Supplementary material


Table S1. Chemical composition of groundwater (2018)
 
Range
Minimum
Maximum
Mean
Std. Deviation
pH
6,467
4,47
10,937
7,596
0,479
Electric Conductivity (EC) (μS/cm)
19994
206
20200
674,685
1005,350
Dissolved Oxygen (DO) (mg/L)
13,65
1
14,650
5,602
1,518
Τ (°C)
22,3
10
32,300
16,494
2,512
Ca (mg/L)
906,254
12,828
919,082
97,219
51,744
Mg (mg/L)
333,285
0,615
333,900
13,544
24,577
Na (mg/L)
5098,35
1,65
5100,000
33,843
196,201
K (mg/L)
234,8
0,1
234,900
3,230
10,809
CO₃ (mg/L)
3,9
ΝD
3,900
0,004
0,106
Cl (mg/L)
5499,3
3,1
5502,400
60,572
296,585
SO₄ (mg/L)
6899
1
6900
52,650
204,171
NO₃ (mg/L)
391,882
0,118
392
12,542
24,729
NO₂ (mg/L)
46,225
ΝD
46,225
0,050
1,225
NH₄ (mg/L)
9,89
ΝD
9,890
0,019
0,338
PO₄ (mg/L)
1,22
ΝD
1,220
0,039
0,094
ND: No detection









Table S2. Chemical composition of groundwater (2019)
 
Range
Minimum
Maximum
Mean
Std. Deviation
pH
5,573
5,467
11,040
7,595
0,449
Electric Conductivity (EC) (μS/cm)
24786
114
24900
1245,794
1627,577
Dissolved Oxygen (DO) (mg/L)
13,25
0,65
13,900
5,727
2,123
Τ (°C)
41,1
5
46,100
18,603
3,302
Ca (mg/L)
683,655
1,6
685,255
100,569
70,560
Mg (mg/L)
412,61
0,49
413,100
35,883
41,367
Na (mg/L)
5162,296
0,904
5163,200
110,440
267,944
K (mg/L)
588,525
0,04
588,565
7,644
21,607
CO₃ (mg/L)
79,7
ΝD
79,700
0,401
2,823
Cl (mg/L)
8060,853
1,147
8062
202,838
498,170
SO₄ (mg/L)
2533,6
0,9
2534,500
86,109
148,058
NO₃ (mg/L)
845
ΝD
845
25,043
49,884
NO₂ (mg/L)
12,1
ΝD
12,100
0,089
0,583
NH₄ (mg/L)
31,8
ΝD
31,800
0,128
1,236
PO₄ (mg/L)
15,7
ΝD
15,700
0,079
0,489
ND: No detection










Table S3. Chemical composition of groundwater (2020)
 
Range
Minimum
Maximum
Mean
Std. Deviation
pH
5,67
5,43
11,100
7,558
0,383
Electric Conductivity (EC) (μS/cm)
19875
115
19990
1238,877
1505,857
Dissolved Oxygen (DO) (mg/L)
11,83
0,97
12,800
6,058
2,010
Τ (°C)
27,9
9,1
37
19,076
2,967
Ca (mg/L)
1000,405
1,6
1002,005
88,462
67,013
Mg (mg/L)
465,86
1
466,860
36,527
42,131
Na (mg/L)
3916,553
1,047
3917,600
107,330
243,974
K (mg/L)
414,443
0,107
414,550
7,124
17,362
CO₃ (mg/L)
79
ΝD
79
0,762
3,122
Cl (mg/L)
7335,637
1,063
7336,700
196,994
479,922
SO₄ (mg/L)
1511
ΝD
1511
84,307
136,088
NO₃ (mg/L)
758,55
0,02
758,570
25,571
50,355
NO₂ (mg/L)
10,7
ΝD
10,700
0,042
0,447
NΗ₄ (mg/L)
48,6
ΝD
48,600
0,070
1,288
PO₄ (mg/L)
8,11
ΝD
8,110
0,046
0,211
ND: No detection











Table S4. Chemical composition of groundwater with heavy metals (2018)
 
