification)

C454>C4S3>
Class C181 C281 C3S1>C3S2> C3S3 C4S2=C3S4
Station No saline Low saline Saline Very Saline
Milak _ 429 57.1 _
Shirdel Bridge _ 9 90.9 _
Kahak Dam 3.7 333 59.3 3.7
Jarike _ 154 84.6 _
Chahnime Outlet _ 235 64.7 11.8
Shile Bridge _ _ 333 66.7
Lar _ 6.7 26.7 66.7
Basin 0.53 18.69 59.52 21.26
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Figure 8. Schematic map of irrigation water quality in the Hamoun-Hirmand watershed

jgﬁ.«.:- L;\J.w 5 0L du,il‘ Jsa ﬁYLA.'Z_"-‘ olas )\.,.é-ﬁjf slos uﬁb\}d\.m’d\.nﬂ\ I
(\‘ Jg.w) S ‘JLA-H )‘ 6&\.‘» 6\.&:0\.& B )L:.é—)éjf 6\33 w\.i.bb@
aS v\;r@ sonliv o QL....J\.: 9 )\.@ Lg\.baLA 5L



A4

\UL;..:‘YY’.AL?@\JJC:\,‘)\@K;?CAEU;)@@QU#,JGA;«U&

——@— Zabol-dustevent =~ —@®— Zahak-dust event
1200

1000
800
600
400
200

1 5 S N A g N & 6
o o o \ N N
997 1997 (997 007 0% QT b oM g0

250 , —— Zabol-dusty day = —— Zahak-dusty day

200
150
100

50

0

VY >X e TN D> DO X b
9"V O O VT V"V OV NVNVNID
\°) \q \0) \Q ,»Q ’W,Q ,»Q ,»Q ,»Q ,»Q ,.»Q ,»Q ,\/Q ,\,Q

b&.u.g“ &éﬁ a Yo \A G \44yY dLbJLu & (b)JL.iijs La b‘ﬁb 6“})‘)‘)(3)‘)%'&):){ D‘J&J A.:L)Lw gb“,ﬁ—* JQ&
(S i) (S et
Figure 9. Annual frequency of dust events (a) and dusty days (b) from 1992 to 2018, by synoptic station
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Figure 10. Monthly frequency of dust events from 1992 to 2018, by synoptic station and dust event type
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Table 5. Correlation coefficients between the frequency of dust events and dusty days with water salinity (EC)

Zahak 2 Average EC Salinity (EC) of Hydrometric

Dusty day Dust event Dusty day Dust event (ns/cm) Staion
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