Table ESM.1. Limit values of two categories of ecological status (very good and good) for basic physico-chemical parameters of
the water for very large lowland rivers (type HR-R_5B, includes lower reach of the Mura River) according to Croatian Regulation
on Water Quality Standards [29].

Category of Limit values Limit values

ecological status Lowland large rivers Lowland small streams
pH Very good 7.4-85 7.4-85

Good 7.0-7.4 & 8.5-9.0 7.0-7.4 & 8.5-9.0
Ammonia/mg L* Very good 0.02 0.1

Good 0.2 0.3
Nitrates / mg L* Very good 0.8 1

Good 1.8 2
Total nitrogen / mg L* Very good 1.2 1.4

Good 2.5 2.6
Total phosphorus / mg L™ Very good 0.05 0.13

Good 0.2 0.3
Chlorophyll a* / pg L Very good 5.9-20.0 i

Good 10.0-40.0
Chemical oxygen demand / mg O, L Very good 2.5 25

Good 55 55

*limit values for chlorophyll a refer to category of euthropication status — defined for rivers



Table ESM.2. Limits of detection (LOD) for dissolved metals/metalloids in water, metal/metalloids in sediment and
coals, and in coal water eluates. Moreover, the recoveries for analysed elements in certified control samples (CCS)
and materials (CRM) (listed in Material and methods section) are provided.

Water Sediment/coal Coal water eluates

LOD CCs LOD CRM LOD CCs

pg L recovery (%) pg gt recovery (%) ug L recovery (%)
Major elements
Na 5.20 101+7 5.00 87.7+0.7 0.500 92.9+4.2
K 41.1 94.7+3.4 5.00 90.8+0.8 5.00 95.1+5.8
Mg 14.8 95.1+2.4 5.00 84.1+£1.6 0.500 92.4+3.1
Ca 221 94.3£3.2 100 101+12 10.0 82.7+0.6
Trace elements
Ag 0.002 96.8+2.3 0.005 - 0.005 82.745.7
Al 0.331 102+9 5.00 87.8+4.0 0.500 107+9
As 0.004 99.0+0.4 0.050 101+12 0.020 105+3
Ba 0.042 97.9+3.2 0.500 94.9+2.7 0.500 105+2
Bi 0.001 101+3 0.005 11141 0.005 -
Cd 0.001 97.6+7.1 0.005 98.3 0.005 104+4
Co 0.003 97.9+2.3 0.005 91.1+0.5 0.005 107+3
Cr 0.028 101+2 0.200 112+1 0.020 106+2
Cs 0.001 - 0.050 89.6+2.4 0.020 -
Cu 0.040 95.4+2.6 0.200 11243 0.020 105+2
Fe 0.028 97.0+4.0 5.00 89.2+0.4 0.500 103+2
Li 0.008 92.5+6.3 0.050 88.7+4.9 0.050 103+8
Mn 0.013 10615 5.00 91.2+0.1 0.500 103+3
Mo 0.001 102+1 0.200 11549 0.020 99.2+2.7
Ni 0.007 98.1+3.7 0.200 108+2 0.020 105+2
P - - 10.0 83.2 5.00 -
Pb 0.019 98.7+3.3 0.200 99.6+2.1 0.020 105+4
Rb 0.003 - 0.200 95.4+2.1 0.020 -
S - - 10.0 - 100 -
Sh 0.001 97.9+3.2 0.050 105 0.020 98.3+3.1
Se 0.060 98.9+2.1 0.050 - 0.020 -
Sn 0.008 - 0.050 104+4 0.020 99.8+2.9
Sr 0.021 112+4 5.00 95.6+2.9 0.500 109+5




Table ESM.2. — continued.

Water Sediment/coal Coal water eluates

LOD CCs LOD CRM LOD CCs

pg L recovery (%) pg gt recovery (%) ug L recovery (%)
Th - - 0.050 108+9 0.005 -
Ti 0.044 96.5+3.2 0.050 86.8+1.7 0.020 91.5+8.4
TI 0.001 103+2 0.050 103 0.005 -
U 0.004 - 0.050 99.1+1.7 0.020 -
\ 0.001 102+2 0.050 87.9+2.5 0.020 103+4
wW 0.001 - - - - -
Zn 0.819 104+9 5.00 105+1 0.500 -
Lanthanides
La 0.001 90.3+2.4 0.050 94.0£3.4 0.005 -
Ce 0.001 101+2 0.050 97.5+2.2 0.005 -
Pr 0.001 100+5 0.050 90.1+0.4 0.005 -
Nd 0.001 93.6+1.3 0.050 98.9+1.9 0.005 -
Sm 0.001 88.8+1.8 0.050 97.1+1.1 0.005 -
Eu 0.001 - 0.050 98.3£7.0 0.005 -
Gd 0.001 - 0.050 90.1+5.7 0.005 -
Dy 0.001 96.5+2.5 0.050 87.9+3.8 0.005 -
Ho 0.001 90.9+0.1 0.050 87.8+0.1 0.005 -
Er 0.001 11443 0.050 88.5+2.3 0.005 -
Tm 0.001 105+1 0.050 93.8+0.1 0.005 -
Yb 0.001 102+3 0.050 90.5+2.1 0.005 -

Lu 0.001 108+1 0.050 84.4+4.4 0.005 -




Table ESM.3. Dissolved major and trace elements concentrations in the river-water at the nine sites of the Mura River (MI — the initial, most upstream location
in Croatia; MB — location near bridge, in the municipality of Sveti Martin na Muri; HL — Hlapi¢ina; MS — Mursko Sredis¢e; KR — Krizovec; PT — Podturen;
DK — Dekanovec; GR — Goric¢an; KT — Kotoriba), covering its entire section within Croatia, in two sampling campaigns (June 2023, rainy period; October
2023, dry period), expressed as mean * standard deviation (n=3). The concentrations of the same elements are also provided for the Gradis¢ak Stream (SG),
flowing in the area between the two upstream riverine sites (MI, MB). Asterisks (*) refer to statistically significant differences between two samplings at the
same site (p<0.05). Grey cells with bolded text refer to statistically significantly higher values for all Mura sites together in that sampling campaign (p<0.05).

Major elements (mg L™)

Nauun
Naoct

Kiun
Koct

Mdsun
Mgoct

Cayun
CaOct

Trace elements (ug L™)

