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This study examines the hydrochemistry and contamination levels of
groundwater resources in the urban area of Birjand in eastern Iran. Water quality
was assessed and pollution sources were identified through sampling 22 wells, 12
ganats and 4 springs. The results showed that electrical conductivity varied from
300 to 8,000 uS/cm, while pH ranged from 7.23 to 8.71. According to the Piper
diagram, the dominant hydrochemical facies were chloride, sulphate and
bicarbonate types. In some of the samples, the nitrate concentration exceeded the
permissible limit of 50 mg/L set by the World Health Organization, indicating the
influence of urban wastewater and agricultural effluents. The ionic ratios reveal
the influence of halite and gypsum dissolution processes, as well as ion exchange
reactions, on the chemical composition of the water. A health risk assessment
showed that, while most sources are within the safe range for adults, some wells
and ganats pose a higher risk to infants and children. This study aims to provide
a scientific framework for understanding the geochemical processes that control
water quality, and to identify high-risk areas for the sustainable planning and
management of groundwater resources in the Birjand plain.

Introduction

Groundwater is one of the most vital natural

concerns..  Therefore,  assessing the
hydrochemical characteristics and

resources in arid and semi-arid regions such as
eastern Iran, where surface water is scarce and
highly seasonal. The quality of groundwater
resources in many lranian cities has been
significantly affected by rapid urban expansion,
population growth, agricultural intensification,
and inadequate wastewater management..
Birjand city, located in South Khorasan
province, relies heavily on groundwater for
drinking, agricultural, and industrial purposes.
However, the increasing concentrations of
nitrates, phosphates and fluorides, primarily
caused by the infiltration of domestic
wastewater and agricultural return flow, have
raised serious environmental and public health

contamination levels of groundwater in this
region is therefore essential for the sustainable
management and protection of this critical
resource. The main objectives of this study were
to (i) investigate the hydrochemical composition
of groundwater in the Birjand aquifer, (ii)
determine the spatial distribution of major ions
and key pollutants, and (iii) evaluate the
suitability of groundwater for drinking and
irrigation purposes using standard quality
indices.

Materials and Methods
The study area covers the Birjand plain, located
in eastern Iran. It hasan average annual
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temperature of 16.6°C and a mean annual
precipitation of about 146 mm. The region’s
geology mainly consists of Quaternary alluvial
deposits, marls, sandstones, limestones, and
volcanic rocks. Two main aquifers were
identified within the study area: the northern
(Mark) and southern (Birjand) aquifers.

A total of 22 wells, 12 ganats, and 4 springs were
selected for sampling. Water samples were
collected in pre-cleaned polyethylene bottles
and analyzed in the laboratory for
physicochemical parameters including pH,
electrical conductivity (EC), total dissolved
solids (TDS), major cations (Ca2*, Mg?*, Na",
K*), and anions (HCO;~, SO,%, CI7, NO5™, F~,
and PO,3"). Temperature, EC, and pH were
measured in situ using portable meters.
Hydrochemical facies were determined using
Piper and Schuler diagrams. The Wilcox
diagram was applied to evaluate water
suitability for irrigation. Spatial distribution
maps of EC, TDS, nitrate, phosphate, and
fluoride were generated using GIS software.
Contamination and health risk assessments were
performed using the Hydrochemical Evaluation
Index (HEI) and Hazard Quotient (HQ) for
nitrate and fluoride ions. The HQ was calculated
for three age groups (infants, children, and
adults) based on chronic daily intake (CDI)
values and reference doses (RfD) from the U.S.
Environmental Protection Agency (EPA)
standards.

Results and Discussion

Hydrochemical  analyses revealed that
groundwater in the study area had EC values
ranging from 300 to 8000 puS/cm and pH values
between 7.23 and 8.71. The Piper diagram
indicated that the dominant water types were
Na—Cl, Na-SO,, and Mg-HCO3, corresponding
to chloride, sulfate, and bicarbonate facies,
respectively. These results reflect the combined
influence of geological formations, evaporation,
and anthropogenic inputs.

