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      All natural waters contain some dissolved solids (salinity) from contact with soils, rocks, and other natural materials. Too much, though, and dissolved solids can impair water use. Unpleasant taste, high water-treatment costs, mineral accumulation in plumbing, staining, corrosion, and restricted use for irrigation are among the problems associated with elevated concentrations of dissolved solids.


  



  



  
          
      
          
          


    
      Sampling design yields insights into changes in chloride in streams

  



                        
                

    
        




  



                  
                    

    
      The choice of sampling approach affects our perception of whether water quality in streams and rivers has changed over time.
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      Water-quality in U.S. rivers: salinity among major trends

  



                        
                

    
        




  



                  
                    

    
      Human activities have markedly changed the water quality of rivers in the past few decades according to a new study by the U.S. Geological Survey—concentrations of some water- quality constituents have increased while others have decreased.
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      The dissolved solids concentration in water is the sum of all the substances, organic and inorganic, dissolved in water. This also is referred to as “total dissolved solids”, or TDS. Calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, nitrate, and silica typically make up most of the dissolved solids in water. Combinations of these ions—sodium and chloride, for example—form salts, and salinity is another term commonly used to describe the dissolved solids content of water. 
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Salinization—the buildup of salts in soils to levels that are harmful to plants—is a worldwide problem and affects about one-fourth of the irrigated land in the United States. Effects include reduced crop yield and restrictions on the kinds of crops that can be grown. Cotton for example is one of the more salt-tolerant crops grown in California.  (Credit: Gary Bañuelos, USDA ARS)

Total dissolved solids can be monitored in real time in surface water and groundwater by measuring its surrogate, specific conductance. Specific conductance measures the ability of water to transmit an electrical current. That ability increases with the amount of dissolved ions in the water. 

Concentrations of dissolved solids in water can be so high that the water is unsuitable for drinking, irrigation, or other uses. Concentrations greater than the recommended value for drinking water of 500 mg/L give water an unpleasantly salty taste. Elevated concentrations of dissolved solids in water distribution systems can contribute to corrosion of plumbing fixtures and reduce the lifespan of equipment.  

When used for irrigation, water with high dissolved solids can reduce crop yield because the dissolved salts make it more difficult for plants to extract water from the soil. Dissolved solids in irrigation water can cause salts to build up in soils and aquifers and can eventually make the land unsuitable for growing crops. 

Use interactive mappers to explore river dissolved solids loads and yields and determine the importance of different sources of contaminants in a particular river basin.

 

What causes dissolved solids to be high?

High concentrations of dissolved solids are more likely to be a problem in groundwater than in surface water. That’s because when groundwater moves through the rocks and sediments that make up an aquifer, some of the minerals in those rocks and sediment dissolve, a process called “weathering”. Groundwater that has been in an aquifer a long time has had more time to react with and weather aquifer materials than groundwater that has recharged recently. 

Groundwater age is just one of the factors that can affect the concentration of dissolved solids. Other factors include climate, geology, and human actions.

Climate affects concentrations of dissolved solids in groundwater through precipitation, evaporation, and groundwater recharge. In arid regions, where precipitation is low and evaporation rates are high, there is less water to dilute the products of rock weathering. Evaporation of shallow groundwater, where the water table is near the land surface, also concentrates dissolved solids in groundwater in arid regions. Climatic differences extend across the wide spatial scales and result in broad regional patterns in dissolved-solids concentrations. Consequently, elevated concentrations of dissolved solids tend to be higher in groundwater in the arid western part of the U.S. than in the humid east. In a study of groundwater in Principal Aquifers in nine regions of the U.S., the highest concentrations of dissolved solids in groundwater were measured in the Denver Basin, High Plains, and Southwestern Basin-Fill Principal Aquifers.

Geology affects dissolved solids concentrations because some types of rocks weather more readily than others. Some sedimentary rocks, such as shales, carbonate rocks, and evaporites, are more soluble and easily weathered than quartz-rich sandstones or crystalline rocks such as granites. Geology can vary at regional and local scales, and can even vary with depth in an aquifer.
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Excess irrigation, especially in arid areas, can increase the concentration of salts in shallow  roundwater by flushing concentrated salts in soil  own to the groundwater table.  (Credit: Jeff Vanuga, USDA NRCS)

Human activities can affect concentrations of dissolved solids in groundwater. Groundwater pumping can pull deep saline water upward to shallow depths, or in from the coast into freshwater aquifers. Irrigation can increase concentrations of dissolved solids in groundwater in several ways, particularly in arid regions. When irrigation  water evaporates or is taken up by plants, it leaves the dissolved salts it contained in the soil. Excess irrigation water can flush minerals that have accumulated over thousands of years in soils and the unsaturated zone down to the water table. Irrigation can raise the water table close to the land surface, so that direct evapotranspiration of shallow groundwater can further concentrate dissolved solids. Human activities can add dissolved solids to recharging groundwater. Detergents, water softeners, fertilizers, road salt, urban runoff, and animal and human waste all contain elevated concentrations of dissolved solids that are delivered to groundwater by wastewater disposal, septic systems, or direct application to the land surface. As a result, dissolved solids concentrations are more likely to be high in shallow, recently recharged  groundwater near the water table beneath urban, suburban, or agricultural areas than in shallow groundwater beneath undeveloped areas or in deeper groundwater.

