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Figure S1. The annual mean values of physicochemical properties of river water: (a) temperature, (b) TDS, (c) pH, (d)
DOC.

Minerals 2021, 11, 861. https://doi.org/10.3390/min11080861 www.mdpi.com/journal/minerals



Minerals 2021, 11, 861

2 of 10

February 2019
4.0

3.0

2

o

PC scores

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Sampling site

July 2019
3.0

2.0

1

o
o o

PC scores
-
=}

T

1 7 8 9 10 11 12 13 14 15
Sampling site

Figure S2. Spatial changes of PC scores in (a) February and (b) July in 2019.
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Figure S3. Correlations between the variables and principal components in the projection of PC1 and PC3 for (a) 2018 and

(b) 2019.
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Figure S4. Spatial changes of PC scores in (a) 2018 and (b) 2019.
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Table S1. Results of metal concentrations in the Bzura River water according to the sampling sites in 2019.
Metal Parameter 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
min <LOD <LOD <LOD 167 10.5 7.6 6.3 5.8 4.3 5.2 3.8 2.3 1.1 0.5 <LOD <LOD <LOD
max 2.3 5.8 8.5 324 147 87.1 81.3 66.8 41.0 34.2 29.9 22.1 10.8 8.4 30.4 27.1 6.7
Ni median 0.8 2.2 1.8 449 22.8 17.7 14.7 12.8 11.0 10.6 9.3 7.9 4.6 2.2 3.0 1.9 2.2
[ug/L] mean 0.5 1.3 1.7 66.3 33.6 25.2 20.9 17.7 14.5 12.6 10.8 8.8 5.5 2.5 44 3.8 2.1
CV [%] 70.8 67.5 106.8 1263 1109 86.8 97.4 949 75.0 704 69.3 65.2 56.2 84.3 1545 164.2 744
n 4 5 8 12 12 12 12 12 12 12 12 12 12 12 8 8 8
min <LOD <LOD <LOD <LOD <LOD 0.7 1.3 1.2 1.3 1.1 0.6 <LOD <LOD <LOD <LOD <LOD <LOD
max 4.0 25.0 32.8 42 49 11.7 85.3 9.1 9.2 10.9 8.6 6.9 8.1 4.8 8.3 3.1 63.7
Pb median 0.9 2.5 1.7 1.7 1.8 1.5 4.9 2.5 2.3 45 2.8 2.3 1.9 0.7 1.7 14 2.1
[ug/L] mean 1.2 41 4.2 1.7 1.9 3.0 11.7 3.5 3.9 45 35 24 1.9 0.8 14 0.9 6.1
CV [%] 83.1 1421 1826 68.1 60.3 1075 201.3 65.4 70.1 64.7 71.1 72.0 102.7 1235 97.7 64.7 191.7
n 9 9 10 10 9 12 12 12 12 12 12 10 8 6 5 6 5
min <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
max 0.20 0.13 0.09 0.35 0.47 0.24 0.34 0.39 0.36 0.45 0.29 0.36 0.25 0.17 0.31 0.10 0.11
Cd median 0.07 0.08 0.05 0.12 0.07 0.07 0.17 0.10 0.13 0.14 0.10 0.13 0.14 0.08 0.05 0.04 0.08
[ug/L] mean 0.05 0.04 0.04 0.13 0.11 0.08 0.16 0.13 0.14 0.15 0.11 0.09 0.08 0.04 0.04 0.02 0.03
