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APPENDIX F: 
Technology Solutions for Nitrates 

Nitrate accumulation is of significant concern to the long-term sustainability of Tulare County. 

Nitrate concentrations in many domestic wells in Tulare County exceed safe drinking water 

standards. Nitrates in drinking water are known to cause reproductive issues such as 

methemoglobinemia, or “blue baby disease.”167,168 In response to nitrate concerns, the State 

Water Board contracted with the University of California, Davis (UC Davis) in 2010 to conduct 

an independent study on nitrates in the Tulare Lake Basin and the Salinas Valley. The 5-year 

field study, called Nitrogen Fertilizer Loading to Groundwater in the Central Valley, identified 

the anthropogenic sources169 that contribute to nitrate accumulation in groundwater in the 

Tulare Lake Basin and Salinas Valley170. The study found the following sources of nitrates:171 

 Cropland (96 percent of total), where nitrogen applied to crops, but not removed by 

harvest, air emissions, or runoff is leached from the root zone to groundwater. Nitrogen 

intentionally or incidentally applied to cropland includes:  

o Synthetic fertilizer (54 percent). 

o Animal manure (33 percent). 

o Irrigation source water (8 percent). 

o Atmospheric deposition (3 percent). 

o Municipal effluent and biosolids (2 percent). 

 Percolation of wastewater treatment plant (WWTP) and food processing (FP) wastes (1.5 

percent of total). 

 Recharge from animal corrals and manure storage lagoons (1 percent of total). 

 Leachate from septic system drainfields (1 percent of total).  

 Urban parks, lawns, golf courses, and leaky sewer systems (less than 1 percent of total). 

                                                 
167 “Nitrate poisoning, called methemoglobinemia (“blue baby” syndrome). Toxic effects occur when bacteria in the 
infant’s stomach convert nitrate to more toxic nitrite. When nitrite enters the bloodstream, it interferes with the body’s 
ability to carry oxygen to body tissues. Symptoms include shortness of breath and blueness of the skin around the eyes 
and mouth. Infants with these symptoms need immediate medical care since the condition can lead to coma and 
eventually death.” Source: SWRCB Groundwater Information Sheet: Nitrate. Revised November 2017. Retrieved from the 
State Water Resources Control Board (SWRCB)  website: https://www.waterboards.ca.gov/gama/docs/coc_nitrate.pdf. 

168 Fan, A. M., & Steinberg, V. E. (1996). Health Implications of Nitrate and Nitrite in Drinking Water: An Update on 
Methemoglobinemia Occurrence and Reproductive and Developmental Toxicity. Regulatory Toxicology and 
Pharmacology. 23:1. 

169 Caused or influenced by human activity. 

170 University of California, Davis (2012). Technical Report 2: Nitrogen Sources and Loading to Groundwater With a 
Focus on Tulare Lake Basin and Salinas Valley Groundwater. Retrieved from 
http://groundwaternitrate.ucdavis.edu/files/139110.pdf.  

171 Summarized by the SWRCB on its website: 
https://www.waterboards.ca.gov/water_issues/programs/nitrate_project/index.html.  

https://www.waterboards.ca.gov/gama/docs/coc_nitrate.pdf
http://groundwaternitrate.ucdavis.edu/files/139110.pdf
https://www.waterboards.ca.gov/water_issues/programs/nitrate_project/index.html
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 Downward migration of nitrate-contaminated water via wells (less than 1 percent of 

total).  

A Central Valley-wide Salt and Nitrate Management Plan (SNMP)172 was adopted by the Central 

Valley Regional Water Quality Control Board (RWQCB) on June 1st, 2018 and will be 

implemented over the next four years. The Nitrate Control Program within the SNMP will 

require all dischargers to evaluate their nitrate contributions and address them either 

individually or in cooperation with other dischargers in a specialized management zone. The 

SNMP includes a conditional prohibition in which permittees discharging nitrate will be 

prohibited from discharging upon receiving a notice to comply unless they are implementing 

the requirements of the Nitrate Control Program. This will lead to increased effort among all 

dischargers in the region to adopt new technologies and strategies for managing their nitrate 

contributions. Below is a table of some technologies that can contribute to this regional effort, 

followed by more detailed descriptions of each of the technologies identified. 

