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Background 
 
Lake Elsinore is listed on the Clean Water Act Section 303(d) list as impaired for 
excessive nutrients, organic enrichment/low dissolved oxygen, sedimentation/siltation, 
and unknown toxicity.  Designated beneficial uses identified as impaired by nutrients are 
warm freshwater aquatic habitat (WARM), and body- and non-body contact recreation 
(REC-1 and REC-2).  Consequently, the Regional Water Quality Control Board, Santa 
Ana Region (Regional Board) has adopted total maximum daily loads (TMDLs) for the 
lake.  In-lake monitoring is a requirement of the TMDL program. 
 
Additionally, the Elsinore Valley Municipal Water District (EVMWD) is obligated to 
maintain water levels in Lake Elsinore at a minimum elevation of 1,240 feet above mean 
sea level.  To achieve this, EVMWD intends to input highly treated wastewater to the 
lake from their Regional Water Reclamation Plant (Regional Plant).  To evaluate the 
efficacy of in-lake nutrient removal projects which serve as offsets for the nutrients input 
in the wastewater, in-lake monitoring is a requirement of the 2005 discharge permit 
(NPDES Permit, Order No. R8-2005-0003) for the Regional Plant.  The 2005 Board 
Order recognizes that recycled water inputs are necessary to attain and maintain a stable 
lake level and thereby improve water quality and beneficial uses.  Substantial water level 
variations result in significant adverse effects on the water quality and beneficial uses of 
the lake, including recreational opportunities and fish and wildlife habitat.  The in-lake 
nutrient removal projects include enhanced circulation through use of axial flow pumps 
and a diffused aeration system.  The axial flow pumps were installed in July 2004 and 
have been operational since May 2006.  The diffused aeration system was installed in 
spring 2007. 
 
In April 2006, the formal monitoring program for the lake (in compliance with the 
NPDES Permit and TMDL program) began with staff from University of California at 
Riverside (UCR) conducting field and laboratory analysis, and MWH providing 
coordination and reporting services.  UCR also conducted monitoring of axial flow pump 
performance since 2004, specifically quantifying water column stability, dissolved 
oxygen (DO) levels, theoretical DO deficits and percent anoxia of the subsurface, as well 
as circulation near the pumps.  Dissolved and total nutrient concentrations, chlorophyll 
levels, secchi depths and other water column properties were also monitored.  UCR’s 
participation in in-lake monitoring ceased at the end of March 2007.   
 
Objectives 
 
The objective of the program is to continue to collect data in compliance with the 
requirements of the approved Lake Elsinore and Canyon Lake Nutrient TMDL 
Monitoring Plan (February 15, 2006) and the NPDES Permit for the EVMWD Regional 
Plant (Order No. R8-2005-0003) during the period from April 2007 to March 2008.  
Results will be used to quantify Lake Elsinore water quality conditions and to evaluate 
the effectiveness of on-going in-lake nutrient reduction projects.   
 



Lake Elsinore April 2007 – March 2008 Water Quality Monitoring Plan 
 

2 

The amounts of TN and TP in the lake before and after aeration will be monitored at 
three stations (north, central and south).  Samples will be collected near the surface, 
integrated throughout the water column, and within approximately 50 cm of the 
sediments.  In addition to water quality sampling, sediment release studies along a 
transect radiating from a typical aeration line will also provide an indication of aeration 
effectiveness.  Two special studies are also proposed to address changes in the nitrogen 
cycle and thus indirectly measure the spatial extent of the changes in internal loading.  
  
Study Limitations 
 
If the lake quality variation is wide, then demonstrating a benefit of the aeration system 
would be difficult, but so would proving an adverse effect of effluent discharge.  
Moreover, demonstrating an ongoing TN reduction of 50 percent and TP reduction of 35 
percent due to aeration will be difficult, particularly because Dr. Alex Horne believes, 
based on his previous experience, that the anticipated accuracy of the analysis is 
approximately +30 percent.  In addition, it may also take time before a true difference 
appears that is clearly attributable to the treatments.  Dr. Horne has indicated that at Lake 
Tahoe, it took 10 years before significant differences appeared as a result of lake 
modifications.  Therefore, the proposed monitoring plan is intended to describe the 
system for a second year (initial period of operation of the subsurface aeration system) by 
collecting sufficient data points for future evaluation of the efficacy of the aeration 
systems. 
 