CV [%] 82.2 59.5 39.3 62.1 105.5 68.0 56.2 70.2 55.0 68.9 79.0 89.2 66.0 75.2 110.3 75.7 55.7
n 7 6 7 10 9 9 11 10 11 10 11 7 6 5 3 3 4
min <LOD <LOD <LOD <LOD <LOD <LOD 0.004 0.006 <LOD 0.002 0.006 <LOD <LOD <LOD <LOD <LOD <LOD
max 0.019 0.026  0.047 0.099 0.070 0.057 0.067 0.063 0.059 0.053 0.057 0.046 0.030 0.036 0.012 0.011 0.014
Zn median 0.005 0.012 0.015 0.044 0.032 0.031 0.03¢ 0.033 0.033 0.028 0.027 0.030 0.018 0.010 0.006 0.007 0.013
[mg/L] mean 0.004 0.008 0.013 0.045 0.034 0.029 0.035 0.035 0.030 0.028 0.028 0.025 0.017 0.007 0.004 0.003 0.004
CV [%] 92.5 57.0 774 61.1 49.2 46.2 50.5 46.3 45.1 53.0 53.1 423 41.0 97.6 54.6 49.8 54.3
n 6 7 8 12 11 11 12 12 11 12 12 11 11 8 6 6 5
min <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
max 0.073 0.052 0.055 0.049 0.054 0.053 0.052 0.047 0.045 0.038 0.042 0.024 0.029 0.032 0.043 0.035 0.011
Cu median 0.026 0.026  0.027 0.026 0.026 0.034 0.032 0.032 0.034 0.028 0.024 0.017 0.006 0.016 0.024 0.020 0.007
[mg/L] mean 0.019 0.019 0.020 0.018 0.021 0.023 0.022 0.020 0.019 0.014 0.010 0.007 0.005 0.006 0.008 0.008 0.003
CV [%] 58.7 45.8 40.6 40.5 56.7 38.0 35.3 339 26.1 30.9 65.5 51.8 87.7 79.8 67.9 82.6 55.9
n 7 8 8 8 8 8 8 8 7 6 6 5 6 4 4 5 4
Fe min <LOD 0.08 0.17 0.17 0.19 0.18 0.16 0.15 0.19 0.19 0.15 0.05 0.04 0.13 0.10 0.10 0.09
(mg/L] max 0.09 0.33 0.33 0.34 0.38 0.41 0.38 0.36 0.36 0.52 0.53 047 047 0.45 0.46 0.48 0.40
median 0.07 0.24 0.25 0.27 0.29 0.30 0.27 0.26 0.26 0.25 0.24 0.15 0.13 0.26 0.21 0.20 0.16
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mean 0.04 0.21 0.24 0.27 0.28 0.28 0.28 0.27 0.28 0.28 0.29 0.25 0.22 0.31 0.28 0.27 0.23
CV [%] 46.3 26.2 25.5 20.3 21.3 23.7 26.6 27.6 20.8 40.9 17.3 58.9 56.2 235 37.8 35.2 324
n 9 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
min <LOD 0.03 0.07 0.05 0.04 0.04 0.03 0.03 0.01 001 <LOD <LOD <LOD 0.01 <LOD <LOD 0.03
max 0.07 0.12 0.21 0.12 0.16 0.15 0.13 0.14 0.13 0.15 0.22 0.16 0.16 0.19 0.21 0.20 0.18
Mn  median 0.03 0.07 0.14 0.08 0.09 0.09 0.08 0.07 0.06 0.07 0.05 0.09 0.08 0.11 0.10 0.09 0.10
[mg/L] mean 0.03 0.08 0.14 0.08 0.09 0.09 0.09 0.08 0.07 0.08 0.08 0.07 0.07 0.11 0.10 0.09 0.11
CV [%] 49.3 35.7 31.1 29.6 442 48.9 45.0 454 53.8 58.8 78.3 65.6 58.1 51.4 56.0 52.6 499
n 11 12 12 12 12 12 12 12 12 12 11 11 10 12 11 11 12
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Table S2. Results of metal concentrations in the Bzura River water according to the sampling sites in 2018.

