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Anthropogenic activities such as mining, agriculture and industrial wastes

have increased the rate of salinization of freshwater ecosystems around the

world. Despite the known and probable consequences of freshwater saliniza-

tion, few consequential regulatory standards and management procedures

exist. Current regulations are generally inadequate because they are regionally

inconsistent, lack legal consequences and have few ion-specific standards. The

lack of ion-specific standards is problematic, because each anthropogenic

source of freshwater salinization is associated with a distinct set of ions that

can present unique social and economic costs. Additionally, the environmental

and toxicological consequences of freshwater salinization are often dependent

on the occurrence, concentration and ratios of specific ions. Therefore, to

protect fresh waters from continued salinization, discrete, ion-specific manage-

ment and regulatory strategies should be considered for each source of

freshwater salinization, using data from standardized, ion-specific monitoring

practices. To develop comprehensive monitoring, regulatory, and manage-

ment guidelines, we recommend the use of co-adaptive, multi-stakeholder

approaches that balance environmental, social, and economic costs and

benefits associated with freshwater salinization.

This article is part of the theme issue ‘Salt in freshwaters: causes, ecological

consequences and future prospects’.
1. Introduction
The global contamination of fresh water reduces biodiversity and threatens

human health [1]. Toxic pollutants such as pesticides, lead and polychlorinated

biphenyls (PCBs) that are deleterious to human health or biodiversity are often

regulated to limit their environmental effects. Less toxic pollutants such as phos-

phates can also can be widespread, but the magnitude of their effects are often

unknown owing to reduced research attention. This is the case for salt pollution

in freshwater rivers, streams, lakes, wetlands and groundwater across the world.

Salts naturally occur in fresh waters, typically caused by rock weathering (e.g.

evaporite deposits) and naturally saline groundwater. However, anthropogenic

activities are further increasing concentrations of salts in fresh waters [2–4].

Over the last two decades there has been growing attention to the anthropogenic

activities that lead to the salinization of fresh waters, which includes human-

accelerated weathering, mining (e.g. coal and potash), shale-gas extraction,

brines used for secondary oil recovery, the diversion of surface water and veg-

etation removal for agriculture, improper irrigation practices, industrial

waste, improper storage of wastewater, and the application of fertilizers and

road de-icing salts [2–12].
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Common ions associated with anthropogenic salinization

include chloride (Cl2), sodium (Naþ), magnesium (Mg2þ), cal-

cium (Ca2þ), potassium (Kþ), sulphate (SO2�
4 ), carbonate

(CO2�
3 ) and bicarbonate (HCO�3 ) [2,13]. However, the dominant

ions associated with each human activity are often different [13],

therefore the composition of ions probably varies among fresh-

water environments suffering from anthropogenic salinization.

Despite the global pervasiveness of freshwater salinization,

and the potential for a collapse of ecosystem functions and ser-

vices, few standardized, ion-specific monitoring protocols and

regulations exist (e.g. the electronic supplementary material,

appendix S1). Moreover, current regulatory standards are insuf-

ficient to protect freshwater ecosystems, because they lack legal

consequences and often fail to provide sufficient management

solutions if specific ion limits are exceeded [14–16].

The lack of monitoring and management standards

is problematic because even if the sources of salinization

were to be eliminated immediately, salts will remain in fresh-

water environments for years or decades [9,17,18]. Moreover,

enacting regulations to protect these systems might present

significant challenges, because many activities causing fresh-

water salinization are associated with significant sources of

economic and social wellbeing [19]. Of course, human well-

being is dependent on many ecosystem services that have

social or economic implications. Hence, monitoring, regulat-

ory, and management strategies should strive to balance the

costs and benefits of ecology, society, and the economy [20]

(e.g. a triple-bottom-line approach; electronic supplementary

material, appendix S2). However, balancing the costs and

benefits for all stakeholders can present significant chal-

lenges, even with sufficient legislative protocols (e.g. the

Murray–Darling basin in Australia [21]). Therefore, multiple

assessment models should be developed, to understand

the range of potential outcomes following regulatory or

management actions [22].
2. Consequences of salinization
Anthropogenic salinization disrupts ecosystem functions and