Spatial distribution maps revealed that the
highest EC and TDS values occurred in the

northern and western parts of the study area,
while lower values were observed in the south.
This pattern indicates increasing mineralization
and salinity along the groundwater flow path,
largely due to dissolution of evaporitic
formations and reduced recharge in the
downstream areas.

Nitrate concentrations varied between 0.76 and
111.07 mg/L, with several wells (especially W8,
W9, W11, and Q2) exceeding the WHO
guideline limit of 50 mg/L for drinking water.
Elevated nitrate levels were mainly found near
agricultural lands and urban areas where
wastewater infiltration and fertilizer application
are common. Phosphate concentrations ranged
from 0 to 0.341 mg/L, and fluoride
concentrations from 0.01 to 0.858 mg/L.
Although most fluoride levels were below the
permissible limit, some samples in the western
zone showed higher concentrations that may
pose potential health risks.

The Schuler diagram showed that most water
samples were classified from “moderate” to
“unacceptable” for drinking, particularly in the
northern sector. Based on the Wilcox diagram,
the majority of samples were in the S2-C3 to
S4-C4 classes, indicating moderate to high
salinity and sodium hazards, thus limiting their
suitability for irrigation in sensitive crops.

lon ratio relationships (e.g., Na*/Cl~, Ca%*/Mg#*,
and HCO;7/S0O,2") suggested that groundwater
chemistry is controlled primarily by halite and
gypsum dissolution, carbonate weathering, and
ion exchange processes between groundwater
and aquifer matrix materials.

The calculated HEI values indicated that
groundwater pollution is mainly influenced by
nitrate and sulfate ions. Health risk assessment
results showed that the HQ values for nitrate and
fluoride were less than 1 for adults, indicating no
significant risk, while for infants and children,
HQ values exceeded 1 in several samples,
suggesting potential non-carcinogenic risks,
particularly from nitrate ingestion.
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Conclusions

The study demonstrated that groundwater
quality in the Birjand plain has been
significantly impacted by both natural and
anthropogenic factors. Elevated nitrate levels in
parts of the aquifer are mainly due to the
infiltration of domestic wastewater and
agricultural return flow, while salinity is
enhanced by dissolution of evaporitic
formations and high evaporation rates. Although
most water samples are suitable for irrigation
under controlled use, several wells and ganats

contain nitrate concentrations exceeding the
permissible limits for drinking purposes. The
results highlight the urgent need for proper
wastewater management, regular water quality
monitoring, and fertiliser usage regulation to
prevent further groundwater degradation. To
ensure the long-term availability of safe
groundwater resources in Birjand and similar
semi-arid regions, sustainable management
strategies are recommended, including artificial
recharge and the development of wastewater
treatment facilities..
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Table 1. Physicochemical characteristics including electrical conductivity (umhos/cm), temperature (°C), and ion
concentrations (mg/L) in the water samples from the study area.

