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Results and discussion 
Analytical Validation of the Data 

For the accurate V(V) concentration determination due to the high influence of sam-
ple matrix, 4-point standard addition method was employed. On Figure S1a. is shown 
example of chromatograms obtained using the stated method on one of the estuarine sam-
ples (SB, Jan.2020.) Samples were spiked using V(V) standard solution, with the exact 
spike concentration being 20 nmol L−1. Concentration range studied was up to 80 nmol L−1. 
Peak heights were used in the process of data treatment for obtaining quantitative infor-
mation on V(V) concentration. In order to justify usage of peak heights as analytical signal 
in the process of V(V) concentration determination, on Figure S1b and S1c are shown 
standard additions of V(V) standard in the sample of SB Jan.2020 as a function of peak 
heights and peak areas of corresponding chromatograms, respectively. High linearity and 
obtained V(V) concentrations values in both presented cases further support high accu-
racy of proposed method.   
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Figure S1. (a) Example of obtained chromatograms using standard addition method for V(V) concentration determination 
on the estuarine sample SB. Jan.2020. (S=35). (b) linear fitting of V(V) standard additions in the sample of SB. Jan. 2020. as 
a function of peak heights (calculated V(V) = 29.8 ± 1.79 nmol L−1) (c) linear fitting of V(V) standard additions in the sample 
of SB.Jan.2020. as a function of peak areas (calculated V(V) = 30.1 ± 3.15 nmol L−1). 

The detection limits were determined using modified blank determination method. 
They were evaluated to be matrix dependant as well, with the exact values being 0.6 nmol 
L−1 in the freshwater and 2 nmol L−1 in the seawater. Limits of quantification were deter-
mined as 3 times of detection limits: 1.8 nmol L−1 in the freshwater and 6 nmol L−1 in the 
seawater. The reproducibility of the method was tested by triplicate analysis of seawater 
sample (Salinity=35). The confidence interval was 0.8% while relative standard deviation 
amounted to 1.1 % for V(V) species showing high accuracy. Repeatability accuracy of peak 
height for V(V) species was  > 95 % (n=5). Recovery of V(V) species was evaluated by 
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spiking estuarine sample with known amount of V(V) standard. Results showed high re-
covery of V(V) species, with recovery values of 98% (with relative standard deviation of 
2.6%, n=3) of V(V) standard. Performed stability tests of V(V) species obtained by spiking 
a seawater sample with known amount of V(V) standard (40 nmol L−1) showed satisfac-
tory results. In the Figure S2 are presented chromatograms supporting Figure 2d. in the 
main manuscript.  

 
Figure S2. Chromatograms showing stability of V(V) in the seawater sample spiked with 40 nmol L−1 V(V) standard meas-
ured repeatively in the period of 144 hours. 

All of the analytical figures of merit as well as additional informations on method are 
shown in Table S1 and compared with the work done by Li et al. (2018) as it served as a 
basis for the method presented in this manuscript. Also, comparison with the work done 
by Wann et al. (1997) is shown due to the similarity in the matrix of the processed samples.  

Table S1. Comparison of the method information and analytical figures of merit of the presented work and work done by 
Li et al. [1] and Wann et al. [2]. 

Method information and 
analytical merit Li et al. 2018. Wann et al. 1997. p.w. 

Instrumentation IC-ICP MS RP LC-ICP MS IC-ICP MS 

Mobile phase composition 
2 mmol L−1 EDTA, 80 mmol 
L−1 ammonium bicarbonate, 

3% acetonitrile 

3 mmol L−1 EDTA, 0.55 mmol 
L−1 tetrabutylammonium 

phosphate, 12% (v/v) 
methanol solution 

8 mmol L−1 EDTA, 40 mmol 
L−1 ammonium bicarbonate, 

40 mmol L−1 ammonium 
sulphate, 3% acetonitril 

Samples matrix 
Coke pore water samples, 

bacterial cultures Seawater reference material Estuarine samples (S =4−35) 

Method of V(V) concentration 
determination Calibration curves Calibration curves Standard addition method 

Retention time V(V)-EDTA, 
min 

4.9 3.221 5.0 
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Recovery 97 % 93−104 % 98 % 

LOD V(V) 19.63 nmol L−1 V(V) 0.078 nmol L−1 

V(V) 0.6 nmol L−1 (in the 
freshwater) 

2 nmol L−1 (in the seawater) 
 

LOQ -  - 

V(V) 1.8 nmol L−1 (in the 
freshwater) 

6 nmol L−1 (in the seawater) 
 

RSD, % 0.92 - 1.1 
Repeatability of peak 

height, % - 5.6 4.6 

*p.w. – present work. 

Distribution of V redox speciation in the Krka River estuary samples 

Table S1. Numerical values of total dissolved V, determined dissolved V(V) concentration and calculated percentage of 
V(IV) within the Krka River estuary samples. 

Sample 
Total Dissolved V 

Determined by ICP-
MS / nmol L−1 

st. Deviation / 
nmol L−1 

Dissolved V(V) 
Determined by IC-ICP-

MS / nmol L−1 
Replicate st. Deviation / 

nmol L−1 % V(IV) 

SM – 0.5 m depth 
(January 2020) 18.4 1.2 18.2 1 3.6 1.08 

SM – 0.9 m 
depth(January 2020) 25.3 0.4 24.2 2 0.5 4.35 

SM –5 m 
depth(January 2020) 30.7 1.2 26.4 1 1.9 14.00 

SM – 6.1 m 
depth(January 2020) 30.2 1.2 29.8 2 1.79 1.32 

M – 0. 5 m depth 
(January 2020) 21.6 1.0 21.0 2 4.51 2.70 

M – 2.2 m depth 
(January 2020) 20.7 0.6 19.0 1 4.6 8.21 

LV – 1.8 m depth 
(January 2020) 24.5 1.4 21.8 2 0.1 11.00 

LV – 2.8 m depth 
(January 2020) 25.9 1.2 23.1 2 1.66 10.81 

LV – 7 m depth 
(January 2020) 33.8 0.4 26.3 2 1.22 22.18 

LV – 10 m depth 
(January 2020) 37.0 0.8 31.1 1 3.34 15.94 

SM – 0.4 m 
depth(November 

2019) 
12.3 0 12.1 1 1.98 1.63 

SM – 1.5 m 
depth(November 

2019) 
20.1 0 19.4 1 3.62 3.48 

SM – 3.5 m 
depth(November 

2019) 
29.94 0 26.3 1 0.37 12.16 

SM – 5.0 m 
depth(November 

2019) 
24.06 0 17.8 1 1.27 26.01 

SM – 6.0 m 
depth(November 

2019) 
21.65 0 17.1 1 0.14 21.01 
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Materials and methods 

Table S2. Operating conditions of High Resolution Inductively Coupled Plasma Mass Spectrometry (HR ICP-MS). 

Instrument Element 2 (Thermo, Germany) 
RF power 1200 W 

Cool (plasma) gas 15.0 L min−1 

Auxiliary gas 0.92 L min−1 

Sample gas 1.00−1.02 L min−1 

Nebulizer Sea-spray, 0.4 mL min−1 

Spray chamber Twister, 50 mL, Cyclonic 
Sample cone Nickel 

Skimmer cone Nickel, „H“ model 
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