 
Approach to Nutrient Offset Analysis 
 
A baseline would first be established against which the effects of the in-lake mixing and 
aeration systems (and later, recycled water addition plus aeration) could be compared.  
Water quality data collected prior to the operation of the aeration systems (including Dr. 
Michael Anderson’s lake monitoring data and Regional Board monitoring data for the 
TMDL development) at the three sample sites will be characterized as baseline means 
and variances for lake water quality parameters.  The sampling data taken under the 
proposed program, after the aeration systems operation begins, would then be compared 
with the calculated baseline means and variances for lake quality, focusing on TN and TP 
for which wasteload allocations were established.   
 
After 5 years of operation, a trend analysis could be performed to evaluate historical data 
means versus treatment means over time. 
  
 
Work Plan 
 
Sampling Station Locations - To estimate the lake nutrient loading, three 
polygons/cells were defined, with a sampling site in the approximate center of each cell 
(Figure 1).  All sampling sites shall be located and referenced using global positioning 
system (GPS) units with surface buoys.  The middle of the three open water sampling 



Lake Elsinore April 2007 – March 2008 Water Quality Monitoring Plan 
 

3 

stations (Site 2 in this program) overlaps with Site 9 of Dr. Anderson’s pilot discharge 
sampling program. 
 
Three cells are considered sufficient for whole-lake coverage, as the lake area is 
relatively small and there are no complicating factors such as islands, bays, or peninsulas 
to complicate horizontal circulation.  Thus, the use of a larger number of stations is not 
needed.  Additionally, it is desirable to have all samples taken prior to noon, to the extent 
feasible, to avoid collecting sediments stirred up from the bottom of the lake by the often 
daily winds and to allow comparison with existing data; to date, data have been collected 
prior to noon.  Therefore, given the window of daylight prior to noon and the sampling 
time plus travel time among stations, three sampling sites is considered optimal.   
 
In one hour, the surface water of the lake can move horizontally about 0.5 km (assuming 
a drift of 15 centimeters per second (cm/sec)), so that increasing the density of the 
stations by adding more would risk sampling the same water twice.  In addition, the 
surface water often moves in a different direction from the deeper water layers.  Thus, 
collections later in the day may produce a mixture of deep and shallow water layers that 
does not correspond with earlier data. 
 
The surface area of each cell would be calculated from the lake surface area at the lake 
elevation on the sampling day and, with a direct measurement of representative lake 
depth in that cell, the volume of the cell could be calculated.  Then, with the nutrient 
concentration from the integrated water column samples, the loading in each cell can be 
calculated.  Summing the cells would estimate the total loading in the lake. 
 
Sample Team - From April 2007 through March 2008, field sampling and laboratory 
analysis will be conducted by a team led by Dr. James Noblet, Assistant Professor 
Department of Chemistry and Biochemistry, California State University – San 
Bernardino (5500 University Parkway, San Bernardino, CA 92407).  Sampling will be 
conducted in accordance with the State of California Surface Water Ambient Monitoring 
Program (SWAMP) protocols (see the SWAMP Program Quality Assurance Project Plan 
(QAPP) (Quality Assurance Management Plan) (SWRCB, 2002). 
 
Sampling Parameters - Sampling and analysis will be conducted for the parameters 
noted in Tables 1 and 2.  Water column properties (temperature, DO, electrical 
conductivity, pH, turbidity and redox potential) will be measured at 1 m intervals using a 
Hydrolab DataSonde 5 Multiprobe (DS-5) and Surveyor Data Display, while 
transparency will be determined using a Secchi disk.  Lake depth, time of sampling at 
each of the sites, and general weather conditions will also be noted (sampling is expected 
to be completed before noon under typical conditions).  Field data will be recorded at the 
time of sampling in the memory of the Surveyor, and in field logs. Data will be 
transferred to an Excel spreadsheet in the lab.  Depth-integrated surface (0-2 m), whole 
water column (0-bottom) and discrete bottom water samples (within approximately 50 
cm of the sediments) will be collected at each sampling site.  Depth-integrated samples 
will be collected using a tube sampler, while discrete bottom water samples will be 
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obtained using a van Dorn sampler.  Water samples will be stored in opaque brown 
plastic bottles on ice and returned to the laboratory. 
 