Aduun
AgOct
AIJun
AIOct

ASJun
ASOct

BaJun
BaOct

BiJun
BlOct

CdJun
CdOct

COJun
COOct

CrJun
CrOct

Mli MB HL MS KR PT DK GR KT SG
*7.51+0.38 *8.58+0.02 *7.68+0.64 *7.61+0.24 *7.48+0.12 *7.74+0.49 *7.78+0.10 *7.97+0.17 *8.01+0.86 *78.9+1.7
14.9+0.3 17.2+£2.4 14.8+0.2 14.8+0.4 15.1+0.3 15.3+0.4 16.3+0.8 15.2+0.7 15.0+0.2 1154+89
*1.73+0.10 *1.80+0.01 *1.89+0.22 *1.99+0.13 *1.82+0.03 *1.91+0.13 *1.81+0.02 *1.82+0.04 *1.89+0.25 *3.27+0.08
2.73+0.07 2.88+0.35 2.73+£0.15 2.71+0.12 2.76+0.06 2.88+0.11 2.91+0.16 2.72+0.15 2.70£0.03 33.0%2.7
*6.67+0.31 *6.90£0.01 *7.24+0.61 *7.23+0.24 *7.10+0.09 *7.31+0.42 *7.03+0.08 *7.20+0.14 *7.57+0.79 *26.0+0.6
9.66+0.18 10.3+£1.0 9.56+0.11 9.62+0.32 9.65+0.21 10.0+0.2 10.3+0.5 9.86+0.47 9.76+0.11 19.2+1.5
*32.1+1.9 *32.7+0.6 *34.3+2.2 *34.7+1.1 *33.7+0.5 *35.1+1.9 *33.7£1.2 *33.7+0.7 *34.614.3 *94.8+0.6
46.6x1.2 48.8+5.4 46.0+0.3 46.4+1.9 46.1+1.0 47.6x1.7 49.6+3.2 46.0£2.1 47.0+0.5 79.6+6.5
0.002+0.000 0.002+0.000 0.002+0.000  *0.220+0.006  *0.221+0.017  *0.201+0.010  0.002+0.000 0.002+0.000  *0.002+0.000  0.002+0.000
0.003+0.002 0.007+0.009 0.009+0.009 0.004+0.003 0.043+0.069 0.029+0.045 0.002+0.000 0.067+0.056 0.034+0.019 0.003+0.001
*14.0£0.5 *16.9+1.1 *13.4+0.4 *15.0+2.3 *15.9£1.6 *14.8+1.0 *13.4+1.8 *12.6+0.5 *12.6+0.5 18.8+3.3
6.98+2.66 6.07+0.12 6.36+0.25 6.35+0.12 6.59+0.61 6.43+0.48 5.30+0.21 6.59+0.60 5.66+0.27 20.8+1.7
*0.914+0.037  *0.944+0.022  *0.989+0.014  *0.987+0.011  *0.973+0.021 *1.06+0.03 *1.01+0.04 *1.05+0.01 *1.11+0.02 *1.49+0.04
1.19+0.04 1.22+0.01 1.22+0.01 1.21+0.01 1.24+0.03 1.35+0.03 1.17+0.03 1.28+0.03 1.22+0.02 4.25+0.03
*17.8+£0.5 *20.3+0.3 *19.0+0.2 *19.2+0.5 *18.8+0.3 *18.5+0.5 *18.5+0.5 *19.5+0.2 *20.2+0.2 *433+3
28.0+0.8 29.4+1.1 28.1+0.1 27.840.2 28.5+0.7 30.1+0.7 29.5+0.6 29.2+0.1 28.4+0.1 4796+43
<LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
<LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
0.005+0.002  *0.005+0.001  *0.005+0.001  0.006+0.003 0.006+0.002 0.005+0.001  *0.005+0.001  *0.006+0.000  0.006+0.003 0.003+0.001
0.008+0.000 0.009+0.001 0.009+0.001 0.010+0.004 0.008+0.001 0.012+0.005 0.009+0.001 0.009+0.001 0.008+0.001 0.002+0.000
*0.063+0.002  *0.063+0.006  *0.061+0.008  0.076+0.032  *0.056+0.005  *0.079+0.004  *0.052+0.001  *0.062+0.002  *0.062+0.001  *0.137+0.003
0.088+0.004 0.087+0.004 0.085+0.001 0.084+0.003 0.087+0.002 0.139+0.018 0.078+0.002 0.092+0.001 0.088+0.001 0.200+0.002
0.129+0.008  *0.199+0.022  0.148+0.012  *0.323+0.047  *0.298+0.044  *0.309+0.037  *0.136+0.005  *0.135+0.003  0.133+0.009  *0.226+0.005
0.131+0.008 0.145+0.023 0.135+0.010 0.138+0.006 0.140+0.004 0.187+0.016 0.263+0.032 0.167+0.019 0.152+0.010 0.182+0.001




Table ESM.3. — continued.

CS.]un
Csoct

CuUjun
Cuoet

Feuun
Feoct

Lisun
L|Oct

Mnjun
MnOct

MOJun
MOOct

NiJun
N|Oct

IDbJun
PbOct

RbJun
RbOct

Sbyun
SbOct

S€uun
SeOct

SNyun
SnOct

Sliun
SrOct

TiJun

MI MB HL MS KR PT DK GR KT SG
Trace elements (ug L™) — continued
*0.015£0.001  *0.013x0.001  *0.017+0.001  *0.018+0.001  *0.017#0.002  *0.014+0.001  *0.015+0.001  *0.013x0.001  *0.011+0.001  *0.599+0.007
0.053#0.004  0.052+0.001  0.057+0.000  0.055x0.000  0.060+0.004  0.057+0.002  0.056+0.005  0.045+0.001  0.042+0.000 8.710.04
0.788+40.352  0.650+0.066  0.611+0.079  0.621+0.118  0.586+0.027  *0.603+0.015 *0.589+0.006  0.628+0.068  0.622+0.050  *1.38+0.01
0.668+0.050  0.620£0.007  0.656+0.038  0.659+0.006  0.664+0.067  0.757+0.037  0.728+0.056  0.62620.014  0.569+0.005 1.1140.03
*11.9+0.8 *15.0£0.5 *14.5+2.8 *17.145.8 *14.4+1.3 *15.0£1.6 *13.2+1.8 *12.0+£0.4 *10.9+1.2 *50.6+3.0
31.549.1 29.7+16 26.620.8 27.5¢1.1 28.4+2.3 40.3x4.5 17.80.6 24.40.8 22.7+1.3 227413
*1.59+0.02 1.92+0.04 *1.53+0.03 *1.50+0.03 *1.44+0.03 *1.41+0.02 *1.42+0.01 *1.40+0.06 *1.38+0.01 *34,2+1.2
2.51%0.06 2.830.58 2.47+0.05 2.6520.44 2.59+0.03 2.390.22 2.77+0.27 2.68+0.05 2.60£0.11 86246
*15,0£1.1 *16.740.6 *16.0£0.5 13.8+0.3 *11.720.2 *35,1+1.7 *11.7£0.1 *16.420.03 *17.620.2 *73.7£0.6
12.240.8 224426 17.620.05 13.940.3 13.620.1 133£2 14.720.4 28.0+2.8 12.0£0.2 22742
*0.604£0.009  *0.595+0.008  *0.710x0.010  *0.723+0.013  *0.726+0.008  *0.707+0.026  *0.744£0.005  *0.753+0.006  *0.754+0.003  *0.463+0.006
1.460.05 1.42+0.01 1.44+0.03 1.45+0.02 1.46+0.04 1.460.02 1.35+0.01 1.3240.02 1.3720.02 0.798+0.008
*0.45140.017  *0.461+0.030  0.471+0.044  0.472+0.041  *0.452+0.015 *0.473+0.023  *0.435+0.009  *0.479+0.015 *0.489+0.006  0.750+0.015
0.543+0.032  0.532+0.005  0.520+0.005  0.514+0.016  0.544+0.024  0.681+0.127  0.529+0.008  0.531+0.011  0.521+0.010  0.764+0.004
0.054+0.037  *0.043x0.003  *0.043x0.006  0.099+0.049  0.129+0.038  0.114+0.012  *0.044£0.008  0.039£0.006  0.097+0.055  0.048+0.016
0.093+0.024  0.088+0.013  0.083x0.002  0.087+0.006  0.087+0.009  0.099+0.009  0.063+0.004  0.120+0.087  0.064+0.008  0.092+0.043
*1.790.02 *1.92+0.02 *1.93+0.05 *1.93+0.10 *1.88+0.06 *1.88+0.04 *1.85+0.04 *1.91+0.01 *1.93+0.03 *8.63+0.05
2.51+0.04 2.60%0.06 2.57+0.03 2.58+0.03 2.650.04 2.70£0.04 2.86+0.07 2.78+0.01 2.58+0.06 1311
*0.14240.004  *0.140£0.006  *0.143x0.003  *0.148+0.007  *0.142+0.007  *0.144+0.008  *0.152+0.007  *0.151+0.005  *0.155+0.002  *0.124+0.000
0.195+0.005  0.194+0.002  0.193+0.007  0.193+0.005  0.197+0.007  0.206£0.009  0.187+0.002  0.194+0.002  0.191+0.000  0.314+0.002
0.105#0.037  0.1174#0.035  0.115+0.004  0.119+0.044  0.101+0.029  *0.085+0.029  0.096+0.015  0.148+0.002  0.135%0.038  0.2510.010
0.093#0.035  0.117#0.005  0.116£0.039  0.134+0.019  0.134+0.031  0.139#0.014  0.111#0.035  0.13620.021  0.102+0.041  0.2220.042
0.013#0.009  0.014+0.006  0.061#0.077  0.020+0.010  0.019+0.015  0.027#0.010  0.020+0.011  0.018+0.011  0.012+0.007  *0.029+0.012
0.0124#0.007  0.009+0.002  0.008+0.000  0.058+0.086  0.009+0.002  0.080+0.125  0.008+0.000  0.008+0.000  0.013x0.008  0.149+0.036
*105+2 *107£2 *112+42 *111+3 *110+1 *109+4 *110+1 *11340.5 *116+1 *389+3
169+3 171£2 17241 17242 1744 17745 17943 17940.1 1731 1280+23
0.073#0.014  *0.086£0.006  0.080£0.032  0.111+0.076  0.057+0.014  0.058+0.023  0.071+0.041  0.054+0.018  *0.044+0.000  *0.158+0.026
0.1524#0.128  0.123+0.020  0.076£0.010  0.058+0.019  0.079+0.011  0.111#0.027  0.074%0.031  0.072+0.012  0.091%0.029 1.46+0.19

Tioct




Table ESM.3. — continued.