Cod EC pH T K Na Mg | Ca | SO4 Cl HCO3 F NO3 | PO4
W1 | 1604 | 7.74 | 17 5 161 83 43 270 248 281 0.24 14 0.231
W2 | 2810 | 749 | 246 | 4 347 | 120 | 68 620 385 373 0.81 42 0.158
W3 | 1946 | 7.62 | 16.2 | 5 200 | 106 | 52 319 322 281 0.66 20 0.336
W4 1933 | 7.68 | 245 | 5 200 | 101 | 58 320 335 287 0.60 19 0.006
WS | 1489 | 757 | 23 3 139 87 41 231 198 344 0.51 16 0.024
W6 | 1551 | 7.38 | 188 | 3 150 90 43 214 122 529 0.57 22 0.013
W7 | 1234 | 752 | 218 | 3 109 74 39 123 158 319 0.43 18 0.017
W8 | 2170 | 7.68 | 23 5 300 | 100 | 46 372 359 251 040 | 111 | 0.024
W9 | 1665 | 7.70 | 225 | 4 200 78 45 263 261 276 0.37 54 0.109
W10 | 2440 | 7.67 | 229 | 5 258 | 141 | 49 429 445 246 0.47 30 0.025
W11 | 1898 | 7.72 | 225 | 5 238 92 40 286 308 293 041 84 0.006
W12 | 1215 | 7.85 | 20.2 | 3 100 82 37 142 132 377 0.40 24 0.053
W13 | 8000 | 7.29 | 21.5 | 40 | 1000 | 234 | 460 | 1440 | 1907 169 0.78 29 0
W14 | 3750 | 7.54 | 22 8 412 | 206 | 95 479 961 210 0.86 20 0.064
W15 | 2300 | 7.59 | 231 | 5 238 | 122 | 46 346 376 266 0.40 45 0.021
W16 | 4410 | 747 | 248 | 22 | 807 46 | 114 | 959 483 364 0.50 11 0.219
W17 | 2640 | 7.70 | 22.2 | 16 | 404 72 57 505 540 167 0.49 22 0.249
W18 | 1718 | 7.75 | 22 5 218 70 46 300 251 289 0.29 17 0.038
W19 | 1683 | 7.63 | 22.7 | 5 215 71 40 322 225 308 0.81 19 0.031
W20 | 1748 | 791 | 225 | 6 218 68 39 331 230 315 0.52 22 0.027
W21 | 3810 | 7.23 | 252 | 16 | 546 87 | 176 | 531 885 191 0.50 23 0.05
W22 | 1664 | 742 | 26.4 | 11 | 258 27 62 258 323 211 0.50 18 0.014
S1 832 | 766 | 129 | 3 50 42 56 119 67 235 0.15 15 0.107
S2 1516 | 731 | 101 | 8 81 95 75 240 65 502 0.64 96 0.016
S3 435 | 766 | 166 | 1 37 12 42 36 28 174 0.35 12 0
S4 597 | 783 | 6.8 1 33 20 52 72 40 190 0.23 7 0.019
Q1 891 | 840|149 | 6 107 40 26 161 73 207 0.52 10 0.242
Q2 | 7330 | 767 | 23 [ 35| 931 | 252 | 330 | 1223 | 1773 230 0.75 79 0.341
Q3 572 | 7.74 1 139 | 2 50 12 57 39 29 254 0.79 3 0
Q4 | 1288 | 7.66 | 144 | 5 91 82 65 217 82 427 0.24 15 0
Q5 416 | 779 1138 | 1 33 15 32 39 49 110 0.21 8 0.031
Q6 836 | 850 | 178 | 3 75 53 22 124 82 194 0.31 7 0.044
Q7 865 | 7.79 | 131 | 3 55 54 50 102 57 345 0.28 7 0.033
Q8 | 1922 | 818 | 215 | 9 258 70 47 386 242 351 0.78 23 0.044
Q9 | 2100 | 781 | 205 | 5 258 94 40 454 248 378 0.61 20 0.02
Q10 | 1510 | 7.87 | 159 | 5 119 | 101 | 56 169 182 450 0.22 31 0.004
Q11 | 1503 | 794 | 164 | 5 129 93 54 254 134 437 0.52 17 0.014
Q12 | 1324 | 793 | 16 4 109 74 58 153 160 378 0.27 26 0.025
Q13 | 893 | 872 | 227 | 4 81 58 20 168 87 176 0.29 1 0.051
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Fig. 6. Piper diagram and chemical type of water samples in the study area

