Am I Drinking Treated Wastewater?
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The city of El Paso, Texas, has depended heavily on ground water for its water supply.  With ever-increasing demands for water, city planners in the early 1980s decided to minimize waste and enhance groundwater supplies by injecting treated wastewater back into the aquifer.  The project was called the “Hueco Bolson Recharge Project,” named after the aquifer in which it operates.  (Bolson is a geologic term of Spanish origin used to describe relatively flat desert basins of the southwestern United States that receive runoff from surrounding mountains.)  Ten injection wells were installed over a 2.5-mile stretch of land in northeastern El Paso (figure 1).  The quality of the treated water was not as high as that of the natural aquifer water, but it still met or exceeded the water-quality standards set by the Environmental Protection Agency for drinking water.  As with any project of this nature, it was important to know what happened to the water once injected.  We cannot simply inject and walk away.  Citizens want to know the answers to questions such as that posed in the title:  “Am I drinking treated wastewater?”

The treated water contains higher concentrations of dissolved material than the natural groundwater, so we might measure the concentration of a species such as Cl- (chloride) in city production (extraction) wells down-gradient from the recharge project.  Natural groundwater from the Hueco bolson has Cl- concentrations between 90 and 140 mg/L (milligrams per liter), while the concentration in the injected water ranges from 140 to 180 mg/L.  An increase in Cl- concentration over time may then be a good indication that recharge water has begun to reach the production wells.  Tracking recharge water in this area is complicated, however, because there are other possible sources of water that could also elevate the Cl- concentration.  Figure 1 shows the location of a dairy farm that operated from 1965 to 1975.  It is estimated that over 3 million cubic meters of irrigation water reached the aquifer during the decade of the farm’s operation.  A natural-gas processing plant also sits next to the defunct farm.  The composition and volume of wastewater that has reached the aquifer in the past from this source is largely unknown.

If we find elevated Cl- concentrations in the city production wells, how can we tell if it is recharge water or water from the farm or processing plant?  In this case, boron isotopes were used to help answer the question.  Boron is the fifth element in the periodic table, with 5 protons, Boron can have 5 or 6 neutrons, giving it a mass number of 10 or 11, respectively.  We identify those isotopes as 10B and 11B.  The ratio of 11B/10B in groundwater and contaminants is often distinctive and can be used to identify the source of the water or contamination.

When reporting isotope ratios, scientists use differences from a standard, instead of the absolute 11B/10B ratio of the sample.  (The reference standard for boron is NBS-951 boric acid, a material provided by the National Bureau of Standards.)  If the sample as a ratio equal to the standard, there is no difference, so the value is reported as δ11B = 00/00.   The term “δ11B,” pronounced “del B-11,” stands for the difference in the 11B/10B ratio (δ is the Greek letter “delta”), and the term “0/00” pronounced “per mil,” is simply the difference from the standard in parts per thousand, or the 0/0 difference times 10.  A positive δ value means the sample has a 11B/10B ratio higher than the standard; a negative δ value means the sample has a ratio lower than the standard.

Natural ground water from the Hueco bolson has a boron concentration of about 0.1 mg/L and a δ11B ranging from 130/00 to 170/00.  Treated wastewater has a boron concentration of about 0.3 mg/L, and a δ11B ranging from 60/00 to 100/00.  Figure 2 shows a graph of boron concentrations versus δ11B for natural ground water, treated wastewater, observation wells, and city production wells.  If treated wastewater had reached the city production wells, the production-well data should have fallen between the natural ground water, and the treated wastewater data points.  Instead, the production wells plotted between natural ground water and two points represented by production wells just north of the farm and processing plant.  The conclusion is that the city production wells are pumping water influenced by water derived from the defunct farm and the processing plant and not from the Hueco Bolson Recharge Project.  The observation wells with higher boron concentrations are sampling water that is a mixture of treated wastewater with water that is already a mixture of natural ground water and irrigation and processing-plant water.  Thus, citizens of El Paso are not drinking treated wastewater – at least not yet!