Minimum
Maximum
Mean
Std. Deviation
pH
4,47
10,937
7,596
0,479
Electric Conductivity (EC) (μS/cm)
206
20200
675,054
1006,665
Dissolved Oxygen (DO) (mg/L)
1
14,65
5,604
1,518
Τ (°C)
10
32,3
16,491
2,511
Ca (mg/L)
12,828
919,082
97,216
51,802
Mg (mg/L)
0,615
333,9
13,569
24,606
Na (mg/L)
1,65
5100
33,898
196,469
K (mg/L)
0,1
234,9
3,235
10,823
CO₃ (mg/L)
ND
3,9
0,004
0,106
HCO₃ (mg/L)
25,62
750
283,631
84,432
Cl (mg/L)
3,1
5502,4
60,674
296,986
SO₄ (mg/L)
1
6900
52,754
204,441
NO₃ (mg/L)
0,118
392
12,549
24,758
NO₂ (mg/L)
NA
46,225
0,050
1,227
NO₄ (mg/L)
NA
9,89
0,019
0,338
PO₄ (mg/L)
NA
1,22
0,039
0,094
Cr(VI) (μg/L)
5
67
5,182
2,263
Cr (μg/L)
10
60
10,099
1,737
Fe (mg/L)
5
14000
40,261
401,297
Al (μg/L)
0,5
940
11,899
27,957
As (μg/L)
2
48
4,997
1,413
Cd (μg/L)
0,481
5
0,905
1,285
Pb (μg/L)
2
13
4,955
0,544
Ni (μg/L)
3
58,486
6,014
2,785
Mn (mg/L)
5
2400
16,309
82,094
Hg (μg/L)
0,5
0,5
0,5
NA
Cu (mg/L)
5
30
5,355
2,079




















Table S5. Chemical composition of groundwater with heavy metals (2019)
 
Minimum
Maximum
Mean
Std. Deviation
pH
5,467
11,04
7,596
0,449
Electric Conductivity (EC) (μS/cm)
114
24900
1237,109
1618,953
Dissolved Oxygen (DO) (mg/L)
0,65
13,9
5,726
2,125
Τ (°C)
5
46,1
18,599
3,300
Ca (mg/L)
1,6
685,255
100,354
70,530
Mg (mg/L)
0,49
413,1
35,740
41,298
Na (mg/L)
0,904
5163,2
109,112
266,717
K (mg/L)
0,04
588,565
7,593
21,607
CO₃ (mg/L)
ND
79,7
0,402
2,828
HCO₃ (mg/L)
18
1684,82
310,633
127,364
Cl (mg/L)
1,147
8062
200,051
495,179
SO₄ (mg/L)
0,9
2534,5
85,878
148,161
NO₃ (mg/L)
NA
845
25,022
49,953
NO₂ (mg/L)
NA
12,1
0,089
0,584
NO₄ (mg/L)
NA
31,8
0,129
1,238
PO₄ (mg/L)
NA
15,7
0,079
0,490
Cr(VI) (μg/L)
10
239,655
10,662
7,134
Cr (μg/L)
0,5
240
6,009
7,972
Fe (mg/L)
9,94
27000
245,839
1375,399
Al (μg/L)
9
8600
86,115
398,547
As (μg/L)
2
270
6,071
10,555
Cd (μg/L)
0,5
2,7
0,551
0,163
Pb (μg/L)
2
67
4,771
2,948
Ni (μg/L)
0,5
480
7,036
14,906
Mn (mg/L)
5
3000
47,978
182,859
Hg (μg/L)
0,472
4,842
0,505
0,119
Cu (mg/L)
4,997
84
7,268
5,900


Table S6. Chemical composition of groundwater with heavy metals (2020)
 
Minimum
Maximum
Mean
Std. Deviation
pH
5,43
11,1
7,559
0,383
Electric Conductivity (EC) (μS/cm)
115
19990
1230,993
1497,131
Dissolved Oxygen (DO) (mg/L)
0,97
12,8
6,055
2,008
Τ (°C)
9,1
37
19,069
2,962
Ca (mg/L)
1,6
1002,005
88,237
66,941
Mg (mg/L)
1
466,86
36,399
42,079
Na (mg/L)
1,047
3917,6
106,205
242,865
K (mg/L)
0,107
414,55
7,079
17,351
CO₃ (mg/L)
ND
79
0,765
3,126
HCO₃ (mg/L)
10
1487,26
276,112
111,639
Cl (mg/L)
1,063
7336,7
194,657
477,561
SO₄ (mg/L)
NA
1511
84,078
136,113
NO₃ (mg/L)
0,02
758,57
25,543
50,410
NO₂ (mg/L)
ND
10,7
0,042
0,447
NO₄ (mg/L)
ND
48,6
0,070
1,290
PO₄ (mg/L)
ND
8,11
0,047
0,211
Cr(VI) (μg/L)
5
220
7,492
7,388
Cr (μg/L)
5
230
20,245
27,451
Fe (mg/L)
10
55000
176,253
1485,271
Al (μg/L)
10
2800
73,221
192,587
As (μg/L)
0,5
3800
8,107
93,655
Cd (μg/L)
0,5
5
0,578
0,233
Pb (μg/L)
2
690
5,179
17,138
Ni (μg/L)
4,5
1670
13,730
45,845
Mn (mg/L)
5
5400
49,573
228,416
Hg (μg/L)
0,5
5
0,504
0,114
Cu (mg/L)
5
630
7,684
18,147
