Table 2. Types of water resources in the study area

axdllas 5,40 055050 ] &l s Y Joux

Water Type | Sample | Water Type Sample | Water Type Sample Water Type | Sample

name name name name
Mg_HCO, Q4 Na_S0, W20 Na_ClI W11 Na_CI w1
Ca_HCO; Q5 Na_ClI W21 Mg_HCO, W12 Na_S0, W2
Mg_HCO, Q6 Na_ClI W22 Na_ClI W13 Mg_ClI w3
Mg_HCO, Q7 Na_HCO, S1 Na_CI W14 Na_CI w4
Na_S0, Q8 Mg_HCO, S2 Na_ClI W15 Mg_HCO3 W5
Na_S0, Q9 Ca_HCO4 S3 Na_S0, W16 Mg_HCO, W6
Mg_HCO, Q10 Ca_HCO4 S4 Na_ClI w17 Mg _HCO, W7
Mg_HCO, Q11 Na_HCO, Q1 Na_ClI W18 Na_CI w8
Mg_HCO, Q12 Na_ClI Q2 Na_S0, w19 Na_ClI W9
Mg_HCO3 Q13 Ca_HCO; Q3 Mg_ClI W10



http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

e 5 aasny | FosIT 5l (2L ot s ()l 5 lraniien sl

688000 695000 702000 709000 716000 723000

3635000

3630000
3630000

688000 695000 702000 709000 716000 723000
s @ calicos A vecr @ Meiicos X owact @ Nacos O Naso4

688000 696000 704000 712000 720000
o A o
g g
~N ~N
w wn
© ©
] -~
o o
o o
g o
b b
-« -
o | o
8
3
©
o« L]
688000 696000 704000 720000

W
@ caHcos A MgCl @ MgHCo3 X Naci B NaHCO3 O NaSO4

0 115 230 460 690 920

Fig. 7. Distribution map of the type of water resources in the study area


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Y O)LA..:': AR 0,99 ‘G‘”A“Q’A(S‘“L"‘“ U"‘)

Y2

Gy, Jd G 4 athin s 5l (S aS colon

30 oSl colan Jlade S jeb 4y 0 50 dalaie g
S92y Judo @ dlllas 590 ddlaio §,b oy (Jled

S5 (7 ol B ole dpeslS )y s Slise,
olBl by @S S pog Vb g S anbs Sk

688000 695000 702000

3635000 3640000 3645000

3630000

688000 702000

695000
ECuS/cm O 0-435 @ 435-1324 @

5 oal s pSelul SO Sl colae polie (SauSTy
el 0dls ool Hlas A S 0 addllas 050 00guce
1590 5o Sl Colan cualé g oo soalice a5 jshailen

ol pasie o gl e je,Soe Ave e LY
Aeevlaie b VY o)leds olx o cdale i
g aalllas o 90 ablaie Jlod )0 i Bl p (e j9,See
YYA Ol a4z o)led OlE o lade (p S

ol .osle I8 ddlaie Caix yo yie Sl i 39,50

709000 716000 723000

3635000

3630000

723000

709000 716000
1324 - 2810 @ 2810 - 4410 . €50/ 8600

0__2,0504.100 8,200 12,300 16,400

R T
L EERE

Fig. 8. Electrical conductivity distribution in the study area

Sllllas osgame jo oS cglan SwiSTy A UKo


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Y2y

e 5 pghn | Tl 51 b cdls Jhs o)l 5 alonis ied sla s

sohilas il oo YITY flie 4 VY ojles ol o jlade
wg, Jleis 4 oz 5l PH olis 058 o0 canlin oS
5 Olu,S o olme 5o pals s 4 Yt g el nals

il o glis 5 Slyys

688000 695000 702000

688000 695000 702000
PH o 000 © 000-748 @

3635000 3640000

3630000

688000 695000 702000

oo o gl cpl el ool sols lad 4 S o

o reS g VYl 4 0,005 (35w 4o ke yides

709000 716000 723000

3635000 3640000 3645000 3650000

3630000

708000 716000 723000
748-774 @ 774-817 @ sa7-871

3630000

709000 716000 723000

Fig. 8. The pH distribution in the study area

aslllas 590 ddlaie o PH jluie SosSTy, A s


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Y o)Lo..,.'f: AR 0,99 s‘sw..x..e‘.c ‘SNL.N )

