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Abstract- This study set out to investigate changes in physical and chemical indices of groundwater in Minab Plain caused
by groundwater level decline. To this end, 12 groundwater samples were drawn from different wells across this plain
between 22 November and 22 December 2015. Then, the parameters of acidity, electrical conductivity, and temperature were
measured in situ and the major anions and cations at the Regional Water Laboratory of Hormozgan. Comparison of these
parameters with EC and ClI, and other parameters measured in 2006 indicates increased concentrations of EC, Cl, Na, HCO3,
TDS, as well as TH, and decreased concentration of SO4 over time. In addition, groundwater level and reservoir capacity
decreased by 11.33 m and 287.179 million m?, respectively, resulting in lower groundwater quality and higher groundwater
salinity. The characteristics and quality diagrams of water and maps were evaluated using AQ.QA and GIS. Comparison of
the concentrations of major cations and anions in the regional groundwater showed the dominant cationic and anionic
conditions were (Na>Mg>Ca>K) and (CI>HCO3>S04>C03), respectively. Results suggested that the regional waters had
good, acceptable, and average qualities for drinking. In terms of agricultural use, the dominant cations in the regional
groundwater were Na followed by Mg.
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I. INTRODUCTION Il. LOCATION OF MINAB PLAIN AND
GEOLOGY
Water quality assessment is typically conducted on
the basis of the hydrochemical analysis [1 and 2].  The Minab Plain is located in Hormozgan province in
Although the developing countries primarily attempt  the south of Iran. (Fig.1). The plain has an area of
to find underground water suitable for drinking,  652.5 km? which approximately 373.940 km? of this
agriculture, and industry, the quality of aquifers is  area is located in the study area. The area has a gentle
overlooked in many projects [3]. topography and extends up to the sea with a very low
slope (0.5%). The maximum heights of the plain is 90
Due to decreasing the reservoir capacity in Esteghlal m. Minab River is the main river with tributaries
Dam (Minab, Iran), excavation of Minab’s Riverbed originating from highlands of Rudan [7]. Minab Plain
has started in 2002-2003 and continued up tonow to  is an alluvial plain = covered by 405 km?® of
supply drinking water for Bandar Abbas; the result ~ Quaternary sediments. The sediments from old to
was the severe depletion of groundwater of the area  new include terraces unit and old alluvial fans, central
[4]. Further, this aquifer provides drinking water for alluvium (Qtla) with a thickness of 6.6 km? in the
Minab and surrounding villages and for agricultural southeastern of plain, terraces unit and new alluvial
purposes in hundreds of hectares of land in  fans (Qt2) with a thickness of 126.3 km? in whole of
downstream areas. Considering the importance of  the plain.
water quality in the health of residents and
essentiality in continuous measurement of different 1. METHODOLOGY
water parameters, this study was conducted to assess
the changes in physical and chemical indices of  In order to the assess the changes in physical and
groundwater in Minab Plain for different uses. chemical indices of groundwater in Minab Plain, 12
Among other works conducted in this field of study  groundwater samples were drawn from different
are the assessment of underground water quality in  wells to investigate major cations and anions in the
Iranshahr Plain by Rahnamarad et al. [5], and impact ~ water on December 2015 (Fig. 2). Next, the
of geological formation on water quality by  parameters of acidity,electrical conductivity, and
Lashkaripour [6]. temperature were measured in the field and all
samples were carried to the laboratory. The main
In this research, the effects of the decline in  anions and cations such as Na*, Ca?*, K*, CI, HCO®,
groundwater levels, such as ground settlement, S0,*, and COs* were measured at the Regional
drought, cracks in houses, abandoned houses, as well ~ Water Laboratory of Hormozgan by the standards of
as the reduction in the quality of underground water ~ World Health Organization [9] and [10]. In addition,
for different uses and socio-economic problems, and  for quality assessment of the region's groundwater for
the environmental impacts are discussed. agricultural use, values of sodium absorption ratio
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(SAR), sodium percentage (Na %), residual sodium
carbonate (RSC), and magnesium hazard (MH), and
Wilcox diagram [11] (Na% versus electrical
conductivity) were used. To determine the quality of

the region's groundwater for drinking purposes, the
samples were assessed using the descriptiveanalysis.
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Fig.1.The geological map with location of Minab Plain (from the geological map of Minab, 1: 250,000) [8].