services, degrades biological systems, and can negatively

affect human health and wellbeing [9,23–26]. At high concen-

trations, salts are toxic to many freshwater organisms,

although sensitivities vary among species [2,27]. Typically,

small freshwater invertebrates are the most sensitive to

increased salinity, while large vertebrates are generally the

most tolerant [15]. However, ecological effects—such as a tran-

sition to salt-tolerant species—can even occur with small

increases in salinity [10,28], which can have cascading effects

in aquatic food webs [29,30]. Human health and wellbeing

are negatively affected by the loss of ecosystem functions or

services, but salinized drinking water can also cause health

conditions such as hypertension [31]. Additionally, urban

freshwater salinization can increase the prevalence of salt-

tolerant disease vectors such as mosquitoes [32,33], and salts

can mobilize toxic heavy metals into drinking water, increas-

ing the risks to human health [23,34]. Each source of

anthropogenic freshwater salinization contains a distinct set

of dominant ions [13], meaning that the ion composition of

freshwater environments affected by salinization are being

altered in unique ways. Therefore, variable sources of ion pol-

lution are probably associated with unique environmental,

economic and social consequences.
Although many of the documented effects of ion contami-

nation come from studies focusing on the effects of sodium

or chloride [15,29], each ion associated with salinization

can uniquely affect physiological processes in organisms

[13,35–38]. Additionally, experimental research suggests that

ions such as magnesium, potassium and sulphate, are more

toxic to freshwater organisms than sodium or chloride

[15,28,37,39]. Regardless of which ions have the strongest toxi-

cological effects, the toxicity of specific ions differs among

freshwater organisms, and the toxicity of specific ions often

depends on the presence, ratio, and concentration of additional

ions [28,40–42]. For example, when associated with chloride,

magnesium and calcium have been shown to be more toxic

to freshwater invertebrates than sodium [33,37,39]. However,

the concentration of sodium has been demonstrated to deter-

mine the toxicity of potassium salts [40]. Additionally, the

toxicity of potassium and sodium to freshwater algae was

altered by their associated anion (chloride or sulphate), but

both were more toxic than calcium associated with chloride

[43]. Beyond the toxicological interactions among these ions,

the ratio and concentration of specific ions affects the toxicity

of other contaminants such as metals [13]. Also, as is the case

with most metals in fresh water, increased water hardness

(typically calcium carbonate plus magnesium) has been

demonstrated to reduce the toxic effects of chloride and sul-

phate [44]. Given the variation in toxicological effects among

various cations and anions, and evidence that the total concen-

tration and ratios of ions can determine the toxicity of specific

ions, it is essential to enact ion-specific monitoring programmes,

regulatory actions, and management solutions [45,46].

Freshwater salinization owing to agricultural practices can

have substantial economic costs [45]. For example, the annual

economic cost of anthropogenic salinization in the Colorado

River Basin (USA) from agricultural practices is estimated at

$300 million USD [47]. This includes approximately $176

million worth of damage to crops, and $81 million worth of

damage to households each year [47]. Additionally, saliniza-

tion reduces agricultural revenue by $1.7–7.0 billion each

year in California [48]. While these examples of economic

costs associated with increased salinization are staggering,

they do not often take into account social consequences.

Social consequences include the displacement of hundreds

of thousands to millions of people owing to loss of work, redu-

ced access to clean drinking water, and a reduction in other

ecosystem services provided by fresh water [8].

Furthermore, the social and economic costs of remediation

actions are not often clearly incorporated into the cost estimates

for freshwater salinization caused by agricultural practices. For

any site-specific cost–benefit analysis to include remediation

options, the benefits of reducing the damage through interven-

ing actions would need to be assessed along with the social and

economic costs of implementing those remediation options.

The economic costs of remediation for a single watershed

that has been salinized could range from millions to tens of bil-

lions of dollars (e.g. Aral Sea) [49], but estimates could be much

higher if social costs are included in remediation model esti-

mates. This might especially be true if remediation efforts are

needed across multiple political boundaries. Additionally,

such acts of restoration and remediation typically cannot

recover all of the ecosystem services and functions required

to return the ecosystem to pre-salinization state.

Salt pollution from wastewater and road salts can also have

costly economic and social consequences. In cold regions
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of North America, 25 to 50% of applied road salts enter

groundwater, leading to groundwater chloride concentrations

as high as 2800 mg l21 [50,51]. For example, in southern

New York (USA), more than 50% of wells used for drinking

surpassed the United States (US) Environmental Protection

Agency secondary drinking water recommendation of

250 mg Cl2 l21 [52]. Furthermore, fixing road-salt contami-

nated water supplies in two towns in New York (USA) cost

$4.7 million (20 homes) and $13.2 million (500 homes), respect-

ively [53]. As groundwater salinization continues, the quality

and availability of water used for drinking and agriculture

will be reduced. Additionally, owing to chemical and physical

interactions between road salts and heavy metals in soil, there

is an expected increase in the concentration of heavy metals

in groundwater, depending on soil composition and land-

use practices [34], similar to the mechanisms causing lead

contamination in Flint, Michigan, USA [23].