     ►  Learn more about dissolved solids and the processes that cause them to be elevated in groundwater in Principal Aquifers.

 

Urbanization and chloride—a concern for streams and groundwater

Chloride is a major component of dissolved solids. The use of road salt—sodium chloride, the same chemical as table salt—for deicing is a major manmade source of chloride to surface water and groundwater. Application of road salt in the United States has tripled since the 1970s, while other uses of salt have remained stable or decreased.

Concentrations of chloride have been increasing in U.S. streams, especially in urban areas affected by snow. Elevated concentrations of chloride in streams can be toxic to some aquatic life. Additionally, the presence of chloride increases the potential corrosivity of the water. Corrosion in water distribution systems affects infrastructure and drinking water quality.

     ►  Learn more about corrosivity.

Chloride also is a concern in groundwater, and concentrations are increasing in many aquifers across the U.S.


In the glacial aquifer system, which extends across the northern United States, chloride concentrations were highest in shallow groundwater beneath urban areas, in some cases exceeding the guideline for drinking water of 250 mg/L for taste and odor. During low-flow conditions, when groundwater is the dominant source of water to streams, high concentrations of chloride in groundwater in this aquifer system can cause chloride in streams to exceed the chronic aquatic criterion developed to protect fish and other aquatic life.

 

High concentrations of dissolved solids can indicate other problems



  
          
            

    
        




  



          
              
        Sources/Usage: Public Domain. View Media Details
      

          


Calcium and magnesium ions tend to precipitate as mineral solids on the surfaces of pipes and especially on the hot heat exchanger surfaces of boilers. The resulting buildup of scale can impede water flow in pipes and reduce the efficiency of heating elements.(From USGS Circular 1352: Water Quality in the Glacial Aquifer System, Northern United States, 1993–2009)

High concentrations of dissolved solids sometimes are accompanied by other nuisance constituents. For example, water with high total dissolved solids usually is hard, because calcium and magnesium—the two elements that define hardness in water—are two of the major components of dissolved solids in groundwater. Hard water reacts poorly with soap and sometimes leave scale deposits in pipes and water heaters. Although high dissolved solids is not in itself a health concern, it can sometimes signal the presence of elevated concentrations of arsenic, uranium, radium, or other trace elements in the groundwater as well. The occurrence of high dissolved solids in drinking water therefore can indicate that testing for a broader range of constituents might be warranted to assess possible risks and to determine options for reducing those risks.

     ►  Learn more about nuisance constituents that can cause taste and odor problems in drinking water.
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        Corrosivity describes how aggressive water is at corroding pipes and fixtures. Corrosive water can cause lead and copper in pipes to leach into drinking water and can eventually cause leaks in plumbing. Surface water and groundwater, both sources of drinking water, can potentially be corrosive.
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        Corrosivity describes how aggressive water is at corroding pipes and fixtures. Corrosive water can cause lead and copper in pipes to leach into drinking water and can eventually cause leaks in plumbing. Surface water and groundwater, both sources of drinking water, can potentially be corrosive.
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        SPARROW (SPAtially Referenced Regression On Watershed attributes) models estimate the amount of a contaminant transported from inland watersheds to larger water bodies by linking monitoring data with information on watershed characteristics and contaminant sources. Interactive, online SPARROW mapping tools allow for easy access to explore relations between human activities, natural processes, and...
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        SPARROW (SPAtially Referenced Regression On Watershed attributes) models estimate the amount of a contaminant transported from inland watersheds to larger water bodies by linking monitoring data with information on watershed characteristics and contaminant sources. Interactive, online SPARROW mapping tools allow for easy access to explore relations between human activities, natural processes, and...
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        Every day, millions of gallons of groundwater are pumped to supply drinking water for about 140 million people, almost one-half of the Nation’s population. Learn about the quality and availability of groundwater for drinking, where and why groundwater quality is degraded, and where groundwater quality is changing.
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        Every day, millions of gallons of groundwater are pumped to supply drinking water for about 140 million people, almost one-half of the Nation’s population. Learn about the quality and availability of groundwater for drinking, where and why groundwater quality is degraded, and where groundwater quality is changing.
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        The Nation's rivers and streams are a priceless resource, but pollution from urban and agricultural areas pose a threat to our water quality. To understand the value of water quality, and to more effectively manage and protect the Nation's water resources, it's critical that we know the current status of water-quality conditions, and how and why those conditions have been changing over time.
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        Water Quality in the Nation’s Streams and Rivers – Current Conditions and Long-Term Trends


    

  

  
    

    
        The Nation's rivers and streams are a priceless resource, but pollution from urban and agricultural areas pose a threat to our water quality. To understand the value of water quality, and to more effectively manage and protect the Nation's water resources, it's critical that we know the current status of water-quality conditions, and how and why those conditions have been changing over time.
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        Intensive studies by the USGS National Water-Quality Assessment (NAWQA) Project in agricultural areas provide insight into how agricultural activities have altered the natural flow of water and the way that agricultural chemicals enter streams and aquifers, and in particular how nutrients affect algal and invertebrate communities in agricultural streams.



