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Phosphate Loading and Eutrophication in the Laguna de Santa Rosa
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Dr. Daniel Wickham and Robeft Rawson
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January 28,2000

lntroduction
IOS Corporation was contracted by the Russian River Watershed Protection Committee
in conjunction with the City of Santa Rosa to conduct a study of existing data on the
release of phosphor compounds into the Laguna de Santa Rosa. The intent of this
study was to determine whether phosphate pollution from Santa Rosa Subregional
System reclaimed water was a significant factor in nutrient loads to the Laguna and
Russian River.

Phosphate
Liminologists widely regard phosphate as the predominant limiting nutrient for plant
production in freshwater ecosystems. While other nutrients combine with phosphate to
fulfi l l the metabolic needs of plants, such as nitrogen, sulfur, iron, and various other
mineral and organic compounds, phosphate is typically the compound that is in lowest
availability in free form. Where all available phosphate has been consumed in the
course of the production cycle, plant growth stops. This can occur even though all
other nutrients, including nitrogen, remain abundant.

Phosphate is not the only compound that can function as a "limiting nutrient". Any of
the other nutrients can equally be limiting if they are the least available component in
solution. Typically nitrogen is the other compound of primary concern in studies of
nutrient loading and, because nitrogen has other effects beyond its role as a nutrient,
including nitrate toxicity to humans and ammonia toxicity to aquatic wildlife, nitrogen
has typically received equal attention. Phosphate in usually encountered
concentrations does not have toxicity effects beyond its nutrient role so is not
considered a direct public health threat.

Eutrophication
Eutrophication is the process whereby nutrient loading into aquatic ecosystems
stimulates the level of plant production in the water. Phosphorus is a key nutrient in this
process. The reason eutrophication is a concern is that water bodies have balanced
ecosystems that require various conditions in order to maintain a diverse plant and
animal community. Virtually all food to support these ecosystems originates through
photosynthesis by plants. Briefly, plant chlorophyll catalyzes the chemical combination
of carbon, derived from carbon dioxide in the atmosphere, and water to create
carbohydrates in the form of sugars, the basic metabolic building block. This process is
driven by the energy of sunlight and requires the other nutrients such as nitrogen to
form proteins and amino acids and phosphorus to form DNA, RNA, NADP, ATP and the
other essential compounds necessary for complex life.



Photosynthesis generates one primary waste byproduct, oxygen. Virtually all of the
oxygen in the modern atmosphere is produced through photosynthesis. Oxygen
dynamics are complex in aquatic environments because water has a limited ability to
hold oxygen in solution. Freshwater of typical ambient temperature can only hold in
solution about 7-9 mg of oxygen per liter. Clear water that is free of plant life will be
saturated with oxygen since it will diffuse in from the atmosphere and reach equilibrium.
Plants add to the oxygen in water through its release as a byproduct of photosynthesis.
However, in the dark, when photosynthesis is not occurring, plants metabolize and use
oxygen in the same fashion that animals do.

During the course of a 24 hour cycle an individual plant will produce slightly more
oxygen than it consumes as it increases in biomass. Over the course of a plants entire
life cycle the total amount of oxygen released by the plant as it grows will eventually be
consumed in its decay and no net oxygen production will occur. The exception to this is
that some plant material escapes oxidation by sinking to the bottom of lakes or oceans
where it forms petroleum or is stored as wood in forests for decades or centuries. The
reason there is a residual of oxygen in the atmosphere today is because billions of tons
of unoxidized plant material are bound in the form of long-lived wood product in forests
and in the form of petroleum beneath the earth's surface.

Cvclinq of Oxvqen
Eutrophication is a concern because, while aquatic plants can produce copious
quantities of oxygen during photosynthesis, most of this oxygen escapes into the
atmosphere due to water's inability to contain more than 7-9 mg/L over long periods. ln
heavy algae blooms one frequently finds readings as high as 20 mg/L oxygen
concentration in water, but that is a transient phenomenon. Any excess over 7-9 mg/L
will quickly escape. The more plants you have producing oxygen in the water during
the day, the more plants you have consuming oxygen during the night. Since the bulk
of the oxygen produced by dense phytoplankton populations during the day escapes,
remaining oxygen in the water at night is often insufficient to meet plant respiratory
needs. Aquatic plants end up competing for the oxygen with fish and inveftebrate
populations which are far more sensitive to oxygen deficits.

These processes are dynamic and must be balanced. Specific environments achieve
these balances at different levels. There are many natural water bodies with high levels
of plant productivity that contain animals communities capable of surviving in a low
oxygen environment. Aquatic communities of value in Northern California, however,
are typical of those in low nutrient water bodies. The species of fish most closely
identified with the Russian River watershed, and of highest concern in our efforts to
conserue our natural resources, are the salmonids, along with their associated fauna.
These species evolved in waters with very low nutrient levels (oligotrophic as opposed
to eutrophic). They can only survive where water is clear, relatively cool, and high in
oxygen.



Laquna de Santa Rosa:
The Laguna de Santa Rosa is the southern drainage for the Santa Rosa plain into the
Russian River. Much debate exists over the exact nature of the Laguna prior to
settlement by people of European descent. The very fact that this system was home to
salmonid populations and stil l contains upland salmonid habitat indisputably indicates
that a large portion of it was oligotrophic in nature with low levels of plant nutrients.