Table S8. Frequencies and percentages below or equal to LOD and LOQ for heavy metals for 2019
Metal
Total (N)
< LOD
 = LOD
< LOQ
 = LOQ
% < LOD
% = LOD
% < LOQ
% = LOQ
Aluminium
1541
0
0
1
687
0
0
0.06
44.58
Arsenic
1540
0
0
239
1140
0
0
15.52
74.03
Cadmium
1542
0
0
0
1387
0
0
0
89.95
Calcium
1613
1
0
4
0
0.06
0
0.25
0
Chloride
1613
5
1
71
2
0.31
0.06
4.4
0.12
Chromium_VI
1542
0
0
0
1500
0
0
0
97.28
Chromium_total
1538
4
0
4
1427
0.26
0
0.26
92.78
Copper
1542
0
0
1
1035
0
0
0.06
67.12
Iron
1515
0
0
1
516
0
0
0.07
34.06
Lead
1542
0
230
235
1280
0
14.92
15.24
83.01
Magnesium
1612
24
15
136
2
1.49
0.93
8.44
0.12
Manganese
1514
0
0
0
941
0
0
0
62.15
Mercury
1539
0
0
1
1528
0
0
0.06
99.29
Nickel
1537
2
0
8
1107
0.13
0
0.52
72.02
Potassium
1613
2
0
2
0
0.12
0
0.12
0
Sodium
1613
23
2
130
10
1.43
0.12
8.06
0.62
Sulphate
1610
35
6
100
55
2.17
0.37
6.21
3.42
Ammonium
1613
524
0
928
0
32.49
0
57.53
0
Carbonates
1387
1332
2
1332
2
96.03
0.14
96.03
0.14
Electrical Conductivity
1620
0
0
0
0
0
0
0
0
Bicarbonate
1613
69
0
124
31
4.28
0
7.69
1.92
Nitrate
1613
654
0
851
0
40.55
0
52.76
0
Nitrite
1613
665
0
859
0
41.23
0
53.25
0
Total Phosphates
1541
0
0
1
687
0
0
0.06
44.58

Table S7. Frequencies and percentages below or equal to LOD and LOQ for heavy metals for 2018
Metal
Total (N)
< LOD
 = LOD
< LOQ
 = LOQ
% < LOD
% = LOD
% < LOQ
% = LOQ
Aluminium
1425
1
0
4
1347
0.07
0
0.28
94.53
Arsenic
1424
0
0
38
1373
0
0
2.67
96.42
Cadmium
1425
0
0
1
1290
0
0
0.07
90.53
Calcium
1451
0
0
0
0
0
0
0
0
Chloride
1451
0
0
69
0
0
0
4.76
0
Chromium_VI
1426
0
0
0
1418
0
0
0
99.44
Chromium_total
1426
0
0
0
1408
0
0
0
98.74
Copper
1425
0
0
0
1346
0
0
0
94.46
Iron
1426
0
0
2
1102
0
0
0.14
77.28
Lead
1425
0
31
31
1387
0
2.18
2.18
97.33
Magnesium
1451
359
0
635
0
24.74
0
43.76
0
Manganese
1425
0
0
0
444
0
0
0
31.16
Mercury
1423
0
0
0
1423
0
0
0
100
Nickel
1425
0
0
5
985
0
0
0.35
69.12
Potassium
1451
0
0
1
0
0
0
0.07
0
Sodium
1451
2
0
609
0
0.14
0
41.97
0
Sulphate
1451
4
64
446
3
0.28
4.41
30.74
0.21
Ammonium
1451
1273
2
1291
2
87.73
0.14
88.97
0.14
Carbonates
1451
1450
0
1450
0
99.93
0
99.93
0
Electrical Conductivity
1466
0
0
0
0
0
0
0
0
Bicarbonate
1451
0
0
0
0
0
0
0
0
Nitrate
1451
68
0
131
6
4.69
0
9.03
0.41
Nitrite
1451
1242
4
1356
0
85.6
0.28
93.45
0
Total Phosphates
1451
1140
2
1198
0
78.57
0.14
82.56
0