  



        
    
    
    

      By

    
      Water Resources Mission Area

  



  








  


  
    link
    
        March 2, 2019
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        Intensive studies by the USGS National Water-Quality Assessment (NAWQA) Project in agricultural areas provide insight into how agricultural activities have altered the natural flow of water and the way that agricultural chemicals enter streams and aquifers, and in particular how nutrients affect algal and invertebrate communities in agricultural streams.
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                Metals and Other Trace Elements

              
          

    

    
        Metals, metalloids, and radionuclides all are trace elements that occur naturally in the Earth's crust. In small quantities many trace elements are essential for health in all living organisms, but some trace elements can be toxic or cause cancer, and some can bioaccumulate. The USGS investigates where and how trace elements make their way into our Nation's surface water and groundwater.
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        Metals, metalloids, and radionuclides all are trace elements that occur naturally in the Earth's crust. In small quantities many trace elements are essential for health in all living organisms, but some trace elements can be toxic or cause cancer, and some can bioaccumulate. The USGS investigates where and how trace elements make their way into our Nation's surface water and groundwater.
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        More than 43 million people—about 15 percent of the U.S. population—rely on domestic (private) wells as their source of drinking water. The quality and safety of water from domestic wells are not regulated by the Federal Safe Drinking Water Act or, in most cases, by state laws. Instead, individual homeowners are responsible for maintaining their domestic well systems and for monitoring water...
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        More than 43 million people—about 15 percent of the U.S. population—rely on domestic (private) wells as their source of drinking water. The quality and safety of water from domestic wells are not regulated by the Federal Safe Drinking Water Act or, in most cases, by state laws. Instead, individual homeowners are responsible for maintaining their domestic well systems and for monitoring water...
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                Groundwater Quality in Principal Aquifers of the Nation, 1991–2010

              
          

    

    
        What’s in your groundwater? Learn about groundwater quality in the Principal Aquifers of nine regions across the United States in informative circulars filled with figures, photos, and water-quality information.
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        What’s in your groundwater? Learn about groundwater quality in the Principal Aquifers of nine regions across the United States in informative circulars filled with figures, photos, and water-quality information.
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                Predicting Groundwater Quality in Unmonitored Areas

              
          

    

    
        Groundwater provides nearly one-half of the Nation’s drinking water, and sustains the steady flow of streams and rivers and the ecological systems that depend on that flow. Unless we drill a well, how can we know the quality of the groundwater below? Learn about how the USGS is using sophisticated techniques to predict groundwater quality and view national maps of groundwater quality.
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        Groundwater provides nearly one-half of the Nation’s drinking water, and sustains the steady flow of streams and rivers and the ecological systems that depend on that flow. Unless we drill a well, how can we know the quality of the groundwater below? Learn about how the USGS is using sophisticated techniques to predict groundwater quality and view national maps of groundwater quality.
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        The age of groundwater is key in predicting which contaminants it might contain. There are many tracers and techniques that allow us to estimate the age—or mix of ages—of the groundwater we depend on as a drinking water supply.
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        The age of groundwater is key in predicting which contaminants it might contain. There are many tracers and techniques that allow us to estimate the age—or mix of ages—of the groundwater we depend on as a drinking water supply.
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        Some water is just unpleasant to drink—it’s cloudy, or it smells or tastes bad. Some drinking water discolors teeth or skin, stains laundry or plumbing fixtures, or corrodes or clogs pipes. These effects are caused when some naturally occurring constituents occur at concentrations high enough to be a nuisance, and are particularly common where groundwater is used as a drinking water supply.
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        Some water is just unpleasant to drink—it’s cloudy, or it smells or tastes bad. Some drinking water discolors teeth or skin, stains laundry or plumbing fixtures, or corrodes or clogs pipes. These effects are caused when some naturally occurring constituents occur at concentrations high enough to be a nuisance, and are particularly common where groundwater is used as a drinking water supply.
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                The quality of our Nation's waters: Water quality in principal aquifers of the United States, 1991-2010

              
          

    

    
      About 130 million people in the United States rely on groundwater for drinking water, and the need for high-quality drinking-water supplies becomes more urgent as our population grows. Although groundwater is a safe, reliable source of drinking water for millions of people nationwide, high concentrations of some chemical constituents can pose potential human-health concerns. Some of these contamin
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                The relation of geogenic contaminants to groundwater age, aquifer hydrologic position, water type, and redox conditions in Atlantic and Gulf Coastal Plain aquifers, eastern and south-central USA

              
          

    

    
      Groundwater age distributions developed from carbon-14 (14C), tritium (3H), and helium-4 (4He) concentrations, along with aquifer hydrologic position, water type, and redox conditions, were compared to geogenic contaminants of concern (GCOC) from 252 public-supply wells in six Atlantic and Gulf Coastal Plain unconsolidated-sediment aquifers.  Concentrations of one or more GCOCs in 168 (67%) wells
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                Assessing water-quality changes in U.S. rivers at multiple geographic scales using results from probabilistic and targeted monitoring

              
          

    

    
      Two commonly used approaches for water quality monitoring are probabilistic and targeted. In a probabilistic approach like the US Environmental Protection Agency’s National Rivers and Streams Assessment, monitoring sites are selected using a statistically representative approach. In a targeted approach like that used by many monitoring organizations, monitoring sites are chosen individually to ans
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                Water-quality trends in US rivers: Exploring effects from streamflow trends and changes in watershed management