Metal Parameter 1 2 3 4 5 6 7 8 9 10 11 12 13
min <LOD <LOD <LOD 154 6.3 41 5.7 4.6 3.6 2.3 1.0 <LOD 0.6
max 7.6 3.1 1.7 283 87.3 58.0 56.8 56.6 50.6 38.8 15.3 15.6 9.3
Ni median 1.2 1.0 1.0 30.7 12.7 11.5 8.9 8.7 7.0 5.5 4.8 45 4.2
[ug/L] mean 1.8 0.8 0.5 63.4 25.5 18.7 15.1 13.9 12.2 9.6 6.4 5.5 4.5
CV [%] 112.7 69.8 39.1 121.8 100.4 88.0 94.2 102.8 106.5 104.1 73.1 76.2 61.0
n 9 5 3 12 12 12 12 12 12 12 12 11 12
min <LOD <LOD <LOD <LOD <LOD <LOD <LOD 14 1.1 1.1 0.7 <LOD <LOD
max 3.7 45 6.3 6.6 5.6 19.8 22.8 20.4 28.6 19.1 15.0 7.9 16.5
Pb median 2.6 1.8 2.0 2.5 2.0 3.7 3.7 45 4.6 3.6 3.3 2.5 1.3
[ug/L] mean 14 14 1.7 2.6 2.3 4.6 5.5 6.0 8.5 6.0 4.7 3.1 3.1
CV [%] 47.4 74.0 92.7 61.4 69.1 103.2 104.5 88.0 95.7 95.1 90.0 73.0 135.3
n 7 8 8 10 11 10 11 12 12 12 12 11 9
min <LOD <LOD <LOD <LOD <LOD <LOD 0.05 0.03 004 <LOD 006 <LOD <LOD
max 0.34 0.97 0.10 0.22 0.29 0.30 0.85 0.76 1.16 047 0.67 0.42 1.20
Cd median 0.08 0.06 0.06 0.14 0.12 0.14 0.23 0.22 0.21 0.21 0.23 0.06 0.09
[ug/L] mean 0.07 0.11 0.03 0.12 0.11 0.13 0.26 0.24 0.33 0.19 0.24 0.11 0.19
CV [%] 101.7 191.0 55.8 421 56.6 50.3 79.6 80.5 95.2 61.2 63.9 105.1 158.4
n 8 7 5 11 10 10 12 12 12 11 12 10 10
min <LOD <LOD <LOD 0.008 0.002  0.003 0.007 0.002 0.008 0.006 0.015 0.005 <LOD
max 0.035 0.021 0.016  0.104 0.064  0.081 0237 0206 0.147 0.090 0.076  0.061 0.045
n median 0.007 0.010 0.010 0.065 0.035 0.040 0.052 0.053 0.047 0.044 0.043 0.03 0.017
[mg/L] mean 0.006 0.006  0.005 0.055 0.032 0.035  0.061 0.056  0.060 0.044 0.043 0.034 0.019
CV [%] 99.3 53.5 34.9 53.6 58.0 57.3 98.5 92.3 70.3 55.9 41.2 57.1 68.1
n 7 7 6 12 12 12 12 12 12 12 12 12 12
min <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
max 0.047 0.052 0.057 0.053 0.059  0.051 0.056 0.050  0.066 0.067  0.061 0.049 0.129
Cu median 0.027 0.025 0.033 0.026 0.021 0.019  0.029 0.026  0.025 0.019 0.034  0.021 0.016
[mg/L] mean 0.012 0.012 0.016 0.023 0.018 0.017  0.020 0.019  0.020 0.018 0.016 0.014 0.020
CV [%] 115.7 81.5 71.0 53.0 74.0 76.8 70.7 60.7 72.8 85.0 74.6 77.8 136.5
n 7 8 8 8 8 8 8 8 7 6 6 5 6
min <LOD 0.04 0.02 0.06 0.08 0.17 0.16 0.15 0.17 0.15 021 <LOD 0.11
max 0.21 0.59 047 1.30 0.77 0.75 0.99 0.77 1.19 0.51 0.68 0.75 1.02
Fe median 0.06 0.22 0.28 0.37 0.34 0.34 0.37 0.39 0.48 0.40 0.37 0.37 0.17
[mg/L] mean 0.05 0.29 0.28 0.47 0.38 0.39 0.44 0.43 0.50 0.37 0.43 0.33 0.29
CV [%] 87.4 56.5 29.8 66.8 46.4 47.5 53.4 42.7 56.0 344 30.8 61.2 71.6
n 9 12 12 12 12 12 12 12 12 12 12 11 12
min <LOD 0.01 0.03 0.01 0.01 0.02 0.02 0.02 002 <LOD <LOD 0.01 0.01
max 0.09 0.14 0.32 0.16 0.16 0.16 0.29 0.24 0.33 0.19 0.17 0.23 0.29
Mn median 0.02 0.08 0.14 0.11 0.11 0.10 0.10 0.10 0.08 0.11 0.10 0.07 0.04
[mg/L] mean 0.03 0.08 0.14 0.11 0.10 0.10 0.11 0.10 0.11 0.09 0.09 0.08 0.06
CV [%] 78.1 45.8 41.7 39.1 44.0 52.8 60.7 52.9 71.5 55.4 54.3 80.8 233.8
n 10 12 12 12 12 12 12 12 12 11 11 12 12
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Table 3. Results of metal concentrations in the Bzura River water according to the months in 2019.