TIJun
TIOct

Uiun
Uoct

Viun
Vot

Wun
WOct

ZNyun

MI MB HL MS KR PT DK GR KT SG
Trace elements (ug L™) — continued

*0.007£0.000  *0.007£0.000  *0.007+0.000  *0.007+0.000  *0.007+0.001  *0.007+0.000 ~ *0.008+0.000  *0.008+0.001  *0.008+0.000  0.003+0.000
0.010£0.000  0.010£0.001  0.010£0.001  0.010£0.000  0.010+0.000  0.011#¥0.000  0.011#0.001  0.009+0.001  0.010£0.000  0.002+0.000
*0.543£0.009  *0.508+0.017  *0.562+0.060  *0.557+0.013  *0.522+0.019  *0.561+0.040  *0.507+0.011  *0.544+0.055  *0.5430.018 1.9740.16
0.751#0.083  0.687+0.016  0.689+0.004  0.720£0.054  0.708+0.010  0.757#0.054  0.669+0.035  0.687+0.008  0.73020.049 1.58+0.15
*0.411#0.038  *0.396£0.011  *0.429+0.011  *0.410+0.015 *0.416+0.008  *0.454+0.021  *0.426£0.016  *0.480+0.023  *0.516+0.014  *0.641+0.004
0.644+0.033  0.643+0.013  0.632+0.002  0.632+0.019  0.653+0.027  0.620£+0.017  0.524+0.016  0.595+0.011  0.588%0.001 1.16+0.02
*0.364+0.018  *0.379£0.007  0.745x0.015  *0.627+0.010  *0.629+0.012  *0.693+0.027  *0.492+0.004  *0.477+0.005  *0.489+0.004  *0.008+0.001
0.742#0.020  0.725+0.010  0.732+0.011  0.731x0.012  0.773+0.019  0.801#0.013  0.715+0.008  0.715:0.004  0.712+0.005  0.028+0.002

<LOD <LOD <LOD <LOD <LOD *<LOD <LOD <LOD <LOD *<LOD

<LOD 0.922+0.111 <LOD 0.933+0.197 1.19+0.64 1.82+0.23 0.833+0.024 <LOD <LOD 3.38+0.40

ZnOct

LODs — presented in Table ESM.2




Table ESM.4. Dissolved rare earth elements (lanthanides) in the river-water at the nine sites of the Mura River (MI — the initial, most upstream location in
Croatia; MB — location near bridge, in the municipality of Sveti Martin na Muri; HL — Hlapi¢ina; MS — Mursko Sredi$¢e; KR — Krizovec; PT — Podturen; DK
— Dekanovec; GR — Gori¢an; KT — Kotoriba), covering its entire section within Croatia, in two sampling campaigns (June 2023, rainy period; October 2023,
dry period), expressed as mean + standard deviation (n=3). The concentrations of the same elements are also provided for the Gradis¢ak Stream (SG), flowing
in the area between the two upstream riverine sites (M1, MB). Asterisks (*) refer to statistically significant differences between two samplings at the same site

(p<0.05). Grey cells with bolded text refer to statistically significantly higher values for all Mura sites together in that sampling campaign (p<0.05).

MI MB HL MS KR PT DK GR KT SG

Lanthanides (ug L™)

Layun 0.020+0.001  *0.022+0.001  0.022+0.004  *0.018+0.000  0.018+0.001  0.018+0.002  *0.017+0.002 *0.017+0.001  0.016x0.001  *0.018+0.001
Laoct 0.025+0.007  0.020+0.000  0.021+0.001  0.020+0.001  0.021+0.002  0.022+0.002  0.013+0.001  0.014+0.001  0.019+0.004  0.050+0.003
Céeun 0.029+0.000  0.030+0.001  0.033+0.004  0.028+0.003  0.026+0.001  0.027+0.003  *0.026£0.002 *0.025+0.001  0.025+0.002  *0.026+0.003
Ceoct 0.039+0.015  0.030+0.000  0.030+0.001  0.030+0.000  0.030+0.004  0.034+0.004  0.016£0.000  0.021+0.001  0.025+0.007  0.069+0.008
Priun 0.005£0.000  0.005+0.000  0.0050.001  0.004+0.000  *0.004+0.000  0.004+0.001  0.004+0.001  *0.004+0.000  0.004+0.000  *0.004:0.000
Proct 0.007+0.002  0.005:0.000  0.005+0.001  0.005:0.000  0.005+0.001  0.005+0.000  0.003+0.000  0.003+0.000  0.004+0.000  0.009+0.001
Ndun 0.020£0.001  0.021#¥0.000  0.022#0.006  0.020£0.000  0.0200.002  0.019+0.003  *0.019+0.001 *0.017+0.001  0.017+0.002  *0.020+0.002
Ndoct 0.028+0.011  0.021+0.001  0.022+0.000  0.022+0.002  0.021+0.001  0.021+0.001  0.013+0.002  0.015+0.000  0.020£0.004  0.037+0.002
SMyun 0.005£0.002  0.004#0.001  0.004%0.001  0.003+0.001  *0.004+0.001  0.004+0.001  0.004+0.001  0.004+0.001  0.004+0.001  *0.006:0.001
SMoct 0.00740.003  0.0050.001  0.004#0.002  0.004#0.001  0.0050.001  0.0050.001  0.003#0.000  0.004+0.001  0.004#0.001  0.016+0.001
EUjun 0.002#0.001  0.003+0.001  0.002#0.000  0.002+0.000  0.003+0.003  0.002+0.001  0.002+0.000  0.002+0.001  0.002+0.001  *0.021+0.001
Euoct 0.003£0.001  0.003+0.000  0.002#0.001  0.002#0.000  0.003+0.000  0.002#0.000  0.002#0.000  0.002+0.000  0.002#0.001  0.227+0.003
Gdyun *0.008£0.000  *0.009+0.000 *0.012+0.001  *0.011+0.001  *0.010+0.001  *0.010£0.001  *0.013+0.002  *0.014+0.001  *0.010£0.003  *0.007+0.002
Gdoct 0.023£0.007  0.020£0.001  0.021#¥0.001  0.020£0.001  0.0200.001  0.024+0.003  0.020£0.001  0.022+0.001  0.020£0.001  0.020+0.004
DYiun 0.004+0.001  0.005+0.001  0.004+0.001  0.004+0.001  0.004+0.001  *0.003x0.001  0.004+0.000  0.004+0.000  0.004+0.001  *0.005:x0.001
Dyoct 0.0074#0.003  0.0050.001  0.0050.001  0.0050.001  0.0050.001  0.006£0.001  0.004#0.000  0.0050.001  0.005%0.001  0.0110.001
Hojun <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD *< LOD
Hooet <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.003+0.001
Elun 0.003+0.001  0.004+0.001  0.003+0.001  *0.003+0.001  *0.003+0.001  *0.003+0.000  0.003+0.000  0.003+0.001  *0.003+0.001  *0.004:0.001
Eroct 0.005+0.001  0.004+0.000  0.004+0.001  0.005+0.001  0.005:0.001  0.004+0.001  0.004+0.000  0.005+0.001  0.005+0.000  0.008+0.001
TMiun <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
TMoct <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Ybiun 0.004+0.001  *0.004+0.000  *0.003+0.000  *0.003+0.001  *0.003*0.001  0.003+0.001  0.003*0.001  0.003+0.000  0.0030.001  *0.004+0.000
Yboct 0.005+0.001  0.005:0.001  0.005+0.001  0.005+0.001  0.005:0.000  0.005+0.001  0.004+0.001  0.005+0.000  0.005+0.001  0.008+0.001
L Ugun <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
LUoat <LOD <LOD 0.002:0.001 <LOD <LOD <LOD <LOD <LOD <LOD 0.002+0.001

LODs — presented in Table ESM.2




Table ESM.5. Major and trace element concentrations in sediments at the nine sites of the Mura River (MI — the initial, most upstream location in Croatia;
MB - location near bridge, in the municipality of Sveti Martin na Muri; HL — Hlapi¢ina; MS — Mursko Sredis¢e; KR — Krizovec; PT — Podturen; DK —
Dekanovec; GR — Goric¢an; KT — Kotoriba), covering its entire section within Croatia, in two sampling campaigns (June 2023, rainy period; October 2023, dry
period), expressed as mean =+ standard deviation (n=3). The concentrations of the same elements are also provided for the Gradi§¢ak Stream (SG), flowing in
the area between the two upstream riverine sites (MI, MB). Asterisks (*) refer to statistically significant differences between two samplings at the same site

(p<0.05). Grey cells with bolded text refer to statistically significantly higher values for all Mura sites together in that sampling campaign (p<0.05).