              
          

    

    
      We present a conceptual model that explores the relationship of streamflow trends to 15 water-quality parameters at 370 sites across the contiguous United States (US). Our analytical framework uses discrete water-quality data, daily streamflow records, and a statistical model to estimate water-quality trends between 1982 and 2012 and parse these trends into the amount of change attributed to trend
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                Increasing chloride in rivers of the conterminous U.S. and linkages to potential corrosivity and lead action level exceedances in drinking water

              
          

    

    
      Corrosion in water-distribution systems is a costly problem and controlling corrosion is a primary focus of efforts to reduce lead (Pb) and copper (Cu) in tap water. High chloride concentrations can increase the tendency of water to cause corrosion in distribution systems. The effects of chloride are also expressed in several indices commonly used to describe the potential corrosivity of water, th
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                The quality of our Nation's waters: Water quality in basin-fill aquifers of the southwestern United States: Arizona, California, Colorado, Nevada, New Mexico, and Utah, 1993-2009

              
          

    

    
      The Southwest Principal Aquifers consist of many basin-fill aquifers in California, Nevada, Utah, Arizona, New Mexico, and Colorado. Demands for irrigation and drinking water have substantially increased groundwater withdrawals and irrigation return flow to some of these aquifers. These changes have increased the movement of contaminants from geologic and human sources to depths used to supply dri
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                Dissolved-solids sources, loads, yields, and concentrations in streams of the conterminous United States

              
          

    

    
      Recent studies have shown that excessive dissolved-solids concentrations in water can have adverse effects on the environment and on agricultural, domestic, municipal, and industrial water users. Such effects motivated the U.S. Geological Survey’s National Water Quality Assessment Program to develop a SPAtially-Referenced Regression on Watershed Attributes (SPARROW) model that has improved the und
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                The quality of our Nation's waters: Water quality in the Denver Basin aquifer system, Colorado, 2003-05

              
          

    

    
      Availability and sustainability of groundwater in the Denver Basin aquifer system depend on water quantity and water quality. The Denver Basin aquifer system underlies about 7,000 square miles of the Great Plains in eastern Colorado and is the primary or sole source of water for domestic and public supply in many areas of the basin. Use of groundwater from the Denver Basin sandstone aquifers has b
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                Methods for evaluating temporal groundwater quality data and results of decadal-scale changes in chloride, dissolved solids, and nitrate concentrations in groundwater in the United States, 1988-2010

              
          

    

    
      Decadal-scale changes in groundwater quality were evaluated by the U.S. Geological Survey National Water-Quality Assessment (NAWQA) Program. Samples of groundwater collected from wells during 1988-2000 - a first sampling event representing the decade ending the 20th century - were compared on a pair-wise basis to samples from the same wells collected during 2001-2010 - a second sampling event repr
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                Quality of major ion and total dissolved solids data from groundwater sampled by the National Water-Quality Assessment Program, 1992–2010

              
          

    

    
      Proper interpretation of water quality requires consideration of the effects that contamination bias and sampling variability might have on measured analyte concentrations. The effect of contamination bias and sampling variability on major ion and total dissolved solids data in water samples collected in 48 of the 52 National Water-Quality Assessment Program study units from 1992–2010 is discussed
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                Modeled sources, transport, and accumulation of dissolved solids in water resources of the southwestern United States

              
          

    

    
      Information on important source areas for dissolved solids in streams of the southwestern United States, the relative share of deliveries of dissolved solids to streams from natural and human sources, and the potential for salt accumulation in soil or groundwater was developed using a SPAtially Referenced Regressions On Watershed attributes model. Predicted area‐normalized reach‐catchment delivery
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                Decadal-scale changes in dissolved-solids concentrations in groundwater used for public supply, Salt Lake Valley, Utah

              
          

    

    
      Basin-fill aquifers are a major source of good-quality water for public supply in many areas of the southwestern United States and have undergone increasing development as populations have grown over time. During 2005, the basin-fill aquifer in Salt Lake Valley, Utah, provided approximately 75,000 acre-feet, or about 29 percent of the total amount of water used by a population of 967,000. Groundwa
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                Dissolved solids in basin-fill aquifers and streams in the Southwestern United States— Executive summary

              
          

    

    
      The U.S. Geological Survey (USGS) recently completed a regional study in the Southwestern United States to characterize dissolved-solids conditions in major water supplies, including important rivers and aquifers. High concentrations of dissolved solids can degrade a water supply's suitability for important uses, such as drinking water or crop irrigation. In an effort to ensure the continued avail
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        Sampling design brings insights to changing stream quality


    

  

  
    

    
        How does the choice of sampling approach affect our perception of whether water quality in streams and rivers has changed over time? A new joint U.S...
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        Human Activities Increase Salt Content in Many of the Nation’s Streams


    

  

  
    

    
        Concentrations of dissolved solids, a measure of the salt content in water, are elevated in many of the Nations streams as a result of human...
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      All natural waters contain some dissolved solids (salinity) from contact with soils, rocks, and other natural materials. Too much, though, and dissolved solids can impair water use. Unpleasant taste, high water-treatment costs, mineral accumulation in plumbing, staining, corrosion, and restricted use for irrigation are among the problems associated with elevated concentrations of dissolved solids.