Triplicate samples from each site will be collected three times per year (spring, summer 
and fall) to quantify sampling variance in measured water quality.  Other standard field 
and laboratory quality control procedures will be performed as required, and in 
compliance with the Quality Assurance Project Plan (QAPP) for Lake Elsinore, Canyon 
Lake and San Jacinto River TMDL Watershed Monitoring, San Jacinto Watershed 
Component of the Santa Ana Integrated Watershed Plan and San Jacinto River 
Improvement and Protection Programs (in prep by SAWPA April, 2007). 
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Figure 1 – Sampling Locations 
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Table 1 
Summary of 2007/2008 Water Quality Sampling Plan 

 
Parameter 

 
Analysis 
Method 

Number 
of 

Sampling 
Stations 

Sample Type Regular 
Sampling 

Events per 
year 

Triplicate 
Sampling 

Events per 
year 

Total Number of 
Measurements 

per year 
(all stations) 

Temperature 
 

Field 
Probe 

3 Vertical profile 
(1 m intervals) 

22 -- 66X number of 
intervals 

(dependent on 
depth) 

Dissolved Oxygen (DO) 
 

Field 
Probe 

3 Vertical profile 
(1 m intervals) 

22 -- 66 X number of 
intervals 

Electrical Conductivity 
(EC) 
 

Field 
Probe 

3 Vertical profile 
(1 m intervals) 

22 -- 66 X number of 
intervals 

pH 
 

Field 
Probe 

3 Vertical profile 
(1 m intervals) 

22 -- 66 X number of 
intervals 

Turbidity 
 

Field 
Probe 

3 Vertical profile 
(1 m intervals) 

22 -- 66 X number of 
intervals 

Oxidation Reduction 
Potential 

Field 
Probe 

3 Vertical profile 
(1 m intervals) 

22 -- 66 X number of 
intervals 

Secchi Depth 
 

Field 3 1 reading per 
station 

22 -- 66 

Chlorophyll a 
 

Field 3 Vertical profile 
(1 m intervals) 

22 -- 66 X number of 
intervals 

Phosphorus 
• Total P (TP) 
• Soluable reactive P 

(SRP) 
• Total organic P 
• Dissolved organic P 
 

Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

for each form 

Nitrogen 
• Total N (TN) 
• Nitrite + Nitrate 

(NO2-N + NO3-N) 
• Ammonia N (NH4-

N) 
• Total Inorganic 

Nitrogen (TIN) 
• Total organic 

Nitrogen 
• Dissolved organic 

nitrogen 
 

Lab 
 
 
 
 
 

 

Calculated 
 
Calculated 

3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

for each form 
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Table 1 
Summary of 2007/2008 Water Quality Sampling Plan (continued) 

 
 
Parameter 
 

Analysis 
Method 

Number of 
Sampling 
Stations 

Sample Type Regular 
Sampling 

Events per 
year 

Triplicate 
Sampling 

Events per 
year 

Total Number of 
Measurements 

per year 
(all stations) 

Iron – dissolved (Fediss) 
 
 

Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

Iron – total (Fetotal) Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

Total Suspended Solids 
(TSS) 

Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

Total Dissolved Solids 
(TDS) 

Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

Total Organic Carbon 
(TOC) 

Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

Dissolved Organic 
Carbon (DOC) 

Lab 3 Surface 
Integrated 

Bottom 

19 3 
(spring, 
summer, 

fall) 

252 
(171 + 81) 

Biochemical Oxygen 
Demand (BOD) 

Lab 3  
Integrated only 

19 3 
(spring, 
summer, 

fall) 

84 
(57 + 27) 

Chemical Oxygen 
Demand (COD) 

Lab 3  
Integrated only 

19 3 
(spring, 
summer, 

fall) 

84 
(57 + 27) 
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Table 2 
Water Quality Sample Collection and Analysis 

Parameter Sample 
Analysis QA/QC Notes 

Temperature 
Dissolved Oxygen (DO) 
Electrical Conductivity (EC) 
pH 
Turbidity 
Chlorophyll a 

Oxidation Reduction Potential 

Hydrolab 
DataSonde 5 and 

Surveyor  

• Hydrolab calibrated against solutions of known EC, 
pH, DO and turbidity each morning.  Calibration check 
values will be recorded on a Hydrolab calibration 
sheet.  