Beyond the economic costs of fixing water supplies that

become contaminated with salt, other externalized costs include

the corrosion of infrastructure, cars, industrial tools and home

appliances. Vitaliano [54] estimated that the externalized costs

of road salts are approximately $720 USD ($1320, 2018 adjusted)

per tonne of road salt applied in the US. However, a more recent

analysis of externalized costs, including additional environ-

mental and social costs, suggests that the costs associated

with road salt use could be as high as $3000 per tonne [55].

Given that transportation agencies in cold regions of the US

apply an average of 15 million tonnes of road salts per year

[56], a simple extrapolation would mean that the externalized

costs could range from $19.8 to 45 billion per year. However,

this rough estimate does not account for regional factors

affecting road salting decisions, and is offered for illustration

purposes only. Nonetheless, the existing research regarding

the costs associated with road salt application indicates that

the costs associated with this category of salinization are unli-

kely to be trivial. By not taking preventative measures,

increased salinities will only increase the externalized costs of

corrosion for infrastructure, utilities, vehicles and households.

Additional research into local or regional externalized costs

associated with road salt use would be beneficial for agencies

seeking alternative de-icing options.

The lack of progress to protect freshwater from saliniza-

tion is probably driven by limited economic, social, and

ecosystem data, which is compounded by the absence of

knowledge of the risks by the public and policy makers.

Monitoring programmes are needed to drive scientific

research investigating the causes and consequences of salini-

zation, including experimental and modelling exercises. Data

from scientific research should be used to provide infor-

mation to the public and policy makers about the risks

associated with salinization, driving regulatory actions and

advancing management strategies to minimize the negative

consequences of freshwater salinization (figure 1) [57–59].

Although management decisions and regulatory actions

need to include an adequate assessment of the costs and

benefits to the public and the environment, researchers

must also acknowledge that any estimation of risk will be

imperfect. However, an overly cautious approach might

come at a cost, in terms of forgone opportunities for human

wellbeing that are only discovered in retrospect [60]. Such

considerations are important to consider for specific situ-

ations and locations where freshwater resources have

suffered from anthropogenic salinization.
3. Need for ion-specific monitoring
and reporting

To understand the extent of freshwater salinization and its

associated impacts, it is imperative that industry, local munici-

palities, and state or regional governments report: (i) the

quantities of each salt produced and purchased, (ii) the quan-

tity or concentration of each salt type released into the

environment, and (iii) the concentration of each salt ion in

freshwater ecosystems using a standardized database (e.g.

reported road salt use) [61]. For example, through the Euro-

pean Water Framework Directive [62], several European

countries track and report ion-specific concentrations in surface

waters and groundwater. Additionally, many states in the US

have ion-specific monitoring programmes, especially for

public water supplies. However, because the US Environ-

mental Protection Agency and the European Water

Framework Directive do not have enforceable, regulated

limits for most ions (especially in surface waters), each govern-

ment can select the ions that they monitor, and determine how

ion concentrations are reported. An internationally recognized

and standardized reporting metric for ions would help

researchers investigate the potential environmental effects of

ions at local, regional and continental scales.

To understand the source and potential environmental

impacts of freshwater salinization, we propose that researchers

report the concentration of ions measured in field or laboratory

studies using standard metrics [63]. Most experimental studies

report concentrations based on chloride ions (mg Cl l21; or

ppt Cl2) [29,36]. However, many field studies report salinity

in various forms, such as molarity, microsiemens, per cent sol-

ution by mass, or total dissolved solids. This disorganized

reporting reveals a weakness for scientists trying to communi-

cate with managers and policy makers, and limits the potential

to implement comparable quality standards. Without a consist-

ent ion-specific monitoring and reporting protocol, it is very

difficult to determine the source and potential impact of

freshwater salinization, since each ion can be associated with

different environmental and human-health related conse-

quences [13,64]. Although measuring and reporting specific

ion concentrations is ideal, there are significant costs associated

with such measurements. Additionally, field and laboratory

studies might have limited resources, such as reliable, standar-

dized ion probes. Specific ion probes (e.g. chloride) can be

cost-prohibitive, have high detection limits, need frequent

calibration, and have short lifespans. Additionally, frequent

ion-specific laboratory tests might be cost prohibitive. There-

fore, a measure of total salt concentration (e.g. specific

conductance) might be more appropriate, and would be

more informative than no ionic measurements [35]. However,

frequent measures of specific conductance could easily be

coupled with infrequent ion-specific testing, and the relative

influence of each ion can then be modelled [35,39].