The Laguna de Santa Rosa of today is highly eutrophic. Levels of plant nutrients are
extremely high compared to other local water bodies. Turbidity during winter due to
sediment loading is high while turbidity due to persistent algae blooms is high during the
rest of the year. Oxygen levels in many poftions of the Laguna are low during dark
periods or in the deeper sections but range to as high as 20 mg/L in the sunshine,
indicating excessive phytoplankton growth. Salmonids are vifiually non-existent in the
southern reaches of the Laguna and the current fish population is typical of eutrophic
environments, carp and sucker being two examples. Deep channels no longer exist in
much of the Laguna indicating that sedimentation in the watercourse has been
substantial.

Dense algae blooms are common in much of the Laguna all summer indicating that
nutrient levels persist at a high level. Multiple sources of these nutrients include urban
development with increased runoff of sediment and petroleum hydrocarbons; nitrogen
compounds from automobile and industrial air pollution; increased flow and erosion
from channelization for flood control; cattle ranching with surface runoff of manure and
sediment from pasture lands; urban lawn fertilization; farm feftilization for sod or
vegetable production along the Laguna; septic tank and leach field loading from rural
residences; and releases to the Laguna from the Santa Rosa Subregional Wastewater
Treatment system which collects and treats waste from most of the human population
in the Santa Rosa plain.

Past Manaoement of Nutrient Loadinq
While the contributors to eutrophication of the Laguna are easily identified their
quantitative roles are difficult to assess. Many isolated studies of nutrients in the
Laguna and Russian River have been undertaken over the years. Unfortunately few
have comprehensively addressed the total nutrient budget of the Laguna or included all
the pertinent data necessary to understand nutrient cycling. This document, therefore,
rests on a data collection that contains substantial voids.

Most attention to nutrients in the Laguna has been on nitrogen loading. The
Subregional System has worked closely with the North Coast Regional Water Quality
Control Board (NCRWQCB) to reduce the volume of nitrogen released to the Laguna
through their wastewater discharges. They have also made substantial investment in
infrastructure to minimize nitrogen loading from watershed dairies using reclaimed
water for pasture irrigation. The Regional Water Quality Control Board is developing
standards for Total Maximum Daily Loads (TMDL) of nitrogen in the Laguna that
ultimately will encompass all identifiable sources of this nutrient in order to control its
absolute volume.



Nitrogen, however, can never be completely controlled since it is available from
numerous other sources, including natural ones. Nitrogen oxides are readily available
from polluted air typical of an urbanized area such as the Santa Rosa Plain. Many
species of photosynthetic bacteria and blue-green algae are nitrogen fixers capable of
drawing nitrogen in molecular form from the atmosphere and incorporating it into plant
tissue as they photosynthesize. The attempt to limit nitrogen in the Laguna, while a
worthy goal for many reasons, is potentially fruitless if it is the sole nutrient being
addressed.

Phosphate operates very differently in this dynamic because it is not available from the
atmosphere in gaseous form. Typically it occurs in three forms; 1) dissolved as
phosphate in water, 2) incorporated in biological compounds such as ATP or DNA
which are primarily in particulate cellular form, or 3) adsorbed and chemically bound in
soil or precipitated as mineral particles that settle to the sediments.

Dissolved phosphate, or ofihophosphate, is the form in which it is most readily available
as a nutrient for algae growth. When accompanied by various mineral particles
phosphate can readily be adsorbed and removed from the water column. Wastewater
that is discharged through subsudace infiltration in soils is readily cleansed of
phosphate because it is easily adsorbed by the minerals in soil. This is not the case
with nitrate and makes nitrate concentration an important consideration in assessing
groundwater contam ination by wastewater.

Surface releases of phosphate, especially orthophosphate, are readily available to
planktonic and fixed plants in freshwater bodies. Similarly phosphates that precipitate
into sediments are often recycled as wind mixes them back into suspension or when pH
or redox conditions release them from their bound form back into solution. These
processes make phosphorus in sediments re-available to stimulate phytoplankton
growth.

The unique characteristics of phosphate that make it critical in controlling water
pollution are fully addressed in EPA-R3-72-001 Ecological Research Series paper "Role
of Phosphorus in Eutrophication". This paper unequivocally states "...of all nutrient
elements known to be groMh-controlling in lakes, onlv phosphorus is also controllable
by man." (their underline). Their discussion is presented in the context of lake pollution
but is equally applicable to the Laguna because for much of the year the Laguna exists
as a series of pools that are equivalent to lakes in their dynamics. Their conclusions
are presented in whole in italics to underscore the urgency with which they view this
issue:

" Conclusions
1. lt is affirmed that limiting phosphorus availability in lakes is the single, most
important and necessary step to be taken now in eutrophication control.
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2. The most effective way to do this is to reduce phosphorus inputs.

3. Because all inputs are additive, and therefore potentially significant, all should be
considered for control.

4. Municipal sewage is the major point source. All such discharges to lakes and other
susceptible waters should be treated to reduce phosphorus content to realistic target
levels.

5. Phosphorus contributions to sewage should be reduced in every feasible way.

6. Nutrient budgets should be established for all major lakes to facilitate curtailing
nutrient inputs from all significant diffuse and point sources.

7. Technology, where not at hand, must be developed to effectively cuftail phosphorus
inputs from all significant point and diffuse sources.

8. Where slow flushing impedes improvement from curtailed phosphorus inputs,
accessory sfeps to inactivate, haruest, or otherwise retrieve nutrients from lakes must
be considered."

We will return to these recommendations later in the discussion of phosphate dynamics
in the Laguna de Santa Rosa and the need for the Regional Board and the Subregional
System to seriously consider such dynamics.