Yoy

ol cois

ALSLs bl s s 08 ylas sl T e oS 3 )
Ll 5l bdiges yias a5 020 o0 olid Job oo,
B S0yl 3 Lawgie U Jod B osgazme p3 oy
aiwd LIS 5 edwe e ol cdale lils oS Sladigal
ol Wl e s Wlazs S 15 carlach LIS ssgame o
SV JSs pelal sl OF 0)5) 1 s (u oaiiS
Sy e ol s Jlods g 35 0 Cuons 4y i
9o 5S9035 (arglladk

5 Omd sl s el SsShy loged
wiliss 53,88 Bilas Cuz (sueins ol sanaib
5 00l oy (Sldlas osgame sladigad sl jloges o
Soged 4 dazgl b oLcwl oad el lad VY SE o
S1C2, S1C3, S2C3, skes, ;0 oogame sladiges
A olbaiges wilas 5 18 S2C4, S3C4, S4C4
O s o s wlas,F 15 S1C2, S1C3glees,

(\ \ Jiw) Ml)c;a 039450

ok @l VeSS s oad o bl clale Sasl,
ouls J> 2l clale g oo cumlive a5 jshilen .ol
3 p S skes FYFF L YAYIA (oo aslllas 590 dilaie o
VY o led ol y3 0ads o ool il oy iy el i
e STas abl oo Dojleds Sl3 jo i o e g
sl e S e 10 ST wlie j0 00l o> el cilale
slool> o o1 Jlaie Sllas sogame ;o a5 wib e
st e s lailial 51 Y oled LB 5 ¥V NF Ao les
alal, (SeSlcolan boons > ol cbale sl e
osnlie SuSTy ardi o a5 jshiles o)l eites
booyls (Kol ol & sl Loy g0y, 39800
Gl Jlod Ceons 4y 0oz Sl el (nl Al 4 4z
lelse ol cois 5l e wlelis ) s o e 5wl oo
YU (g9 Y95 Lials (g s slaassle 5l s julas
ooy ©e s o1 Lo 4 g (s <l gl ol
05 5 590§ Alite glaaiilu b (o5 o ules
Jo el IS cdale o coge i adss g 4055 adhaie
slagiagy b @b dwlio Wyl ejp; ol ead
5 03l361 5 (Hosseini et al., 2020) |, 5o 5 o>
aS weo 0 slis (Aghazadeh et al., 2020) ., Ken


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Ye¥

e 5 aasny | FosIT 5l (2L ot s ()l 5 lraniien sl

688000

3635000 3640000 3645000 3650000

3630000

688000

Schoeller

695000

695000

702000

702000

702000

709000 716000 723000

3635000 3640000 3645000 3650000

3630000

709000 716000 723000

Jsddi_ cn @ buie @ pakdlidus ol

709000 716000 723000

A

“afh
Eoee |

——

Lo

Schoeller ® Jidii v @ s @ epminus s
i ,“J_.,;_,.L.J_.z_“ . 4

il PRI —
o o
e b bt o R

R\ Y gy e

Meters

—
0 2,0504,100

8,200

12,300

16,400

Ao el Ths bl ST gl g8 (SassTy N - IS

Fig. 10. Distribution of water resources based on Schuler diagram


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

¥ o lad V050 ¢ gmdign suilids (e v7o

Bijand |

|| Very High -84 | r

Soditm - Adsorption - Ratio (SAR )

wa WHYYYO JO wviSvrq sadig
High-83

Medium =52

Low-S81

Lipunog sapnig
e
E Lo}
S

e,

Law-Cl Medium - C2 High - CF Very High - C1
Salinity Hozard
688000 695000 702000 709000 716000 723000

B AT

o N =

3650000
3650000

3635000 3640000 3645000
3640000 3645000

3635000

3630000
3630000

688000 695000 702000 709000 716000 723000
Wilcox ® sic2sica @ s2c3s2cs @ s3c4 X saca

[ - Meters
0 2.0504.100 8,200 12,300 16,400

Fig. 11. Wilcox plot of water resources in the study area and the distribution of water resource types based on it


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

\Rd4

OlSan 5 giny | o Tl 51 b cudl s o)) 5 (aloonitg id sl s

)~ g_;&:.l.o.w L;e)b_m 6"‘2’0“"5‘9 ‘M:.]Lb J)L’?U‘ » 05)'[9
WSS 5o 0loySen s Sy e jiie spenndS Slagys
ot 9 Caoglgd amndS Lo Pl a5 ams o Ll

ol ools 75 axlllas 5,90 adlaie oy ol o
10

(<)
O N

&P
o

HCO; (mmol)
h
Q?