We suggest four steps that will help scientists develop

monitoring and reporting protocols that will be useful for

(communicating with the public, managers and policy makers.

(i) Characterize the baseline (current and historical) status

of ions in freshwater ecosystems, focusing on their

near-natural conditions and their potential sensitivity to

contamination [51,64–66]. Since many freshwater systems

have already experienced salinization owing to human

activities, models can be used to explore long-term
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changes in ion concentrations. Salt loading and flow

models would indicate the potential percentage of

different ions that should be present in freshwater ecosys-

tems given the extent of human activities and natural

environmental changes [50,67–71].

(ii) Report the distribution, fractionation, and magnitude of

change of specific ions, using models and laboratory-

based analyses to determine if salinization is driven by

anthropogenic or natural sources [72]. To understand if

sources of salinization are anthropogenic or naturally

derived, the ratio of chloride to bromide (Cl2/Br2) can

be explored [73], or more complex isotopic fractionation

analyses (e.g. Sr : B : O : H) [74]. Further determination of

ion sources could be assessed by determining long-term

changes in ion fractionation [75]. The extent of mining pol-

lution can also be assessed by tracking changes in sulfur

isotopes [11].

(iii) Identify thresholds that characterize effects of ion-specific

salt pollution, and identify the ion-specific limits appro-

priate to protect human health and wellbeing,

ecosystem functions, and ecosystem services [26,63,76].

It is important that multiple stakeholders are involved

when identifying potential thresholds that will be pro-

posed to determine if regulation or management actions

are needed (figure 2) [15,36].

(iv) Quantify the economic and social costs of past and future

salt contamination using a range of approaches that

are appropriate for each situation or location. These can
include life-cycle-assessment models and systems-

dynamic models, but must also include valuation

models, which are needed to better understand the full

extent of the ecosystem services associated with water

quality [68,78].

4. Regulations to control ion-specific salinization
Current ion regulations at national or international scales

typically lack judicial authority, meaning that there are no

legal consequences for instances where defined ion limits

are exceeded. For example, all ion-specific regulations set by

the US Environmental Protection Agency are secondary rec-

ommendations, meaning that each state can set their own

specific ion limits, or choose to ignore cases where limits have

been exceeded. Although secondary recommendations are

helpful for site-specific regulatory standards, in cases where

historic ion concentrations exceed defined limits, they offer

little protection for freshwater resources with historically low

ion concentrations. Additionally, the lack of specified limits

leads to variations in recommended ion limits among states

and countries. For example, the chronic and acute chloride

limits to protect freshwater organisms in the US are 230 and

860 mg l21 respectively. Meanwhile, the chronic and acute

limits for chloride in Canada are 120 and 640 mg l21 respect-

ively. Similarly, chloride limits for groundwater or drinking

water varies among countries. The World Health Organization
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suggests that water used for drinking should have a chloride

concentration between 200 and 300 mg l21, because the taste

of drinking water is affected above 250 mg l21 [79]. However,

the range of groundwater thresholds for chloride set by

countries in the European Union varies from 24 to

12 300 mg l21, probably owing to background concentrations.

Similarly, although most countries do not set limits for

sodium in drinking water, the range of limits in the European

Union varies from 50 to 450 mg l21. In the US, some states

have set sodium standards between 20 and 500 mg l21. How-

ever, other states set sodium limits based on the percentage

of sodium compared to all cations, and other states set adsorp-

tion ratio limits (electronic supplementary material, appendix

S1).

Effective regulations will limit contamination from anthro-

pogenic activities by setting regional, national, or international,

ion-specific contamination thresholds with legal consequences

and additional regulatory or management strategies for cases

where those limits are broken. These thresholds and specific

limits will be established from modelled or measured baseline

environmental conditions, and the assessed environmental

impact of each ion [64,65]. As an example, some US states set

a maximum per cent change in ion concentration, or set concen-

tration limits based on historic categories of freshwater use and

ion concentrations (electronic supplementary material, appen-

dix S1). This recommendation represents a fundamental

change, given that there are currently no national or inter-

national, judicially enforced, ion-specific, standards to protect

freshwater ecosystems and human health [14,15].