  



  



  
          
      
          
          


    
      Sampling design yields insights into changes in chloride in streams

  



                        
                

    
        




  



                  
                    

    
      The choice of sampling approach affects our perception of whether water quality in streams and rivers has changed over time.
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      Water-quality in U.S. rivers: salinity among major trends

  



                        
                

    
        




  



                  
                    

    
      Human activities have markedly changed the water quality of rivers in the past few decades according to a new study by the U.S. Geological Survey—concentrations of some water- quality constituents have increased while others have decreased.
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      The dissolved solids concentration in water is the sum of all the substances, organic and inorganic, dissolved in water. This also is referred to as “total dissolved solids”, or TDS. Calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, nitrate, and silica typically make up most of the dissolved solids in water. Combinations of these ions—sodium and chloride, for example—form salts, and salinity is another term commonly used to describe the dissolved solids content of water. 
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Salinization—the buildup of salts in soils to levels that are harmful to plants—is a worldwide problem and affects about one-fourth of the irrigated land in the United States. Effects include reduced crop yield and restrictions on the kinds of crops that can be grown. Cotton for example is one of the more salt-tolerant crops grown in California.  (Credit: Gary Bañuelos, USDA ARS)

Total dissolved solids can be monitored in real time in surface water and groundwater by measuring its surrogate, specific conductance. Specific conductance measures the ability of water to transmit an electrical current. That ability increases with the amount of dissolved ions in the water. 

Concentrations of dissolved solids in water can be so high that the water is unsuitable for drinking, irrigation, or other uses. Concentrations greater than the recommended value for drinking water of 500 mg/L give water an unpleasantly salty taste. Elevated concentrations of dissolved solids in water distribution systems can contribute to corrosion of plumbing fixtures and reduce the lifespan of equipment.  

When used for irrigation, water with high dissolved solids can reduce crop yield because the dissolved salts make it more difficult for plants to extract water from the soil. Dissolved solids in irrigation water can cause salts to build up in soils and aquifers and can eventually make the land unsuitable for growing crops. 

Use interactive mappers to explore river dissolved solids loads and yields and determine the importance of different sources of contaminants in a particular river basin.

 

What causes dissolved solids to be high?

High concentrations of dissolved solids are more likely to be a problem in groundwater than in surface water. That’s because when groundwater moves through the rocks and sediments that make up an aquifer, some of the minerals in those rocks and sediment dissolve, a process called “weathering”. Groundwater that has been in an aquifer a long time has had more time to react with and weather aquifer materials than groundwater that has recharged recently. 

Groundwater age is just one of the factors that can affect the concentration of dissolved solids. Other factors include climate, geology, and human actions.

Climate affects concentrations of dissolved solids in groundwater through precipitation, evaporation, and groundwater recharge. In arid regions, where precipitation is low and evaporation rates are high, there is less water to dilute the products of rock weathering. Evaporation of shallow groundwater, where the water table is near the land surface, also concentrates dissolved solids in groundwater in arid regions. Climatic differences extend across the wide spatial scales and result in broad regional patterns in dissolved-solids concentrations. Consequently, elevated concentrations of dissolved solids tend to be higher in groundwater in the arid western part of the U.S. than in the humid east. In a study of groundwater in Principal Aquifers in nine regions of the U.S., the highest concentrations of dissolved solids in groundwater were measured in the Denver Basin, High Plains, and Southwestern Basin-Fill Principal Aquifers.

Geology affects dissolved solids concentrations because some types of rocks weather more readily than others. Some sedimentary rocks, such as shales, carbonate rocks, and evaporites, are more soluble and easily weathered than quartz-rich sandstones or crystalline rocks such as granites. Geology can vary at regional and local scales, and can even vary with depth in an aquifer.
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Excess irrigation, especially in arid areas, can increase the concentration of salts in shallow  roundwater by flushing concentrated salts in soil  own to the groundwater table.  (Credit: Jeff Vanuga, USDA NRCS)

Human activities can affect concentrations of dissolved solids in groundwater. Groundwater pumping can pull deep saline water upward to shallow depths, or in from the coast into freshwater aquifers. Irrigation can increase concentrations of dissolved solids in groundwater in several ways, particularly in arid regions. When irrigation  water evaporates or is taken up by plants, it leaves the dissolved salts it contained in the soil. Excess irrigation water can flush minerals that have accumulated over thousands of years in soils and the unsaturated zone down to the water table. Irrigation can raise the water table close to the land surface, so that direct evapotranspiration of shallow groundwater can further concentrate dissolved solids. Human activities can add dissolved solids to recharging groundwater. Detergents, water softeners, fertilizers, road salt, urban runoff, and animal and human waste all contain elevated concentrations of dissolved solids that are delivered to groundwater by wastewater disposal, septic systems, or direct application to the land surface. As a result, dissolved solids concentrations are more likely to be high in shallow, recently recharged  groundwater near the water table beneath urban, suburban, or agricultural areas than in shallow groundwater beneath undeveloped areas or in deeper groundwater.

