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ABSTRACT

Iran's groundwater reservoirs have faced significant and related challenges in the past
three decades. The simultaneous decrease in the volume and quality of these waters,
which are increasingly contaminated with pollutants, renders them largely unusable for
many uses. Therefore, there is an increasing emphasis on evaluating the quality of
groundwater and identifying anthropogenic or geogenic factors that affect its quality
more than ever before. In this study, the hydrogeochemical pollution caused by major,
minor, and trace elements was identified by examining the water table against the
electrical conductivity of water resources in Azarshahr plain. Long-term data on water
levels and electrical conductivity were obtained from regional water resources in East
Azerbaijan province. After initial examination, 33 samples were collected from wells
and ganats in the area and transferred to the water laboratory of Tabriz University for
analysis. The measured parameters included pH, electrical conductivity, major, minor,
and trace elements.The results of chemical analysis showed that the concentrations
exceeding the permissible drinking limit for nitrates and elements such as Arsenic,
Lead, Nickel, and Chromium. Piper diagrams and Stiff diagrams were used to determine
the water type in the area; it was found that the water type is mainly sulfate and
bicarbonate-based. The origin of the available water is related to the geological
formations in the area as a result of mixing and ion exchange.Furthermore, multivariate
statistical analysis using factor analysis revealed four influential factor groups affecting
water quality in the area; only the fourth factor was attributed to anthropogenic. In
general, most of the trace elements in water sources are influenced by formations and
aquifer-rock interactions.The overall trend of groundwater quantity over a 25-year
period is relatively stable with a slight downward slope; however, the general trend of
electrical conductivity is ascending with a much steeper slope indicating an increase in
anthropogenic activities as well as the presence of saline layers, which leads to a
decrease in the quality of groundwater. Most of the contaminated samples in terms of
major and trace elements are located around Gowgan city at the end of the plain. The
pollution at this end is related to dissolution trends along with movement paths of
groundwater flow and density of pumping wells in this area.
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Extended Abstract
Introduction

Water covers 70 % area of the earth, which is a vital requisite for all life-supporting processes of all biological
communities. Water is considered as a primary requirement for ecosystem growth as well as social, agricultural and
industrial developments. Among all forms of water, groundwater is the most used water in different domestic, industrial,
and agricultural sectors. With the rapid population explosion, many water-related needs increased. Groundwater is
exploited at a speedy rate in many parts of the world, resulting in groundwater levels and quality depletion. The water
scarcity problem almost exists in all arid and semi-arid regions of the world. The chemical composition of groundwater
is a function of long-term interactions between groundwater and the surrounding environment. Groundwater
hydrochemistry is not only affected by natural factors such as geology, geography, and climate, but also it is increasingly
driven by anthropogenic inputs. Therefore, sustainable development of water resources is becoming the basic need for
economic and social welfare of future generations. Moreover, critical investigations like hydrochemical
characterization, quality, and human health risk assessment should be done in advance to implement sustainable
management planning for groundwater resources. Maintaining the balance in the exploitation and consumption of
groundwater is becoming the main problem facing humans. In arid —regions, where groundwater is mostly used for
daily needs, the problem of water quality degradation and declining quantity is becoming a major problem. Therefore,
in such areas, groundwater is often used without treatment or little treatment. This practice would result in human health
risks associated with contaminations like NO3—, F—, SO42— and heavy metals of groundwater. In addition, for the
development of groundwater resources, the essential information about groundwater flow conditions, budget and
withdrawal rate play a significant role. Further, GIS based mapping of groundwater chemical parameters are mostly
important for sustainable management of groundwater resources to delineate the degraded zones of any region.

Methodology

Case Study

The study area covers a part of the watershed area of Lake Urmia. This area is located 40 kilometers southwest of Tabriz
and on the eastern shore of Lake Urmia, and is accessible via Tabriz-Azarshahr Road.