MiI MB HL MS KR PT DK GR KT SG
Elements inmg g™
Najun *13.2+0.03 *13.3+0.4 *13.4+0.8 *12.8+0.8 11.8+0.5 10.9+15 10.7+05 11.0+0.9 *14.5+0.2 10.4+1.4
Naoct 8.80+0.69 9.81+0.14 9.04+0.72 10.0+0.6 10.7+0.9 9.29+0.32 8.46+1.37 10.2+0.5 10.4+0.2 10.4+0.5
Kun *11.240.4 *14.8+1.4 *11.0+1.7 16.2+2.1 11.2+41.3 *19.0+0.7 7.28+0.69 *14.2+414  *16.243.7 *9,78+0.72
Koct 8.06+0.36 7.60+0.28 7.73+0.77 15.3+1.3 9.44+0.71 15.141.0 6.36+1.25 959+217  8.10+0.85 12.6+1.5
Mjun *13.0+1.2 *13.7+1.4 10.8+3.4 10.4+1.8 9.51+1.20 *10.5+1.2 *3,39+0.98 10.5+0.8 *14.442.6 *4,51+0.82
Mdoct 8.36+0.86 8.24+0.68 10.1+0.7 13.0+0.9 10.8+0.6 13.7+1.1 7.1540.86 8.64+168  7.89:0.74 7.5440.63
Cayun *22.742.3 *21.0+1.7 18.6+3.3 18.0+2.9 225+1.2 *13.9+3.2 *8.71+1.6 20.7+6.1 *19.440.5 16.1+1.8
Caoct 15.8+1.2 16.9+1.2 19.6+1.7 20.5+1.3 25.148.3 21.6+2.4 13.9+2.3 15.1+1.9 14.1+1.1 17.941.7
Alyun *52.143.4 *61.4+4.6 49.9+10.7 49.4+7.6 44.8+4.7 49.945.0 27.645.1 *62.745.5  *69.6+13.4 *34.6+2.3
Alogt 324419 33.6+0.9 37.9+16 53.9+3.4 38.3+15 53.0+4.1 33.3+2.8 39.8+6.7 36.0+1.8 455445
Feuun *34,8+5.8 *33,142.5 36.0+4.2 34.2+3.0 24.8+3.2 *38.8+1.4 38.9+2.4 *30.842.6  *36.5+6.4 20.442.2
Feoct 19.942.0 25.242.2 35.8+8.6 29.741.9 22.4+0.4 29.6+1.1 30.7+11.3 26.5+2.8 23.7+1.3 235+2.2
Mnjun 1.29+0.18 *1,06+0.04 1464030  0.925+0.099  *0.884+0.058  0.897+0.024  1.86+0.09 1.16+0.06  1.21+0.038  0.515+0.093
Mnoct 1.37+0.08 1.55+0.22 2.03+055  0936+0.040  1.09+0.04  0.982+0.054  1.79+0.64 1.08+0.03  1.05+0.06  0.446+0.040
Tiun *4,3140.97  *4.37+0.62 3.89+0.14 4.63+0.38 2.9740.57 *5.04+0.21 3.48+0.56 *4.2240.26  *4.76+0.44 3.0140.55
Tioct 1.98+0.29 2.45+0.22 3.43+0.40 4,07+0.18 2.87+0.06 3.98+0.14 2.73+0.74 3.06+0.59  2.83+0.13 4.09+0.58
Elements in ug g*
AQiun 0.0720.017  0.067+0.022  0.054+0.013  *0.078+0.001 - 0.112+0.010  0.054+0.011 - 0.099+0.051  *0.067+0.012
Agoct 0.074+0.016  0.109+0.097  0.056+0.004  0.108+0.019  0.047+0.013  0.132+0.023  0.061+0.028  0.068+0.022  0.048+0.011  0.134+0.031
AS3un 9.23+6.78 *7.55+0.81 4.85+0.71 9.46+2.77 4.88+0.96 14.0+2.1 3.2140.48 *20.2+3.3 11.748.4 6.04+2.05
Asoct 4.24+0.97 3.24+0.35 4.38+0.71 9.71+0.85 4.50+0.67 10.6+1.0 3.05+0.81 5.64+1.75  556+1.41 5.90+0.31
Bauun 298+11 *377+41 274456 376450 325427 420+16 174421 *469:+34 421115 *515+129
Baoct 271423 274+19 257425 467+45 303+17 458+31 206:+41 319458 270+38 925+103
Bijun *0.25240.017  *0.27240.024  0.22040.022  0.4114#0.164  0.159+0.036  0.468+0.016  0.139+0.001  0.424+0.043  0.340+0.152  *0.195+0.030
Bioct 0.154+0.031  0.144+0.018  0.197+0.027  0.462+0.020  0.179+0.012  0.523+0.240  0.142+0.040  0.326+0.195 0.164+0.032  0.370+0.074




Table ESM.5. — continued.

