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Introduction: Hypersaline systems are highly 

prevalent in our solar system, and are exemplary 
environments in which to explore habitability beyond 
Earth [1-8]. As such, there is increasing interest in 
hypersaline (> 35 ppt) system habitability metrics such 
as salinity and water activity (aw). Determination of 
salinity has been well studied, and the majority of 
instrumentation for work in saline systems is based on 
NaCl dominated chemistry, with salinities < 40 ppt [9, 
10]. Standard measurements of salinity for these 
environments are achieved via conductivity (measured 
in e.g., mS/cm), and converted using well-established 
relationships to PSU (practical salinity units) [11, 12]. 
While a gold standard for Earth-ocean (thalassohaline) 
chemistry, these metrics begin to fail when utilized in 
high salinity environments, or in systems with non-
standard chemistry [13], where meters for in situ 
measurements top out ~ 200 mS/cm and 70 PSU, 
corresponding to ~3-4 M NaCl [14]. In addition, non-
marine (athalassohaline) brines do not increase in 
conductivity monotonically, and thus can only be 
empirically determined. In contrast to salinity, aw, an 
important habitability metric in saline systems, has 
received comparatively little attention and only recently 
has begun to be measured in situ. Historically, the most 
accurate determinations of aw have been from empirical 
measurements using a chilled dew-point meter, as ionic 
concentrations > 100 mM result in complex ion-ion 
interactions that become increasingly difficult to model, 
especially in athalassohaline environments [15, 16]. 

Given the above-mentioned difficulties in 
determining these metrics within hypersaline systems, 
we as a community need to adopt common 
methodologies in order to effectively interrogate these 
systems, producing studies that are cross-comparable. 
Moreover, there is a wealth of geochemical information 
from previously studied hypersaline environments, 
where aw was not measured, which places limitations on 
the utility of this data to define habitable phase space in 
aqueous systems on Earth and beyond.  

Here, the Oceans Across Space and Time (OAST) 
team presents data revealing a strong relationship 
between total dissolved solids (TDS), density (r), 
chlorinity (Cl-), and water activity (aw), which we use to 
provide community guidelines towards standard 
sampling metrics in hypersaline systems.  

Methods: Brine geochemical data from lab-
generated (i.e., ideal) binary salt solutions of NaCl, 
MgCl2, Na2SO4 and MgSO4 from 0.1 M to saturation for 
each salt solution respectively, were used to develop a 
detailed model from which to begin to interrogate 
environmental solutions. For the lab-generated brines, 
r, pH, conductivity, and aw were measured, and TDS 
and ionic strength were calculated from the known 
concentrations, at standard temperature and pressure. A 
stepwise linear regression approach was used to fit these 
data, with the goal of determining the effect of standard 
physicochemical parameters on aw, and to determine 
which variables could be used to predict aw. The 
regression was performed using the stepwiselm() 
function in MATLAB using a constant model as the 
starting point. The criterion for adding or removing a 
model term is the p-value of an F-test of the change in 
the sum of squared error (p-value < 0.05).  

Predicting Water Activity: The resulting model 
(12 terms in 6 predictors) showed that TDS, Cl-, Mg2+, 
SO42-, and conductivity had significant effects with 
multiple interactions, achieving a root mean squared 
error (RMSE) of 0.00367 and adjusted (adj.) R2 of 
0.9997. However, this result likely reflects overfitting 
with respect to the goal of determining patterns that are 
likely in environmental conditions, which will differ 
from the ideal brines and have more noise (unmeasured 
ions). Thus, we sought to discover a simpler model. 

Conductivity and Water Activity: Noting that 
conductivity was highly non-linear and saturated 
(Figure 1), we repeated the analysis without 
conductivity data. This yielded a much simpler model, 
1 + r + Cl-*Mg2+ (Wilkinson Notation, coefficients 
omitted, X*Y indicates X+Y+X:Y interaction term), but 
with worse performance (RMSE 0.02110, Adj.R2 
0.9890), indicating that conductivity captures important 
information about aw. 

Simplifying the Model: To gain additional insight, 
we performed the same regression process on data 
obtained from acid brine lakes by Benison et al. [7]. This 
revealed a simple model (1 + TDS + Cl-) with low 
RMSE (0.00742) and intermediate goodness of fit 
(AdjR2 0.9905). Caveats here are the limited aw range 
represented by these data (0.714-0.944), the limited 
brine types, and that these are ideal brines without the 
influence from mixes and unknown/unmeasured ions. 
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Benison et al. [7] did not report r, preventing direct 
comparison to our lab data. However, we used our 
“Benison” regression model as the starting model for 
stepwise regression on our lab data. This resulted in 
discovery of a new simplified model, 1 + TDS*Cl- + 
r*Cl-, nearly as good (RMSE 0.00937, adj. R2 0.9979) 
as the original full model. The stepwise process revealed 
that while conductivity was the most significant factor 
in the first term addition, it was insignificant, and was 
removed, after addition of r, r:Cl-, and TDS:Cl-. 

Discussion: Our initial model revealed that 
conductivity is important in predicting aw. It is possible 
that this is due to the non-linear nature of conductivity 
with ion concentration (and therefore aw), which may be 
a result of charge shielding, where “non-conductive ion 
pairs are formed by ion association” [17]. In contrast, 
our simplified model involved far fewer terms, and is 
thus more measurable in an environmental context. In 
addition, our simplified model does not involve 

conductivity, and could therefore overcome issues with 
non-linearity and saturation of conductivity 
measurements that may occur in hypersaline systems. 

TDS was identified as significant in all in all models 
of the ideal brines, where conductivity was included, in 
which case r was substituted. For the ideal brines, it is 
likely that TDS provided smoothing of ion measurement 
errors. In a complex system where the exact ionic 
composition is not known, TDS will be highly relevant. 

Conclusions: This work reveals that for lab and in 
situ determinations of water activity (aw), regression can 
achieve accurate results to two decimal places with a 
simple model driven by chlorinity (Cl-), total dissolved 
solids (TDS), and density (r). 

As next steps, we will incorporate geochemical data 
collected at the South Bay Salt Works, Chula Vista, CA, 
from a range of NaCl and MgCl2 evaporative ponds, and 
from the Basque Lakes, representing MgSO4-dominated 

brines (i.e., [18]), as well as from archival sources. A 
major challenge will be the ability to predict aw to 3 
decimal places, a requirement that has been previously 
identified [7, 19] as thought necessary for understanding 
microbial activity in these extreme environments. 
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Figure 1. Conductivity is non-linear in high salinity, 
ideal brines and showed evidence of saturation 
(measurement artifact) for NaCl brines ³3M. 
 

Figure 2. Simplified model fit for ideal brines, showing 
high correlation between TDS, density, Cl-, and 
predicted (red line) vs. measured aw 
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