Phosphate Concentration in Santa Rosa Treated Effluent
Phosphate concentrations in the effluent from the Santa Rosa Llano Road Treatment
Plant have historically been relatively high. Santa Rosa expresses phosphate as mg/L
of the element phosphor (or P). The average reading of phosphate concentration
(measured as P) presented in the Subregional EIR prepared in 1996 equals 4.2mglL
(Appendix 1). lt should be noted that typical concentrations of phosphate (as P) in most
natural water bodies are less than ranges from 0.005 - 0.1 mg/L (Wetzel, 1983).

To understand just how much phosphate this represents, at the above concentration
the Santa Rosa treatment plant releases in 20 MGD of treated effluent approximately
700 lb. of elemental phosphor to the Laguna each day. This is the equivalent of 3,500
lb. of one of the most common commercial phosphate fertil izers, Calcium Phosphate
Ca3(POa)2, every day. In the past the Santa Rosa Subregional system released 1,300
lb. P daily (California Water Resources Board, 1968) or the equivalent of over
2,300,000 pounds of this same commercial fertil izer per annum into the Laguna.

To put this in context Buhr, et al., WEF Operators Forumn (1999) discussed phosphate
control by the Las Vegas, Nevada WWTP, which discharges 88 MGD of treated
effluent. Las Vegas has been able to achieve average phosphorus releases of 0.16
mg/L, largely through operational modifications to a plant that is similar to the Santa



Rosa Llano Road Plant. Very little capital spending was necessary to achieve this goal.
The Santa Rosa Plant would need to reduce phosphor loading from 700 to 27 lb./day in
order to match the performance of the Las Vegas WWTP.

The Calif. Water Resources Board (1968) Repoft on the Russian River identified
phosphate pollution as the primary cause of excessive phytoplankton blooms in the
Russian River. As earlier mentioned phosphor releases by City of Santa Rosa into the
Laguna at that time equaled approximately 1,300 lb./day. This quantity, when entering
the river from Mark West Creek, resulted in a doubling of phosphate concentration in
the River. The 700 lb load cited above indicates that Santa Rosa has been able to
reduce phosphorus by about 30% since then. Neverlheless, at that level the load of
phosphorus from Santa Rosa is stil l considerable, pafticularly when compared to that
achieved in other pafts of the country.

Closer analysis of the EIR data, however, show that throughout the 1990's Santa Rosa
has steadily moved to reduce the phosphate concentration in its effluent. The four
years covered by the EIR indicate the following average annual concentrations:

Year
1  991
1992
1 993
1 994

Phosphor conc. (Mq/l)
5.26
5 . 1 3
3.81
2.54

Subsequent data overthe period from 1995 through the early pad of 1999 showthat
phosphate concentrations in Santa Rosa effluent reached their lowest levels in spring of
1999 (Appendix2). This decrease did not persist, however. Data for December 1999
indicate that Phosphate concentration has returned to higher levels with a concentration
of over 2 mglL. The reduction in concentration in spring of 1999 occurred when flow
volumes were high due to spring rains. The December 1999 increase in phosphate
may have been due to reduced water flows during this dry period. This suggests that
phosphate concentration in City effluent may be more a function of dilution than actual
changes in daily load on a lb. basis. The system appears to have a great deal of room
for improvement in reducing phosphorus load to the Laguna and one recommendation
would be that phosphorus be monitored closely in the plant to work toward greater
phosphate removal at the plant.

The most significant reduction in nutrient loading to the lower Russian River occurred in
the early 1970's when the City of Santa Rosa discontinued direct summer stream
discharge. Since then wastewater has been applied to the land through one of the
states largest wastewater irrigation systems. Summer is the season in which
phosphate pollution has the most significant effect since that is the season when river
flows decline and phytoplankton blooms most heavily. Summer releases of phosphate
into the Laguna, and concomitantly into the Russian River, have been dramatically
reduced because instead of surface discharge direct to the Laguna, wastewater only



reaches the Laguna through subsudace recharge. Data obtained from groundwater
studies within the City's irrigation system show that phosphate in all forms is absent
from groundwater when the treated effluent passes through soil before it reaches the
Laguna (Appendix 3).

The concentration of orthophosphate as P taken from samples of ground water at
Subregional irrigation fields only exceeded the 0.1 mg/l level of resolution in one
sample of 21 readings. This was 0.4 mg/l at the Lakeville South site. lt should be
noted that this was not the case with nitrate. Nitrate concentration often exceeded the
public health safe guideline of 10 mg/L in groundwater. Nitrate will be discussed in
more detail later.

The phosphate reduction documented in the Santa Rosa irrigation system sampling is
consistent with a large body of information being developed on the use of "Side Stream
Infiltration" for release of wastewater to natural water bodies. Because of adsorption
and filtration by soil, water can achieve a high level of purity before it resurfaces as
stream flow if it is administered in carefully designed infiltration systems. This
technology is most advanced in Germany at this time but is increasingly being used
elsewhere. One local example is a 3.1 acre redwood forest under design by Lescure
Engineers for AVG Winery in Graton. Effluent will be disposed through a raised
infiltration field that will have water applied directly to redwood tree roots using
subsurface Ecochamber emitters. Water will be transpired directly by the tree roots at
far higher levels than is possible using pasture irrigation, and any excess flow will
recharge the adjacent Atascadero Creek with highly purified subsurface flow. An
advantage of such recharge at AVG is that it keeps the water within the aquifer from
which it was drawn to the maximum extent possible.