CdJUn
Cdoct

COJun
Cooct

CrJun
Croct

Csiun
CSOct

CUJun
CUOct

I—iJun
L|Oct

MOJun
MOOct

NiJun
NlOct

ID.]un
POct

Pbjun
PbOct

Rbun
RbOct

Siun
Soct

Sbiun
Sboct

SeJun
Seoct

SnJun

MI MB HL MS KR PT DK GR KT SG
Elements in g g™ — continued
0.246+0.141  *0.190+0.019  0.137+0.037  0.241+0.052  0.12240.038  0.2774#0.017  0.215+0.073  0.2314+0.062  0.209+0.055  *0.128+0.010
0.12440.026  0.139+0.025  0.186+0.045  0.292+0.067  0.160+0.058  0.254+0.038  0.182+0.061  0.164+0.058  0.150+0.012  0.221+0.026
*10.2+1.4 *11.3+1.3 9.7140.28 13.6425 8.55+1.00 *16.5+0.7 7.86+0.53 *14.741.5 13.143.7 8.36+1.60
7.2141.08 6.94+0.42 9.55+0.83 14.0+1.2 8.84+0.66 13.740.7 6.76+1.22 9.7242.49 7.98+0.68 9.95+0.56
*68.8+10.8 *74.148.0 66.0+10.0 83.4+12.3 57.146.3 *100+5 62.5+10.0 *86.545.2 79.8+17.8 *49.2+8.2
37.643.5 422434 70.6+14.3 81.545.0 61.8+11.0 79.045.1 42.4+10.5 60.9+14.3 50.745.5 68.5+4.1
2.50+0.23 *3.77+0.48 2.26+0.76 *3.55+0.67 2.76+0.42 4.67+0.45 0.971+0.280  *5.73+0.72  4.65+1.99 *3.20+0.49
2.18+0.19 1.88+0.20 2.12+0.13 5.52+0.43 2.57+0.20 5.48+0.49 1.53+0.33 3.05+1.01 2.38+0.40 8.45+1.46
*14.7+1.5 *18.542.0 *13.540.7 25.746.3 *27.347.1 *35.042.1 7.7£18 *42.9+3.4 23.7+12.4 *17.143.5
9.27+1.09 7.96+0.62 9.86+1.28 26.8+2.3 12.0+1.4 28.4+2.7 6.96+0.87 13.9+4.5 9.2141.9 73.7£17.7
*26.3+1.6 *31.5+4.1 22.6+1.6 36.5+7.8 25.8+3.1 43.0+4.7 16.6+2.8 *40.245.8 35.449.4 *19.942.4
19.9+2.0 18.8+15 24.010.9 40.446.0 22.240.6 41.9+4.4 18.145.0 24.147.2 21.241.1 39.9+9.9
*0.774+0.214  0.787+0.107 1.04+0.60 0.945+0.192  0.770+0.151  *1.31+0.08  0.515+0.270 1.0140.10  0.79140.274  0.598+0.127
0.349+0.062  0.734+0.265 1.18+0.81 1.40+0.66 0.896+0.433 1.0240.15 0.26140.071  0.947+0.340  0.522+0.155  0.776+0.064
*27.0+4.6 *32.543.4 26.245.2 39.248.2 27.0+25 *49.0+2.4 19.545.9 *43.0+5.1 36.6+10.8 *20.6+2.6
17.2415 16.9+2.6 23.0£1.3 39.32.9 26.240.7 39.312.1 13.3+1.7 27.4+7.1 22.642.5 30.9+1.6
*718+164 *829+97 *659+28 985+121 *392+52 *1146+98 *476+51 572+94 *867+77 *682+133
371480 349+15 499+13 809+31 524+29 803+57 348+49 544+134 503+7 1198+198
17.3+1.4 20.742.0 21.749.3 26.143.4 18.6+2.0 30.1+0.8 12.0+15 *46.4+7.6 32.8+20.0 18.0+4.6
14.0+1.7 18.4+6.6 16.2+1.9 29.7+1.7 18.6+0.8 33.9+338 12.6+2.4 19.5+4.1 16.7+2.3 20.0+1.4
*50.0+3.2 *69.3+7.0 43.7+15.8 *32.748.1 55.245.9 *32.741.5 *19.643.1 84.0+13.0 77.7422.8 *33.240.6
43.1+15 40.5+1.9 414450 88.4+8.2 50.0+3.1 85.445.4 31.945.9 54.0+14.3 442450 78.318.8
426458 *599+48 367453 *729+108 4244120 783142 272+46 331464 387+116 *795+252
353+12 378+28 457+45 969455 414+46 941+111 262426 458+146 289456 3084+244
0.833+0.131 1.01+0.16 0.869+0.075 1.22+0.22 0.697+0.147 1.62+0.10 0.585+0.062  *1.57+0.06 1.33+0.61  *0.841+0.118
0.752+0.143  0.813+0.317  0.786+0.074 1.29+0.05 0.885+0.097 1.52+0.30 0.553+0.051  0.893+0.299  0.708+0.103 1.38+0.17
0.144+0.046  0.118+0.029  0.122+0.137  0.346+0.119  0.348+0.105  0.3574#0.085  0.079+0.051  *0.343+0.310 0.183+0.054  0.195+0.033
0.223+0.219  0.079+0.051  0.092+0.160  0.275+0.024  0.055+0.095  0.353+0.214  0.073+0.041  0.081+0.053  0.125+0.130  0.610+0.412
*2.9740.71 *3.14+0.53 *2.4140.03 3.45+0.61 3.59+1.60 4.39+0.30 2.27+1.14 *4.5240.56  3.73+1.37 *2.86+0.61
1.56+0.23 1.81+0.38 1.99+0.17 3.59+0.32 2.39+0.53 4.67+1.55 1.45+0.14 2.38+0.61 5.26+4.46 4.66+0.65

SNoct




Table ESM.5. — continued.

MI MB HL MS KR PT DK GR KT SG
Elements in g g™ — continued
Sriun *142+7 142412 123420 *124+10 129+10 *107+14 *79.246.1 132+11 *148+7 *117+11
Sroct 115+10 126+2 12748 148+8 145+2 14846 10147 135+14 12546 145+4
Thun *6.57+0.89 *6.76+1.17 4.55+1.72 *5.16+0.98 6.19+1.24 *6.10+0.54 *1.95+0.78 *10.941.0  *7.90+2.81 *3.78+0.25
Thoct 4.41+0.85 4.99+0.57 5.19+0.02 8.53+0.74 5.89+0.30 8.58+0.59 4.41+0.81 6.36+1.43 5.1740.76 8.48+1.04
Tloun 0.309+0.016  *0.401+0.049  0.302+0.041  0.502+0.114  *0.473+0.023  0.67310.058  0.226+0.050  *0.747+0.024 0.491+0.180  *0.323+0.031
Tloct 0.333£0.019  0.303+0.025  0.331+0.030  0.599+0.027  0.370+0.017  0.591+0.052  0.256+0.037  0.396+0.119  0.344+0.048  0.523+0.055
Ujun 1.82+0.40 1.8740.12 1.50+0.11 1.97+0.22 1.50+0.14 2.29+0.08 1.18+0.23 *2.38+0.13 1.91+0.43 *1.24+0.12
Uoct 1.1740.32 1.45+0.28 1.76+0.38 2.17+0.06 1.4440.05 2.11+0.15 1.3440.30 1.5740.33 1.23+0.09 1.9140.12
Viun *69.9+7.8 *81.4+10.3 *66.2+2.7 96.7+16.3 60.1+8.4 *117+7 53.9+3.6 *98.6+10.5  *93.1+23.4 *45.242.6
Vot 44.6+5.9 48.2+16 58.7+3.4 93.247.3 57.0+2.4 92.745.8 43.6+6.0 61.6+14.6 53.2+4.4 71.448.1
Wiun *2.72+0.53 *2.77+0.36 3.06+0.89 *3.77+0.74 2.46+0.34 4.17+0.48 1.12+0.20 2.64+0.56 2.7540.75 *1.25+0.13
Woct 1.55+0.32 1.59+0.24 2.62+0.50 6.50+1.41 2.39+0.96 4.09+0.48 1.1040.21 2.8620.71 1.56+0.30 1.7740.20
ZNyun *89.8+17.3 *102.6+9.1 *99.1+19.0 12047 76.1+4.4 *139+5 *74.248.5 *118+18 *136+27 *82.8+10.7
ZNoct 53.646.5 52.4+4.9 63.1+4.5 11447 65.816.1 11147 48.2+4.5 72.9+19.1 56.7+7.2 158+24




Table ESM.6. Rare earth element (lanthanide) concentrations in sediments at the nine sites of the Mura River (MI — the initial, most upstream location in
Croatia; MB — location near bridge, in the municipality of Sveti Martin na Muri; HL — Hlapi¢ina; MS — Mursko Sredi$¢e; KR — Krizovec; PT — Podturen; DK
— Dekanovec; GR — Gori¢an; KT — Kotoriba), covering its entire section within Croatia, in two sampling campaigns (June 2023, rainy period; October 2023,
dry period), expressed as mean + standard deviation (n=3). The concentrations of the same elements are also provided for the Gradisc¢ak Stream (SG), flowing
in the area between the two upstream riverine sites (MI, MB). Asterisks (*) refer to statistically significant differences between two samplings at the same site

(p<0.05). Grey cells with bolded text refer to statistically significantly higher values for all Mura sites together in that sampling campaign (p<0.05).