20

15

) o W13

10 AO F

SO +HCO3™ (mmol)

10 15 20

Ca**+Mg** (mmol)

axdly Gl )8 o &y Glozul 51 (bl O Slay &5
IRWIRVAPESS SO SV S UV 3

25

wslen o glis oas JyuS slaan]p ololes sl

oo osliiul Sg scamd 3| 5o sy JoL3 5 Dl
O e (Joo Cond S0 @ 4z LY JSE) cl

Gy Bigas iy a5 aas s b LS Llie o wl s
CiS g oo oS wilazd F ) 3Na/CI=L Ls oYL L Las

Na/Cl (molar ratio)

SO+* (mmol)

3

) ,‘ .
‘ o OWell ESpring
A A Qanat

2

"'F

®)

0 1 1

0 20 40 60

CI (mmol/L)

Ca* (mmol)

Slllhe dibaie O wlie Jg alisee glacons VY 5o
Fig. 12. Various ionic ratios of water resources in the study area

Gos b sbol> 05 oo caaline VY oy a5 jghailen
CE Caos da g S0 18 Glesul 3,8 5 e 0 yiin
Yo s 4 ol Jlexol 4 45 el axil, zalS Gac oyl

Oliee 925 ol bl olo &) olgsul S S sl


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Y O)LA.A':: AR 0,99 ‘LSNWCSMJL‘“ LJ’“'A)

YoV

3635000 3640000 3645000 3650000
3 =

3630000

688000 695000 702000 709000 716000 723000
dscharge(ls) @ 0-33 @ 33-1150 @ 1150-2010 @ 2010-20 . 29-40
— s Po— o

: .

0 2,050 4,100 8,200 12,300 16,400

3640000

3650000

3645000

3635000

3630000

688000

: ; :

(Aa ‘ 3
= L040 K,

1P 6206 606 g

Z 30 O 83 H
Nz ¢

s g

g g

688000 695000 702000 709000 716000 723000

Depth(m) O 0-35 @ 35-%0 Q) 0-125 @ 125165 . 165 - 205
7 . s OB wssis s e

0 2,050 4,100 8,200 12,300 16.400

aJlao S,y90 o).'l....f 5o LS)‘o)-."’)'ed LSL‘“L? )L».o.i Tr9Bes L;..\.Slf asas \Y JS,..;
Fig. 13. Distribution map of depth and pumping rate of exploition wells in the study area

1) iloss gily T 5 e sll 0 5 o )i
sogame 1 sl aiss | Jols Jais! gla Soyl]
Ab aalss slml e (sLad 55kl azi )0 iz b
Buaes (55,5088 (225 5 O 5| ol (Fogll Lo Jome
350 55 g Wl adly wiz s (lssel (s> 5 50959 50

w5l ol 6305088 (S5l 09,5 Jlazm! Gl

iy 2l abe 958 ee esaline VF S bl
oolitul 9,50 (53,9LaS B)lae Cux iz b 03gae
odguze 0y 5 B8 Slaoly &S Jl> 50 0,8 oed I3
2 e )10 (65,5l 6 )5 deys Ve e sgas 0l
Go)lS Boee 508 059050 slaols 39 so 0ays JS& o]

9 oo 6,5 L ol b g Al e glad d)l'.:'.’]