• Concentration of DO standard is calculated from 
known temperature-dependence of O2 solubility in 
water corrected for local atmospheric 
pressure/elevation; over a lab temperature (T) range of 
20-25 °C and elevation of 1600 ft above MSL. 

• The EC standard is taken as a 0.01 M KCl solution, 
which at 25 °C, yields an EC of 1.41 mS/cm. 

• Turbidity is calibrated against a 10 NTU Amco AEPA-
1 primary turbidity standard. 

• in situ fluorescence sensor is used for chlorophyll a 
• A quinhydrone solution is used as the ORP standard 

that yields a theoretical ORP of 265 mV at 20 °C and 
285 mV at 25 °C against a Ag/AgCl reference. 

Secchi Depth (transparency) 
Visual 

observation in 
field 

• Measured to nearest 0.01 m 

Total Phosphorus (TP) 
Soluble Reactive Phosphorus 
(SRP) 
Total Organic Phosphorus 
Dissolved Organic Phosphorus 

SM 4500-P 

Total Nitrogen (TN) 
Nitrite + Nitrate nitrogen 
(NO2-N + NO3-N) 
Ammonia Nitrogen (NH3-N) 
Total Inorganic Nitrogen 
(TIN) 
Dissolved Organic Nitrogen 
Total Organic Nitrogen 

SM 4500-N 

Iron – dissolved (Fediss) 

Iron – total (Fetotal) 

SM 3113 B 
EPA 7010 

Total Suspended Solids (TSS) SM 2540 D 
Total Dissolved Solids (TDS) SM 2540 C 
Total Organic Carbon (TOC) 
Dissolved Organic Carbon 
(DOC) 

SM 5310 C 

Biochemical Oxygen Demand 
(BOD) SM 5210 B 

Chemical Oxygen Demand 
(COD) SM 5220 

• Field triplicates to be collected three times per year 
(spring, summer, fall) 

• Laboratory duplicates at a frequency of no less than 
one per 10 samples. Duplicate analyses of field splits 
will be used to assess the precision of analytical 
methods.  Duplicate analysis of a sample on the same 
instrument will provide instrumental precision data. 

• Reference materials to be run with each batch of 
laboratory samples  

• Spike samples to be run at a frequency of no less than 
one per 20 samples or one per batch (whichever is 
more frequent) 

• Matrix spike replicates to be run at a frequency of no 
less than one duplicate per 20 samples or one per batch 
(whichever is more frequent) 

• Laboratory and field blanks 
• Samples for analysis of dissolved constituents will be 

filtered and acidified as appropriate 
 
 

Source for laboratory methods: American Public Health Association, American Waterworks Association, and Water 
Environment Federation.  1998.  Standard Methods for the Examination of Water and Wastewater, 20th Edition 
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Schedule - Samples will be collected biweekly from April to November 2007 and 
monthly from December 2007 to February 2008, and biweekly in March 2008 (total of 22 
sampling events).  The exact dates of sampling will depend upon student class schedule, 
local weather conditions, and other factors. 
 
Meteorological Conditions - Meteorological data will be collected from Skylark 
Airport in the Back Basin and/or from EVMWD Headquarters building weather station.  
As available, wind speed and direction data will be tabulated for each sampling event. 
 
Sediment Release Study 
 
Approach.  The suppression of phosphate and ammonia release by aeration is well 
known and two extensive studies using Lake Elsinore have established the range of 
reductions in internal P-loading that can be expected (Anderson, various reports; Beutel, 
2000).  These same data also established some reductions that can be expected in the N-
cycle sediment fluxes.  Little more can be gained by further laboratory studies of nutrient 
fluxes from Lake Elsinore sediments.  Therefore, additional field analysis of nutrient 
fluxes from Lake Elsinore sediments is not proposed.  In-situ sediment studies in the lake 
cannot simulate the mixing and erratic fluxes of oxygen that will occur in the lake where 
wind mixing will also occur.  Dr. Anderson found that buried sediment peeper bags 
proved less useful than expected in Lake Elsinore than in other lakes he studied.  
However, the reduction in sediment fluxes can be evaluated indirectly using the known 
flux data from the previous laboratory studies compared with detailed field monitoring 
using instantaneous and time-integrated sediment characteristics. 
 