To effectively regulate specific anthropogenic activities

associated with freshwater salinization, governments can use

existing legislation; such as the Australian and New Zealand

Environmental and Conservation Council, the Agriculture and

Resource Management Council of Australia and New Zealand,

the Clean Water Act and Source Water Protection protocols in

the US, the Canadian Environmental Protection Act in
Canada, and the Water Framework Directive in Europe.

Additionally, many local or regional governments have adopted

similar legislation to protect freshwater resources. To success-

fully limit continued salinization, regulatory actions will

necessarily scale from individual watersheds to continents,

depending on the source and extent of freshwater salinization.

Broad-scale regulations that cross watersheds or govern-

mental boundaries might be necessary to curb some

anthropogenic activities that increase ion concentrations in

fresh waters (e.g. the diversion of water for agriculture or

industry). Such regulations would be similar to the Great

Lakes Water Quality Agreement (GLWQA) adopted by the

US and Canada in 1972 to limit phosphate pollution in the

Great Lakes. Government agencies at each level must balance

the social, economic and environmental impacts of any regu-

latory changes that can affect salinization, including the

development of new technologies and remediation initiatives

[20,57].

Ion-specific regulations might present legal complications

in some regions, because they would counter laws regarding

safety or sanitation. For example, road salts increase the ability

of transportation agencies to maintain safe driving conditions;

however, the continued use of road salts will increase human-

health risks by contaminating water used for drinking and

irrigation [52]. Additionally, the economic costs associated

with some regulatory actions might be too high for local or

regional municipalities. Limiting specific ion inputs from

municipal wastewater treatment plants could increase the

costs for taxpayers if specialized desalinization systems have

to be installed. Similar complications can arise if regulations

are enacted to restrict water diversions for agriculture, because

this water is necessary to sustain food production and provide

drinking water for residents in arid regions. In some cases, the

cost of modifying infrastructure might be more costly than the

future costs of desalinizing water [80], and continued con-

tamination might increase the human-health risks [34]. Any

regulatory measures taken to protect freshwater ecosystems

from ion-specific contamination would need to balance the

social, economic, and environmental costs and benefits.
5. Managing sources of salinization
Ion-specific regulations cannot prevent further salinization in

all ecosystems, meaning that management solutions will need

to be developed and paid for through stakeholder partnerships.

Management practices that reduce salt input into freshwater

ecosystems are vital to protect organisms, ecosystem func-

tions and ecosystems services. Building on Cañedo-Argüelles

et al.’s [45] suggestions, we have expanded management

solutions to include specific ions and incorporated general

engineering and stewardship practices that can be used to

reduce freshwater salinization.

(i) Implement comprehensive management strategies to

assess options for controlling water used for agricul-

ture that includes the evaluation of ion loading into

surface and groundwater.

(ii) Develop high-resolution, salt-loading models for

freshwater ecosystems to target areas for management

and mitigation [50]. By using flow models and

dynamic models to estimate loading effects of differ-

ent anthropogenic sources, managers and scientists
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can quantify the potential effects of different manage-

ment actions on the salinization of freshwater

ecosystems [67–69].

(iii) Assess the costs and benefits of reducing the appli-

cation rate of de-icing salts, including any

externalized costs [54]. These models should also

include alternative de-icing technologies that maintain

safe driving conditions, but allow for reduced salt

application rates. These technologies include

advanced snowploughs (e.g. live-edge ploughs with

GPS salt tracking), road surface modifications, tar-

geted application zones, pre-wetting with mixed-salt

brines, and alternative salts when necessary [81].

Additionally, agencies should invest in the research

and development of new technologies that could

further minimize economic, social and environmental

costs associated with road salt use.

(iv) Reduce point-source pollution by managing waste

from mining (e.g. potash mining) and wastewater

treatment plants [18], focusing on removing specific

ions from mining waste and industrial wastewater

(e.g. SO4) [82] and phytostabilization of mining

wastes [83].

(v) Implement ion-specific, cap-and-trade initiatives

based on salt-loading model predictions, leading to

long-term reductions in salinization.

(vi) Develop ion-recovery programmes by managing and

storing wastewater that could be used to recover

salts and repurpose them.

(vii) Promote desalinization technologies that could be used

to recover ecosystems that would not be improved by

regulatory actions, especially in arid ecosystems

[80,84]. These technological advances could also be

used to treat waste from mines and urban wastewater

treatment plants. These technologies might initially be

cost-prohibitive, and the costs and benefits of using

these technologies should be assessed on a site-by-site

basis. However, as more markets use these technol-

ogies, the cost of desalinization will be reduced, and

the site-specific costs could be re-evaluated [84–86].