MI MB HL MS KR PT DK GR KT SG
Lanthanides (ug g™)
Layun *25.5+2.1 25.315.0 16.046.6 *14.6+1.4 21.6+4.0 *14.0+1.8 *6.8+3.8 *34.3+2.0 27.5+8.6 *12.3+1.0
Laoct 14.8+2.7 18.7+2.7 18.32.4 29.3+4.1 20.5+1.0 28.2+1.2 164433 24.743.7 18.4+1.9 28.8+2.8
Ceun *48.3+7.7 49.048.6 31.2+12.2 *28.9+3.9 424474 *28.6+3.3 *13.847.1 *67.8+4.3 53.8+16.4 *26.4+4.5
Ceoct 29.645.3 36.1+4.7 36.745.5 58.0+8.7 40.242.0 56.142.3 33.046.0 48.748.1 36.5+3.7 57.645.9
Prun *5,85+0.83 6.03+1.07 3.89+1.46 *3,85+0.56 5.08+0.96 *382+0.41  *1.7610.85  *7.97+0.48 6.56+1.99 *3.03+0.24
Proct 3.56+0.65 4.37+0.58 4.47+0.68 7.00+1.09 4.81+0.30 6.71:0.22 4.01+0.62 5.76:+1.01 4.40+0.41 6.79+0.72
Ndjun *22.7+4.0 23.6+4.3 15.745.8 *15.842.6 19.6+3.6 *15.641.6 *7.143.5 *31.742.1 26.317.9 *12.440.9
Ndoct 144425 17.342.7 18.143.0 27.6+4.0 18.6+1.2 26.6+1.2 16.32.0 22.9+4.0 17.2+16 26.6+3.0
SMyun 4.47+1.09 4.7120.67 3.2041.07 *3,3620.65 3.930.75 *335+0.24  *15240.65  *6.37+0.33 5.35+1.58 *2.61+0.25
SMoct 3.0440.68 3.59+0.49 3.76:0.44 5.44+0.59 3.7420.21 5.23+0.18 3.3040.32 4.49+1.02 3.54+0.10 5.40+0.61
Euun 1.07+0.19 1.09+0.15  0.82740.256  *0.854+0.113  0.882+0.135  *0.81240.072  *0.406+0.148  *1.41+0.08 1274028  *0.679+0.035
EUoct 0.724+0.140  0.894+0.066  0.877+0.108  1.18+0.10  0.861+0.010  1.22+0.07  0.770+0.067  0.953+0.141  0.848+0.061 1.12+0.07
Gdiun 3.84+0.81 3.93+0.52 3.06+0.99 *2.88+0.41 3.41+0.48 *2.8240.32  *1.39+050  *5.48+0.34 4.46+1.06 *2.21+0.16
Gdoct 2.76+0.57 3.25+0.44 3.74+0.59 4.52+0.49 3.1240.11 4.,5040.22 3.3240.56 3.91+0.58 3.1040.25 4.09+0.42
DYiun 4.21+0.89 3.94+0.36 3.64+1.10 *2.85+0.19 3.24+0.40 *2.7140.44  *2.04+0.58 5.03+0.42 4.32+0.65 *2.12+0.15
DYoct 3.3240.56 4.13+0.51 5.37+1.32 4.06+0.22 3.25+0.17 4.0240.23 5.22+1.83 4.30+0.44 3.69+0.39 3.51+0.29
HOuun 0.867+0.176  0.794+0.042  0.773+0.231  *0.593+0.065  0.668+0.079  *0.548+0.076 *0.438+0.110  0.978+0.072  0.880+0.109  *0.424+0.030
Hooet 0.702+0.098  0.891+0.089  1.16+0.35  0.793+0.027  0.688+0.040  0.781#0.020  1.17+0.44  0.886+0.063  0.787+0.069  0.653+0.069
Erun 2.62+0.55 2.29+0.14 2.41+0.78 *1.68+0.10 1.92+0.22 *1,54+0.20 1.38+0.39 2.84+0.11 2.56+0.32 *1.25+0.07
Eroct 2.03+0.39 2.62+0.26 3.56+1.04 2.23+0.06 1.98+0.23 2.2040.11 3.57+1.45 2.60+0.13 2.35+0.34 1.82+0.20
TMiun 0.375+0.076  *0.314+0.018  0.351+0.115  *0.234+0.004  0.270+0.027  *0.211+0.024  *0.195+0.050  0.386+0.019  0.351+0.045  *0.168+0.010
Tmot 0.295+0.070  0.384+0.034  0.528+0.167  0.308+0.006  0.292+0.053  0.307+0.007  0.535:0.239  0.385:0.010  0.345:0.045  0.254:+0.037
Ybiun 2.53+0.48 *2.15+0.15 2.49+0.97 *1.52+0.12 1.8140.14 *1.4310.25  *1.41+0.39 2.6410.15 2.37+0.22 *1.14+0.11
Yboct 2.06+0.45 2.58+0.22 3.75+1.28 2.01+0.04 2.00+0.23 1.99+0.05 3.73+1.71 2.7240.12 2.37+0.34 1.64+0.16
L Ugun 0.354+0.073  0.314+0.004  0.359+0.147  *0.215+0.003  0.245+0.027  *0.192+0.024  *0.202+0.059  0.368+0.019  0.335+0.039  *0.162+0.002
L Uoct 0.291+0.070  0.369+0.041  0.528+0.167  0.291:0.021  0.265:0.042  0.281:0.016  0.531:0.241  0.394+0.041  0.332:0.048  0.228+0.030




Table ESM.7. Enrichment factors (EF) for elements in sediments, calculated using Al as a reference element, with background concentrations based on upper
category values for the studied area from the Geochemical Atlas of Europe [26]. The EFs are presented for nine sites of the Mura River (MI — the initial, most
upstream location in Croatia; MB — location near bridge, in the municipality of Sveti Martin na Muri; HL — Hlapi¢ina; MS — Mursko Sredis¢e; KR — Krizovec;
PT — Podturen; DK — Dekanovec; GR — Gori¢an; KT — Kotoriba), covering its entire section within Croatia, in two sampling campaigns (June 2023, rainy
period; October 2023, dry period), expressed as mean + standard deviation (n=3). EFs are also provided for the Gradis¢ak Stream (SG), flowing in the area
between the two upstream riverine sites (MI, MB). Legend — light grey: >1 to < 2; dark grey: 2to < 3; _

MI MB HL MS KR PT DK GR KT SG

Naun 1.840.1 1.5+0.1 1.9+0.3 1.8+0.2 1.9+0.1 1.540.2 2.840.4 12402  1.5+0.3 2.140.2
Naoc: 1.940.1 2.140.1 1.740.2 1.3+0.1 2.0+0.1 1.240.1 1.840.3 1.8+02 | 2.0£0.1 1.6+0.1
Kiun 0.9+0.1 1.0+0.0 0.940.1 1.3+0.1 1.0+0.0 1.540.1 1.140.2 09400  0.940.1 1.240.1
Koct 1.0+0.1 0.9+0.0 0.8+0.1 1.240.0 1.0+0.0 1.240.0 0.840.2 10401  0.9+0.1 1.1+0.0
Mguun 1.6+0.1 1.540.0 1.440.2 1.4+0.0 1.4+0.0 1.440.0 0.8+0.1 1.1+02  1.4%0.0 0.9+0.1
Mgoc: 1.740.1 1.6+0.1 1.8+0.1 1.6+0.0 1.9+0.0 1.740.1 1.440.1 1.4+00  1.440.1 1.1+0.0
Caun 1.840.1 1.440.0 1.5+0.1 1.5+0.0 2.0+0.1 1.140.2 1.340.1 1.4+05  1.240.2 1.9+0.3
Caoe 2.040.1 2.040.1 2.140.1 1.6+0.1 2.740.9 1.740.1 1.740.2 15401  1.6%0.0 1.6+0.2
ASyun 1.1+0.7 0.8+0.0 0.6+0.0 1.240.3 0.740.1 1.740.3 0.740.1 20804 | 1.0405 1.1+0.4
ASoct 0.8+0.2 0.6+0.1 0.740.1 1.1+0.1 0.740.1 1.240.0 0.6+0.2 09401  0.9+0.2 0.8+0.0
Bauun 0.8+0.0 0.9+0.0 0.8+0.0 1.1+0.0 1.1+0.0 1.240.1 0.940.1 1.1+00  0.940.1 2.240.7
Baoc 1.240.2 1.240.1 1.0+0.1 1.3+0.0 1.2+0.0 1.340.0 0.940.2 12400  1.140.1