Geology

Geological formations that are located in the vicinity of the path movement of ground water cause a change in its quality
due to its reaction with ground water, the amount of which depends on the lithology of the formation and the
physicochemical characteristics of water. In the present study, 33 samples were collected from groundwater resources

of the watershed area of Lake Urmia. From the point of view of hydrochemistry, nonorganic constituents of water
resources could be classified into three classes of major elements, minor elements and trace elements. Some 33 collected
water samples were poured into separate polyethylene bottles to measure their composition of major, minor and trace
elements along with their chemical parameters. In order to prevent the sedimentation of trace elements, about 2 cc of
65% Nitric Acid was added to the samples. The pH and electric conductivity variables were measured in site. On the
other hand, various techniques were applied to measure major, minor and trace elements; however, cation-anion balance
calculation was utilized to validate the results of major elements.

Results and Discussion

Hydrochemistry

The results of water sample analysis showed that the pH level of samples ranged from 6.3 to 8/2, indicating a water
with neutral characteristics. Electric conductivity varied between 408 and 12820 uS/cm, which was clearly above the
standard rate of 1000 uS/cm for drinking. Higher concentration of major cations and anions based on their means went
down from Potassium, Magnesium, Sodium and Calcium regarding cations and Sulfate and Bicarbonate regarding
Anions. According to the drinking water standard of Iran, the concentration of nitrate in none of the samples was more
than the standard limit for drinking.

The results of the analysis of trace elements (in terms of median) also showed that some samples had a concentration
higher than the standard limit of drinking such as arsenic, lead, chromium and nickel.

Piper Diagram

Considering the position of samples from the region in the Piper Diagram, it could be concluded that water resources
in the region were of two hydrochemical types: (1) Magnesium, Sulfate and Chloride and (2) Calcium, Bicarbonate and
Sulfated.
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Stiff Diagram

According to Stiff Diagram, four origins were detected in terms of the study area waters. The samples that were part of
the C1 group, were of limestone origin (calcium carbonate type). The samples that were part of the C3 also had gypsum
origin. Both categories C1 and C3 were based on the geological formations of the region. C2 category showed ion
exchange and C4 showed water mixing.

Multivariate Statistical Models

Factor Analysis

According to the results of factor analysis, all four factors were then investigated to analyze and interpret the results of
the study area. Most of the parameters were effective in the first factor. Due to the presence of main elements in this
factor, the effect of the dissolution of minerals in the formations of the area in the ground water can be considered
important. It is also considered as the most effective salinity factor due to the effect of electrical conductivity. The
association of the trace elements of Nickel, Chromium, Lead and Arsenic with the main mineralizing elements of the
area also indicated the natural origin of those elements in the first factor. Besides, the formation of chloride complexes
played an important role in the release of most trace elements. The negative pH in this factor indicated the lack of effect
of increasing pH on the hydrochemistry of the area; which indicated the increase in the solubility of elements, especially
cations, with decreasing pH. The second factor included chromium, which is considered to be geogenic. The presence
of Bicarbonate showed that it had a rainwater type. The fourth factor only included nitrate, which was influenced by
human activities and was considered as anthropogenic. The results of the factor analysis showed 4 groups of factors
effective in the quality of water resources of the study area. The first, second and third factors were geogenic and the
fourth factor was anthropogenic.

Investigating the Changes in Groundwater Level and the Quality of Water Resources

The general trend of the hydrograph of Azarshahr aquifer during the last 25 years is almost balanced with a low
downward slope, but the general trend of the chemograph diagram in this aquifer corresponds to the photo of the
hydrograph changes, but it is upward with a much higher slope. It indicates the increase in groundwater extraction, the
increase in anthropogenic activities, and the presence of aquifers and layers with high salinity, which leads to a
decrease in the quality of the groundwater reservoir in the aquifer due to dissolution and infiltration into the
groundwater.

Conclusions

According to the findings observed in Stiff and Piper diagrams designed for water samples taken from the region,
water type is mainly divided into the sulfated and bicarbonate types revealing the origin of waters in the region that is
based on its geological formation. The results from chemical analysis and measurements of some 33 water samples
demonstrated that the rate of some trace elements like Arsenic, Lead, Nickel and Chromium exceeded WHO
permitted level of drinking. In this study, probable origin of some of the trace elements were detected using
multivariate statistics.