The aeration system will change the spatial extent of anoxia and water currents in the 
lake.  Dr. Arlo Fast presumes that this will decrease the internal nutrient loading chemical 
characteristics.  Assuming Lake Elsinore will average about 20 feet deep, the radius of 
influence of each aeration diffuser is about 140 feet (40 m).  Thus, measurements along a 
transect of 10 stations (seven in plume and three outside “control” sites) from near a 
typical aeration diffuser to about 100 m away will cover the effects of the aeration 
plumes (the last two to three “control” stations may need to be moved further away).  
Bottom water and sediment surface measurements of dissolved oxygen and redox 
potential will give a direct instantaneous measure of the effect of the aeration plume.  
Sampling the surface mud will allow measurement of the sediment iron characteristics 
(using Munsell color charts), showing the time-integrated effect of the aeration.  The 
presence of iron facilitates the release of soluble phosphorus under anoxic conditions. 
 
Also to be monitored in the sediment samples along the plume transect is the algal-
bacterial mat present on the sediments that should increase in microbial biomass.  The 
working assumption is that some of the decline in nitrate shown in lake oxygenation 
experiments is due to increased microbial biomass on the sediment surface.  If this occurs 
in Lake Elsinore, the reduction of this microbial nitrogen fixed to the sediments is a true 
offset for soluble N added with the recycled makeup water.  The above tests set in a 
transect from a typical aeration cell should determine the extent of this offset for Lake 
Elsinore. 
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Sampling Locations.  Measurements would be made along a transect of 10 stations 
(seven in plume, three outside “control” sites) radiating from near a typical aeration 
diffuser to about 100 m away.  The exact locations of the sites will be determined in the 
field.  It is proposed to have seven of the 10 stations located within the plume and three at 
far field.  It is anticipated that a transect of about 50 m will be needed within the plume, 
the other sites may be 100 or more meters distant.  Ten duplicate samples will be 
collected. 
 
Munsell Color Chart.  Aeration is expected to change the chemistry of the lake 
sediments to decrease the amounts of N and P released.  The direct effect of this change 
will be to reduce TN and TP, especially nitrate and ammonia, in the free lake water.  It is 
not easy to measure the decline in flux rate directly, since simulation of the erratic 
aeration plume-wind mixing is difficult.  However, the extent of the changes in P-release 
at least in the lake can be determined by changes in iron.  The mechanism by which 
aeration keeps P in the sediments is to maintain the integrity of ferric phosphate (a 
precipitate) rather than ferrous phosphate (soluble).   
 
One of the three characteristics of wetlands is the presence of anoxic or hydric soils and 
these are distinguished in soil surveys by the color of the soil (anoxic soils are blackish 
with iron and manganese salts; oxic soils are lighter in color).  The method used is to take 
a sample of the soil (in this case a core of Lake Elsinore sediment) and to compare it with 
a standard chart (the Munsell Soil Color Chart available from the U.S. Department of 
Agriculture).  The colors identified will allow soil mapping along the transect showing 
the extent to which the aeration system has affected the P-flux in the sediments.   
 
A core of Lake Elsinore sediment (0-5 cm) would be taken at the transect sites.  At the 
laboratory the same day, after collection of a small surface sample for microbial counts 
and biomass (RNA or ATP), the core would be sliced vertically down the center to avoid 
outside oxidation.  The sediment color would be compared with the Munsell chart. 
 
Algal Mat Evaluation.  Recent studies in Upper San Leandro Reservoir (Oakland, CA) 
showed that the hypolimnion of that lake supported a mat of sulfur-reducing bacteria 
under anoxic conditions, but that these changed following oxygenation to a mat of blue-
green algae that can exist under conditions of low light.  In Lake Elsinore, the microbial 
biomass will be estimated by direct counts and a biomass measurement (ATP or RNA). 
 