Table S11. KMO and Bartlett's Test with heavy metals
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
2018
2019
2020

0,548
0,439
0.401
Bartlett's Test of Sphericity
Approx. Chi-Square
31753,783
21937,680
22500,094

df
300
325
300

Sig.
0
0
0

Table S9. KMO and Bartlett's Test with major elements
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
2018
2019
2020

0,441
0,428
0, 4295
Bartlett's Test of Sphericity
Approx. Chi-Square
20963,150
17440,094
22469,719

df
105
105
105

Sig.
0
0
0

Table S10. Summary of dataset structure and principal component selection across study years and datasets (SetA: major ions; SetB: including trace elements).
Year
Dataset
Samples (n)
Variables (p)
Components retained
Excluded variables
2018
SetA
1283
15
5
–
2018
SetB
1258
25
8
Hg
2019
SetA
1441
15
4
–
2019
SetB
1344
26
9
–
2020
SetA
1616
15
4
–
2020
SetB
1537
25
9
Cr




Table S12. Summary of data completeness and detection limits for trace elements (2018-2020).
Year
Variable
% Missing
2018
Al_diss
8.18%
2018
As_diss
8.25%
2018
Cd_diss
8.18%
2018
Cr6
8.12%
2018
Cr_diss
8.12%
2018
Cu_diss
8.18%
2018
Fe_diss
8.12%
2018
Pb_diss
8.18%
2018
Mn_diss
8.18%
2018
Hg_diss
8.31%
2018
Ni_diss
8.18%
2019
Al_diss
10.04%
2019
As_diss
10.10%
2019
Cd_diss
9.98%
2019
Cr6
9.98%
2019
Cr_diss
10.22%
2019
Cu_diss
9.98%
2019
Fe_diss
11.56%
2019
Pb_diss
9.98%
2019
Mn_diss
11.62%
2019
Hg_diss
10.16%
2019
Ni_diss
10.27%
2020
Al_diss
7.75%
2020
As_diss
7.75%
2020
Cd_diss
7.69%
2020
Cr6
7.75%
2020
Cr_diss
92.14%
2020
Cu_diss
7.69%
2020
Fe_diss
7.75%
2020
Pb_diss
7.69%
2020
Mn_diss
7.75%
2020
Hg_diss
7.75%
2020
Ni_diss
7.75%
The exceptionally high missing rate for Cr_diss in 2020 is highlighted as a key factor influencing multivariate instability.




Table S13. Descriptive statistics of PCA scores by aquifer type (2018-2020)
Group
N
Mean
Std_Deviation
Minimum
Maximum
Component
Year
Fractured
209
-0.09
0.66
-0.35
8.93
RC1
2018
Karstic
348
0.02
1.36
-0.42
23.30
RC1
2018
Porous
726
0.01
0.87
-0.87
15.07
RC1
2018
Total
1283
0.00
1.00
-0.87
23.30
RC1
2018
Fractured
209
-0.11
0.95
-1.59
2.27
RC2
2018
Karstic
348
-0.11
0.96
-4.57
1.81
RC2
2018
Porous
726
0.09
1.02
-2.81
3.05
RC2
2018
Total
1283
0.00
1.00
-4.57
3.05
RC2
2018
Fractured
291
0.09
0.69
-0.77
3.91
RC1
2019
Karstic
369
0.00
1.24
-0.87
15.66
RC1
2019
Porous
781
-0.03
0.97
-0.85
11.21
RC1
2019
Total
1441
0.00
1.00
-0.87
15.66
RC1
2019
Fractured
291
-0.23
0.57
-1.34
2.18
RC2
2019
Karstic
369
-0.05
0.82
-1.97
7.74
RC2
2019
Porous
781
0.11
1.17
-6.07
11.25
RC2
2019
Total
1441
0.00
1.00
-6.07
11.25
RC2
2019
Fractured
291
0.14
1.03
-3.29
2.61
RC4
2019
Karstic
369
-0.28
1.05
-4.28
2.64
RC4
2019
Porous
781
0.08
0.94
-3.06
5.47
RC4
2019
Total
1441
0.00
1.00
-4.28
5.47
RC4
2019
Fractured
291
-0.20
0.30
-0.85
2.42
RC3
2019
Karstic
369
-0.03
1.22
-0.86
19.08
RC3
2019
Porous
781
0.09
1.04
-2.27
16.50
RC3
2019
Total
1441
0.00
1.00
-2.27
19.08
RC3
2019
Fractured
323
0.124
0.775
-0.942
6.205
RC1
2020
Karstic
442
-0.022
1.128
-0.831
13.465
RC1
2020
Porous
851
-0.035
1.002
-1.053
13.142
RC1
2020
Total
1616
0.000
1.000
-1.053
13.465
RC1
2020
Fractured
323
-0.196
0.541
-1.346
4.294
RC4
2020
Karstic
442
-0.055
0.760
-1.363
7.685
RC4
2020
Porous
851
0.103
1.209
-7.959
12.169
RC4
2020
Total
1616
0.000
1.000
-7.959
12.169
RC4
2020
Fractured
323
-0.045
0.971
-2.988
2.781
RC2
2020
Karstic
442
-0.242
0.906
-3.149
3.238
RC2
2020
Porous
851
0.143
1.032
-5.495
9.650
RC2
2020
Total
1616
0.000
1.000
-5.495
9.650
RC2
2020
Fractured
323
-0.146
0.533
-1.006
6.201
RC3
2020