The city of Santa Rosa has demonstrated the effectiveness of this type of subsurface
irrigation at a demonstration Redwood forest at Sonoma State University using its
reclaimed water. An expanded system with this form of infiltration could be used by
Santa Rosa to irrigate riparian forest corridors along the Laguna. With such a system it
would be possible to virlually eliminate phosphate from release into the open water
environment. By introducing the infiltrate through the root system of a riparian forest
another advantage would be dramatic reductions in nitrate as the nitrogen is absorbed
by the trees at a far higher rate than competitive ecosystems. Lowrance(1992) showed
that riparian forest removed as much as 300 lb. of nitrogen per acre per year compared
to only about 15 lb. in pasture. As mentioned earlier, nitrate is not removed from
percolate by Santa Rosa's pasture irrigation system to the extent that phosphate is.
This is either an indication that water is being applied at levels beyond that necessary to
meet the limited transpiration and nutrient uptake capacity of pasture or that cattle
manure at the sites is contaminating the applied water. lt would be important to
determine which was the case in subsequent studies of nutrient loading to the Laguna.

Phosphate Samplinq in the Laquna de Santa Rosa
The Nofth Coast RWQCB has conducted recent studies of phosphate in the Laguna
but it is not clear whether these studies will continue. A substantial record of phosphate



measurements now exist from both the NCRWQCB and Santa Rosa Subregional
system sampling programs. Unfortunately, there has been litt le coordination between
the two sampling programs and efforls to pinpoint phosphorus sources to the Laguna
have yet to be undefiaken. One aspect of phosphate loading of highest concern in
Water Quality Board studies has been recycling of loaded phosphates from the
sediments. This wil l be discussed in detail later.

We have collated as much of the existing data as was readily available and are
including it in tabular form (see Appendices 2, 4, and 5). The city of Santa Rosa
expresses phosphate concentration in mg/L as phosphorus, while the Water Quality
Control Board expresses it as mg/L as phosphate (PO4) although the laboratory
analysis were conducted for concentration as P.

Analyses of these data have been organized according to the following parameters:

1. Geographic variation in concentration over the Laguna watercourse.
General spatial variation.
Point by point upstream/downstream comparisons at discharge points.

2. Phosphate recycling from sediments
3. Phosphate/nitrate interactions and phytoplankton density

Geographic Variation
The most southerly sampling in the Laguna starts upstream at the intersection of the
Laguna with Stony Point Road. Moving downstream samples have been taken at Llano
Road, Todd Road, Highway 12, Occidental Road, Upstream of the confluence with
Santa Rosa Creek, Guernevil le Road, and Trenton-Healdsburg Road. Samples also
have been taken from Santa Rosa Creek at Delta Pond and at Willowside Road, Mark
West Creek, and from the Russian River both upstream and downstream of the
confluence with the Laguna. Other samples include upstream and downstream of
discharge at Roseland Creek and upstream and downstream of discharge from Kelly
Pond into Duer Creek.

The Santa Rosa Subregional system releases to the Laguna between the Llano Road
sampling point and the Todd Road intersection. They also release from Delta Pond just
upstream of the confluence of Santa Rosa Creek as well as minor releases from the
treatment marsh system at the Llano Road plant and from Kelly Pond just upstream of
the Occidental Road sampling point.

While incidental data on phosphate concentration exists at most of these station, the
only stations with any extensive systematic sampling are Stony Point Road, Todd Road,
Occidental Road and Guernevil le Road. Data sets containing measures of Total
Phosphate concentration taken by both the city of Santa Rosa and the NCRWQCB over
the per iod of  1989-1992 forthe board and 1991-1994 forthe City are presented in the
City of Santa Rosa 1996 EIR (Appendix 4 - Santa Rosa and Appendix 5 - Regional
Board).
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Table 1. Ranges and averages for the regularly sampled stations are presented as
mg/L Total Phosphate as P:

Sample Station
Laguna at Stony Pt.
Laguna at Todd Rd.

City of Santa Rosa
Ranqe Avq.
.33 -  1 .2  0.64
.6-4.1 1 . 5 4

Regional Board
Ranqe Avq.
.22 -1.4 0.61
.32 -6.2 2.45
.07  -3 .3  2 .15
.02 -3.5 1.77
.01 -2.9 0.36
.00  - .49  0 .10

Laguna at Occidental Rd. 1.2-2.6 1.74
Lag.upstreamS.R.Creek .18-2.98 1.36
S.R. Creek at Willowside .05-.73 0.20
Mark West at Slusser .06-1.5 0.47

The two data sets are in general agreement showing that phosphate concentration is
lowest at the Stony Point station, upstream of the central portion of the Laguna, and
upstream of any release of treated Santa Rosa effluent. A substantial increase in
concentration occurs in the stretch between Stony Point and Todd, an area that
encompasses the major release point from Pond D, the City's major storage pond at
the Llano Road WWTP. The Regional Board data indicate a higher phosphate load,
however, the series encompass different time frames and can be expected to vary
somewhat in detail. Occidental Road samples are high in phosphate and a slight
reduction occurs by the time one gets to the Laguna station just upstream of the
confluence with Santa Rosa Creek.

Phosphate concentration is the lowest in either Santa Rosa Creek or Mark West Creek,
when measured upstream of the confluence with the Laguna.

More current data are available from both sources. The City of Santa Rosa has
implemented an automated sampling program at several stations in the Laguna and
these data are available from the City of Santa Rosa web-site. We present these data
as Appendix 2. The regional board has also continued it 's monitoring program and
these data have been provided and are included as Appendix 6.

