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Section. Calibration methods

A NexION™ 350D ICP-MS (PerkinElmer, USA) was used for the determination of REEs in this study.

For this study, the standard mode of the ICP-MS was used for the determination of 3La, 4°Ce, 4!Pr,

146N d, 147Sm, '33Eu, ’Gd, *°Tb, 19Dy, 1Ho, '°Er, °Tm, !72Yb and ’Lu. Calibration curves were

constructed using mixed REE standard solutions (0.5, 1, 2, 5, 10 and 20 ng L") and linear correlation

coefficients (R? > 0.999) were calculated for all REEs. The accuracy (the relative standard deviation,

RSD) of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu elements are 0.17%, 0.09%, 0.16%,

0.11%, 0.36%, 0.37%, 0.52%, 0.91%, 0.03%, 0.29%, 0.41%, 1.39%, 0.64% and 1.06%, respectively.

The eluent with the target elements was injected into the spray chamber of the ICP-MS through a

concentric glass nebulizer and quartz ball joint injector. Rhodium (Rh) was added to all samples and

standards at a concentration of 100 pg L to check the elution proceeded properly.



Fig. S1 Effect of the sample injection volume on the signal intensity (A), the ratio of signal to background
(B), and the relative standard deviation (C). A mixed REEs standard solution (10 ng L! for each element)
was used in this experiment.

Fig. S2 Sampling sites from the Pearl River Estuary (Guangdong, China) between 9% to 11% July, 2021.
Table S1 The salt (%), pH value, and conductivity of 18 collected water samples

Table S2 REEs concentrations of river and seawater samples (ng L)
Table S3 REEs patten (PAAS Normalized values) and Gdn/Gdy" of river and seawater samples
Fig. S3 Scatter diagrams of salt (A) and PH (B) vs > REE diagram for all seawaters.



Table S4 Comparison of the ELSPE-2 Precon system, SeaFASTTM system and CETAC DSX-100

system
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Fig. S1 Effect of the sample injection volume on the signal intensity (A), the ratio of signal to
background (B), and the relative standard deviation (n=3) (C). A mixed REEs standard solution (10 ng
L! for each element) was used in this experiment.
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Fig. S2 Sampling sites from the Pearl River Estuary (Guangdong, China) between 9% to 11% July, 2021.



Table S1 The salt (%), pH value, and conductivity of 18 collected water samples

Sample Descriptions Salt (%)  pH value Conductivity (ms/cm)
S1SS Surface seawater 3.21 8.16 524
S11IW Intermediate seawater 3.26 8.11 52.5
S1BS Bottom seawater 3.30 7.96 53.1
S2 SS Surface seawater 291 7.93 47.5
S2 ITW Intermediate seawater 3.20 8.02 52.7
S2 BS Bottom seawater 3.19 7.91 52.5
S3 SS Surface seawater 2.50 8.02 42.0
S3 IW Intermediate seawater 3.01 7.89 49.6
S3 BS Bottom seawater 0.85 7.74 19.0
S4 SS Surface seawater 2.59 8.26 44.5
S4 1TW Intermediate seawater 3.20 7.96 52.8
S4 BS Bottom seawater 3.19 7.88 52.5
S5 SS Surface seawater 1.03 7.60 21.8
ARW River water <0.2 8.01 6.2
BRW River water <0.2 7.84 0.8
CRW River water <0.2 7.73 0.8
DRW River water <0.2 8.10 0.3
ERW River water <0.2 7.86 0.3




Table S2 REEs concentrations of river and seawater samples (ng L!)

REEs ARW BRW CRW DRW ERW S1SS S1IW S1IBS S2SS S2IW  S2BS S3SS S3IW S3BS S4SS  S4IW  S4BS  S5SS
La 3.29 3.17 2.30 14.33 8.57 5.28 4.58 1.22 0.48 245 1.38 0.31 0.92 1.48 7.44 6.38 5.03 4.94
Ce 1.32 1.63 2.01 12.79 6.26 3.99 4.00 2.61 0.88 3.25 1.87 0.06 0.36 2.21 5.45 4.20 3.20 4.61
Pr 0.82 1.20 1.25 3.59 2.25 1.37 1.30 0.69 0.55 1.16 0.87 0.23 0.06 1.04 2.30 2.06 1.21 2.39
Nd 3.11 4.16 3.36 14.47 8.84 3.21 5.87 3.22 3.27 4.99 3.88 0.97 0.76 4.57 9.01 7.14 5.02 9.35
Sm 0.88 0.93 1.96 3.69 241 1.11 1.30 1.63 1.62 2.29 0.88 0.99 0.41 0.87 2.94 2.26 1.74 1.93
Eu 0.65 0.67 1.41 0.95 0.69 0.36 0.41 0.33 0.34 0.30 0.43 0.57 0.25 0.22 0.64 0.77 0.61 0.77
Gd 7.77 2.76 2.61 6.14 343 2.22 2.67 1.34 2.94 2.21 1.25 2.07 1.77 2.11 3.53 3.03 1.56 3.12
Tb 0.21 0.22 0.71 0.72 0.38 0.26 0.41 0.21 0.25 0.31 0.36 0.77 0.42 0.35 0.63 0.92 0.70 0.62
Dy 1.24 1.03 1.92 436 2.29 1.97 232 1.38 3.03 2.03 221 3.06 3.03 2.86 4.03 2.70 2.57 2.75
Ho 0.46 0.47 0.73 0.64 0.55 0.66 0.54 0.41 0.87 0.51 0.51 1.31 0.88 0.84 0.90 1.14 0.91 0.96
Er 3.05 1.86 2.36 443 2.95 1.71 2.93 1.04 2.70 2.23 1.55 3.06 2.99 431 3.92 3.67 2.10 2.95
Tm 0.79 0.35 1.09 0.67 0.41 0.24 0.23 0.19 0.42 0.31 0.33 0.65 0.36 0.33 0.45 0.79 0.51 0.64
Yb 6.84 3.35 2.77 4.05 2.84 1.96 1.85 1.05 2.16 1.90 1.48 3.50 232 2.67 3.44 2.80 2.33 2.73
Lu 1.36 0.51 1.41 0.79 0.51 0.24 0.27 0.08 0.31 0.23 0.20 0.67 0.44 0.33 0.34 0.51 0.42 0.60

