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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
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

concerns..  Therefore,  assessing the
hydrochemical characteristics and
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 Ilaboratory for
physicochemical parameters including pH,
electrical conductivity (EC), total dissolved
solids (TDS), major cations (Caz*, Mg?*, Na",
K*), and anions (HCO3;™, SO,27, CI7, NO3 7, F7,
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-HCOs, 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~, Caz*/Mg?*,
and HCO37/S0O,27) 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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Fig. 5. Sampling from water resources in the study area
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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 | 762 | 162 | 5 200 | 106 | 52 319 322 281 0.66 20 0.336
W4 | 1933 | 768 | 245 | 5 200 | 101 | 58 320 335 287 0.60 19 0.006
W5 | 1489 | 7.57 | 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 0.40 | 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
Wi11 | 1898 | 7.72 | 225 | 5 238 92 40 286 308 293 0.41 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 | 215 | 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 | 759 | 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
Wi18 | 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 | 25.2 | 16 | 546 87 | 176 | 531 885 191 0.50 23 0.05
W22 | 1664 | 7.42 | 264 | 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 | 10.1 | 8 81 95 75 240 65 502 0.64 96 0.016
S3 435 | 7.66 | 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
01 891 | 840 | 149 | 6 107 40 26 161 73 207 0.52 10 0.242
Q2 | 7330 | 7.67 | 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 | 766 | 144 | 5 91 82 65 217 82 427 0.24 15 0
Q5 416 | 779 | 138 | 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 | 787 | 159 | 5 119 | 101 | 56 169 182 450 0.22 31 0.004
Q11 | 1503 | 7.94 | 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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Table 2. Types of water resources in the study area

asdllas 3,90 0d9d5te ui eLue [ Y Jj»

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

name name name name
Mg_HCO, Q4 Na_S0, W20 Na_Cl wil Na ClI w1
Ca_HCO, Q5 Na_Cl W21 Mg_HCO; W12 Na_SO, W2
Mg_HCO, Q6 Na_Cl W22 Na_Cl W13 Mg_ClI W3
Mg_HCO, Q7 Na_HCO, S1 Na_Cl W14 Na ClI W4
Na_S0, Q8 Mg _HCO; S2 Na_Cl W15 Mg_HCO3 W5
Na_S0, Q9 Ca_HCO, S3 Na_S0, W16 Mg_HCO, W6
Mg_HCO, Q10 Ca_HCO, S4 Na_Cl w17 Mg_HCO, w7
Mg_HCO, Q11 Na_HCO, Q1 Na_Cl W18 Na ClI w8
Mg_HCO, Q12 Na_Cl Q2 Na_SO, W19 Na_Cl W9
Mg_HCO3 Q13 Ca_HCO, Q3 Mg_Cl W10




SSen 5 (pgin | Sl 5l (b cdls Jh b5 olonig s sl s

688000 695000 702000 709000 716000 723000

3640000 3645000 3650000

3635000

3630000

688000 695000 702000 709000 716000 723000
hisses (@ calicos A vgci @  Mglico3 X xa @ wacos QO Nasos

688000 696000 704000 712000 720000

3643000

3634000

688000 696000 704000 Wwo 720000
@ caticos A MgcCl @ MgHCOs X Nacl " NaHCO3 O Naso4

Bgand
2

B el

sy, e

0 115 230 460 690 920

anllas 990 dilaie O pobio Jlus ) g ol (SoiSly w595 adsi V S

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

3652000

3643000

3634000



Y oojleds VA 0,90 ¢ owdie (glids (yun)

Yy

4 gy Jled Caw 4 dibie ogizr 5l (S S Colas

| LDM 9 ols )| )-A-MA-:-’ Lbol.‘> 29 Sl u,....’l)sl

3925 Jodo @ ddlas 5,0 ddlaie 5,0 oy (Jlods

SBgi (25 Oole o B (yle dpeglSaS gy ails Dlgas,
olBl by @ S fog Y g S anbs (Sl

688000 695000 702000

3635000

3 oad g pSolul (S SIl cole polie  SusSly
Ll oals ooly las A JSE jo asdllas 5,90 00gue
1590 (S xSl ulan calé g o oomlice a5 lailan

ool peitn o g it San e BT
Ao dade bV o)l o> o clale i
g asdlas 5,50 adlate Jlod 10 yio le yr eies )9, S
YYA Gl @ o ojled old 0 jladke (o yiaS

polieojle I8 ddlaie e jo s Bl i 9,50

709000 716000 723000

16000 723000

695000 702000 709000 7
ECuS/cm O 0-435 @ 435-1324 @ 1324-2810 @ 2810 - 4410 . 4410 - 8000

