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Adsorption Calculation Sensitivity 
 
Adsorption calculations were performed as outlined in the methodology of the main text. Briefly, 
by calculating the number of deprotonated carboxyl sites at pH 8, and combining this with the 
extrapolated metal binding constants and initial trace metal concentrations, we were able to 
determine the amount of each trace metal of interest bound per mg of R. iodosum biomass. These 
calculations, outlined in Table S4, were performed for three separate initial seawater conditions 
(Table S2) to text sensitivity to the initial seawater composition. The amount of trace metals 
adsorbed per weight of biomass (μmol mg-1) for the three different initial seawater conditions are 
provided in Table S4 and Figure S1A. Figure S1A highlights an inherent sensitivity to the initial 
seawater conditions, which is not entirely unexpected. However, when considered in light of the 
assimilated trace metals (main text, Table 1) and when carried through our calculations, only minor 
differences are noticeable in the overall flux of trace metals on a yearly basis (Figure S2); the only 
major divergence is for Cd when the initial concentration is stoichiometrically fixed to R. iodosum 
and 9 nM Ni. Figure S2 is produced by using the μmol mg-1 (metal sorbed/biomass) for each trace 
metals for the three different seawater conditions, and applying these values to Table 1C and carry 
though for the overall metals associated with R. iodosum in Table 1D that accounts for assimilation 
and adsorption. For all other trace metals and seawater compositions, the yearly metal flux remains 
robust regardless of the initial seawater composition, as assimilation is the more important process 
by at least an order of magnitude (see discussion in main text).  
 Additionally, the model sensitivity to pH was tested and highlighted by examining the 
amount adsorbed per weight of biomass (μmol mg-1) for mean modern seawater at pH 6.8 and 8 
(Figure S1B). In Table S4, we provide the calculation for the number of deprotonated sites at pH 
6.8 and 8 and the subsequent calculations at pH 8. At pH 6.8, there are ~1.38 mmol g-1 R. iodosum 
of deprotonated carboxyl groups available to adsorb trace metals, as opposed to ~1.56 mmol g-1 R. 
iodosum at pH 8. This effectively shows that relative to pH 8, ~88.5% of sites available for trace 
metal adsorption at pH 8 are deprotonated and adsorbing metals at pH 6.8. In terms of the amount 
adsorbed per mg biomass, these two scenarios (pH 6.8 and 8) are quite similar for modern seawater 
(Figure S1B), and this extends to both the simulated Paleoproterozoic seawater and 
stoichiometrically fixed seawater as well, where the trends at pH 6.8 and 8 mirror one another in 
terms of the amount of trace metals adsorbed per weight of biomass (μmol mg-1). Based on the 
limited sensitivity to pH (Figure S1B) and the overall insensitivity in our model to the initial 
seawater composition once calculations are carried through to total yearly metal fluxes (Figure 
S2), we consider our calculation of yearly trace metal fluxes to be dominated by assimilation as 
robust. Therefore, we conclude that our overall calculations (main text Table 1 and Figure 1) are 
relatively insensitive to reasonable changes in initial seawater composition and pH.  
 
 
 
 
 
 
 
 
 
 



 
 
 
Figure S1: Adsorption calculation sensitivities for (A) differing initial seawater compositions as 
outlined in Table S2, and (B) the pH at which calculations are performed.  
 



 
 
 

 
 
Figure S2: Total yearly fluxes of trace metals (moly yr-1) after main text Figure 1 and Table 1 
accounting for the combined affect of assimilation of trace metals by R. iodosum and the adsorption 
calculated for the three initial seawater conditions outlined in Table S2. Note the strong coherence 
for all trace metals except Cd, which is the least biologically important. Critically, regardless of 
the initial seawater composition used in adsorption calculations (Table S4), we effectively recreate 
near identical yearly trace metal fluxes, highlighting that the observed pattern is dominated by 
bacterial trace metal assimilation and adsorption to the cell surface has only a very minor role. 
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