Table F-1:  Water Quality Technologies 

Technology 
Components 

Managed 
Suitable Applications 

Algae 
Production 

 Nitrogen 

 Phosphorous 

High-rate algae ponds require a large footprint, but use little 
energy, while photobioreactors have a smaller footprint but 
use more energy. Both are useful for municipal or industrial 
wastewater treatment, and algae ponds can be used for 
animal wastewater treatment. Treated water can be used for 
municipal application, agricultural irrigation, or groundwater 
recharge in most cases. Produces algae by-product as an 
additional revenue stream.  

Anammox  Nitrogen 

Appropriate for municipal treatment facilities that lack land to 
treat nutrients and want to save energy on nutrient removal. 
Water needs further treatment before being reused. Produces 
a little sludge.  

Biocatalyst 

Nitrate Removal 
 Nitrogen 

Useful for direct groundwater remediation or, treating drinking 
water from wells, or for nitrate removal from wastewater 
without removing organics. Treated water is potable. 

Biochar 

 Nitrogen 

 Phosphorous 

 Heavy Metals 

 Pesticides 

 Soil Acidity 

Biochar is most effective in soils that have been highly 
degraded due to acidity, heavy metals, compaction, or 
pesticides. Because restorative agriculture management 
practices can take many years to rebuild soil carbon, biochar 
application can be used as a shortcut. Reduces application of 
synthetic fertilizer. 

Cover Crops 
 Nitrogen 

 Phosphorous 

Useful for crops that don’t need surface soil to be cleared 
annually; reduces application of synthetic fertilizer. 

Forward 

Osmosis 

 Nitrogen 

 Phosphorous 

Forward osmosis is most effective for industrial users that 
have two solutions: one that must be concentrated and one 
that must be diluted. It can be used for just one solution but 

                                                 
172 Final SNMP adopted on June 1st, 2018 found in sections at CV-SALTS website: 
https://www.cvsalinity.org/docs/central-valley-snmp/final-snmp.html.  

https://www.cvsalinity.org/docs/central-valley-snmp/final-snmp.html
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Technology 
Components 

Managed 
Suitable Applications 

 Heavy Metals 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

requires additional treatment. Food and beverage processors 
such as fruit juice or dairy processing are examples. Treated 
water can be used for municipal application, agricultural 
irrigation, or groundwater recharge Sometimes produces 
brine, depending on the setup, which is difficult to dispose of.  

Membrane 

Bioreactor 

 Nitrogen 

 Phosphorous 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Typically used for large municipal wastewater treatment 
facilities.  Treated water can be used for municipal application, 
agricultural irrigation, or groundwater recharge.  

Nitrification/ 

Denitrification 

Basins 

 Nitrogen 

Common for municipal wastewater treatment facilities that 
need a simple way to meet nutrient discharge TMDLs. Water 
needs further treatment before being reused. Produces 
sludge.  

No-Till Farming 
 Nitrogen 

 Phosphorous 

Useful for agricultural production that has not yet been 
mechanized, and that does not require raised rows of soil, 
such as fresh fruits. Requires 3-7 years to realize many of the 
benefits. Reduces application of synthetic fertilizer. 

Reactive 

Filtration 

 Nitrogen 

 Phosphorous 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Can be used to treat water from agricultural drainage canals, 
storm water, or municipal wastewater. Treated water can be 
used for direct potable reuse, municipal application, 
agricultural irrigation, or groundwater recharge. 

Reverse 

Osmosis 

 Nitrogen 

 Phosphorous 

 Heavy Metals 

 Dissolved 
Solids 

 Salinity 

 Pathogens 

Reverse osmosis is most effective for water with high salinity 
concentrations, or for water that needs to be pure, such as for 
use within laboratories.  Treated water can be used for 
offsetting water for direct potable reuse, municipal application, 
agricultural irrigation, or groundwater recharge. Produces 
brine, which is difficult to dispose of.  