Table S15. Results of post-hoc Dunn tests with Benjamini-Hochberg correction for pairwise comparisons of PCA-derived component scores among aquifer types for 2018-2020.
Component
Comparison
Z
P.unadj
P.adj
Year
RC1
Fractured - Karstic
-0.7887
0.4303
0.4303
2018
RC1
Fractured - Porous
-2.6288
0.0086
0.0257
2018
RC1
Karstic - Porous
-2.1064
0.0352
0.0528
2018
RC2
Fractured - Karstic
-0.1465
0.8835
0.8835
2018
RC2
Fractured - Porous
-2.5176
0.0118
0.0177
2018
RC2
Karstic - Porous
-2.8345
0.0046
0.0138
2018
RC1
Fractured - Karstic
5.7688
0.0000
0.0000
2019
RC1
Fractured - Porous
6.0624
0.0000
0.0000
2019
RC1
Karstic - Porous
-0.5685
0.5697
0.5697
2019
RC2
Fractured - Karstic
-2.9934
0.0028
0.0041
2019
RC2
Fractured - Porous
-5.8104
0.0000
0.0000
2019
RC2
Karstic - Porous
-2.6020
0.0093
0.0093
2019
RC4
Fractured - Karstic
5.5372
0.0000
0.0000
2019
RC4
Fractured - Porous
2.0928
0.0364
0.0364
2019
RC4
Karstic - Porous
-4.5968
0.0000
0.0000
2019
RC3
Fractured - Karstic
-4.3643
0.0000
0.0000
2019
RC3
Fractured - Porous
-10.1535
0.0000
0.0000
2019
RC3
Karstic - Porous
-5.6226
0.0000
0.0000
2019
RC1
Fractured - Karstic
7.2152
0.0000
0.0000
2020
RC1
Fractured - Porous
6.8597
0.0000
0.0000
2020
RC1
Karstic - Porous
-1.3620
0.1732
0.1732
2020
RC4
Fractured - Karstic
-2.7806
0.0054
0.0081
2020
RC4
Fractured - Porous
-5.5511
0.0000
0.0000
2020
RC4
Karstic - Porous
-2.7159
0.0066
0.0066
2020
RC2
Fractured - Karstic
3.2270
0.0013
0.0019
2020
RC2
Fractured - Porous
-2.2410
0.0250
0.0250
2020
RC2
Karstic - Porous
-6.5270
0.0000
0.0000
2020
RC3
Fractured - Karstic
-5.0030
0.0000
0.0000
2020
RC3
Fractured - Porous
-9.7847
0.0000
0.0000
2020
RC3
Karstic - Porous
-4.6603
0.0000
0.0000
2020

Table S14. Results of Kruskal–Wallis tests assessing differences in PCA-derived component scores among aquifer types for 2018-2020.
Year
Component
N
P_value
2018
RC2
1283
0.003424274
2018
RC1
1283
0.010997292
2019
RC3
1441
0.000000000
2019
RC1
1441
0.000000000
2019
RC2
1441
0.000000030
2019
RC4
1441
0.000000038
2020
RC3
1616
0.000000000
2020
RC1
1616
0.000000000
2020
RC2
1616
0.000000001
2020
RC4
1616
0.000000115