IV. CHEMICAL ANALYSIS

In this study, 12 water samples were evaluated and
for each sample, 14 quantity parameters were
assessed. Next, the mean, standard deviation, the
coefficient of variation, maximum, minimum, mode,
median, variance, and variation range (Table 1-4)
were compared with analysis von December 2006
water samples. Although PH is not a water chemical
quality index, it is measuredbecause of the
importance of this parameter. Experiments show that
the mean, standard deviation, coefficient of variation,
maximum, minimum, median, variance and range of
PHare 7.9, 0.17, 2.15, 8.21, 7.61, 7.9, 0.029, and 0.6,
respectively. Comparison of these values with
December 2006 measurements indicates the reduced

value of PH and a basic PH for all samples. A
comparison of these parameters value in drinking
water in Minab Plain with national standards is
shown in Table 4. Based on this table, it can be stated
that PH and calcium are in a standard range.
Nevertheless, the values of electrical conductivity,
total dissolved solids, chloride, and sodium are 50,
42, 67, 41, and 100% higher than the maximum
allowable value, respectively.

The electrical conductivity measurements fall in the
range of 1271 to 3112 p mho/cm, with 33.33% of
water samples falling in the desired threshold,
16.67% falling in the allowable area, and 50% of
water samples being higher than the allowable value.
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Fig. 2. Sampling points and EC isovalue curves in the study area (December 2015).

Fig. 3. The effects of the declining groundwater levels in inab Plain. .A) Dought frmton, B) Crack formation in house, C) Land

subsidence, D) Crack formation in road.
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Fig.4. A hydrograph of Minab Plain in the past 28 years.
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Table 1: Summary of water sample analysis taken from wells in Minab Plain on December 2015
(concentrations unit: TDS= meg/1, electrical conductivity= umhos/cm, and total hardness=mg/l)

2 Parameters

Locanon of
Wells wells

(Fig. 2 _ _ I I Y N i

TDS | EC | PH | TH | SAR [ Na% | Na~ | Ca™ |Mg™| crI | HCOs | $0.

wi Gurzang | 813 [ 1271 | 821 | 176 | 696 |7249| 92 | 128 | 221 | 67 | 29 31
wa | Tombesat | \oeo 1667 | 7.05 | 208 | 871 | 7509 1252] 16 [ 253 | 99 | 31 | 366
. Gurzang )
W3 1804 | 2818 | 786 | 368 1092 741 |2086| 287 | 442 | 20 | 32 | 497
w4 Bazyar | 1503 | 2489 | 7.61 | 448 | 7.50 | 6432|1599 255 | 632 | 105 | 96 | 478
ws | Mahshabran | o0 13100 | 786 | 464 | 102 | 7042|2188 | 224 | 695 | 175 | 71 6.5
W6 Chelo 1 667 | 1355 | 8.01 | 208 | 654 |6947| 94 | 16 | 253 | 58 | 56 | 214

Tombanu . .«
w7 874 | 1365 | 801 | 160 | 828 |7666|1045| 16 | 158 | 72 | 33 | 314
) Dechosta
we 1689 | 2639 | 762 | 448 | 83 |6635(1749|287 | 6 | 14 | 71 | 528

Hakami , "
w9 1688 | 2628 | 792 | 400 | 926 | 6994|1843 | 224 | 568 | 145 | 64 | 547
wio | 1ok | o071 1401 | 815 | 160 | 857 | 7726|1081 | 16 | 158 | 66 | 37 | 37
wiy | Sheikhabad 1,001 166 | 780 | 272 | 8.07 | 7108|1325 | 16 | 379 | 84 | 56 | 465
wi2 | 2K usi| 2070 | 782 | 352 | 844 (6933|1578 | 224 | 479 | 125 6 | 428

Table 2: The statistical characteristic of various indices of chemical quality of underground water resources in Minab Plain on
December 2015. (concentrations unit: TDS in meg/1, electrical conductivity in pmhos/cm, and total hardness in mg/l)

Parameters | TDS | EC PH TH | Na” | K | ca® | Mg™ | HCOy |cost | cl- |so”
i 12 12 2 |2 ||| 2 2 | 12| 12|
samples = - - - - - - - - - -
themean | 1327 | 2074 | 7.9 305 | 147 o |202] 403 53 0 [ 111 43
standard | yoc01 | 6323 | 017 | 11546 | 42 | o | o052 184 2 0 | 442 116
deviation
Cf’fﬂ?m?m 3052 | 302 | 215 | 37.86 |28.57| 0 |25.74| 4566 | 37.74 | 0 |39.82]26.98
ot variation
Maximum | 1992 | 3112 | 821 | 464 [ 209| o | 287| 695 9.6 0 20 | 65
Minimum | 813 | 2171 | 7.61 160 | 92 | o [128] 158 | 29 0o | 58214
Mode < : 7.86 160 = 0 | 1.6 | 1.8 7.1 0 2 .
Median | 13225 29725 7.9 220 |1451] 0 | 192] 41 5.6 0 | 102] 446
Variance | 164037 | 399805 | 0.020 | 13332 [ 177 o | 027 341 | 403 0 | 1905135
vAREuoR | 4179 | 1841 | 06 34 | 11.7] o |150] 537 | 6.7 0 | 142 | 436
range
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Table 3: The statistical characteristic of various indices of chemical quality of underground water resources in Minab Plain on
December 2006 (concentrations unit: TDS in meg/1, electrical conductivity in pmhos/cm, the total hardness in mg/l) [12].