Upstream-Downstream Discharqe Point Comparisons
The NPDES permit for Santa Rosa discharges contain general restrictions against
increasing concentration of plant nutrients due to discharge of treated effluent.
Phosphate concentration measurements from identified upstream and downstream
locations near effluent discharge points taken at the same time are presented in
Appendix 7 for comparison. These sampling points include:

(74) Upstream - 36" Discharge from Pond D.
Downstream - Todd Rd., nearest point downstream from Pond D.

Roseland Creek(78) Upstream -
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Downstream -

(7C) Upstream -
Downstream -

(7D) Upstream -
Downstream -

Roseland Creek

Duer Creek at Kelly pond discharge.
Duer Creek at Kelly pond discharge.

Santa Rosa Creek at Delta Pond discharge.
Santa Rosa Creek at Delta Pond discharge.

These data from indicate that phosphate concentrations from downstream sampling
points are frequently elevated over upstream concentrations (Table 2).

Table 2. Frequency of increase in phosphate concentration from upstream to
downstream reading, downstream to upstream reading, and avg. increase in
phosphate concentration in those instances with a positive increase downstream of
discharge points.

Similar increases in Nitrate loading are seen at these same stations (Table 3).
Table 3. Frequency of increase in nitrate concentration from upstream to
downstream, downstream to upstream, and avg. increase in nitrate concentration
in those instances with a positive increase downstream of discharge points.

% Upstream to T"Downstream to Avg. Increase
Upstream in mg/L NO3.

Discharge
Location
D - Pond
Roseland Creek
Duer creek/Kelly Pond
S.R. Creek/Delta Pond

Discharge
Location
D - Pond
Roseland Creek
Duer creel</Kelly Pond
S.R. Creek/Delta Pond

% Upstream to
Downstream

Increase
65.0

100.0
97.1

100.0

90.0
100.0
90.0

100.0

ToDownstream to
Upstream
lncrease

5.0
0.0
2.9
0.0

10 .0
0.0

10 .0
0.0

Avg. Increase
in mg/L Phos.
Downstream

.27

.60
1 . 0 1
.84

1 . 2 6
2.86
2.50
2.36

Downstream
lncrease lncrease Downstream

It is evident from the above Santa Rosa monitoring data that increases in nutrients due
to effluent releases are common and that the increase in concentration is significant. In
the instance of Phosphate it should be pointed out that EPA 841-F-95-002 Watershed
Protection: Clean Lakes Case Study (1995) discusses a phosphate end-point of .03
mg/L as the point that separates an impacted from a non-impacted lake. By these
criteria the levels in the Laguna are extraordinarily high and the documented increases
tracked to Santa Rosa discharges are above this level by one to two orders of
magnitude depending on the water body.

One other set of upstream/downstream comparisons exists in the Santa Rosa data.
This is the comparison between samples taken at Wohler Bridge in the Russian River,
upstream of the confluence with the combined Laguna and Mark West Creek flows
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entering through the terminus of Mark West Creek, with downstream measures taken at
Mirabel. Table 4 shows that nutrient loading from the combined Mark West and
Laguna flow often results in increased nutrient concentrations in the Russian River at
this point.

Table 4. Frequency of increase in phosphate and nitrate concentration from
upstream Wohler Bridge to downstream Mirabel readings (in Mg/L).

3A% 52o/" 0% o% .08

Mark West Creek receives effluent from both the Windsor WWTP and SCWA Airport
WWTP. Monitoring data from neither of these systems was available for inclusion in
this study so it is not possible to distinguish the source of the elevated nutrients.

An earlier study of nutrient loading to the Russian River (California Water Resources
Bull 1 43-4: 1968) also identif ied Mark Wes-t Creek as a source of nutrient loading to the
Russian River.

Table 5. Concentration of NO3, organic nitrogen, and phosphate in mg/L
measured at various stations on the Russian River on August 19, 1966.

Station N03

7o Upstream to
Downstream

Increase
PO4 NO3

ToDownstream to
Upstream
lncrease

PO4 NO3

Orqanic N
. 1 0
.20

2.40
.30
.30

Avg. Increase
Downstream
PO4 NO3

. 1 2

North of Cloverdale 0.0
Healdsburg 0.0
Mark West Cr. at Trenton 0.3
Guerneville 0.0
Duncans Mil ls 0.0

Pc,4
.06
. 1 0
.26
.59
.35

Unfofiunately these data derive from a single days sample and must be considered in
that light, however, the reports conclusions are quoted verbatim below.

"The Orthophosphate from the Mark West Creek system increase the concentration
downstream of the confluence by more than 100%. This is the principle reason for
excessive phytoplankton growth in the lower Russian River."

"Prospects are that phosphate concentrations in the lower Russian River will increase
and as a consequence there will be more extensive growth of phytoplankton. The
discharge from the City of Santa Rosa sewage treatment plant presently contains about
1,300 lb.. of orthophosphate per day. About 30% of this discharge, containing 390 lb..
of orthophosphate per day, reaches the Russian River during the critical summer
period."
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This report goes on to specify an objective of reducing phosphate concentration to .25
mg/L at Guerneville.

From the monitoring data obtained recently it is clear that phosphate loading to the
Russian River via the Laguna/Mark West Creek system has reduced dramatically.
Most significant to this reduction has been the substitution of summer sudace discharge
of effluent by the City of Santa Rosa for land application of effluent through one of the
states most extensive pasture irrigation systems.