     ►  Learn more about dissolved solids and the processes that cause them to be elevated in groundwater in Principal Aquifers.

 

Urbanization and chloride—a concern for streams and groundwater

Chloride is a major component of dissolved solids. The use of road salt—sodium chloride, the same chemical as table salt—for deicing is a major manmade source of chloride to surface water and groundwater. Application of road salt in the United States has tripled since the 1970s, while other uses of salt have remained stable or decreased.

Concentrations of chloride have been increasing in U.S. streams, especially in urban areas affected by snow. Elevated concentrations of chloride in streams can be toxic to some aquatic life. Additionally, the presence of chloride increases the potential corrosivity of the water. Corrosion in water distribution systems affects infrastructure and drinking water quality.

     ►  Learn more about corrosivity.

Chloride also is a concern in groundwater, and concentrations are increasing in many aquifers across the U.S.


In the glacial aquifer system, which extends across the northern United States, chloride concentrations were highest in shallow groundwater beneath urban areas, in some cases exceeding the guideline for drinking water of 250 mg/L for taste and odor. During low-flow conditions, when groundwater is the dominant source of water to streams, high concentrations of chloride in groundwater in this aquifer system can cause chloride in streams to exceed the chronic aquatic criterion developed to protect fish and other aquatic life.

 

High concentrations of dissolved solids can indicate other problems
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Calcium and magnesium ions tend to precipitate as mineral solids on the surfaces of pipes and especially on the hot heat exchanger surfaces of boilers. The resulting buildup of scale can impede water flow in pipes and reduce the efficiency of heating elements.(From USGS Circular 1352: Water Quality in the Glacial Aquifer System, Northern United States, 1993–2009)

High concentrations of dissolved solids sometimes are accompanied by other nuisance constituents. For example, water with high total dissolved solids usually is hard, because calcium and magnesium—the two elements that define hardness in water—are two of the major components of dissolved solids in groundwater. Hard water reacts poorly with soap and sometimes leave scale deposits in pipes and water heaters. Although high dissolved solids is not in itself a health concern, it can sometimes signal the presence of elevated concentrations of arsenic, uranium, radium, or other trace elements in the groundwater as well. The occurrence of high dissolved solids in drinking water therefore can indicate that testing for a broader range of constituents might be warranted to assess possible risks and to determine options for reducing those risks.

     ►  Learn more about nuisance constituents that can cause taste and odor problems in drinking water.
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        Corrosivity describes how aggressive water is at corroding pipes and fixtures. Corrosive water can cause lead and copper in pipes to leach into drinking water and can eventually cause leaks in plumbing. Surface water and groundwater, both sources of drinking water, can potentially be corrosive.
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        Corrosivity describes how aggressive water is at corroding pipes and fixtures. Corrosive water can cause lead and copper in pipes to leach into drinking water and can eventually cause leaks in plumbing. Surface water and groundwater, both sources of drinking water, can potentially be corrosive.
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                SPARROW modeling: Estimating nutrient, sediment, and dissolved solids transport

              
          

    

    
        SPARROW (SPAtially Referenced Regression On Watershed attributes) models estimate the amount of a contaminant transported from inland watersheds to larger water bodies by linking monitoring data with information on watershed characteristics and contaminant sources. Interactive, online SPARROW mapping tools allow for easy access to explore relations between human activities, natural processes, and...
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        SPARROW (SPAtially Referenced Regression On Watershed attributes) models estimate the amount of a contaminant transported from inland watersheds to larger water bodies by linking monitoring data with information on watershed characteristics and contaminant sources. Interactive, online SPARROW mapping tools allow for easy access to explore relations between human activities, natural processes, and...
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        Every day, millions of gallons of groundwater are pumped to supply drinking water for about 140 million people, almost one-half of the Nation’s population. Learn about the quality and availability of groundwater for drinking, where and why groundwater quality is degraded, and where groundwater quality is changing.
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        Every day, millions of gallons of groundwater are pumped to supply drinking water for about 140 million people, almost one-half of the Nation’s population. Learn about the quality and availability of groundwater for drinking, where and why groundwater quality is degraded, and where groundwater quality is changing.
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                Water Quality in the Nation’s Streams and Rivers – Current Conditions and Long-Term Trends

              
          

    

    
        The Nation's rivers and streams are a priceless resource, but pollution from urban and agricultural areas pose a threat to our water quality. To understand the value of water quality, and to more effectively manage and protect the Nation's water resources, it's critical that we know the current status of water-quality conditions, and how and why those conditions have been changing over time.
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        The Nation's rivers and streams are a priceless resource, but pollution from urban and agricultural areas pose a threat to our water quality. To understand the value of water quality, and to more effectively manage and protect the Nation's water resources, it's critical that we know the current status of water-quality conditions, and how and why those conditions have been changing over time.
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        Intensive studies by the USGS National Water-Quality Assessment (NAWQA) Project in agricultural areas provide insight into how agricultural activities have altered the natural flow of water and the way that agricultural chemicals enter streams and aquifers, and in particular how nutrients affect algal and invertebrate communities in agricultural streams.
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        Intensive studies by the USGS National Water-Quality Assessment (NAWQA) Project in agricultural areas provide insight into how agricultural activities have altered the natural flow of water and the way that agricultural chemicals enter streams and aquifers, and in particular how nutrients affect algal and invertebrate communities in agricultural streams.
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                Metals and Other Trace Elements

