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§ Changing hydrologic cycles, coupled with population growth, is quickly 
depleting national water supplies

§ Brackish groundwater reserves offer the potential to augment existing 
water resources, but the traditional treatment technique – Brackish 
Water Reverse Osmosis (BWRO) – presents unique challenges, such 
as:
§ Buildup of problematic scalants (calcium, magnesium, sulfates) on 

RO membranes
§ Produces large volumes of brine concentrate that often contains 

heavy metals (arsenic, boron)
§ Requires extensive capital (chemical additions, labor, energy)

§ Biological pre-treatment using diatoms in a wetland-like 
system can sustainably enhance BWRO through:
§ Photosynthetic diel (day/night) cycling 
§ Geomicrobial Respiration 
§ Microbial Metabolism

§ Brackish Water: 1,000 – 10,000 mg/L Total Dissolved Solids (TDS)
§ Type 2: Calcium-Sulfate Dominant, contains high levels of 

magnesium and sodium
§ Created synthetic Type 2 water analogous to Brackish Groundwater 

National Desalination Research Facility (Alamogordo, New Mexico) 
concentrations: ~5,500 mg/L TDS

§ Pumped media into wetland “miniflumes” with a 1-day hydraulic 
residence time (HRT)

§ Samples collected daily from influent, within wetland “miniflumes”, 
and effluent at peak light and peak dark

• Expand experiments into “megaflume” and investigate heavy metal 
oxidation in conjunction with scalant reduction

• Determine improvements BWRO treatment efficacy
• Quantify economic and environmental benefits

• Acid Mine Drainage and Heavy Metal contamination
• Emerging Physical and Chemical Contaminants

Thank you to the United States Bureau of Reclamation (USBR) for 
funding this research, as well as to Dr. Jonathan Sharp and the other 

members of the Geo-Environmental Microbiology (GEM) lab for their 
mentoring, teaching, and support. 

ResultsResults

Photosynthetic Diel Cycling

Scalant Reduction

Materials and Methods

Future Research

Engineered Wetlands

Hypothesis

Projections for Water Resources

Acknowledgements

8

8.5

9

9.5

10

10.5

0 1 2 3 4 5 6 7

pH

Time (Days)
MiniFlume D MiniFlume E

0

5

10

15

20

25

30

35

40

12/6/22 12/7/22 12/8/22 12/9/22 12/10/22 12/11/22 12/12/22

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

Time (Days)
MiniFlume D MiniFlume E

Figure 5: Photosynthetic Diel Cycling of pH During Flow-Thru Experiment Figure 6: Photosynthetic Diel Cycling of Dissolved Oxygen (DO) During Flow-Thru Experiment

§ Both pH and Dissolved Oxygen (DO) showed increased variability and daily fluctuations as the synthetic brackish water was pumped through the System
§ Confirms brackish water will not inhibit photosynthetic processes, which creates an alkaline environment necessary for precipitation of inorganic 

compounds, and may create more favorable treatment conditions over time

Summary

Figure 7: Flow-Thru Calcium Concentrations Figure 9: Flow-Thru Sulfate ConcentrationsFigure 8: Flow-Thru Magnesium Concentrations

§ The effluent concentrations of the three main scalants of concern – Calcium, Magnesium, and Sulfate – decreased in each of the two experimental trials 
despite variable influent concentrations

§ Other notable constituents – Silicon, Sodium, and Strontium – had similar decreased concentrations in the effluent water samples but Potassium 
concentrations increased

§ Confirms that both photosynthetic diel cycling (~6% decrease in concentrations for 5 PM samples compared to 8 AM samples) and microbial metabolism 
in the engineered wetlands can sustainably decrease scalant concentrations and reduce associated membrane fouling over time

Figure 3 - Depth to Brackish Groundwater in the United States (Stanton, et. al, 2017)
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Water depth is controlled by an adjustable height drain valve. Diel cycling is controlled by an LED 
dimmer that simulates sunrise/sunset cycles with tunable illumination of up to 80,000 lux at the 
water surface. The system was seeded with naturally colonized biomat harvested from our 
operational field scale system at the Prado Engineered Wetlands in Southern California which is 
managed by Orange County Water District (Brady et al., 2021). Within our laboratory scale 
system, we established a wetland biomat thickness of 2 cm with 10 cm of overlying water; this can 
be experimentally manipulated to address different research questions. The system has been 
operated continuously for more than six months with synthetic river water and creates geochemical 
signals (ie. pH and DO oscillations such as those depicted in Figure 5B) analogous to the field-
scale system. While the bioflume provides us with sufficient volumes of effluent for downstream 
RO testing, it’s large footprint and significant waste generation makes running multiple units in 
parallel cumbersome.  To address this we established smaller flow through systems (~1-2L per 
day) for pollutant challenge experiments (“Miniflume”, Figure 6). The dimensions of the 
miniflumes are proportional to the full-scale bioflume, and running conditions such as hydraulic 
retention time (HRT ~1 day) are matched.  This platform allows us to run controlled studies rapidly 
with little waste generation but also provides a platform to scale this up for future research. BWRO 
will be evaluated after wetland pretreatment using an automated bench-scale RO and NF research 

system that has also already been developed and is in 
operation within our laboratory (Figure 7).  This 
membrane cell operates in crossflow mode at 1.5 L 
per minute and both permeate and reject can be 
recycled to the feed tank allowing for extended 
operation at constant concentration and reduce loss 
due to evaporation. Feed temperature and pH are 
continuously evaluated and can be automatically 
adjusted to suit the experimental needs. 
Conductivity, feed and reject pressure are monitored 
at the inlet and reject outlet of the membrane cell, and 
stream flow are monitored at the inlet and both 
outlets (permeate and reject) of the membrane cell.  
The system uses a custom flow cell providing a total 
membrane surface area of 0.0139 m2. Data collection 
and operating conditions are controlled using 
LabVIEW software (National Instruments, Austin, 
TX, USA).   
  
For this project we will use UPOW wetland material 
sourced from the Orange County Water District 
(OCWD) operated Prado Wetlands, an artificial 

tributary of the Santa Ana River that was established in 1992. The primary purpose of this 465 
acre constructed wetland complex, which contains both vegetated and shallow open water cells, is 
to remove nitrogen from the river as well as provide other important ecosystem services and 
habitat. Demonstration scale open water wetlands within the larger Prado Engineered Wetlands 

Figure 6.  Small scale flow-through 
wetland system (Miniflume”). 
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Figure 1 (Left) – Laboratory Wetland “MiniFlumes”
Figure 2 (Right) – Field Scale Prado Wetlands

Figure 4: Biological Treatment of Brackish Groundwater

Figure 10 – Laboratory Wetland “Megaflume”
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Compound Trial 1 Trial 2
Calcium 36% 33%
Potassium -85% -51%
Magnesium 32% 43%
Silicon 53% 69%
Sodium 35% 33%
Sulfate 38% 34%
Strontium 31% 42%
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Figure 10.   Observed minimum depth to brackish or highly saline groundwater in the United States and selected U.S. territories.
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