Struvite Beads 

 Phosphorous 

 Nitrogen 

 Magnesium 

Struvite replaces traditional fertilizers and lasts for an entire 
growing season. It is most effective in crops that release 
organic acid anions from their root systems. Reduces 
application of synthetic fertilizer. 

Struvite 

Removal 

 Phosphorous 

 Nitrogen 

 Magnesium 

Useful for large municipal facilities with anaerobic digesters 
and struvite problems. Produces struvite beads which can be 
sold as an additional revenue stream. 

Vermifiltration 
 Nitrogen 

 Phosphorous 

Can be scaled to almost any wastewater application. Great for 
remote areas and small communities. Industries include 
dairies, food and beverage processors, and municipal 
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Technology 
Components 

Managed 
Suitable Applications 

wastewater. Treated water can be used for agricultural 
irrigation. Produces worm castings, a high-value soil 
supplement, and vermicompost which can also be applied to 
agricultural land. 

 

The above technologies are described below by type of technology solution. 

Soil Amendments 

Struvite Beads 

Struvite is a mineral compound composed phosphorous, nitrogen, and magnesium. It is most 

often considered a nuisance material because it tends to form in pipes, creating scaling issues 

and eventually clogging them. However, when recycled it can be used as an effective soil 

amendment and nutrient management tool because of its slow-release properties. When applied 

to soils, struvite beads act as nutrient storage modules. When a nearby plant needs 

phosphorous, it releases organic acid anions into the surrounding soil. This local increase in 

acidity activates the struvite beads, which release their nutrients to make them available for 

uptake by the plant. While this interaction is a plant response to low phosphorous, the nitrogen 

and magnesium are also delivered to the plant’s roots. Nutrients are essentially stored within 

the beads until the plant needs them, which prevents loss to the environment and reduces the 

need to apply chemical fertilizers. Crops that produce more organic acid anions, such as 

buckwheat, are better able to break down struvite to obtain the nutrients within. 

Biochar 

Biochar is a charcoal-like material produced by thermally treating biological materials in the 

absence of oxygen. Biochar has many properties that enhance plant growth, prevent nutrient 

leaching into the environment, and increase the water storage capacity of soils. Biochar is 

highly porous, which increases that amount of water and water-soluble nutrients that can be 

stored in the soil. This porosity also creates a large surface area, which, combined with a 

positively charged surface, makes biochar highly adsorptive. Nutrients that are applied to the 

soil are adsorbed onto the surface of biochar, which prevents loss to the environment and 

reduces the need to apply chemical fertilizers. This property increases the bioavailability of 

nutrients while simultaneously reducing the bioavailability of heavy metals. Biochar can also be 

used to remove nutrients from water, pulling them onto its surface. This biochar is considered 

to be “activated,” providing an immediate source of nutrients to plants. 

Water Treatment:  Separation 

Reverse Osmosis (RO) 

Reverse osmosis is one of the most common advanced water treatment technologies on the 

market. It excels at the removal of just about any contaminant from water. RO uses high 
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pressure to force water with high concentrations of contaminants through a semi-permeable 

membrane, leaving the contaminants behind. It is used for desalination and direct potable reuse 

applications, as well as for tertiary treatment for nutrient removal in wastewater. It is perhaps 

the best technology available for removing contaminants but is very energy-intensive and leaves 

behind a concentrated brine solution that is difficult to dispose of. It is so effective at removing 

nutrients and minerals that many farmers prefer to use groundwater over RO-treated water. 

Forward Osmosis (FO) 

Forward osmosis is similar to reverse osmosis in that it uses a semipermeable membrane to 

separate contaminants from water, but rather than using high pressure to force water through 

the membrane, FO uses natural osmotic forcing to do the work with very little energy input. FO 

systems have a feed side that contains the solution to be concentrated (water removed), and a 

draw side that contains the solution to be diluted (water added). Typically, the draw side will be 

a solution concentrated with something that is easy to remove in a subsequent process, 

resulting in clean water. If a particular application uses two solutions, one which needs to be 

concentrated and another that needs to be diluted, then FO becomes incredibly efficient. 

Similar to RO, however, if used just to treat water, then contaminants on the feed side will be 

concentrated into a brine solution that is difficult to dispose of. 