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

oA

e 5 aasny | FosIT 5l (2L ot s ()l 5 lraniien sl

3635000 3640000 3645000 3650000
AT T3

3630000

3630000

3645000

3635000
3635000

363

Q© 30-50
bz |

. 50-80 . 80- 100

0 2.0504,100 8.200 12,300 16.400

709000

3650000
3650000

3640000
3640000

688000

0 20504,100 8,200 12300 16,400

716000 723000

3650000

3635000 3640000

3630000

688000 695000 702000

709000

716000 723000

Masnfsmate @ o @ 0-40 @) 40

0 2,0504,100 8,200 12300 16,400

s @ -5 @ s0-100
" s

anllas 3550 0 13 39350 pobin | Cario g juws (5LAS ((53,5LaS w0 sbls ol B jlas vy SuuSTyy asss N S
Fig.14. Distribution map of the percentage of water consumption in the agricultural, green area and industrial

sectors from groundwater resources in the study area
3 Sl Sblage djlatiul Gy S e 09)
Sld g A g1 0 ol slool> oI Slalllas o3gae
5059 SYL Sl cllags slas laibinl o> 51T o leis
a0 4 jghiles ol mlie ol og WLl aslas
9 RS 4 SuP g s 50 d9h e odalie (SuSTy
s oo Olys cdale col ol g5,0liS a5 bl
4 Olid cBlE ghyr Cer 4l 4 arg bl

Sl Goli8l by by Sy S

ol Sogll
o oo Hlid VO Sy Ol s eads (6 S ojlail olis
G o /VF o ddhie opl O b o ol clile
oly 5o e (p i Cwl e a8 ke VYAV
S 350 g aw oyles LB 0 T eSSt ol
o p S hee (Vg YITO (liee 4 oS5 4 0p00n

c_a)...)«_:]g_:b.'l.uvhl.c)l?r.n).‘s‘..\} wb‘ﬂ.b}&s‘oodﬂo


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Y O)Ln..:': AR 0,99 ‘LS“"“\"‘Q’A(S“’L““ U"&)

Y74

688000 695000 702000

3650000

3645000

3640000

3635000

688000 695000 702000

716000 723000

3645000 3650000

3635000 3640000

3630000

716000 723000

NO¥meh) @ 0-344 @ 344-1608 @ 16,08 - 30,60 . 30.60 - 54.28 . 5428 - 11107

PRRCTT e

0 2,0504.100 8,200 12,300

16.400

Fig. 15. Nitrate distribution map in the study area

aslllas 590 03gd5e Ho Ol s SauST, asss N0 JSs


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Wu

e 5 aasny | FosIT 5l (2L ot s ()l 5 lraniien sl

o)led slaoly ;0 Al & a3 Lol oo yid j0 05 (oo

Dy s

688000 695000 702000

3650000

3645000

3640000

3635000

688000 695000 702000

5 Olawd ol 6 pFoslal polie Sausly, VS
odalive a5 jshiles aas oo lii 1) Sldllas osgume
VTN g he o ddhie (pl o Olawd clalé 0gd oo

709000 716000 723000

3650000

@
3645000

3635000

3630000

709000 716000

723000
PO4mgl) @ 0-0006 @ 0006-0033 (@) 0.033 -0064 . 0.064-0.158 . 0.158- 0,341

3630000

3645000 3650000

3630000 3635000 3640000

- | P prr I ks

E— ] i PSR

POUmIN @ o0-0008 @ 0006-003 @ 0033 -0064 (@) 0084-0.158 . 4R 6344

0 2,050 4,100 8,200 12,300 16,400

ot

i

L

Fig. 16. Phosphate distribution map in the study area
Gt S3lsn sl 5 oS o AN 5 <) i

.)9.“.:‘5‘0 ooalin V4 9 V.Y o)l.a.:; Lngol} e U‘ )‘\.\M

Sl o390 53 Slind SasST, asi N5 S

Iy aslas 5,50 00gumme ;o Wljgld clale lie VY ISS

G wlsls clale e iSlas g Blas aes o ol


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

Y O)LA..:': AR 0,99 ‘G‘”A“Q’A(S‘“L"‘“ U"‘)