The measurement of microbial mats on soft sediments can be carried out in several ways 
and an initial test will be used to determine which method to use.  There are three 
possible methods:  visual examination, counts of filamentous algae/bacteria, and biomass 
measurements.  Visual examination of the surface of the fresh intact core should be 
carried out either in the field or shortly after collection (same day) in the laboratory.  Use 
of a x20 hand lens can be used to estimate quantitatively the amount of live biomass on 
the sediments.  With practice, gross changes can be determined within a few minutes per 
core.   
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From the intact core, a sample of known area of the surface (e.g., 1 square cm) is sliced 
off.  A sample approximately 1 mm thick is lifted from the core surface with a spatula or 
similar device and placed in a known small volume (e.g., 5 mL) of water.  Tap water 
should not be used if chloramines are added for bacterial control; distilled water is also 
not recommended since it lyses some cells.  The microbes are mixed with the water and a 
sub-sample of 1 mL volume is taken with a pipette and placed on a standard 1 mL 
capacity microscope microbial counting slide (Sedgewick-Rafter cell/slide).  Algae and 
bacteria are counted under x100 power (x400 can also be used).  Counts are made on the 
slide to give a minimum and a maximum of 50 “bits” (filaments, cells, colonies) of the 
most common forms.  The number of “bits” per surface area can then be back-calculated 
from the volume dilution.  If there are too many cells to count then the sample can be 
diluted; if too few cells are present, then additional square cm of area from the same core 
sample can be used. 
 
An additional method(s) to be used in parallel for the test is a direct method biomass 
measurement in addition to the counts.  A thin slice of a known area of surface is 
measured for RNA (alternatively, ATP could be used).  There are now simple extractions 
and measurement techniques using a fluorometer against a standard.  RNA measures the 
amount of protein synthesis occurring in the cell and is thus a biomass method.  ATP 
measures the amount of short-term energy in the cells and is a common biochemical 
standard test. 
 
Redox Potential.  A measure of anoxia’s effect on sediment chemistry is redox potential.  
Chemical reactions such as the ferric phosphate–ferrous phosphate equilibrium can only 
occur if the redox potential is within a certain range.  The bottom water redox will be 
measured at 10 sites along the transect.  Values of +350 to +500 millivolts (mV), for 
example, show that the water is fully oxygenated.  Values of +100 to –300 mV show 
anoxic conditions.  The key reaction for phosphorus occurs between 0 and about 100 mV.  
The success of the aeration project on P-cycles should thus be shown by a gradient of 
higher redox potential (>100 mV) near the aeration diffuser and gradually declining over 
the transect to lower values.  It should be noted that the key redox potential is in the 
sediments; the water will have a higher redox potential.  Calibration with transect water 
and transect sediments’ redox potentials will establish the relationship. 
 
Redox will be measured with a probe at the 10 transect stations at 1 m intervals from the 
surface to just above the sediments (lower the probe until the operator “feels” the 
sediments by a slack on the line then haul back up about 1 foot, shake the probe free of 
sediments by and up and down motion on the line (jiggling the probe) and take the final 
deepest measurement). 
 
Dissolved Oxygen.  DO is the main parameter whereby the change in the water above the 
sediments will be measured to determine the extent of the influence of the aeration 
system.  If DO in the deepest water is >2 mg/L, the sediments will begin to be influenced.  
If DO in the deepest water is approximately at saturation (which depends on temperature, 
but is about 10 mg/L), there should be sufficient DO to suppress phosphate release from 
the sediments. 
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This measure will be made with a probe at the 10 transect stations and carried out in 
parallel with the redox potential transect at the same stations and depths.   
 
The vertical and horizontal extent of the aeration plume will be shown by a combination 
of the redox potential and DO data from the transect. 
 
Sampling activities will be completed before noon to obtain consistent readings.  Strong 
winds from the west that cause lake mixing and strong waves typically arise in the 
afternoon (Anderson 2002; pilot discharge sampling program, June 2004). 
 
Special Studies 
 
The suppression of phosphate release by aeration is well known and two extensive 
studies using Lake Elsinore have established the range of reductions in internal P-loading 
that can be expected (Anderson, various reports to LESJWA 2000-2005; Beutel, 2000, 
Ph.D. Dissertation, UC Berkeley).  The suppression of internal loading of phosphate by 
aeration, oxygenation or mixing is also well reported in the scientific literature.  These 
same two sets of studies also present data on reduction in N-releases that can be expected 
with aeration and complement the lesser amount of literature on the topic.  The aeration 
system to be installed in Lake Elsinore was designed by Dr. Arlo Fast, who recently 
commented on the N-cycle in the lake and some factors that, to his knowledge, seem less 
well known.  The Regional Board staff held a meeting on the N-cycle offsets and 
expressed a need for some additional information on N-offsets.  Thus, two special 
projects are proposed as part of this monitoring program that deal with changes in the N-
cycle. 
 