Membrane Bioreactor (MBR) 

MBR is an advanced wastewater treatment technology known for its consistent high level of 

treatment, easy integration into existing infrastructure, and low footprint. MBR uses a 

combination of biological treatment and microfiltration. While there are different variations, it 

generally consists of an activated sludge tank with trains of submerged microfiltration tubes. 

While biological processes are occurring in the tank, water is simultaneously passing through 

small pores in the membrane into the interior of the microfiltration tubes and removed as 

effluent. Aeration simultaneously assists in aerobic growth while preventing fouling of the 

membranes. Sludge is removed for disposal or digestion. MBR removes 96-99 percent of 

nitrogen from wastewater173. 

Water Treatment: Degradation 

Nitrification/Denitrification Basins 

The standard nitrogen degradation technique. Nitrification is the process by which ammonia is 

converted by aerobic bacteria to nitrite, and then nitrate. In denitrification, anaerobic bacteria 

convert nitrate to N2O or nitrogen gas, which is released into the atmosphere. Water treatment 

facilities can operate these two processes in sequence by storing influent in an aerobic basin, 

followed by an anaerobic basin. This necessarily requires a large footprint to carry out both 

processes. 

                                                 
173 Kraume, M., et al. (2005). Nutrients removal in MBRs for municipal wastewater treatment. Water Science and 
Technology. 2005; 51(6-7):391-402. 
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Anammox 

Anaerobic ammonia oxidation is a process that takes advantage of a specific bacterial group 

that is capable of performing both nitrification and denitrification. It occurs in anaerobic 

environments and does not require aeration, which is the most energy-intensive portion of 

wastewater treatment. Anammox bacteria are effective at converting both ammonia and nitrates 

to N2 while also removing significant portions of biological oxygen demand, reducing the energy 

requirements of subsequent aeration basins. Anammox bacteria grow slowly but provide an 

energy- and footprint-efficient alternative to traditional nitrification/denitrification processes. 

Biocatalyst Nitrate Removal 

A biocatalyst is a contained unit of microbes that is capable of processing nitrates without the 

microbe population increasing. This is accomplished via an engineered polymer-microorganism 

composite with a high density of organisms. When exposed to water, the microbes are 

prevented from being released to the environment, but nitrate-rich water is able to pass 

through the composite. Nitrates are converted into N2 by the microorganisms, and then the 

water passes out of the composite. Nitrates are removed from the water without creating sludge 

or any other waste stream. This technology is ideal in scenarios where water has already been 

treated to remove organics, and sludge production is undesirable, such as for tertiary treatment 

additions to existing water treatment systems or for direct groundwater remediation. 

Water Treatment: Recycling 

Algae Production 

Microalgae are highly capable of removing nitrogen compounds from wastewater, including 

ammonia, nitrate, and nitrite, and rapidly converting them into biomass. This biomass can be 

used for a variety of purposes, including fertilizer, animal feed, biofuels, nutraceuticals, and 

consumer products. There are a few ways to produce algae, each with their own advantages and 

disadvantages. The two primary methods are with high-rate algae ponds and closed algae 

photobioreactors, though the vast majority of commercial algae production comes from open-

air ponds. High-rate algae ponds are shallow ponds designed like raceway tracks, with a paddle 

wheel moving water around a central divider. Algae needs sunlight to grow, so the movement 

mixes up the algae in order for more algae cells to have access to sunlight. This method uses 

very little energy, but has a large footprint and operates better in warm climates.  

Photobioreactors use thin, clear tubes, and use artificial lights instead of natural sunlight in 

order to grow algae. These tubes can be stacked vertically to significantly reduce the footprint, 

but they are more energy-intensive than high-rate algae ponds. 

Struvite Removal 

Struvite is a nuisance in wastewater treatment, forming from sludge where nitrogen, 

phosphorous, and magnesium react to create a scaling material that clogs pipes and destroys 

pumps. Struvite is commonly produced in facilities that use anaerobic digesters. Methods to 

prevent and remove struvite not only solve a significant pain point for treatment plant 
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operators, but capture valuable nutrients that can be recycled back into agricultural production. 