              
          

    

    
        Metals, metalloids, and radionuclides all are trace elements that occur naturally in the Earth's crust. In small quantities many trace elements are essential for health in all living organisms, but some trace elements can be toxic or cause cancer, and some can bioaccumulate. The USGS investigates where and how trace elements make their way into our Nation's surface water and groundwater.
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        Metals, metalloids, and radionuclides all are trace elements that occur naturally in the Earth's crust. In small quantities many trace elements are essential for health in all living organisms, but some trace elements can be toxic or cause cancer, and some can bioaccumulate. The USGS investigates where and how trace elements make their way into our Nation's surface water and groundwater.
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        More than 43 million people—about 15 percent of the U.S. population—rely on domestic (private) wells as their source of drinking water. The quality and safety of water from domestic wells are not regulated by the Federal Safe Drinking Water Act or, in most cases, by state laws. Instead, individual homeowners are responsible for maintaining their domestic well systems and for monitoring water...
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        More than 43 million people—about 15 percent of the U.S. population—rely on domestic (private) wells as their source of drinking water. The quality and safety of water from domestic wells are not regulated by the Federal Safe Drinking Water Act or, in most cases, by state laws. Instead, individual homeowners are responsible for maintaining their domestic well systems and for monitoring water...
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                Groundwater Quality in Principal Aquifers of the Nation, 1991–2010

              
          

    

    
        What’s in your groundwater? Learn about groundwater quality in the Principal Aquifers of nine regions across the United States in informative circulars filled with figures, photos, and water-quality information.
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        What’s in your groundwater? Learn about groundwater quality in the Principal Aquifers of nine regions across the United States in informative circulars filled with figures, photos, and water-quality information.
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                Predicting Groundwater Quality in Unmonitored Areas

              
          

    

    
        Groundwater provides nearly one-half of the Nation’s drinking water, and sustains the steady flow of streams and rivers and the ecological systems that depend on that flow. Unless we drill a well, how can we know the quality of the groundwater below? Learn about how the USGS is using sophisticated techniques to predict groundwater quality and view national maps of groundwater quality.
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        Groundwater provides nearly one-half of the Nation’s drinking water, and sustains the steady flow of streams and rivers and the ecological systems that depend on that flow. Unless we drill a well, how can we know the quality of the groundwater below? Learn about how the USGS is using sophisticated techniques to predict groundwater quality and view national maps of groundwater quality.
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        The age of groundwater is key in predicting which contaminants it might contain. There are many tracers and techniques that allow us to estimate the age—or mix of ages—of the groundwater we depend on as a drinking water supply.
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                Drinking Water Taste and Odor

              
          

    

    
        Some water is just unpleasant to drink—it’s cloudy, or it smells or tastes bad. Some drinking water discolors teeth or skin, stains laundry or plumbing fixtures, or corrodes or clogs pipes. These effects are caused when some naturally occurring constituents occur at concentrations high enough to be a nuisance, and are particularly common where groundwater is used as a drinking water supply.
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        Some water is just unpleasant to drink—it’s cloudy, or it smells or tastes bad. Some drinking water discolors teeth or skin, stains laundry or plumbing fixtures, or corrodes or clogs pipes. These effects are caused when some naturally occurring constituents occur at concentrations high enough to be a nuisance, and are particularly common where groundwater is used as a drinking water supply.
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            January 21, 2015


        
              
                The quality of our Nation's waters: Water quality in principal aquifers of the United States, 1991-2010

              
          

    

    
      About 130 million people in the United States rely on groundwater for drinking water, and the need for high-quality drinking-water supplies becomes more urgent as our population grows. Although groundwater is a safe, reliable source of drinking water for millions of people nationwide, high concentrations of some chemical constituents can pose potential human-health concerns. Some of these contamin
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                The relation of geogenic contaminants to groundwater age, aquifer hydrologic position, water type, and redox conditions in Atlantic and Gulf Coastal Plain aquifers, eastern and south-central USA

              
          

    

    
      Groundwater age distributions developed from carbon-14 (14C), tritium (3H), and helium-4 (4He) concentrations, along with aquifer hydrologic position, water type, and redox conditions, were compared to geogenic contaminants of concern (GCOC) from 252 public-supply wells in six Atlantic and Gulf Coastal Plain unconsolidated-sediment aquifers.  Concentrations of one or more GCOCs in 168 (67%) wells
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                Assessing water-quality changes in U.S. rivers at multiple geographic scales using results from probabilistic and targeted monitoring

              
          

    

    
      Two commonly used approaches for water quality monitoring are probabilistic and targeted. In a probabilistic approach like the US Environmental Protection Agency’s National Rivers and Streams Assessment, monitoring sites are selected using a statistically representative approach. In a targeted approach like that used by many monitoring organizations, monitoring sites are chosen individually to ans
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                Water-quality trends in US rivers: Exploring effects from streamflow trends and changes in watershed management

              
          

    