parameters . i " .
™S | EC | PH | TH | Na+ | K* ca¥ | Mg | cr | Hcoy | cos* | so

ber of 3

o 34 34 34 | 34 | 34 | 34 34 | 34 | 34 34 34 | 34
samples

the mean | 837.04 | 1356.4 | 8.03 | 1841| 7.88 | 0 255 | 293 | 5.17 | 3.54 | 0.09 | 4.75
standard | o) 1o | 61064 | 0.26 | 9.49 | 419 | 0 108 | 1.74 | 3.13 | 098 | 0.28 | 3.23

deviation

Coefficient | o) 0o | 4568 | 324 | - |5317] o 42.35(59.39 | 60.54 | 27.68 | 311.1| 68

of vanation

maximum | 1655 | 2586 | 8.6 |35.31|18.64] 0 558 | 552 | 89 | 505 | 15 |14.17

minimum 0 364 | 7.35 | 59 | 1.39 | 0 127 | 031 | 0.3 | 0095 0 | 047
Mode 372 E 835 = - |0 219 | 41 | 8 4.2 0 | 21
Median 960 | 1521.5] 802 | - |941] 0 287 | 378 | 5.7 | 3.88 0 | 538

Variance | 178220 | 383943 | 0.07 | - |17.57| 0 1.16 | 3.01 | 98 | 096 | 0.08 |10.43

vamauon | yess | 2222 | 1.25.| 29.4 [17.25] o0 431|521 86 | 42 | 1.5 |1327
range

Table 4: Descriptive statistics of the physical and chemical factors of groundwater resources in the study area in December 2015 and
a comparison with national 1053 and international standards. WHO, 2008

Iran water standard Percentage of water samples in
N | - 1053 - Worl cl. hczlllrh the standard range .
paramercﬁ mMmmum | maxinnum mean maximum i orgamzation hlgher
desired ni?'\n,nﬁn standards | Desirable | standard than
threshold | 2 (_m o standard
value
s 813 1992 1327 100 1500 500 - 58 42
(mg/1)
EC
(umhos/c 1271 3112 2074 1500 2000 1400 33.33 16.67 50
m)
PH 7.61 8.21 7.9 6.5-8.5 6.5-9 6.5-8.5 100 - -
TH
(mg/1CaC 160 464 305 300 500 200 50 50 -
0s)
Na (mg/l) 212 502 337 200 200 200 - - 100
Ca (mg/l) 25.65 57.51 40.56 300 400 75 100 - -
Mg (mg/) 19.2 84.48 50.26 30 150 50 25 75 -
Cl (mg/1) 205.65 709 394.65 250 400 200 25 33.33 41.67
SO (mg1) | 102.8 312.1 206.8 250 400 200 75 25 -
CONCLUSIONS electrical conductivity chloride and electrical

Minab groundwater level is declined every year due
to the large extractions so that it has been dropped to
11.33 m over a period of 28 years and the reservoir
capacity has been decreased by 287.179 mm? (Fig. 3).
The excess pumping of Minab Plain aquifer has had
undesirable consequences such as reducing the
volume of water reserves, mandatory increase the
wells depth, drying the resources, land settlement,
creating fissures in the ground and buildings,
damages to the facility, drying gardens and farms,
adverse economic and social consequences and
reducing the groundwater quality (Fig.4). Evaluating
the correlation between electrical conductivity and
water quality indicators suggested that there is a
considerable relation between the electrical
conductivity and the total dissolved solids. There is a
good relation between magnesium and the EC, as
well. Considering the obtained correlation coefficient
it can be represented a good relationship between

conductivity with the concentration of sodium in
groundwater of Minab Plain, however, there is no
relationship between bicarbonate ion and the
electrical conductivity. The results of evaluating the
ratio between the ions in water of area show that
these ratios have been increased compared to those in
2006.
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