Special Monitoring Study #1 
Nitrogen Fixation 
 
Rationale.  Nitrogen fixation (N2-fixation) is the process whereby atmospheric nitrogen 
gas (N2) is fixed to create ammonia.  The advent of cheap oil in the late 1950s set off a 
huge increase in chemical nitrogen fixation using the high temperatures, high pressures 
and rare metal catalysts of the Harbor-Bosh process resulting in the current massive 
nitrogen fertilizer use world-wide.  A similar expansion of the growth of N2-fixing 
legumes has also glutted the planet with excess nitrogen fixed from N2-gas at normal 
temperatures and pressures with symbiotic bacteria acting as the agents in the root 
nodules characteristic of legumes.  On a smaller scale, lakes and oceans limited by 
supplies of nitrate or ammonia are also the habitat of N2-fixing blue-green algae (also 
called cyanobacteria).  If aeration increases N2-fixation in Lake Elsinore, that would 
hinder the achievement of nitrogen offsets. 
 
Blue-green algae are common in Lake Elsinore, but only a few genera of blue-green 
algae are able to carry out N2-fixation successfully in normal lake conditions.  Most 
commonly, there are four genera in freshwater:  Anabaena, Gleotrichia, Aphanizomenon 
and Nostoc.  Of these, Anabaena is by far the most efficient at fixing nitrogen.  None of 
these genera is common in Lake Elsinore and some have never been found.  Monitoring 
for these algae will be conducted at the established long-term station (Site 2) using the 0-
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2 m integrated surface samples.  Counts will be made on these samples for abundance 
and especially for the presence of heterocysts (measured as the ratio of heterocysts to 
vegetative cell ratios).  Heterocysts are the site of N2-fixation in normal lake water 
conditions and should be adequate to establish the existence of N2-fixation potential in 
Lake Elsinore and by use of the heterocyst/cell (h/c) ratio, the approximate magnitude of 
N2-fixation.  These special structures are easily visible in blue-green algae and are the 
determinant that N2-fixation is occurring. 
 
N2-fixation probably does not occur in Lake Elsinore at present, since the induction of 
heterocysts and their continued function depends on low inorganic nitrogen in the 
environment (ammonia and/or nitrate).  Even if induced, heterocysts cease to function 
almost at once when internal loading of ammonia or external loading of nitrate reaches 
the sunlit upper waters where algae can grow.  If aeration is highly successful at reducing 
internal loading of ammonia, and external loads are also considerably reduced, N2-
fixation could occur.  The approximate threshold for the induction of N2-fixation in lakes 
is approximately 50-100 �g/L TIN (ammonia + nitrite + nitrate).  Lake Elsinore has never 
approached this value. 
 
Other chemical reasons for the lack of N2-fixation in Lake Elsinore at present are low 
dissolved iron (to be monitored in the three cells) and low molybdenum.  Both of these 
metals are part of the nitrogenase enzyme complex that fixes N2 gas to algal protein.  
Iron is also needed in much greater amounts in N2-fixation since the heterocyst is an 
anoxic cell in an oxygenated world (surrounding cells produce oxygen by photosynthesis; 
the sunlit water is replete in dissolved oxygen).  The nitrogenase enzyme is irreversibly 
denatured by oxygen and thus the heterocyst respires at a great rate to maintain its anoxia.  
Respiration requires iron in the cytochrome electron transfer chain.  Both metals are 
likely to be reduced by aeration, one example being that oxygen precipitates ferric 
phosphate to the sediments.  
  
N2-fixation can be measured directly using in-situ incubation of algae in the lake where 
normal N2-gas (14N) has been purged from the system and replaced by the stable heavy 
isotope of nitrogen 15N2 gas.  This method is somewhat tedious and requires a sensitive 
isotope mass spectrometer.  N2-fixation can be measured indirectly using in-situ 
incubation of algae in the lake where acetylene has been added.  The nitrogenase enzyme 
initially fails to distinguish the difference between triple bonded N2 and triple bonded 
HCCN and reduces acetylene to ethylene, which is more easily measured on a gas 
chromatograph.  Since both these methods require considerable effort, the heterocyst/cell 
ratio method be employed at least until some indication of N2-fixation is shown by the 
h/c monitoring. 
 