YREE 31.8 223 25.9 71.6 42.4 24.6 28.7 15.4 19.8 24.2 17.2 18.2 15.0 24.2 45. 384 27.9 384

RW: River Water;

SS: Surface seawater;

IW: Intermediate seawater;

BS: Bottom seawater;

> REE= Total REE concentrations



Table S3 REEs patten (PAAS Normalized values) and Gdn/Gdy® of river and seawater Samples

A B C D RW E
S1SS S1IW S1IBS S2SS S2IW S2BS S3SS S3IW S3BS S4SS S4IW S4BS S5SS
REEs RW RW RW RW
La 0.07 007 005 032 019 012 0.10 003 001 005 003 001 002 003 017 014 011 0.11
Ce 0.01 002 002 0.14 0.07 005 005 003 001 004 002 000 000 003 006 005 004 0.05
Pr 0.08 0.12 012 035 022 014 013 007 005 0.11 009 002 001 010 023 020 012 0.24
Nd 0.08 0.11 009 039 024 009 016 009 009 013 010 003 002 012 024 019 013 025
Sm 0.13 0.13 028 054 035 016 019 024 024 033 013 014 006 013 043 033 025 0.28
Eu 054 055 116 079 056 029 034 028 028 025 035 047 020 018 053 063 050 0.64
Gd 129 046 043 1.02 057 037 044 022 049 037 021 034 029 035 058 050 026 0.52
Tb 024 025 080 081 042 029 046 024 028 034 040 087 047 039 071 103 078 0.70
Dy 023 019 036 082 043 037 044 026 057 038 041 058 057 054 076 051 048 0.52
Ho 044 044 069 061 052 063 051 039 08 048 049 124 084 08 08 1.09 087 091
Er 099 060 077 144 096 056 095 034 08 072 050 1.00 097 140 127 119 0.68 0.96
Tm .75 078 241 148 091 052 050 043 094 070 074 144 080 073 099 175 113 143
Yb 227 111 092 135 094 065 061 035 072 063 049 116 077 08 114 093 0.78 091
Lu 310 1l.16 322 181 1.17 055 061 017 070 053 047 152 100 076 078 117 09 1.36
LREEN/MREE
052 018 049 0.54
N 0.40 041 036 025 0.14 029 023 003 0.04 024 034 029 024 040
HREEN/MREE
531 454 214 252
N 11.9 209 160 129 218 1.75 1.80 260 234 225 154 206 189 247
Gdn/Gdy* 644 217 069 141 142 148 120 093 18 1.08 067 054 08 115 095 063 042 092

RW: River Water; SS: Surface seawater; IW: Intermediate seawater; BS: Bottom seawater.

LREEN:L3N+P rN+NdN; MREEN=SmN+TbN+DyN; HREEN=TmN+YbN+LuN;
GdN/Gd*N:GdN/(O33 SmN+067 TbN),

where the subscript N denotes normalization to PAAS and the superscript * represents the geogenic background.
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Fig. S3 Scatter diagrams of salt (A) and PH (B) vs Y REE diagram for all seawaters.

Table S4 Comparison of the ELSPE-2 Precon system, SeaFASTTM system and CETAC DSX-100
system

ELSPE-2 Precon SeaFAST™ system CETAC DSX-100
system system
Particle size (um) 5 pm 75 um 0.2 pm
Analysis ~ 4 min/sample ~ 9 min/sample (Inline)/ ~ 15 1 h/sample
efficiency min/sample (Offline)
Sample <1mL 7~11 mL 120 mL
consumption
Volume 0.5*%0.5*0.4 m 1.5*1*0.6 m --
Cost <$ 50000 > § 100 000 -

“.-” means no data; The data about SeaFAST™ system are obtained from the website
(https://www.icpms.com/products/sea-fast.php) and the literatures (Hathorne et al., 2012; Behrens
et al., 2016); The data about CETAC DSX-100 system are come from the literature (Kiihn et al.,
2000).
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