3635000 3640000 3645000
N T

3630000

0__2,050 4,100 8,200 12,300 16,400

Fig. 8. Electrical conductivity distribution in the study area

Sl oogaze yo S sl culas Sassly, A s



vy SSen 5 (pgin | Sl 5l (b cdls Jh b5 olonig s sl s

sobilen il oo VIVY e 4 VY o)l ol> jo lade anlllas 3,90 dibate ;o O mlie PH Jlode SosS1), ass
Wy, Jlois & oz 5l PH e 058 o0 canlin oS doee jo el opl el sas el las 4SS o
5 Sl S o ol 5o pals s 4 Yleist g ol rals Dy ke MVY B VIVY o O mlie 6,1 paiges

sl ol sl o olo,s S g MYY liae db 0,000 (35 4 Llade oy s

688000 695000 702000 709000 716000 723000

3650000
3650000

3645000

3645000

3635000 3640000
3635000 3640000

3630000
] =m
3630000

688000 695000 702000 709000 716000 723000
PH o 000 © 000-748 @ 748-774 @ 774-817 @ s17-871

3635000 3640000
o
3640000 3645000 3650000

3635000

3630000
3630000

688000 695000 702000 709000 716000 723000

PH o 000 © 000-748 @ 748-774 @ 7.74-817 @) 817-871
- { PRSRPEPURIr O 3 s “ =
| S -~ - id fomi |
o ek A Sk A K s [ PEN - (o] 1i

—yy S 1 R i s 4 et 0 5O
o R > PP - ’ < 0] |
:__ e i) Lo (i ™ m|}
. i ke N |

0 2050 4.100 8,200 12,300 16.400

asdllas 890 dilaie ,o PH jlaie SasST, A S
Fig. 8. The pH distribution in the study area



Y b)l.o.oj: AR 0,99 ‘G“W Lf“wa O

Yoy

Bos 5l ol Of CeaS i S (S bl o

RO LS)“))'.'OJ'Q:‘.' (IR 9 ul.’)—a.ﬂ Soew &5.' ‘Q‘?DUT

ol cohs

154 ell 0y 03yl (sl o molie oS 3|
blod jl ladiges i o5 was e las Jod (o) 8
S e 5 by 6 s BB sospama 3 oyl
aiZewd LS g o e ol cdale glils a5 oledsgal
ol Wiy e 5 WIaxs T 15 egubacl LS s3gasma o
Ve USE ool il Ol 05l mades o 00iS
Sy e 2l s Jlads g 55 50 Cuons 4 iz
Db e FSuSF (sigllasl

5 o lp bees (el Sehy loges
wilos 63,9088 Bilas Caz (swein) ol sanaib
g 00 e 5 (Slalllae ooguze glaaiges sl Jl3ged ol
Soged a4 dzgi bCawl ol eols lad VYOS o
S1C2, S1C3, S2C3, (slres, ,o odgame slodiges
&S olediges wlazs 5 15 S2C4, S3C4, S4C4
Oy g wg 4o wlas s 18 S1C2, S1IC3 slacs,

(M Ji.u) Mbgo IRPREN

oad ahl Ve S jo eal Jo el clale SusTy,
oals Jo el cdale gl oo odalive a5 jshailen .ol
3 S e FYFE L YYIA o aslllas 0,90 adlats o
WWoo ke ol o oads o Ml cdale oy i .l 2

e piSlas all oo Bojleds DLE ol iaS g
) s e S ke 100+ T mlie 3 oud o ol il
sleol> jo o1 Jlaie Sldllas sogame ;0 a5 wib e
i e 3,ailiwl 5T o,les SLE g VY N F A Yo Lo
) S cglin bond o ol clale sl e
osslice SuSTy asa o a5 jshiles o)l cdtes
Loyl (Sosl colan 4 alise Lo ,ds gy, Seb oo
ol Jlod Ceons 4y Sz Sl Sl (nl Al 4 4z
olse el cubo 3l S wlelas )l o ol Jlade g ab
Vb g9z SYo3 Jals s 5 slawijlo sl aaw ol
oley e e O JUs a5 (i o o el
S3 g 5590 5 wite sloaiile b (e o eles
J= ol IS cale jo soge L adss g 4055 ashaie
slapiagsy b @bl dwlis Wyl (teejp; ol ead
5 031581 4 (Hosseini et al., 2020) l,Ken § o>

