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Nitrate is one of the pollutants that affects groundwater in most aquifers of the
country. In order to investigate the behavior of hydrogeochemical parameters of
groundwater in the Ardabil plain aquifer, the results of qualitative data of 139
wells that were measured in both wet and dry seasons during the water year 2012-
2011 were used. Using XLSTAT software, contamination was identified and
samples were classified using principal factor analysis (PCA) and hierarchical
clustering (HCA). Factor analysis method led to the extraction of five factors
affecting groundwater quality with a total variance of 68.09 percent. Also, the
results of factor analysis showed that the first, fourth and fifth factors are due to
geogenic processes and the second and third factors are due to anthropogenic
processes. The results of the hierarchical clustering method divided the samples
into three groups, each group having two subsets. The set related to cluster one is
spread in the northern, eastern, southern and parts of the center, west by
mix(agriculture-garden), medium pasture and dry farming as well as urban areas.
The set of the second cluster is often spread in the central, western and urban areas
of the aquifer, with mix(agriculture-garden) and residential areas. The set of third
cluster has been expanded to southwestern and urban areas. Generally, the
existence of dissolution and ion exchange processes on the one hand, as well as
leaching of fertilizers and incomplete development of the sewage system in the
aquifer on the other hand has provided the groundwater pollution.
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Figure 3. Location of quality wells in dry and wet seasons
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hydeogeochemical iformation of Ardabil
plain, including anions and cations,shp
files, wells, reports

Flowchart for research method

Y

Check and data analysis with Grubbs test on
XLSTAT 2016

v

Remove inapproporiate data and replace data
by Mean imputation method

v

Data normalization Hierechical Cluster Analysis (HCA) al gorithm
Principal Components Analysis
(PCA) alghorithm
Y
’ ; Preparate the dendrogram for HCA method
Produce of Pearson correlation matrix >
and determine the relationship between
parameters ‘
Obtain clusters for data and clustering data
Investigate data adequacy for use in
PCA method by Kaiser-Mayer-Olkin v
Determine spatial location of clusters on GIS
v software
Determine the main factor components
in PCA method +
‘ Analysis of result of clustering
Analysis of results and determine
anthropogenic and geogenic +
(' Finish

Figure 4. Flowchart of paper
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Table 1. Statistical characteristics of sample analysis result on dry and wet seasons

e f % I E 3 I y
] =] > =
arameter ni § g E % 2 § g :'J % z =§ %
Dry season Wet season
Total Coliform  mpn/100cc 0.00 210.00 24.48 31.29 0.00 240.00 19.83 49.28 -
Fecal Coliform  mpn/100cc 0.00 42.00 3.45 6.71 0.00 92.00 10.57 23.08 -
Cl mg/lit 20.90 606.10 164.70  108.72 8.90 596.40 154.62  112.81 250
F mg/lit 0.04 1.13 0.63 0.25 0.00 1.14 0.45 0.24 1.50
SOs mg/lit 0.00 716.90 299.61 179.05 4.20 812.20 286.28  214.76 250
HCO:s mg/lit 21870  782.30 46827  138.73 95.60 745.40 35943  214.76 250
NOs mg/lit 0.00 88.00 31.42 22.86 0.00 75.40 21.08 17.11 50
POa4 mg/lit 0.00 1.35 0.63 0.37 0.00 1.32 0.28 0.32 -
EC pzimens/cm  351.00 3179.00 1307.53  605.61 366.00 3520.00 1374.80 679.85 400
TDS mg/lit 148.00 264800 966.86  542.64 92.00 2739.00 885.08 50833  500-1500
Tempreture C 10.20 17.50 14.26 1.42 10.70 18.20 14.05 1.70 -
PH 6.88 7.98 7.51 0.26 6.79 8.14 7.42 0.33 6.5-8.5
Do mg/lit 2.80 7.00 4.90 0.94 3.00 7.00 5.35 0.86 -
BOD mg/lit 0.00 5.00 0.81 1.04 0.00 9.00 2.37 2.48 -
COD mg/lit 0.02 20.80 423 5.56 0.41 20.80 6.00 5.33 -
Ca mg/lit 6.60 382.10 157.26 77.57 12.50 346.10 96.54 67.64 75-200
Mg mg/lit 1.30 144.30 45.69 26.71 1.40 121.70 43.75 24.79 50-150
K mg/lit 0.40 84.10 18.30 13.86 0.40 80.60 20.38 18.75 -
Na mg/lit 2390  403.10 147.20 79.22 0.00 399.20 139.85 99.54 50