v\

688000 695000 702000

3650000

688000 695000 702000

688000 695000 702000

248
b % -
52? 2

=
N
o

3650000

3645000

3640000

3635000

3630000

688000 695000 702000

709000 716000 723000

3635000 3640000 3645000 3650000

3630000

709000 716000 723000
Fmgl) = 0 0-0311 @ o311-0468 @ o046s-0.662 @ o0662-03858

709000 716000 723000

5

3650000

3645000

VA% )
A AN
3640000

3635000

3630000

709000 716000 723000

[ =
0 2,0504,100 8,200 12,300 16,400

Fig. 17- Fluoride ion dispersion map in the study area
_ynMi
HEI =)} s, M)
GrSolul el Jlade cud g a Sig My YU alal) o
b osen pll ol )boolaslin! jlre clale iSTas g oal

e a5l YL e SO clale 51 sl cpl 4 az g

asllas 5,50 00gd0ms ;0 Wl jald ey  SauSTy asai VY S
slog 3l L5 cehS S (Soll byl esls
(V) aayl, golol g s oo Glias 1) ouls (5,505l
o (Dl slagm GBS (nl )0 0ed o dnnle


http://dx.doi.org/10.22034/JEG.2025.19.3.1019571
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.2.9
https://c4i2016.khu.ac.ir/jeg/article-1-3182-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.3.2.9 ]

[ DOI: 10.22034/JEG.2025.19.3.1019571 ]

HEI

vy

e 5 aasny | FosIT 5l (2L ot s ()l 5 lraniien sl

ket (§5,9LaS slaol> diges jo L;.;}JT Sguds o 0l

REIng

Slp Sl s o (M > Dasl abgrye o lasbewl
‘5‘): 4.'99.’).@ ua.>L~) L)ul.w‘ L)"‘ » b}w solawl UML«.:T

9w| IR 4."‘)‘ \A‘)&)bjou\u mbua u] @L».A

Se(l SelI1

Sel IIL SelIV

= == = Upper level oflow risk == TUpper level of medium risk

anlllas 5,90 dilain 1o Ol plie Sogll (asli Jloges VA U

Fig. 18. Water resource pollution index chart in the study area

5 i s w28l bawgie jlaie CDI alal, ol 5o
Dl ‘),.J)or:;éww))uj)éuyukbc ‘dul)}b
Sae Job ED waxlge Slado F ol (sailyg, O pan o)l puo
590 Sln azlse Oloj lawgie AT (o oy BW caxlse
Sl 00 oolaiul &0 590 RFD 9 gs’l'b)‘“" )a..c u‘))‘

sl 00l SLIY Jaaz j0 colatwl 050 sl 2l b

o e gl 5 Sl oh o
oalial (V) 5 (V) abay 5l anlllae 350 dilaio sine )
Dlyg o g 08, slp g ol jhs 4 (sl 0ul

o M)f)bﬁ Sy .))9.4094.»...4[.7:.& JLAS)).W&S%S
CF‘.NOQ*DI*F*ED

CDI = ™

BW=x*AT

_ DI

HQ = ")

ailysls 5 Dl Glags s anslre cqz osliiul 0550 byl Y Jgor
Table 3. Parameters used to calculate the risk of nitrate and fluoride ions

RFD(mg/kg/day) | AT(day) F(day/year) | BW(KQg) ED(years) | DI(L/day) Age
Fluoride Nitrate Group
0.06 1.6 365 365 10 1 0.8 Adult
0.06 1.6 3650 365 20 10 15 Child
0.06 1.6 14600 365 70 40 2 Infant
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Table 4. Factor loadings of principal components (PCA) for physicochemical parameters of groundwater in the

Birjand Plain

Parameter PC1 PC2
EC 0.37 -0.02
Na 0.36 -0.07
Cl 0.36 -0.09
SO, 0.36 -0.03
K 0.35 -0.14
Ca 0.33 -0.08
Mg 0.31 0.17

HCO; -0.06 0.63
NO; 0.13 0.45

pH -0.17 -0.43

F 0.21 0.21

PO, 0.13 -0.33

T 0.18 0.05
Variance (%0) 55.21 11.80
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