    
      We present a conceptual model that explores the relationship of streamflow trends to 15 water-quality parameters at 370 sites across the contiguous United States (US). Our analytical framework uses discrete water-quality data, daily streamflow records, and a statistical model to estimate water-quality trends between 1982 and 2012 and parse these trends into the amount of change attributed to trend
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                Increasing chloride in rivers of the conterminous U.S. and linkages to potential corrosivity and lead action level exceedances in drinking water

              
          

    

    
      Corrosion in water-distribution systems is a costly problem and controlling corrosion is a primary focus of efforts to reduce lead (Pb) and copper (Cu) in tap water. High chloride concentrations can increase the tendency of water to cause corrosion in distribution systems. The effects of chloride are also expressed in several indices commonly used to describe the potential corrosivity of water, th
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                The quality of our Nation's waters: Water quality in basin-fill aquifers of the southwestern United States: Arizona, California, Colorado, Nevada, New Mexico, and Utah, 1993-2009

              
          

    

    
      The Southwest Principal Aquifers consist of many basin-fill aquifers in California, Nevada, Utah, Arizona, New Mexico, and Colorado. Demands for irrigation and drinking water have substantially increased groundwater withdrawals and irrigation return flow to some of these aquifers. These changes have increased the movement of contaminants from geologic and human sources to depths used to supply dri
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                Dissolved-solids sources, loads, yields, and concentrations in streams of the conterminous United States

              
          

    

    
      Recent studies have shown that excessive dissolved-solids concentrations in water can have adverse effects on the environment and on agricultural, domestic, municipal, and industrial water users. Such effects motivated the U.S. Geological Survey’s National Water Quality Assessment Program to develop a SPAtially-Referenced Regression on Watershed Attributes (SPARROW) model that has improved the und
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                The quality of our Nation's waters: Water quality in the Denver Basin aquifer system, Colorado, 2003-05

              
          

    

    
      Availability and sustainability of groundwater in the Denver Basin aquifer system depend on water quantity and water quality. The Denver Basin aquifer system underlies about 7,000 square miles of the Great Plains in eastern Colorado and is the primary or sole source of water for domestic and public supply in many areas of the basin. Use of groundwater from the Denver Basin sandstone aquifers has b
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                Methods for evaluating temporal groundwater quality data and results of decadal-scale changes in chloride, dissolved solids, and nitrate concentrations in groundwater in the United States, 1988-2010

              
          

    

    
      Decadal-scale changes in groundwater quality were evaluated by the U.S. Geological Survey National Water-Quality Assessment (NAWQA) Program. Samples of groundwater collected from wells during 1988-2000 - a first sampling event representing the decade ending the 20th century - were compared on a pair-wise basis to samples from the same wells collected during 2001-2010 - a second sampling event repr
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                Quality of major ion and total dissolved solids data from groundwater sampled by the National Water-Quality Assessment Program, 1992–2010

              
          

    

    
      Proper interpretation of water quality requires consideration of the effects that contamination bias and sampling variability might have on measured analyte concentrations. The effect of contamination bias and sampling variability on major ion and total dissolved solids data in water samples collected in 48 of the 52 National Water-Quality Assessment Program study units from 1992–2010 is discussed

  



        
    
    

    

      Authors

    
      Eliza L. Gross, Bruce D. Lindsey, Michael G. Rupert

  




    

      By

    
      Water Resources Mission Area, Pennsylvania Water Science Center

  



  





    
    
            January 1, 2011


        
              
                Modeled sources, transport, and accumulation of dissolved solids in water resources of the southwestern United States

              
          

    

    
      Information on important source areas for dissolved solids in streams of the southwestern United States, the relative share of deliveries of dissolved solids to streams from natural and human sources, and the potential for salt accumulation in soil or groundwater was developed using a SPAtially Referenced Regressions On Watershed attributes model. Predicted area‐normalized reach‐catchment delivery
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                Decadal-scale changes in dissolved-solids concentrations in groundwater used for public supply, Salt Lake Valley, Utah

              
          

    

    
      Basin-fill aquifers are a major source of good-quality water for public supply in many areas of the southwestern United States and have undergone increasing development as populations have grown over time. During 2005, the basin-fill aquifer in Salt Lake Valley, Utah, provided approximately 75,000 acre-feet, or about 29 percent of the total amount of water used by a population of 967,000. Groundwa

  



        
    
    

    

      Authors

    
      Susan A. Thiros, Larry Spangler

  




    

      By

    
      Water Resources Mission Area, Utah Water Science Center

  



  





    
    
            September 18, 2008


        
              
                Dissolved solids in basin-fill aquifers and streams in the Southwestern United States— Executive summary

              
          

    

    
      The U.S. Geological Survey (USGS) recently completed a regional study in the Southwestern United States to characterize dissolved-solids conditions in major water supplies, including important rivers and aquifers. High concentrations of dissolved solids can degrade a water supply's suitability for important uses, such as drinking water or crop irrigation. In an effort to ensure the continued avail
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        Sampling design brings insights to changing stream quality


    

  

  
    

    
        How does the choice of sampling approach affect our perception of whether water quality in streams and rivers has changed over time? A new joint U.S...
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        Human Activities Increase Salt Content in Many of the Nation’s Streams


    

  

  
    

    
        Concentrations of dissolved solids, a measure of the salt content in water, are elevated in many of the Nations streams as a result of human...
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