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Abstract

Background and Obijective: The objective of this study is evaluating hydrochemical properties of
groundwater in Maragheh area, including: Cations, Anions, Total Dissolved Solids, Electrical
Conductivity, pH and Heavy metals (As, Fe, Mn) and investigating the statistical relations between
these parameters and Probable Origins of contamination.

Methods: In order to carry out ground water quality monitoring, and evaluate the controlling
processes and to determine cations and anions sources of the groundwater, 34 wells were selected for
sampling from July 2014 and April 2015 and water quality parameters were measured and sent to the
Laboratory Applied Research Center of Geological Survey & Mineral Explorations of Iran (Elburz).
Data analysis was performed through SPSS software and Factor Analysis & Pearson correlation
coefficient test.

Results: The chemical composition of the surface and groundwater is controlled by several processes
such as mineral dissolution, increasing evaporation from the aquifer, irrigation return flow, saline
water intrusion in the Ajbashir Plain, geological status of the area, anthropogenic inputs.

Discussion and Conclusion: The concentration of arsenic based on WHO standard is 10ug/L, while
the maximum arsenic concentration in the study area is 308.5ug/L and the mean concentration is
44pg/L. According to the results, it relies that arsenic probable sources can be concerned to industrial
waste water in Maragheh and Bonab industrial complex, agricultural activities (using pesticides and
insecticides) and geological factors (existence of Shemshak formation), rocks and sediments derived
from the erosion of these rocks and coal mines (Khormazard).

Keywords: Groundwater Pollution, Arsenic, Pearson Correlation Coefficient, Factor Analysis
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Figure 1. Location of Maragheh study area along with sampling points
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Figure 2. Geology map of the Maraghe
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Table 1. Statistical properties of data from chemical analysis of samples in July 2014
Element Unit Minimum Maximum Median Std. Deviation
As pa/lit 1.79 308.53 18.75 72.52
Fe pa/lit 65.91 885.83 357.33 202.36
Mn pa/lit 1.32 2333.81 251 409.96
Ca mg/lit 24.04 1074.23 147.56 246.67
Mg mg/lit 7.52 191.87 31.73 49.95
Na mg/lit 8.91 1225.69 107.86 348.29
K mg/lit 1.24 75.48 5.27 14.66
Cl mg/lit 12.00 2874.00 239.00 726.80
NO3 mg/lit 23.00 1608.00 122.50 286.18
S042 mg/lit 19.00 2679.00 450.50 738.94
TDS mg/lit 264.80 11013.00 1347.50 2914.46
EC mS/cm 0.29 12.18 1.49 3.22
pH 6.82 8.61 7.48 0.39
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Table 2. Statistical properties of data from chemical analysis of samples in May 2015

Element Unit Minimum Maximum Mean Std. Deviation
As pg/lit 0.38 227.00 27.45 54.69
Fe pg/lit 75.00 120.11 79.41 12.58
Mn po/lit 1.18 3797.83 311.64 939.92
Ca mg/lit 59.25 700.66 271.72 199.15
Mg mg/lit 14.26 206.15 78.81 58.63
Na mg/lit 24.77 1270.91 454.34 360.46

K mg/lit 1.76 20.37 8.70 5.67
Cl mg/lit 62.00 13293.00 2796.75 3337.32
NO3 mg/lit 8.00 1127.00 169.56 283.44
S042 mg/lit 76.00 2535.00 771.44 646.78
TDS mg/lit 1.37 514.80 35.86 127.74
EC mS/cm 1.47 560.30 39.02 139.04

pH 6.94 7.92 7.34 0.28
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Table 3. Pearson Correlation Coefficients Matrix between Elements in July 2014

As Ca Fe Mg Mn

Cl NO3 | SO42 | pH EC TDS | K

As 1
Ca 0.24 1
Fe 010 | 046 |1
Mg 019 | 074 |059 |1

Mn 0.15 0.27 0.23 0.51 1

Na 0.45 0.70 0.39 0.69 0.40

NO3 | 0.12 0.31 030 | 024 |-0.08

SO42 | 033 | 058 | 058 |073 | 031

pH 016 | -025 |-024 |-0.19 |-0.10
EC 0.36 0.48 0.44
TDS | 0.36 0.48 0.44

K 0.36 -0.04 0.02 0.00 0.10

0.61 1

-0.13 -0.14 1

0.34 0.77 -0.18 1

035 | 0.78 -0.18 - 1

0.28 0.23 -0.03 0.07 0.07 1
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Table 4. Pearson Correlation Coefficients Matrix between Elements in May 2015

pH EC TDS | As Ca Fe K Mg | Mn | Na Cl NO3 | SO4

pH 1
EC o021 |1
TDS | 021 |100 |1
As 041 | 013 |-012 |1

ca |-070 |-020 |-020 |-007 |1

Fe 031 |-008 |-0.08 - 004 |1

K 032 |-021 |-021 |020 |o009 |o024 |1

Mg |-045 |-017 | 047 | 000 014 | -002 |1

Mn |-020 |-008 |-008 |021 |052 |o054 |o005 |056 |1
Na |o1 |-016 |-016 |068 |020 |0738 |o014 |o051 |o042 |1
cl 045 |-020 |-020 |025 |079 | o047 |-0.03 _ 063 |1
NO3 | 014 |-043 | -013 |-008 |002 |-013 |061 |-010 |-016 |002 |-020 |1

SO4 -0.03 -0.28 -0.28 0.34 0.26 0.32 0.14 0.55 0.13 0.71 0.41 0.06 1

(oS loa,lg (3 52 5 g @ l6) AY olopd' 0 Jolge 1 joi 5| Joolo gulii -0 Jgao
Table 5. The results of factor analysis in July 2014 (results after varimax rotation)
(& picio b Jole
1 2 3 4

EC 0.986 | 0.051 | 0.025 | 0.073
TDS 0.985 | 0.055 | 0.030 | 0.075

Cl 0.974 | 0.043 | -0.014 | 0.059
Na 0.894 | 0.302 | 0.099 | -0.061
Ca 0.883 | -0.205 | 0.077 | 0.192

Mg 0.878 | -0.024 | -0.025 | 0.160
SO~ 0.787 | 0.293 | 0.395 | 0.066

Fe 0.507 | -0.027 | 0.287 | 0.398
K 0.008 | 0.747 | 0.178 | 0.047
As 0.307 | 0.691 | -0.148 | 0.148

NOs 0.317 | 0.202 | 0.817 | 0.084
Mn 0.506 | 0.182 | -0.539 | 0.095
pH -0.084 | -0.031 | 0.007 | -0.951
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Table 6. The results of factor analysis in May 2015 (results after varimax rotation)

b yuicie b Jole
1 2 3 4 5

Ca 911 -131 | -.108 | .106 | .168
cl 885 335 | -087 |-115| .220
Mg .802 -011 -.035 | -.036 | .496
Mn 794 452 | 018 |-.043 | -.156
pH -.686 486 | 226 | .239 | .062
Fe 157 974 | -026 | .005 | .084
As -.083 914 | -092 | .045 | .187
Na .286 .659 -.032 | .047 .633
TDS -.097 -.043 983 | -.091 | -.092
EC -.097 -.043 983 | -.091 | -.092
NOs -.086 -.162 -.052 | .897 .080
K -.004 262 | -132 | .881 | -.027
SO4* .168 205 -175 | .052 .900
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Figure 3. Arsenic dispersion map in district wells in July 2014 along with contamination sources
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