Ba mg/lit 0.00 4.37 1.13 0.91 0.00 4.30 1.80 1.00 1.3
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Table 2. Pearson correlation matrix (a) wet season, (b) dry season

@

Variables
Total Coliform
Fecal Coliform

Cl
F
S04
HCOs
NOs
PO
EC
TDS
Temperature
PH
Do
BOD
COD
Ca
Mg
K
Na
Ba

Total Coliform 0.731 0.108 -0.110 0.078 0.037 -0.086 0.359 0.040 0.071 0.075 0.153 -0.002 0.367 0.281 -0.101 0.057 0.026 0.098 0.008
Fecal Coliform  0.731 1 0.241 0.026 0.146 0.094 -0.112 0.403 0.142 0.177 0.108 0.036 -0.004 0.355 0.388 -0.036 0.122 0.128 0.202 -0.077

—

Cl 0.108 0.241 1 0.330 0.503 0.410 0.170 0.201 0.694 0.691 0.088 -0.235 -0.007 0.117 0.135 0.497 0.706 0.398 0.731 0.154
F -0.110 0.026 0.330 1 -0.012 0.144 0.088 -0.076 0.403 0.398 0.082 -0.039 -0.200 -0.173 -0.099 0.351 0.378 0.117 0.361 -0.095
SO4 0.078 0.146 0.503 -0.012 1 0.368 -0.002 0.458 0.527 0.557 0.030 -0.192 -0.055 0.226 0.327 0.358 0.389 0.420 0.571 0.101
HCO:s 0.037 0.094 0.410 0.144 0.368 1 0.305 0.193 0.428 0.473 0.066 -0.288 0.019 0.108 0.127 0.585 0.402 0.488 0.358 0.166
NOs -0.086 -0.112 0.170 0.088 -0.002 0.305 1 0.130 0.205 0.168 -0.121 -0.104 0.192 -0.039 0.000 0.421 0.321 0.200 0.143 0.083
POs 0.359 0.403 0.201 -0.076 0.458 0.193 0.130 1 0.187 0.227 0.056 -0.043 -0.008 0.365 0.466 0.159 0.139 0.388 0.249 0.009
EC 0.040 0.142 0.694 0.403 0.527 0.428 0.205 0.187 1 0.963 0.120 -0.292 -0.195 0.150 0.059 0.664 0.707 0.566 0.801 0.202
TDS 0.071 0.177 0.691 0.398 0.557 0.473 0.168 0.227 0.963 1 0.100 -0.252 -0.180 0.141 0.104 0.707 0.710 0.492 0.777 0.190
Temperature 0.075 0.108 0.088 0.082 0.030 0.066 -0.121 0.056 0.120 0.100 1 -0.042 -0.309 0.248 -0.044 -0.027 -0.057 0.071 0.091 0.185
PH 0.153 0.036 -0.235 -0.039 -0.192 -0.288 -0.104 -0.043 -0.292 -0.252 -0.042 1 0.251 -0.139 0.002 -0.383 -0.148 -0.364 -0.105 -0.165
Do -0.002 -0.004 -0.007 -0.200 -0.055 0.019 0.192 -0.008 -0.195 -0.180 -0.309 0.251 1 -0.353 0.124 -0.115 0.034 -0.050 -0.054 -0.003
BOD 0.367 0.355 0.117 -0.173 0.226 0.108 -0.039 0.365 0.150 0.141 0.248 -0.139 -0.353 1 0.229 0.041 0.137 0.137 0.180 -0.028
COD 0.281 0.388 0.135 -0.099 0.327 0.127 0.000 0.466 0.059 0.104 -0.044 0.002 0.124 0.229 1 -0.039 0211 0.127 0.208 -0.146
Ca -0.101 -0.036 0.497 0.351 0.358 0.585 0.421 0.159 0.664 0.707 -0.027 -0.383 -0.115 0.041 -0.039 1 0.470 0.538 0.403 0.239
Mg 0.057 0.122 0.706 0.378 0.389 0.402 0.321 0.139 0.707 0.710 -0.057 -0.148 0.034 0.137 0.211 0.470 1 0.262  0.781 0.087
K 0.026 0.128 0.398 0.117 0.420 0.488 0.200 0.383 0.566 0.492 0.071 -0.364 -0.050 0.137 0.127 0.538 0.262 1 0.473 0.218
Na 0.098 0.202 0.731 0.361 0.571 0.358 0.143 0.249 0.801 0.777 0.091 -0.105 -0.054 0.180 0.208 0.403 0.781 0.473 1 -0.013
Ba 0.008 -0.077 0.154 -0.095 0.101 0.166 0.083 0.009 0.202 0.190 0.185 -0.165 -0.003 -0.028 -0.146 0.239 0.087 0.218 -0.013 1
()
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Total Coliform 0.693 0.059 0.259 0.193 0.171 0.100 0.347 0.127 0.059 -0.010-0.023-0.069 0.013 0.006 0.100 0.026 0.097 0.168 0.321
Fecal Coliform 0.693 1 -0.095 0.078 0.155 -0.033 0.151 0.376 -0.028-0.097 0.080 0.110 0.014 0.003 0.010 0.023 -0.070 0.032 -0.002 0.336