Findings of factor analysis proved four of the factors to be effective on the quality of the water resources in the study
area. The results of the factor analysis showed 4 groups of factors effective in the quality of water resources of the
study area. The first, second and third factors were geogenic and the fourth factor was anthropogenic. The general
trend of the hydrograph of Azarshahr aquifer was almost balanced with a low downward slope, but the general trend
of the chemograph diagram was upward with a much higher slope. It indicated the increase in groundwater extraction,
the increase in anthropogenic activities, and the presence of aquifers and layers with high salinity.
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Figure (3): The location of sampling points in the study area aquifer

bl slo gy 5 (SdlS slosg, 5l o Lo i 5 Slidllae dilaie o)) o] (FoglT a5l
ool i lp Ygene a5 Gaiul 5 ol s Jlepleca 9,5 solitul ojatenis

! Nadiri 2 Piper 3 Stiff

68



VEY jles FA Loslods Y oy90 S99 908559, 000

€95 55 Om LS (55138 gusy b Posil ol s e sl Slie 7l 50903 31055 ousy AGQA
Coale Lol slaosy saiS el oleerbsiiones slaolud; )8 eslitul (Se Jols g ol
WS oo 03l 18 5550 O (pliord <S5 30 gl oyl Caz 5 005 sl alierdigiy e
ol o)les) 5 ood sy ol Bl oot St (o) sl 5 S (Vo TY o Sea 5 SSL)
gy Ay oMl i Jlogad ) b sl O o (et @ oo S0 29, 51 (S sl 10500 o
Slr SHS Slogis; 2 2 2l Sladiges Lice & plgige (Caled 5 03lail) lagygS Ly waz il ol s
Ll 51 Olgess 1r )l goanie Slacasgaze Lol gl oo oolitul (olierdisijo ied slodild i
Lod wiile) gleards e slrosls g (0,08 § NO3™ 4 SIO;z wiile) i sleords sloaiss Jodoigas o0 (6l
(Jinglgisar) o peiiniz (55lel glasy, 5l gycnlil (Ve e TolKan 5 (i y999) 8,5 oolicil (o508 5pH
oS (8l (ST sl sy slecasgazme JeSS 4y 2B la g (nl 09 g0 eolitul (Glole Jeloxigay 525
o o ojpiioniz (glol Jelodigansos (Ve oA T en 5 555l8) s (oliordsils e iyl
oolocewsl oy cJelge 5l oS slass 4y by e slass alS g by e 51 ol olaw n  Saeen
oo,S ool ol Baa a5 cal T ceaS Sladlas jo Jglaite iy, S ele s sl (5,900 SleMol
5 Sude Gldail (VA Tl 5 eelonl) ol o )0 (glo it (50 cilises 5 ooz Ll
popdle el 2V L) @ o0 i b 4 8Ly ole sla )l sl s Lsle 5 Lo i (s ol ciie
@le e SV B 4 o0 oy (ole L b (plo pite (9505 ploie sl SLew g (2252 (Bg) 0]
oS ol o psteniz g)lel slats, (IS Hsbar canl 0alll Gao 4y Suo5) o5 Shele slal L
Sl yiio S i je o0 4 1) (oleordi ol 5 ol gloools alilg o o] aites (SIS sl s,
1) ladiges g o psin (o Ll g 2 oS5 1) (008 9 Lo 9 PH EC wisle) (6 i (958 5 (olend
515 s (glmosls 5l eslitsl b olsiul G yme gl b G155 ,0m anlllae ol 5o cymizman 0iS olulis
Slej ojl sl plssul BC) (Ko Sl colan s Jloges b 315508 (izeon 5 W) (he
ol o cd 3 18 eolaiulsyge blaie Olyid oy g Hekaiedy VF ) B ATV o35L 10 Yeeno g Sawjlye
Sy, Hehterpla .l sad solatwl (3,5 ol 3l gladhie Ol Glojle sleesls I cldlas 51 jise
gzl SlSspum b o] Bl il 5 plszel O glis S oalel plsiear (So Sl colan Slyess