The mechanisms for achieving these management goals can

come from a range of standard tools including market-

based instruments and ‘command and control’ approaches

[87,88]. Command and control, or non-market mechanisms,

include regulations, management standards, and rules that

are used to control pollution or other situations where free

market activities generate socially unacceptable outcomes

[87,89]. Market-based instruments are used to achieve targets

by bending the free-market behaviours of businesses and

individuals to maximize social wellbeing. These include

emissions trading, where emission credits are used to price

the externality cost imposed by pollution (e.g. carbon

trades), and monetary incentives such as increased subsidies

and reduced taxes. The best market-based instruments relate

directly to the magnitude of pollution outputs, which in our

case relates to activities that increase the concentration of

specific ions in fresh waters. When non-point source pol-

lution is the problem, practices that contribute the most to

the pollution outputs can be targeted, instead of specific

sources. Extensive, science-based knowledge of the pollution

sources, biophysical properties of the environment, and the

specific stakeholders involved are some of the necessary
inputs for the proper design of market-based controls for

each site and each problem. Although difficult to develop

and enforce, market-based instruments are effective solutions

for complex pollution problems, even in economically

sensitive regions [87].

Regardless of the market-based strategies that are developed

for sites and regions in the future, the management goals

described in this paper can largely be achieved through adap-

tive co-management solutions [89]. Adaptive co-management

solutions use science-based knowledge, along with inter-

disciplinary, multi-stakeholder collaborations to minimize

the impacts of complex socio-economic, environmental

problems. Importantly, adaptive co-management solutions

provide key opportunities for leaders in science, industry,

and policy to connect and determine solutions for complex

environmental problems such as freshwater salinization [89].
6. Conclusion
Freshwater salinization caused by human activities negatively

affects human health, reduces biodiversity, and disrupts eco-

system functions, leading to a loss of ecosystem services such

as drinking water, agriculture, fisheries, and recreational

opportunities. Controlling and remediating freshwater salini-

zation will become more important as the demand for fresh

water increases [1]. Stakeholders need to work together to

ensure that salinization regulations balance complex social

and economic values with ecological consequences [57].

While there is good science supporting management actions

in some cases, in many cases the processes leading to a change

in ecosystem functions by salinization and then to changes in

ecosystem services are poorly understood, and continued

research is needed [26]. Therefore, at the moment it might not

be possible to accurately calculate the costs and benefits of man-

agement or regulatory actions. Unavoidably, any cost and

benefit estimates would be produced with a large margin of

uncertainty, suggesting that a Precautionary Principle might

be a useful approach until better data are available. However,

the consequences from the missed opportunities to act might

supersede any costs of inaccurate value estimation [60]. There-

fore, we would not recommend waiting on a full scientific

accounting before action is taken.

Because monitoring is crucial for the design of effective

regulatory actions and management solutions, monitoring

efforts must be undertaken with the explicit goal of improving

data needed for models that will inform initiatives to protect

fresh water from continued salinization (figure 1). Each

action adopted should be assessed within a framework that

optimizes environmental, economic and social goals to mini-

mize the negative consequences of freshwater salinization

[45,57]. We have called for the establishment of an internation-

ally standardized, scientifically-based, ion-specific monitoring

programme to understand the extent, rate of change, and con-

sequences of freshwater salinization. This is imperative

because we cannot manage what is not being measured.

Along with monitoring efforts, it is crucial that policy

makers draft regional, national, and international, ion-specific

regulations aimed at addressing harmful salinization practices,

especially in environmentally or economically sensitive

regions. Uncertainties about the impacts of salinization of

fresh waters should not be taken as a reason for inaction,

because environmental and economic harm will continue



rstb.royalsocietypublis

7
and intensify as development and pollution progress. Finally,

we recommend that multi-stakeholder, co-adaptive manage-

ment strategies and technological advancements should be

used to reduce and mitigate anthropogenic salt contamination

when regulatory actions are inappropriate or ineffective, given

the known economic, social, and environmental costs and

benefits. If the necessary regulatory protections and advanced

management solutions are not implemented, freshwater
salinization will continue, increasing the social, economic and

environmental costs, especially in developing nations.
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2014 Effects of repeated salt pulses on ecosystem
structure and functions in a stream mesocosm. Sci.
Total Environ. 476 – 477, 634 – 642. (doi:10.1016/j.
scitotenv.2013.12.067)
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