-

Cl 0.059-0.095 1 0.425 0.331 0.430 0.183 0.171 0.685 0.793 -0.198-0.096-0.069 0.118 0.146 0.586 0.607 0.288 0.647 0.120
F 0.259 0.078 0.425 1  0.194 0.326 -0.091 0.078 0.413 0.415 -0.135-0.160-0.040-0.029-0.016 0.321 0.323 0.343 0.443 0.220
SO4 0.193 0.155 0.331 0.194 1  0.395 0.286 0.406 0.295 0.259 0.034 -0.229-0.035 0.070 0.017 0.312 0.355 0.113 0.384 0.307
HCOs 0.171 -0.033 0.430 0.326 0.395 1 0.329 0.329 0.478 0.513 -0.210-0.377-0.267 0.273 0.201 0.534 0.444 0.163 0.466 0.206
NOs 0.100 0.151 0.183 -0.091 0.286 0.329 1  0.500 0.372 0.324 0.087 -0.355-0.147 0.381 0.237 0.334 0.299 0.135 0.279 0.061
PO4 0.347 0.376 0.171 0.078 0.406 0.329 0.500 1 0.287 0.249 -0.070-0.376-0.157 0.124 0.270 0.281 0.196 0.132 0.346 0.082
EC 0.127 -0.028 0.685 0.413 0.295 0.478 0.372 0.287 1  0.829 -0.198-0.433-0.345 0.196 0.171 0.621 0.789 0.305 0.807 0.068
TDS 0.059 -0.097 0.793 0.415 0.259 0.513 0.324 0.249 0.829 1 -0.235-0.421-0.223 0.184 0.163 0.735 0.782 0.296 0.809 0.067
Temperature  -0.010 0.080 -0.198-0.135 0.034 -0.210 0.087 -0.070-0.198-0.235 1  0.007 0.003 0.052 -0.167-0.241-0.276-0.074-0.269 0.114
PH -0.023 0.110 -0.096-0.160-0.229-0.377 -0.355-0.376-0.433-0.421 0.007 1  0.307 -0.135-0.128 -0.477-0.254-0.270 -0.342 0.099
Do -0.069 0.014 -0.069-0.040-0.035-0.267 -0.147-0.157-0.345-0.223 0.003 0.307 1 0.068 -0.161-0.152-0.278-0.097-0.332-0.035
BOD 0.013 0.003 0.118 -0.029 0.070 0.273 0.381 0.124 0.196 0.184 0.052 -0.1350.068 1  0.372 0.192 0.071 -0.007 0.080 -0.001
COD 0.006 0.010 0.146 -0.016 0.017 0.201 0.237 0.270 0.171 0.163 -0.167-0.128-0.161 0.372 1  0.068 0.006 -0.038 0.130 0.087
Ca 0.100 0.023 0.586 0.321 0.312 0.534 0.334 0.281 0.621 0.735 -0.241-0.477-0.152 0.192 0.068 1 0.566 0.272 0.498 0.035
Mg 0.026 -0.070 0.607 0.323 0.355 0.444 0.299 0.196 0.789 0.782 -0.276-0.254-0.278 0.071 0.006 0.566 1 0.161 0.797 0.064
K 0.097 0.032 0.288 0.343 0.113 0.163 0.135 0.132 0.305 0.296 -0.074-0.270-0.097-0.007-0.038 0.272 0.161 1  0.295 0.225
Na 0.168 -0.002 0.647 0.443 0.384 0.466 0.279 0.346 0.807 0.809 -0.269-0.342-0.332 0.080 0.130 0.498 0.797 0.295 1 0.084
Ba 0.321 0.336 0.120 0.220 0.307 0.206 0.061 0.082 0.068 0.067 0.114 0.099 -0.035-0.001 0.087 0.035 0.064 0.225 0.084 1