Metal Parameter Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct.
min <LOD <LOD <LOD <LOD 05 <LOD 08 <LOD 18 <LOD <LOD <LOD
max 47.5 57.0 771 47.1 23.0 324 42.8 24.8 27.5 16.7 76.9 304
Ni median 13.6 4.9 8.3 12.2 2.6 323 8.4 8.5 9.7 5.4 28.2 4.9
[ug/L] mean 12.4 8.7 14.7 11.2 4.8 53.7 10.2 7.5 10.8 5.6 18.7 5.7
CV [%] 799 1412 1207 915 116.4 129.6 108.8  65.0 56.3 72.8 73.3 115.2
n 13 14 15 14 17 14 17 12 17 15 11 14
min <LOD 03 <LOD <LOD <LOD <LOD <LOD <LOD 0.8 <LOD <LOD 0.5
max 2.6 8.3 5.1 7.4 2.0 85.3 5.9 29 10.9 6.7 63.7 73
Pb median 1.1 24 1.3 4.0 15 6.4 1.7 1.4 4.8 2.8 3.4 1.6
[ug/L] mean 1.0 3.3 1.0 3.3 0.6 10.7 19 13 5.3 21 7.4 1.8
CV [%] 66.7 73.8 79.1 37.6 348 1416 738 41.8 53.4 77.5 188.6 81.9
n 12 17 11 13 6 10 14 15 17 13 15 17
min <LOD <LOD <LOD 0.02 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
max 0.13 0.36 0.47 0.39 0.03 0.15 0.18 0.17 0.17 0.27 0.17 0.12
Cd median 0.11 0.20 0.20 0.24 0.03 0.06 0.10 0.06 0.07 0.19 0.08 0.06
[ug/L] mean 0.05 0.17 0.14 0.21 0.03 0.04 0.05 0.05 0.07 0.11 0.06 0.04
CV [%] 274 54.8 737  58.6 - 525 403 640 477 221 45.6 52.5
n 7 16 11 17 1 9 8 12 16 12 12 8
min <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.003 0.010 <LOD <LOD <LOD
max 0.041 0.024 0.099 0.067 0.051 0.082 0.006 0.042 0.046 0.031 0.039 0.052
Zn median 0.029 0.012 0.047 0.050 0.028 0.040 0.003 0.016 0.026 0.012 0.028 0.024
[mg/L] mean 0.018 0.010 0.035 0.035 0.017 0.030 0.001 0.020 0.026 0.015 0.021 0.018
CV [%] 719 587 567 515 508 513 688 573 445 568 338 52.7
n 15 14 13 14 11 13 6 17 17 16 13 12
min <LOD - - <LOD - - <LOD <LOD 0.004 <LOD 0.005 <LOD
max 0.050 - - 0.034 - - 0.023 0.041 0.038 0.073 0.049 0.025
Cu median 0.035 - - 0.026 - - 0.018 0.027 0.027 0.050 0.025 0.020
[mg/L] mean 0.027 - - 0.020 - - 0.011 0.019 0.021 0.033 0.025 0.012
CV [%] 27.6 - - 17.0 - - 197 591 65.1 369 409 15.3
n 13 0 0 13 0 0 11 15 17 12 17 7
min 0.08 004 <LOD <LOD 007 007 006 <LOD 0.08 0.01 0.03 0.09
max 0.47 048 041 033 041 046 053 030 035 029 028 0.37
Fe median 0.28 0.25 0.25 0.26 0.29 0.34 0.38 0.23 0.26 0.16 0.19 0.24
[mg/L] mean 0.28 0.28 0.25 0.22 0.26 0.34 0.37 0.20 0.24 0.17 0.17 0.24
CV [%] 322 480 305 390 394 286 301 284 305 462 405 28.7
n 17 17 16 16 17 17 17 16 17 17 17 17
min 0.01 002 <LOD 0.3 007 007 004 002 003 <LOD <LOD 0.02
max 0.16 0.18 0.16 0.15 0.15 0.19 0.22 0.20 0.20 0.15 0.11 0.11
Mn median 0.06 0.05 0.11 0.11 0.12 0.15 0.14 0.06 0.08 0.04 0.03 0.07
[mg/L] mean 0.06 0.08 0.10 0.11 0.11 0.14 0.15 0.08 0.08 0.04 0.03 0.06
CV [%] 58.6 66.2 28.6 29.7 19.0 20.7 32.0 61.1 48.8 86.7 70.1 44.2
n 17 17 16 17 17 17 17 17 17 14 14 17
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Table S4. Results of metal concentrations in the Bzura River water according to the months in 2018.