Stil l, however, the nutrient signal at the confluence to the Russian River persists.
Unfoftunately the level of resolution of the current sampling is insufficient to accurately
measure nutrient loading. As mentioned earlier EPA considers .03 mg/L the endpoint
for impacted vs. non-impacted water bodies. ln 74"h of the samples phosphate
concentration at Wohler Bridge was reporled simply as <.1 mg/L. There are 17
instances when upstream is <.1 mg/L and downstream was <.1 mg/L. Therefore even
an impacted Russian River at .03 mg/L at Wohler could have concentration tripled to
.09 mg/L downstream, highly impacted by EPA standards, without it being measured by
the current sampling program.

Phosphate Recvclinq in the Laquna
The NCRWQCB has conducted an extensive analysis of phosphate in the Laguna over
the past several years (Peter Otis, 1999, personnel communication). These studies
have not yet led to a TMDL program with regard to phosphate in the Laguna but do
provide a stading point for moving toward such a goal.

One of the most important aspects of this study has been the role of phosphorus
recycling from the sediments in the Laguna. Measurements taken from the sediments
in both the Occidental Pond immediately to the south of the Occidental Road Bridge
and the Sebastopol Pond downstream from the Highway 12 Bridge show that the
sediments in these ponds sequester very high levels of phosphates. Concentrations
range from 311 mg/kg to 2564 mg/kg in these sediments. Recirculation of these
sediments into the water column can release significant quantities of phosphate for
plant growth stimulation (Appendix 8).

Such recirculation is quite complex, however, and is governed by a wide variety of
physical and biological factors. One such factor is the aerobic state in the sediments,
When conditions become anoxic, phosphorus can be released from the sediment into
the water column as phosphoric acid. This is seen at the Sebastopol Pond where
scouring of phosphate from the sediments has occurred during periods where
indicators of anoxic conditions in the sediments, such as increased HzS concentration
are seen. During such periods phosphate concentration in the sediments has
decreased.
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The Sebastopol Pond porlion of the Laguna is densely covered by riparian forest and a
good deal of organic detritus in the form of leaf l i tter falls in that area. This contributes
to both a high carbon load as well as nitrogen loading from species of trees such as
alders which fix atmospheric nitrogen. At the same time this riparian cover prevents
winds from mixing the upper and lower water column and stratif ication occurs leading to
anoxic conditions in the bottom sediments. Phosphate concentrations in the sediments
have reduced considerably from 1997 to 1999 in the Sebastopol Pond from an average
of 1197 mg/kg in 1997 to 986 mg/kg in 1998 to 588 mg/kg in 1999. This coincides with
a period during which concentrated apple sugars coming from.leaks at a local apple
processing plant may have increased BOD in that section of the Laguna thereby
increasing the rate of sediment scouring.

At the same time the reduction from 1998 to 1999 coincides with an extensive bacterial
bioremediation implemented to counter the apple waste using Pseudomonas bacteria
(D.E.Wickham, personal data). Wetzel (1968) discusses the abil ity of bacteria to inhibit
algal growth by out-competing them for phosphate. He comments that while algae
have a slightly higher membrane affinity for phosphate, the bacteria are so much
smaller that the surface arealvolume ratio shifts the advantage in phosphate uptake
and utilization to the bacteria.

Sediment concentrations in Occidental Road Pond have stayed relatively stable,
fluctuating in a narrow range from 1305 mg/kg in 1997 to 1465 mg/kg in 1998 to 1337
mg/kg in 1999. Occidental Pond experiences regular mixing due to wind during the
midday. This maintains higher oxygen levels at the sediment interface preventing
substantial phosphor releases. Nonetheless, the concentration of phosphate in the
water column as indicated by the water monitoring program are always high enough
that algae blooms persist in the Occidental Pond all summer. These blooms do not
appear to deplete the sediment reservoir so either recycling is highly contained in the
pond or continued loading from upstream is occurring.

Stratification is more common in Sebastopol Pond since the riparian forest prevents
mixing and carbon load is high. The sediment data suggest that some movement of
phosphates may occur from Sebastopol Pond to Occidental Pond, at least in 1998.
Average sediment phosphate concentration in June was 1182 mglkg in Sebastopol
Pond and 1216 mg/kg in Occidental Pond. By September Sebastopol Pond had
decreased to 791 mg/kg while Occidental Road concentration increased to 1713 mg/kg.

The data between Highway 12 and Occidental Road encompass a short period and are
difficult to consider representative of the entire Laguna. Neveftheless they indicate
phenomena of scientif ic interest as well as possibly of practical value in designing
phosphate remediation programs throughout the Laguna. Much more information on
the dynamics between sediment and water column with regard to phosphate transfer is
necessary to understand this phenomenon.

The above data show that sequestration in the sediments is a significant sink for
phosphates in the Laguna. Most phosphate readings in the water column of the
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Laguna, parlicularly from Santa Rosa monitoring, are taken during the winter when the
city is discharging. Phytoplankton production is low during such periods so biological
uptake resulting in depletion of nutrients in the water column is less significant. ln the
case of phosphates, winter declines in concentration over space or time are more likely
due to sedimentation than biological uptake.

Most phosphate released by the City of Santa Rosa is in the form of orthophosphate
(dissolved P). This is the form most readily taken up by phytoplankton, but since plant
production is low during the release season it has been assumed that most of these
releases pass through the Laguna and into the Russian River where they then flow to
the ocean with the high winter flow.