Table 3. The KMO value of the study area

Parameter KMO Parameter KMO
Fecal Coliform 0.614 PH 0.834
Cl 0.949 Do 0.611

F 0.834 BOD 0.658

SO4 0.849 COD 0.735
HCOs 0912 Ca 0.814
NOs 0.703 Mg 0.883

POs 0.679 K 0.785

EC 0.855 Na 0.858

TDS 0.844
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Table 4. Eigenvalue of principal component analysis

Variable Eigenvalue  Variability (%) Cumulative (%) Variable Eigenvalue  Variability (%) Cumulative (%)

F1 5.99 35.25 35.25 F10 0.55 323 88.74

F2 1.90 11.15 46.39 F11 0.46 2.70 91.44

F3 1.47 8.62 55.02 F12 0.40 2.37 93.81

F4 1.21 7.12 62.13 F13 0.33 1.92 95.74

F5 1.01 5.96 68.09 F14 0.31 1.82 97.56

Fo6 0.90 5.31 73.40 F15 0.21 1.23 98.79

F7 0.76 4.49 77.90 Fl16 0.13 0.78 99.56

F8 0.69 4.06 81.95 F17 0.07 0.44 100.00

F9 0.60 3.56 85.51
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Table 5. Factor matrix after factor rotation by varimax method

Variable Fl1 F2 F3 F4 F5
Fecal Coliform 0.017 0.469 0.010 0.026 0.062
Cl 0.618 0.001 0.094 0.019 0.006
F 0.217 0.201 0.025 0.018 0.160
SO4 0.339 0.072 0.010 0.018 0.024
HCOs 0.415 0.024 0.136 0.005 0.001
NOs 0.163 0.021 0.321 0.047 0.028
PO 0.183 0.034 0.383 0.112 0.058
EC 0.777 0.000 0.061 0.021 0.001
TDS 0.822 0.003 0.041 0.002 0.000
PH 0.147 0.004 0.073 0.439 0.062
Do 0.067 0.011 0.044 0.264 0.483
BOD 0.018 0.510 0.000 0.111 0.004
COD 0.032 0.406 0.024 0.047 0.005
Ca 0.556 0.115 0.065 0.001 0.002
Mg 0.628 0.002 0.082 0.013 0.000
K 0.284 0.014 0.008 0.059 0.116
Na 0.710 0.008 0.091 0.007 0.002
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Figure 5. Correlation circle on PCA method
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Figure 6. Dendrogram of hierechical cluster analysis, (a) C1-1 & C1-2, (b) C2, (c) C3-1 & C3-2
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Table 6. Average value of hydrochemichal parameters on HCA

Average
Fecal Coliform
Cl
F
SO.
HCOs
NOs
PO,
EC
TDS
PH
Do
BOD
COD
Ca
Mg
K
Na

Cl-1 356 61.01 039 15400 30449 1693 023 538.63 302.19 7.68 548 088 396 57.83 1947 1034 4324
Cl-2 662 7803 041 14930 32357 2072 033 89750 570.71 747 534 1.63 495 8115 2818 834 7723
C2-1  11.00 23419 0.58 38759 459.09 3032 0.56 175575 122814 740 5.13 | 216 640 15325 57.68 29.71 195.70
C2-2 431 14886 0.61 339.83 453.06 28.08 048 134732 92819 741 494 1.69 453 13820 4724 17.04 154.00
C3-1 1840 30032 0.70 35621 505.86  41.70 045 30934 22698 721 4.17 1.80 544 22418 8734 | 33.80 324.84
C3-2 200 428.00 091 61530 600.00 12.15 0.70 3115. 25055 741 475 050 671 31095 11240 27.65 366.25
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Figure 7. Spatial distribution of HCA clustering of study area
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