Cdlyun 1.1+0.6 0.740.0 0.7+0.4 1.1+0.2 0.640.2 1.3+0.2 1.840.3 09403  0.7+0.0 0.9+0.1
Cdox 0.9+0.2 1.0+0.2 1.1+0.2 1.3+0.2 1.0+0.4 1.140.1 1.340.3 0.940.2 1.0+0.0 1.1+0.1
COuun 1.240.1 1.140.0 1.240.3 1.740.2 1.240.0 2.040.2 1.840.3 14400  1.1+0.1 1.5+0.4
Cooct 1.4+0.2 1.3+0.1 1.6+0.1 1.6+0.0 1.4+0.0 1.640.0 1.240.1 15401  1.440.1 1.3+0.1
Crun 1.240.1 1.140.0 1.3+05 1.5+0.2 1.1+0.0 1.840.1 2.040.4 12400  1.0+0.1 1.3+0.2
Crou 1.0+0.1 1.1+0.1 1.7+0.3 1.3+0.0 1.4+0.3 1.340.0 1.140.2 14401  1.310.1 1.3+0.1
CSiun 0.740.1 0.840.1 0.640.1 1.0+0.1 0.8+0.0 1.3+0.1 0.5+0.1 12401  0.940.2 1.3+0.2
CSoct 0.9+0.0 0.840.1 0.8+0.1 1.4+0.0 0.940.1 1.440.0 0.6+0.1 10402  0.9+0.1 2.5+0.2
Cliun 0.940.1 0.9+0.0 0.940.2 1.6+0.3 1.9+0.7 2.240.2 0.940.2 21102 | 1.0+03 1.5+0.4
Cloct 0.940.1 0.740.0 0.840.1 1.540.1 1.040.1 1.6+0.1 0.6+0.1 1.140.2 08:0.1 [N
Feun 1.240.1 1.0+0.0 1.4+05 1.3+0.2 1.0+0.0 1.540.1 2.740.3 12400  1.0+0.0 1.1+0.2
Feoc 1.2+0.1 1.440.1 1.8+0.4 1.0+0.0 1.1+0.0 1.140.1 1.740.5 13101  1.240.1 1.0+0.0
Lisun 1.1+0.0 1.1+0.1 1.0+0.2 1.6+0.3 1.3+0.1 1.9+03 1.440.4 14401  1.1+0.1 1.3+0.2
Lioct 1.440.1 1.240.1 1.4+0.1 1.7+0.1 1.3+0.1 1.840.1 1.240.3 13102  1.310.1 1.9+0.3




Table ESM.7. — continued.

Mnjun
MnOCt

Moyun
MOOCt

Nijun
N loct
Pun
POct

Pbjun
PbOct

Rbun
RbOct

Sbiun
SbOct

SNyun
SnOct

Slun
SrOct

Thiun
ThOct

Tiun
T|Oct

Tlyun
TIOct

Ujun
UOct

V.]un
Vot

W.]un
Woct

Zn.]un
ZNoct

MI MB HL MS KR PT DK
1.3+0.1 0.940.1 1.6+0.7 1.0+0.3 1.0+0.1 0.9+0.1 [ 35205
2.240.1 2.440.3 2.7+0.6 0.9+0.0 1.5:0.1 1.0£0.1 2.7+0.8
2.0+0.5 1.840.1 2.7+05 2.440.3 2.5+0.9
1.540.2 2.7+0.3 1.120.2
1.240.2 1.240.1 1.3+0.3 1.940.3 1.440.1 2.3+0.2 1.6£0.3
1.240.0 1.240.2 1.420.1 1.7+0.0 1.6£0.0 1.7+0.0 0.90.1
1.240.2 1.240.1 1.240.2 1.7+0.3 0.8+0.0 2.0+0.2 1.5+0.4
1.00.2 0.90.1 1.120.0 1.30.1 1.240.0 1.3£0.0 0.90.1
1.1+0.1 1.10.0 1.4+0.4 1.8+0.1 1.440.0 2.0+0.2 1.5+0.2
1.420.1 1.80.6 1.420.2 1.80.0 1.620.0 2.10.2 1.3+0.3
0.7£0.1 0.8£0.0 0.6+0.1 0.5+0.2 0.9+0.0 0.5+0.0 0.5+0.1
0.9£0.0 0.8£0.0 0.8+0.1 1.120.0 0.9+0.0 1.10.0 0.740.1
0.7£0.1 0.70.1 0.8+0.2 1.040.2 0.6+0.1 1.420.1 0.90.1
1.040.2 1.0£0.4 0.9+0.1 1.0£0.1 1.00.1 1.240.2 0.740.1
1.040.2 0.90.1 0.9+0.2 1.240.2 1.4+0.6 1.5+0.1 1.5£0.9
0.80.1 0.940.2 0.9+0.1 1.120.0 1.040.2 1.5£0.4 0.7+0.0
1.5£0.0 1.240.0 1.30.1 1.420.1 1.520.1 1.240.1 1.620.2
1.9+0.1 2.0+0.1 1.840.2 1.5+0.0 2.0+0.1 1.5+0.1 1.6£0.1
0.7£0.1 0.620.1 0.5+0.1 0.6+0.1 0.8+0.1 0.7+0.0 0.440.1
0.80.1 0.80.1 0.8+0.0 0.9+0.0 0.9+0.0 0.9+0.0 0.7+0.1
0.7£0.1 0.60.0 0.7+0.2 0.8+0.1 0.5+0.0 0.80.1 1.10.3
0.5+0.1 0.60.0 0.8+0.1 0.6+0.0 0.6+0.0 0.60.0 0.7+0.1
0.7+0.1 0.7+0.0 0.7+0.1 1.240.2 1.240.1 1.620.2 0.90.1
1.240.0 1.0£0.1 1.00.1 1.30.0 1.120.0 1.3£0.0 0.90.2
1.240.2 1.0£0.0 1.120.2 1.4+0.2 1.120.0 1.620.2 1.5+0.2
1.240.3 1.5+0.3 1.6£0.3 1.420.0 1.30.0 1.440.0 1.420.2
0.8£0.0 0.8£0.0 0.9+0.2 1.240.1 0.8+0.0 1.5+0.1 1.3+0.2
0.9+0.1 0.9+0.0 1.0£0.0 1.10.0 0.9+0.0 1.10.0 0.8+0.0
1.840.3 1.5+0.1 2.3+13 2.7+0.8 1.940.1 2.9+0.6 1.440.3
1.640.3 1.640.2 24104 [T 2.2+09 2.7405 1.140.2
1.6£0.2 1.6£0.1 1.9+0.5 2.3:0.3 1.6£0.3 2.7+0.3 2.6+0.7
1.6£0.1 1.5+0.1 1.6£0.0 2.0:0.0 1.6£0.1 2.0+0.1 1.440.0

GR KT SG
1.0+0.1 0.9+0.1 0.840.2
1.4+0.3 1.540.1 0.5+0.0
2.240.1 1.6+0.4 2.4+0.7

2.0£0.5 2.410.1
1.6+0.1 1.2+0.2 1.440.2
1.6+0.2 1.540.1 1.6+0.1
0.840.1 1.1+0.1 1.71£0.4
1.2+0.1 1.2+0.0 2.310.2
2.5+0.6 1.5+0.6 1.7+0.6
1.6+0.1 1.5+0.1 1.5+0.0
0.9+0.1 0.8+0.1 0.7+£0.0
0.9+0.1 0.9+0.1 1.2+0.0
1.1+0.1 0.8+0.2 1.0£0.2
0.9+0.1 0.8+0.1 1.340.1
1.2+0.2 0.9+0.2 1.4+0.3
1.0£0.1 2.5+2.1 1.740.1
1.1£0.2 1.2+0.2 1.840.3
1.8+0.3 1.9+0.0 1.740.1
1.0£0.0 0.6+£0.1 0.6+£0.1
0.9+0.1 0.8+0.1 1.0+0.0
0.6+0.0 0.6+£0.1 0.7£0.1
0.6+0.0 0.7+£0.0 0.7+£0.0
1.4+0.1 0.8+0.1 1.1+0.2
1.1+0.1 1.1+0.1 1.3+0.0
1.3+0.1 0.9+0.0 1.240.1
1.310.1 1.2+0.1 1.4+0.1
1.0£0.0 0.8+0.1 0.8+0.1
1.0£0.1 0.9+0.0 1.0£0.0
1.5+0.4 1.4+0.3 1.3+0.2
2.510.3 1.5+0.2 1.3+0.0
1.8+0.4 1.94+0.6 2.310.2
1.7+0.2 1.5+0.1




Table ESM.8. Enrichment factors (EF) for lanthanides in sediments, calculated using Al as a reference element, with background concentrations based on
upper category values for the studied area from the Geochemical Atlas of Europe [26]. The EFs are presented for nine sites of the Mura River (MI — the initial,
most upstream location in Croatia; MB — location near bridge, in the municipality of Sveti Martin na Muri; HL — Hlapi¢ina; MS — Mursko Sredi$¢e; KR —
Krizovec; PT — Podturen; DK — Dekanovec; GR — Gori¢an; KT — Kotoriba), covering its entire section within Croatia, in two sampling campaigns (June 2023,
rainy period; October 2023, dry period), expressed as mean + standard deviation (n=3). EFs are also provided for the Gradis¢ak Stream (SG), flowing in the
area between the two upstream riverine sites (MI, MB). Legend — light grey: >1 to < 2; dark grey: 2o < 3; _