aS seo o plis (Aghazadeh et al., 2020) ., Ken



YeY

SSen 5 (pgin | Sl 5l (b cdls Jh b5 olonig s sl s

688000 695000 702000

709000

3640000 3645000 3650000

3635000

702000

oV |
8%

716000 723000

3640000 3645000 3650000

3635000

3630000

723000

Jddii o @ busie @ gl it

8
8
2
Ll
688000 695000 702000 709000
Schoeller O
688000 695000 709000

716000

716000 723000

G
%

3650000

[

(2

3
o
;f)’

3645000

Schoeller ® U5 o O bui

(s st
Sl Lo S e e Fiimi

e e s e R

Meters
16,400

—
0 2,0504,100 12,300

8,200

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

Aol Sho pelel p Of glis g9 (SasSTyy Ve IS



Y oojleds VA 0,90 ¢ owdie (glids (yun) Yo

Birjand |

” Very High -S4 ‘r

[

Sodium - Adsorption - Ratio (SAR )

s YHYIYO JO W0aE0Nq 4ad1y
High -53

Medium -§2

Lipunog sapnis

i I

4
i
3| L \
\
. =
) P \
2
N : \
nﬂl 50l 750 0 10000
iy im0
[ tow-ci | Mediom-c2 | High-C3 | very High- . |
Salinity Hazard
688000 695000 702000 709000 716000 723000
5 A N \D & T
4 % bv ¥
. y 24
: a !’b ‘ ik
=3 " . =3
53 2| o
= =
e B
@ ©
© 9 3
o o
=3 =3
1= =
I3 ey
3 3
3 ©
=) =)
=3 S
S =3
S =3
3 3
3 ©
o =)
=3 =3
=3 =3
B ©
@ @
© ©
© ©
o o
=3 =3
S S
=3 =3
@ @
© ©
® ©

688000 695000 702000 709000 716000 723000
Wilcox B s1C2,81C3 s2cas2cs @ sc4 X saca

O s leters
0 2,0504,100 8,200 12,300 16,400

ol oobel 3 o wlie g5 SaiST, g aslllas 3,90 dilaie O gilie WSeShy Jloges NV JS&
Fig. 11. Wilcox plot of water resources in the study area and the distribution of water resource types based on it



Y5

e 5 srginy | o F3glT 5l 56 cudls Slas 5l 5 oS en sl S

opdle

alisee LSLQM o oé; u—l @L,_,o \3)‘3 |) PR

WSS 5o Sl S g Sldgw e qoendS lagy

olas

ol 0ols 5 axlllas 9,90 adlain gy ) ol e

A
o
10 15
Ca?* (mmol)
20
)
~_ O
= 1 o I 4 e
g 15 N Q2
., 10 | N &
S 0.7 owl4
2 s &
I
NV ‘9
O \\ L | 1
0
s
1] 5 10 15 20 25
Ca*+Mg*" (mmol)

Al il 38l O e o ay Glgsul 51 ls O 5y £ 5

ol Ao g ol e iy cdl o Y

b walys e ol CodsS

doles u] eL..o 0ussS J)....S 6Lm.\.u—|)3 @LAL»-MJ 6‘)-'

ouds oslaul Y slbeaws )‘ P LY Jbl.u 9 J)L?u‘
A e (Joo Cad S0 4 azgi L LOVY SE) ol

S5y Biigas iy 45 a3 oo G LIS blis ;3 wl,lS
S g oo a5 wilazd 5 15 Na/CI=1 Ls VL L Las

3

£-.€\J|) OWell ESpring
= o
§ ) FA? A Qanat
=
= A
=]
L S
@) ! (] Y A O
o3
Z
0 1 1
0 20 40 60
Cl (mmol/L)
3
g
=
Nﬁ
@)
2]

Ca* (mmol)

Fig. 12. Various ionic ratios of water resources in the study area

Gos s slrolr 95 o oanlive VY SE o a5 shailen
G S g B0 18 GleSul 5,8 5 iz 0y
YU o ol Jaml 4 as el a8l jialS Gee oy

Ole 92g ol bl ols @) O‘?"}‘f—‘ @S Kw Q\.\AT



Y oojleds VA 0,90 ¢ owdie (glids (yun)