This is an impoftant assumption that has never been tested. We can attempt to
address this issue by analyzing phosphate concentrations measured during the winter
when algal production is at its lowest level. Reductions in phosphate concentration
from upstream to downstream Laguna stations would likely result from sediment
deposition rather than algal uptake at that time since algae production is low (Table 6)

Table 6. Average concentrations of total phosphate in the peftinent Laguna stations
derived from the 1990-94 data in the 1996 EIR for the months of November through
March, when river flows are highest, and algae production is lowest.

Station
Stony Point Road
Todd Road
Highway 12
Occidental Road
Upstream Santa Rosa Cr.
River Road

Total Phosphate Concentration
0.43 mg/L
1.83 mg/L
1.63 mg/L
1.71 mglL
1.40 mg/L
1.03 mg/L

These data suggest some sequestering of phosphorus as it passes through the Laguna
even though the change in concentration seems slight. The reduction at River Road
might be explained by dilution from Santa Rosa Creek and Mark West Creek which
both enter upstream of that station and typically have lower phosphate concentrations.

It is evident from the data that substantial phosphate loading occurs between Stony
Point and Todd Road. The reduction as it passes downstream appears to be slight,
indicating that a large poftion does in fact pass out of the Laguna during the discharge
season. However, the flows at this time are very high and the total load, which can be
calculated from the concentration times daily flow, during this season suggest that very
large quantities of phosphate are contained in this water. A reduction of 0.43 mgil from
Todd Road to upstream of Santa Rosa Creek in flows typical of the Laguna in most
winters is equivalent to several hundreds of pounds of phosphates being sequestered in
the sediments each day. This is consistent with the high concentration of phosphates
seen in the few sediment samples taken to date in Occidental and Sebastopol Ponds.
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In an attempt to address Phosphate deposition more closely we collated all data points
in which were taken on the same day from the following stations:

Todd Road
Occidental Road
Upstream Confluence of Laguna and Santa Rosa Creek

These data are presented in Appendix 9. They provide a rough index of loss of
phosphate from the water column as it passes through the Laguna. Samples
downstream of Santa Rosa Creek were not included since lowered concentration of
phosphate there could be from dilution from Santa Rosa Creek, known to have lower
concentrations, and not necessarily from deposition.

The grand averages for the data set indicate that phosphate concentration decreases
from 1.91 mg/L at Todd to 1.36 mg/L near Santa Rosa Creek indicating sequestration
of approximately .55 mg/L of phosphor within that reach of the Laguna.

Selecting only the winter (Nov-Apr) samples results in average concentration of
phosphor of 2.0 mg/L at Todd Road declining to 1.25 mg/L near Santa Rosa Creek, or
sequestration of .75 mglL within that stretch. This suggests that phosphates, even
though released during the high flow season are not necessarily voided from the
Laguna. To the extent that these phosphates are recycled in the summer, they
represent a load to the Laguna and Russian River even though they are not being
discharged in the summer.

Sediment Control
Sediment loading has been identified as a major pollutant in the Laguna system and the
Russian River. ln fact the Russian River has been included in the EPA list of impaired
watersheds for sediment pollution for 10 years. Loads of fine clay in suspended
sediments alters the physical structure river bottoms by sealing the bottom gravel.
Salmonids require clean gravel as habitat for egg development. Debate exists over
whether the Laguna was ever more than a migratory pathway for these fish as they
traveled upstream to tributaries for breeding. Clogging of bottom sediments with clay,
however, will prevent filtration of water flowing through the river. This natural filtration is
an important component to maintenance water quality. To the extent it is prevented,
natural water purification by the stream habitat is impaired.

This sediment loading has an important impact on phosphate dynamics in the Laguna
through its role in transporting and depositing adsorbed phosphates. Where they are
deposited in bottom sediments they can be recycled into the water column later during
periods of low flow. As mentioned, phosphate released from the Santa Rosa
Subregional Treatment System is primarily in dissolved form. While this is the form
most readily taken by plants most of the Santa Rosa releases are during the period of
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minimal phytoplankton groMh. The primary mode of phosphate sequestration at this
time is through adsorption by clay particles. This will occur both in the Laguna after
effluent is discharged, as well as when sediment parlicles are flushed into the storage
ponds with river flow during storm flow equilization. Some of the phosphate
sequestered by this particulate matter will settle to the sediments of the Laguna.
Reductions of sediment loads to the Laguna would minimize the quantity of phosphates
retained in the deposits of the Laguna basin. A vigorous program to reduce erosion in
the Laguna watershed would be the most direct method to maintain a higher level of
washout of dissolved phosphate from Santa Rosa sudace releases if that method is
retained as the primary form of discharge. This, however, increases loads to the
Russian River so sediment control to reduce phosphate deposition in the Russian River
watershed might also be necessary.

A much more direct and effective method to reduce phosphate deposition in the waters
of the Laguna would be for Santa Rosa to eliminate surface discharge of its treated
effluent. Subsurface discharge either through infiltration galleries, or through
ecochamber type forests, similar to the demonstration Redwood forest at SSU, would
virtually eliminate all phosphate load from the Santa Rosa system to the Laguna.
Distribution through a riparian forest system would, as earlier mentioned, help control
nitrate contamination of groundwater, currently seen in the pasture irrigation system. lf
this same system were util ized in summer the city could direct a substantial flow to
subsudace recharge of both groundwater in the Laguna basin as well as to recharge of
stream flow to substantial advantage to habitat values of the aquatic environment.