Metal Parameter Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
min <LOD 0.6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.7
max 22.8 283 25.3 154 319 207 240 29.6 54.6 143 520  59.0

Ni median 5.8 36.7 6.6 4.4 5.7 7.3 3.7 9.3 8.3 15.0 16.5 13.1
[ug/L] mean 4.9 49.0 6.6 4.5 7.2 6.1 5.4 9.5 11.1 26.8 16.7 165
CV [%] 92.7 154 759 770 1054 719 1100 720 1191 1240 756  99.0
n 9 13 10 12 12 11 12 11 12 10 11 13
min 0.5 <LOD <LOD <LOD <LOD 04 <LOD 12 2.5 3.7 09 <LOD
max 3.2 22.8 9.9 1.5 3.1 4.7 4.8 28.6 16.5 13.0 8.3 3.4
Pb median 1.4 11.7 2.3 1.1 21 3.2 3.3 6.0 6.4 7.9 3.9 2.0
[ug/L] mean 1.5 7.0 1.8 0.6 1.7 3.0 2.6 7.3 8.1 7.4 4.2 1.6
CV [%] 57.4 832 955 408 598 448 424 1087 627 34.4 548  40.6
n 13 8 7 7 12 13 11 13 13 13 13 10
min <LOD <LOD <LOD <LOD 0.04 003 <LOD <LOD 0.2 <LOD <LOD <LOD
max 0.34 0.85 0.66  0.35 0.28 0.26 0.97 1.16 1.20 0.16 028  0.21
Ccd median 0.12 0.13 028 024 0.21 0.13 0.05 0.19 0.20 0.08 0.05 0.12
[mg/L] mean 0.12 024 025 018 0.8 0.14 0.12 0.22 0.29 0.05 0.07  0.10
CV [%] 56.3 1137 626 306 460 498 1731 1111 1140 613 997 427
n 10 12 12 10 13 13 9 10 13 7 11 10
min <LOD 0.006 <LOD <LOD <LOD 0.007 0.004 0.005 <LOD 0.010 <LOD <LOD
max 0.073 0237 0.104 0.087 0.064 0.065 0.074 0114 0.068 0.042 0.017 0.016
Zn median 0.047  0.064 0.052 0.063 0.045 0.036 0.038 0.033 0.030 0.026 0.006 0.009
[mg/L] mean 0.039 0.085 0.042 0.048 0.036 0.036 0.036 0.034 0.029 0.025 0.005 0.007
CV [%] 33.3 862 427 523 24.3 530 541 84.2 64.0 42.0 778 518
n 10 13 10 12 10 13 13 13 12 13 10 10
min <LOD  0.001 - - <LOD <LOD 0.001 0.016 0.040 0.033 0.015 -
max 0.045 0.037 - - 0.008 0.017 0.026 0.066 0.067 0.047 0.129 -
Cu median 0.008 0.010 - - 0.005 0.006 0.016 0.046 0.052 0.038 0.021 -
[mg/L] mean 0.007  0.013 - - 0.005 0.005 0.014 0.045 0.053 0.040 0.031 -
CV [%] 115.6 97.9 - - 1140 743 483 263 13.1 12.1 97.7 -
n 7 13 0 0 2 10 13 13 13 13 13 0
min 0.01 0.04 006 004 <LOD 021 0.08 <LOD 0.06 0.06 0.04 <LOD
max 0.46 0.99 075  0.68 1.02 1.30 0.65 1.19 0.43 0.42 027 027
Fe median 0.34 037 049 047 035 0.55 057 037 032 0.28 020  0.16
[mg/L] mean 0.30 044 047 042  0.38 0.59 0.48 0.38 0.28 0.25 019 013
CV [%] 425 617 359 376 541 44.4 39.0 670 430 38.7 33.6 532
n 13 13 13 13 12 13 13 11 13 13 13 12
min 0.03 0.02 0.003 0.02 <LOD <LOD 0.03 0.01 0.02 0.02 0.01 <LOD
max 0.12 0.29 023 015 0.29 0.16 0.22 0.33 0.19 0.15 010  0.10
Mn median 0.08 010 013 013 0.11 0.10 0.11 0.11 0.09 0.06 0.03  0.02
[mg/L] mean 0.08 012 012 012 0.2 0.09 0.11 0.12 0.09 0.07 0.04  0.02
CV [%] 27.0 617 410 355 477 513 456 83.4 57.0 53.4 62.1 89.7
n 13 13 13 13 12 11 13 13 13 13 13 12

Nov. — November; Dec. — December; Jan. — January; Feb.
Aug. — August; Sep. — September; Oct. — October.

— February; Mar. — March; Apr. — April; Jun. - June; Jul. - July;
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Table S5. Sample no. 4 — results of basic statistics: standard deviations (s) [pg/L], coefficients of
variation (CV) [%] and confidence intervals (CI) (n=4; p=95%).

Metal s [ug/L] CV [%] CI [ug/L]
Cd 0.01 16 0.064 +0.016
Cu 3.0 12 248 +4.7
Fe 10.9 3.0 362+17
Mn 1.9 3.7 51.3+3.0
Ni 0.17 1.2 13.6 £0.3
Pb 0.07 7.3 0.97+0.11

Zn 0.91 4.9 18.6+1.4