YoV

3650000
3650000

3645000
3645000

3640000
3640000

3635000
3635000

3630000
3630000

688000 695000 702000 709000 716000 723000

dschargeis) @ 033 @ su-1150 @ ts0-2010 @ 2010-20 @ 240

——
0 2,050 4,100 8,200 12,300 16,400

3650000

3645000

O QB
o = =1
O Lo @

3640000

2 "~ @
- e

3635000

3630000

688000 695000 702000 709000 716000 723000
Depthm) Q 0-33 @ 35-9 () 90-125 . 125 - 165 . 165 - 205

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

aslllas 350 0,5aS )3 (6,19 000 (SWrol> oy F 5 g Boe STy 4k AT JSs
Fig. 13. Distribution map of depth and pumping rate of exploition wells in the study area

13 ailoas 28l 0T &8 > e sleil jo 5 0l oye
03gaze ;o lesul wiss 5l Jol> Jlisl sla Sogll
b anlss ol jes slad )bl e jo iz b
Bues (55y5L28 255 O 5| ol (Fogll Lae Jome
30 55 g wload adly wiz s plssel (295 5 50959 50

3bos ol 65y5laS (Sogll 89,5 Jlam! lgel

ey 2l gl 0gh o cnalin VF s bl
oolatwl 5,90 (55,5l B lae Sy laix il 0dgue
03gazme o 5 Gyb sloely a5 Jl> 0 0,5 ed )8
2 Oeimed 5510 (65,9laS (6 )5 duoj0 Ve sga 0
39 Goes s 00ga0e (slaola 39 co 00y S oyl

JRRC df)lSL"-’T(':’L“'S"b)b)deé)Lﬂ



YZA

SSen 5 (pgin | Sl 5l (b cdls Jh b5 olonig s sl s

695000 709000

702000

3650000

3645000

3640000

688000

3645000

3650000

3635000 3640000

3630000

3650000

688000

695000 723000

Mastaf fazaye sabz% @ 0-10 @ 10-30 @ 30-50 . 50- 80 . 80- 100
ik H, - " 22
| 3

e

=

0 20504100 8200 12300 16.400

Masraf keshavarzi%

0 20504,100 8,200 12300 16,400

3650000

3635000 3640000 3645000

3630000

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

anlllas 5,50 0,58 )0 35290 polie | Cario g jous (sld «(g),9laS Lidu yo il p Ol Bjlas do s SaSTy, ass 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 sjlabial Gy S e O0)
SlB g A g0 ) o)leds slaol> Ol Sldllas edgame
5059 SYL Sl cullags slas laibisl o> 51T o Lo
asids o a5 jehilen sl mlie opl og WJlub alas
9 A A S0P g o )0 debee odline (FuSTy
Friar o Sl Slle sl ol (655leS” oS bl
@ olig cble ol cqr 4l @ Az b oSl

el o8l 0 by G o

ol Sogll
Wad oo lzd VO S o ol sl (T oslusl polis
G o/V8 oo ddlhie (pl O ol o wlps cdile
ol> yo jlade o yiien el gy 6,8 LeVVY/EY
S O3 g dw o les LS o ] S g ot ol
Sl 5o S VP S VIO Gl oS 4 op00n

orb ol ols cble b il elol 5098 o0 om0



Y oojleds VA 0,90 ¢ owdie (glids (yun) v#4

688000 695000 702000 709000 716000 723000

3645000 3650000
3645000 3650000

3635000 3640000
3635000 3640000

3630000
3630000

688000 695000 702000 709000 716000 723000

Nosme) @ 0-344 @ 344-1608 @ 160s-3060 @) s060-5428 . 54.28 - 111.07

3640000 3645000
3640000 3645000 3650000

3630000 3635000

3630000 3635000

688000

0 2,0504.100 8,200 12,300 16.400

asdlas 990 039dZa 4O u.a‘ff».u L;.x.Sl).s anas VO J&w
Fig. 15. Nitrate distribution map in the study area



AR SSen 5 (pgin | Sl 5l (b cdls Jh b5 olonig s sl s

o lots slrolr ;5 4 4y amgi b sl o ) 45 o5 oo o olind end g pFoill polae SuisT, V8 S

oonlive )L\.a.a uJ).A.MHJ Y 9 Y ols 9 ‘'Y 9 (YA A oddlive aS )5.'44Lo.b .M\)GA ul.uu) ‘) ‘S’LrJUa.A 009..\7La
688000 695000 702000 709000 716000 723000