Proposed Approach.  Monitoring for nitrogen-fixing algae will be conducted at the 
established long-term station (Site 2) using the 0-2 m integrated surface samples at the 
same time as the other water sampling.   
 
Counts will be made on these samples for algal abundance and especially for the presence 
of heterocysts (measured as the ratio of heterocysts to vegetative cell ratios).  
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Special Monitoring Study #2 
Denitrification (Conversion of Nitrate to N2-Gas) 
 
Rationale.  Denitrification is probably a major reason why oxygenation or aeration of 
lakes reduces the nitrogen in the water column and so is important in Lake Elsinore as an 
offset mechanism.  Since denitrification results in the transformation of lake water nitrate 
to nitrogen gas, which is then released to the atmosphere, it is a true irreversible nitrogen 
offset.  
 
The opposite of N2-fixation, denitrification, balances the global gas cycle.  
Denitrification is also carried out under anoxic or low oxygen conditions, but by bacteria 
in the sediments.  Many bacteria can carry out the two processes that reduce nitrate 
(NO3) to nitrite (NO2) and nitrite to nitrogen gas (N2).  Most of these bacteria are 
ubiquitous in lake sediments and are facultative (can use both oxygen and nitrate as a 
terminal electron acceptor in the respiration and growth process).  Oxygen use is always 
the most efficient, but nitrate is used if oxygen is not available.  
 
Lake aeration should increase oxygen in the sediments and water column, which would 
lead the ammonia now released from the sediments to be oxidized to nitrate.  A change 
from ammonia to nitrate is the most common change observed following lake mixing, 
aeration or oxygenation, but algae can use both N-sources for growth.  Ammonia is toxic 
but nitrate much less so, meaning there would be a great benefit to fish but chlorophyll 
(as a measure of algae) may remain unchanged.  Since successful oxygenation projects 
would reduce both N and P, denitrification is likely to be enhanced. 
 
Denitrification occurs in many wet places, but in nature the rates are low.  Denitrification 
is limited in lake sediments by a mechanism to transport nitrate to the anoxic sediments 
(diffusion rates are very low compared with the supply of turbulent water).  By definition, 
nitrate occurs in oxygenated water and thus if such water flows to the sediments, it will 
eliminate the anoxia and the need to use nitrate as a terminal electron acceptor.  
Following aeration in Lake Elsinore, mixing of the water will allow the bubble plume to 
rise to the surface then sink, carrying with it nitrate-rich water that will flow gently near 
the sediments.  There, the nitrate flux to the anoxic or low-oxygen sediments should 
increase denitrification. 
 
It is not clear that the aeration-generated water plume will reach much of the sediment-
water micro-interface, or what the effects would be.  Denitrification can be measured 
directly by in-situ domes that collect the N2 gas released, measured less directly by 
enclosed bottles using the acetylene block method, or estimated from monitored field 
data.  It is proposed that the last method be used. 
 
Proposed Approach.  Estimation of denitrification shall be from monitored field data.  
The sediment release studies will estimate several parameters needed for this analysis and 
the main monitoring plan will provide additional data.  These data will be used to model 
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the denitrification rates before aeration begins and ongoing after aeration startup.  The 
nitrate levels at the surface, in the integrated 0-2 m sample, and a near bottom sample will 
be used to determine the concentration of substrate for denitrification.  The area of 
sediment changed to conditions suitable for denitrification will be measured from the 
transect established to measure DO (need <0.5 mg/L) and redox potential (approximately 
100 mV).  The change in suitable area can be used to extrapolate the increase in 
denitrification based on literature values for undisturbed lake sediments. 
 
Reporting 
 
The Monitoring and Reporting Plan for Order R8-2005-0003 Section E, Nutrient Offset 
Program Monitoring and Reporting, states for the nutrient offset program monitoring and 
reporting that EVMWD shall submit a semi-annual report.  Section K, Reporting, 
indicates that monitoring reports for lake monitoring and remediation and offset program 
for TN and TP shall be quarterly.  EVMWD will prepare quarterly memos summarizing 
sampling completed and results to date as well as an annual report, which will include 
data analysis. 
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