W5 B oy n 9 Soudyge Dl peds Wy g oud dlie gl of mhaw saile lgieas

o9y
G azg baes oo olid |y Ldiged glaewd 4520 ¢ g S o3l 5l Jol> ol g Ll 4oV Jgux
e b ol Solas as (V) ailee Hlaie L) AIY B F/Y o Lo 503 PH polie oo plos! sl Ul ol
5 a8 Conl e enile g e 39,50 VYAY - B FeA 0 0 (SO Sl colan jlaae cwl gus slo
cuilage lojlw) ol yauals] (gl el p mioujgySae Vo v v sle o lailiwd 51 YL e diges 51 S 5
cbale Slgls .ol i 10 0,5 (Lo AYYY B YPO/Y 51 55 (TDS) Jgloe dals olge Jladie (YNV & Slo>

! Pang 3 Cloutier 5 World Health
2 VVoudouris 4 Esmaeili Organization

69

\f"‘)tﬁ LY‘/\.@JL:J AN .aJJJL‘_;j‘,.‘}é)}ﬂj:j})-L“A



oo 9 (b yul (il e ol RAPRPESPL VS U FOW-I g SO gpiwyge

5 Losl Gl pedS Zpad Spaiie Pl iy @ alle sy Lol Glapssl 5 bpsslS
o ol eale Gl s Ol s luitial bl ol e byss] 6y WLl < ol <oby Sy
(dileo o ) laS yolie LT s Canss Hawels] (gl o lailinl jlre ol s diges 5| S
(SS9 9y o ST 9700 e Il 1 dm ) S paigad I (B oS S50 L8 5
polie opl (damecan; slo Sogll 0925 4 axgi b a5 ol ol o lasbiwl jlre o> 5l SYL clale
Cye (6958 &yl Syl )5 polie (nl S5 h Bl sl celie Slahy) Sl eslitul (oleS

Aty

S llao dilaie 3l oud il sdiged (o1 lrowdie e ST s (g ol o :(1) Jgur
Table (1): Statistical description of the hydrogeochemical analysis results of collected samples from the study

area
Parame Units Rang Mi Ma Mea Std. Varian CVv WHO ISIRI
ters e n X n Deviation ce (%) Standard
pH ~ 17 65 82 71 04 0.1 54 6585 6585
(mg/ 8106. 265 837 219 496912
DS 5 o S aa 22202 s 1016 500.0 1500.0
(us/C 1247 128 339 117278
EC pt 5 408 o g 34246 tes 1010 500.0 1500.0
” (mg/ 1562. 36. 159  377. 154418,
Ca & % o o 8 393.0 ; 104.0 75.0 300.0
+2 (mg/ 4029 10. 413,
Mg 5 s o1 5 984 1122 125790 1140 30.0 30.0
. (mg/ 8552 29. 885 201.
Na 0 T % 1 . 2122 450492 1054 200.0 200.0
N (mg/ 2502 23 273
K & P A (K| 7.0 489 696 10.0 12,0
_ (mg/ 6208. 45. 625 575 100021
HCO; K o0 76 s A 1000.1 s 1738 150.0 150.0
, (mg/ 1756 20. 177  320. 123170.
SO, 5 : 5 ; 5 351.0 o 109.6 200.0 400.0
) (mg/ 4139, 26. 416  689. 106866
cl i i 50 6 3 1033.8 o 1499 250.0 400.0
NOs (T?’ 349 86 435 269 7.0 491 261 10.0 50.0
cd (“?/ Lo 0 0 00 0.0 0.0 - 5.0 3.0
cr (“?/ L 745 o0 7%4 211 195 3800 926 50.0 50.0
Ni (“‘)” L 1786'1 3% 2115' 904 515 26485 569 200 70.0
(ug/L 1917 67. 258. 145
Pb 5 98 e A 52.0 27039 356 10.0 10.0
As (“3’/ L 360 4 364 814 755 5696.8  92.8 10.0 10.0
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Table (2): Classification of samples based on Piper's diagram
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Figure (4): The piper diagram of collected samples from the study area
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Figure (5): Stiff diagrams of collected samples from the study area
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Table (4): Factor analysis results after Varimax rotation
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Figure (6): Changes of hydrograph and chemograph of Azarshahr aquifer
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