MI MB HL MS KR PT DK GR KT SG
Layun 0.9+0.0 0.7£0.1 0.6+0.1 0.5+0.0 0.9+0.1 0.5+0.0 0.4+0.2 1.0+£0.0 0.7£0.1 0.610.1
Laoct 0.8+0.1 1.0£0.1 0.9+0.1 1.0£0.1 1.0£0.1 1.0£0.0 0.9+0.1 1.1+0.1 0.9+0.1 1.1+£0.0
Ceuun 0.8+0.1 0.7£0.1 0.5+0.1 0.5+0.0 0.840.1 0.5+0.0 0.4+0.1 0.94+0.0 0.7£0.1 0.7+0.2
Ceoct 0.8+0.1 0.9+0.1 0.840.1 0.9+0.1 0.9+0.1 0.9£0.0 0.840.1 1.1+0.1 0.91+0.1 1.1+£0.0
Prun 0.8+0.1 0.7£0.1 0.5+0.1 0.5+0.1 0.8+0.1 0.5+0.0 0.4+0.1 0.9+£0.0 0.6+£0.1 0.6+£0.1
Proct 0.7£0.1 0.9+0.1 0.8+0.1 0.9+0.1 0.8+£0.0 0.9+0.0 0.8+0.1 1.0£0.0 0.8+0.1 1.0£0.0
Ndun 0.7£0.1 0.7£0.1 0.5+0.1 0.6+£0.1 0.8+0.1 0.5+0.0 0.4+0.1 0.9+0.0 0.6+£0.1 0.6+£0.1
Ndoct 0.8+0.1 0.9+0.1 0.8+0.1 0.9+0.1 0.8+£0.0 0.9+0.0 0.8+£0.0 1.0£0.0 0.8+0.1 1.0£0.0
SMyun 0.8+0.1 0.7+£0.0 0.6+£0.1 0.6+£0.1 0.8+0.1 0.6+0.0 0.5+0.1 0.9+£0.0 0.7£0.1 0.7£0.1
SMoct 0.8+0.1 1.0+0.1 0.9+0.1 0.9+0.0 0.9+0.0 0.9+0.1 0.9+£0.0 1.0£0.1 0.9+0.1 1.1+£0.0
EUjun 1.0+0.1 0.9+0.1 0.8+0.1 0.8+0.1 1.0£0.0 0.8+0.0 0.7£0.1 1.1+0.1 0.9+£0.0 1.0£0.1
Euoct 1.1+0.2 1.3£0.1 1.1+0.1 1.1+0.0 1.1+£0.0 1.1+0.0 1.1+0.0 1.2+0.1 1.2+0.1 1.2+0.0
Gdiun 0.7£0.1 0.6+0.0 0.6+£0.1 0.6+0.0 0.7£0.0 0.5+0.0 0.5+0.1 0.8+£0.0 0.6+£0.1 0.6+£0.1
Gdot 0.8+0.1 0.9+0.1 0.940.1 0.8+0.0 0.8+0.0 0.8+0.0 0.9+0.1 0.9+0.0 0.840.1 0.9+0.0
DYiun 0.9+0.1 0.7+£0.0 0.8+0.1 0.6+£0.1 0.8+£0.0 0.6£0.1 0.8+0.1 0.9+0.0 0.7£0.1 0.7£0.1
Dyoct 1.1+0.1 1.440.1 1.6+0.3 0.840.0 0.9+0.0 0.8+0.0 1.7+0.5 1.2+0.1 1.1+0.2 0.9+0.0
HOyun 0.9+0.1 0.7+£0.0 0.9+0.1 0.7+£0.0 0.8+£0.0 0.6+0.0 0.9+0.1 0.9+0.0 0.7£0.1 0.7£0.1
Hooct 1.240.1 1.5+0.1 1.7£0.5 0.8+0.0 1.0£0.0 0.840.1 1.91+0.6 1.2+0.1 1.2+0.1 0.8+0.0
Erun 0.9+0.1 0.7+£0.0 0.9+0.1 0.7£0.1 0.8+£0.0 0.6+0.0 0.9+0.1 0.9+0.0 0.7£0.1 0.7£0.1
Eroct 1.240.2 1.5+0.1 1.8+£0.5 0.840.0 1.0£0.1 0.8+0.0 2.0£0.7 1.3+0.1 1.2+0.2 0.8+0.0
Tmyun 0.9+0.1 0.7+£0.0 0.9+0.2 0.6+£0.1 0.8+£0.0 0.5+0.0 0.940.1 0.8+0.1 0.7£0.1 0.6+£0.1
Tmoct 1.240.2 1.5+0.1 1.8+£0.5 0.740.1 1.0£0.2 0.7+0.0 2.0+0.8 1.3£0.2 1.2+0.2 0.7+0.0
Ybun 0.9+0.1 0.7+£0.0 0.9+0.2 0.6+£0.1 0.8+£0.0 0.5+0.0 1.0£0.1 0.8+£0.0 0.7£0.1 0.6+£0.1
Yboct 1.2+0.2 1.5+0.1 1.9+0.6 0.7+0.0 1.0£0.1 0.7+0.1 2.1+0.8 1.3£0.2 1.3£0.2 0.7+0.0
LUsun 0.8+0.1 0.6+0.0 0.9+0.2 0.5+0.1 0.7£0.0 0.5+0.0 0.9+0.1 0.7£0.1 0.6+£0.1 0.6+0.0
LUoct 1.1+0.2 1.3£0.1 1.7£0.5 0.7+0.1 0.940.1 0.7+0.1 1.9£0.7 1.2+0.3 1.1+0.2 0.6+0.0




Figure ESM.1. Shematic representation of the cross-section of the Mura riverbed, with marked sediment sampling points in the rainy period of high water
discharge (June 13, water-level at Mursko Sredi$¢e: 237 cm) and in the period of lower water-level (October 3, water-level at Mursko Sredis¢e: 154 cm).

— June 13, 2024 (MS, 237 cm)
— October 3, 2024 (MS, 154 cm)




Figure ESM.2. Ternary diagram of grain size distribution of sediment samples collected at the Mura River
sampling sites in June 2023 (created according to Shepard [27]).
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Figure ESM.3. Absolute concentrations of metal resistance genes (cnrA, czcD, and pbrT) and class 1 integron-
integrase (intl1) in sediments from five Mura River locations (MI — the initial, most upstream location in Croatia;
MS — Mursko Sredisée; KR — Krizovec; PT — Podturen; KT - Kotoriba) and stream Gradis¢ak (SG). Each value
represents the mean + standard deviation of three replicates. Different letters indicate significant differences
between locations (p < 0.05; comparison was made among five Mura River locations).
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Figure ESM.4. Daily hydrological data for the Mursko Sredisce site at the Mura River: a) discharges; and b)
water levels. The data refer to year 2023, and are provided by the Croatian Meteorological and Hydrological
Service. The arrows in the graph indicate the initial times of water sampling in each sampling campaign,
whereas the numbers on the x-axes represent the dates within the year 2023.
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Figure ESM.5. Daily hydrological data for the Gorican site at the Mura River: a) discharges; and b) water levels.
The data refer to year 2023, and are provided by the Croatian Meteorological and Hydrological Service. The arrows
in the graph indicate the initial times of water sampling in each sampling campaign, whereas the numbers on the
X-axes represent the dates within the year 2023.
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Figure ESM.6. Multidimensional preference analysis for selected elements measured in June (J, blue) and October
(O, red) 2023 at nine sampling sites along the section of the Mura River flowing through Croatia (1 — the initial,
most upstream location in Croatia; 2 — the municipality of Sveti Martin na Muri; 3 — Hlapiéina; 4 — Mursko

Sredisce; 5 — Krizovec; 6 — Podturen; 7 — Dekanovec; 8 — Gorican; 9 — Kotoriba): a) elements dissolved in water;
b) elements in sediment.
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