3650000
3650000

3845000
3645000

3640000
3640000

3635000

3635000

3630000

688000 895000 702000 709000 716000

723000
Poimen) @ o-0006 @ 0006-0053 @ 0033 -006t @) o06a-0.158 . 0.158- 0341

Slalllas o3gamme 3 Sliwd  SwiSTy, asis N S
Fig. 16. Phosphate distribution map in the study area
TR YO RSP g ISR VAY. NP IEY R ROV

Iy axdllas 5,50 00game ;o wlyeld clale 1l VY S

a4 alsld cdale e iSlas g Plas s oo olas

g s saalia 12 5 VF LY o lad slacls 4o )] e



Y oojleds VA 0,90 ¢ owdie (glids (yun)

v\

688000 695000 702000

695000 702000

3650000

3645000

3640000

3635000

3630000

716000 723000

709000

3635000

3630000

709000 716000 723000

0 0-0311 @ o0311-0468 @ o0468-0662 @ 0662-0858

3635000 3640000 3645000 3650000

3630000

688000 695000 702000 709000 716000 723000
F(mg/l) o O o-0311 @ o3t1-0468 () 0468-0662 . 0,662 - 0.858
- ] e s sy
s i
- -
0 20504100 8200 12300 16,400

Fig. 17- Fluoride ion dispersion map in the study area
_ ynM
HEI = )}; 5, QD)
GpSeslail clale Jlade i 4 Sjg My YU akal) o
L axiws ol el )b o jlasbinl jlre clale 5Slas g ouds

e w5l VL e S e ST asls ol 4 a4z

aalllan 3590 03gazee 3 Nylyold yer SuSTy 4 VY S
slon 5l IS cuis S (Sodll ol pasls
(\) 4.‘0.»‘) wLm‘ » 9 \.\QQ‘SA ul—Mﬁ-’ ‘) 0 6,.50)-\4‘
o s Dl Glang Gaios (pl )0 b e Al

Wlazs F 15 sl S ailysls 5 Slidges wlind



HEI

Yvy

s 5 gia | o Fogll 51 b cadles jlas b)) 5 sleandis ud sloShs

Frics (65,03 sboly diges ;5 (Fogll 098 oo onmlie

REIg

6‘,» 4.'054]0 ua.’>L..u u.ul.m‘ L)"‘ » 09.«.4 oolaul u;.\...al.w]

== |

Sell

e S 2 8&+&
z = 8
5555.'55&

Set III

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

anllas 350 dilaie ;o Ol pilbe (Fogll a3l Jloges VA S

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

9 Ol e 8h,0 lawgle Jlaie CDI alaly oyl jo
DI ey ) 05 oo o 5 0T 50 (g 2dile C eyl
Sae Job ED  waxlge Slado F ol sailyg, & pas o)l 5ue
592 Sl azlse by bawgio AT (s 02 BW wazlse
Ll 00l oolawl &0 )90 RFD 9 @Ua).w ).A.C A_J‘)."

ol 00 43‘)‘ Y J9~.\> B oolawl S99 (_;LQJ*A‘)lJ

Sl mle o wlhels 5 Slis Hhas mhe gy @l
oslaiwl (¥) 5 (V) adayly 51 aslllas 550 ddbaio Sow)yp)
‘o|)’55 LELQ(_{"‘" ao) 6‘4,) Lbuy L))‘ ).’a.> aS SQIAA)J‘ AW

el 48,518 )0 8590 g Al JLuS )5 g SogS
CF—_Nog*DI*F*ED
BW AT

CDI = D)

CDI

HQ =

~ RFD ™

Qlyeld o Sl s layg s dulxe Cgz oolaiul 8,90 sl ol )b Y oo

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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Fig. 20. Nitrate health threat assessment chart for adult, child, and infant age groups
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Table 4. Factor loadings of principal components (PCA) for physicochemical parameters of groundwater in the

Birjand Plain

Parameter

EC

Na

Cl

SO,

K

Ca

Mg

HCO;

NO;

pH

F

PO,

T

Variance (%0)

PC1 pPC2
0.37 -0.02
0.36 -0.07
0.36 -0.09
0.36 -0.03
0.35 -0.14
0.33 -0.08
0.31 0.17
-0.06 0.63
0.13 0.45
-0.17 -0.43
0.21 0.21
0.13 -0.33
0.18 0.05
55.21 11.80
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