Struvite consists of nitrogen, phosphorous, and magnesium in a 1:1:1 ratio, and because 

nitrogen often appears at much higher concentrations to phosphorous (16:1 in the natural 

environment, sometimes much higher in wastewater), this process is more effective at 

recapturing phosphorous than nitrogen.  

Reactive Filtration 

Reactive filtration describes a series of interconnected processes. Water is mixed with an iron 

catalyst and ozone, then flows up through a sand bed filter. The iron catalyst collects 

contaminants and latches onto the sand, and the ozone destroys pathogens and trace organic 

compounds. Water is distilled at the surface of the sand bed filter and filtered through biochar. 

The biochar collects the water’s nitrogen and phosphorous on its surface, resulting in water 

that meets drinking water standards. The nutrient-enhanced biochar itself is collected and used 

for soil application. The process is energy-efficient and carbon-negative. 

Vermifiltration 

Vermifiltration uses a combination of earthworms and bacteria within a multi-layer filtration 

substrate to remove contaminants from wastewater. The process is used as a secondary 

treatment method, in which large solids are removed from the influent before application to the 

vermifiltration reactor. The top layer consists of earthworm humus, which contains live 

earthworms that keep this layer aerated while digesting contaminants from wastewater. Water 

flows through this layer into sawdust and gravel layers, which physically filter out 

contaminants as well as support bacterial communities that will biologically break down 

contaminants. This process removes up to 70 percent of nitrogen within the wastewater, and 

results in water that is clean enough to recycle for agricultural irrigation. Instead of sludge, the 

process creates worm castings—a valuable soil amendment—as well as vermicompost, which 

can also be applied to soil. 

Management Practices 

No-Till Farming 

No-till farming is a best management practice for restorative agriculture. It is a method of 

farming that doesn’t disturb the soil microbial communities in order to improve water 

infiltration, organic matter retention, and nutrient cycling. In undisturbed soil, mycorrhizal 

fungi create networks of hyphae, a filamentous structure that connects plants and transfers 

water, nutrients, and carbon throughout the soil174. Tilling breaks up these networks, preventing 

efficient movement of resources throughout the soil and resulting in poor distribution of 

nitrogen to all plants. No-till farming reduces nitrate leaching, but nitrate runoff remains 

similar to conventional tilling methods175.  

                                                 
174 Hawkins, HJ., Johansen, A. & George, E. Plant and Soil (2000) 226: 275. https://doi.org/10.1023/A:1026500810385.  

175 Daryanto, S., Wang, L., & Jacinthe, PA. (2017). Impacts of no-tillage management on nitrate loss from corn, soybean, 
and wheat cultivation: a meta-analysis. 

https://doi.org/10.1023/A:1026500810385
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Due to health and safety regulations, no-till farming is difficult to use for some applications in 

California. Where fresh food is grown, the fruit cannot directly contact water in order to 

prevent infection. They are grown in raised beds in order to run water through the troughs.  

Cover Crops 

Cover crops are crops grown in non-productive seasons to provide soil benefits for the growing 

season. They are used to improve soil health, reduce evaporation, and fix nitrogen for primary 

crops, among other benefits. Legumes and grasses are the most common cover crops. Legumes 

in particular are excellent at fixing nitrogen from the atmosphere and making it bioavailable for 

other crops, reducing the need for synthetic fertilizers. However, in conventional agriculture 

applications, there is residual nitrogen in the soil from prior fertilizer application, so adding 

nitrogen through cover crops is undesirable. In this case, cereal grass cover crops are better for 

nitrogen capture and retention because the establish more quickly than legumes and they stay 

active in colder temperatures, reducing leaching during the winter176. Cover crops also prevent 

nitrogen loss from runoff by increasing soil water retention during the rainy winter season and 

providing a physical barrier to horizontal transport of water and nutrients. 

  

 

                                                 
176 Shelton, R.E., Jacobsen, K.L., & McCulley, R.L.. Cover Crops and Fertilization Alter Nitrogen Loss in Organic and 
Conventional Conservation Agriculture Systems. Front Plant Sci (2017); 8:2260. doi: 10.3389/fpls.2017.02260. 