The addition of substantial riparian habitat in the form of subsurface ecochamber
galleries would act to fufther reduce the flow of sediments into the water column. Leaf
litter and root permeation in forest soils is the most effective method to increase soil
permeability. This system represents the most powerful sediment trap available and
would do as much as any engineered sediment trap in increasing clarity of Laguna
waters.

Phosphate and Nitrate Interactions and Phytoplankton in the Laouna
The most important technique for investigating adverse impacts of phosphate loads to
the Laguna is to analyze phosphate concentrations in association with other nutrients
and with the concentration of algae. Excessive growth of phytoplankton is the problem
caused by phosphate stimulation so it is the most impoftant parameter to measure in
studies of eutrophication.

The City of Santa Rosa undertook an extensive series of measurements at various
stations in the Laguna from 1990 through 1994 as a part of their 1996 ElR. These data
are presented in Appendix 4. We selected the following parameters: NO3, NH3, Total
P, Dissolved P, Chlorophyll a, and Phaeophytin, which are presented in Table 7. They
were chosen because they represent the critical variables in understanding
phytoplankton dynamics in the Laguna. Unfortunately a critical gap exists in these data.
It is a measure of Total Nitrogen, which would reflect the nitrogen bound in the plant
cells. Total nitrogen is taken in many of the other data sets included in this study. lt is

1 B



unfortunate that in this series it was not measured since this is the one analysis where it
is pertinent.

Table 7. Average values for nutrient concentration and plant photosynthetic pigments at
stations along the Laguna. Nutrients are measured in mg/L while pigments are presented
in ug/L concentrations

Station NO3 NH3

L/Stony Pt. 1 .65 .13
L/Todd 2.91 .65
L/Occ.Rd 2.40 .37
L/SR Crk ,1 ' .18 .18
L/River Rd. 1.32 .16
SR Cklwlsd. 1.35 .09
MkWestCk. 1.55 .14

Total Dissolved
P P

.63 .45
1 .56  1 .30
1 . 7 3  1 . 2 6
1.28 .92
.60 .49
. 2 1  . 1 2
. 5 0  . 1 9

Chlorophyl l Combined
A Phaeophytin Pigments

22.80
48.66
81 .89
47.40
39.69
5.48

15.00

10.56
65.76
26.72
49.98
34.10
8.36
5.94

33.36
114.42
108.61
97.38
73.79
13.84
20.94

This table demonstrates a 1:1 correlation between average phosphate concentration and
average combined plant pigment (Spearman - Rank Order Correlation coefficient = 1.00).
The correlation with nitrate is slightly positive but not significant (Spearman Rank Order
Correlation Coefficient = .43) These data, however, must be interpreted with caution since
samples were taken at intervals of from nearly one month to several months. Nutrient
dynamics in nature are highly complex since a nutrient loading event will be followed at
some lag by a phytoplankton bloom which will then deplete those nutrients with a
concomitant die-off of the phytoplankton. A random sample may be taken at the onset,
during or at the end of such an event so the relationship between a nutrient concentration
and a concentration of plant material can vary accordingly.

A more comprehensive data set exists taken by the Regional Board. This includes
Phytoplankton celldensity (a more direct measure of phytoplankton abundance)and TKN,
an important parameter missing from the Santa Rosa data. These are presented as
Appendix 10.

Correlation analysis using these data (Table 8) indicate that, while phosphate cannot be
considered a limiting nutrient since it is never totally depleted, it can stil l acts as the
"controlling nutrient". There exists a very highly significant correlation (p=,001) between
either ortho-phosphate concentration or total phosphate concentration and the measure
of phytoplankton cell density. At the same time the correlation between nitrate and
phytoplankton density is insignificant.
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Table 8. Correlation coefficients between plant nutrient concentrations and
phytoplankton cell densities in the Laguna Regional Board data (n=41).

Comparison
Correlation

Coefficient Siqnificance
>.001
>.001
N S
N S

>.001

OrthoPO4 vs. Cell Density .544
TotalPO4 vs. Cell Density .500
Nitrate vs. Cell Density .162
Ammonia vs. Cel l  Density .158
TKN vs. Cell Density .687

Several other interesting correlations can be seen in these data that indicate the study
of nutrient dynamics is not only vital to developing control measures for improving water
quality but also that much significant basic research potential exists for students of
limnology in the Laguna.

The rationale presented by the 1996 City of Santa Rosa EIR for its focus on nitrogen as
the limiting nutrient in the Laguna is based on studies done on Algal Growth Potential
(AGP) in waters taken from the Laguna at various times. An aliquot of water from a
particular station is isolated and held tor 14 days. Algae production is monitored and
nutrient uptake is measured to see which nutrients are depleted first. In samples where
nutrients were stimulatory it was found that groMh discontinued when nitrogen was
depleted. Phosphorus in these samples never reduced to levels where its lack inhibited
plant growth.

These results are to be expected in that field monitoring showed that phosphate was
found at high levels, especially when the ratio of P to N was considered, at all times and
at all Laguna Stations. These experiments represent a totally aftificial condition since
extraneous sources of nitrogen, readily available in the field, were not included. Peter
Otis of the Regional Board (personal communication, 1999) discussed instances in the
Laguna during which dense blooms of blue-green algae correlated with very high levels
of ammonia, even though nitrate was lacking. His conclusion was that this represented
atmospheric nitrogen that was fixed by these algae. Blue green algae blooms are
common in the Laguna, and in fact are considered indicator species for nutrient
conditions in which phosphate is abundant but nitrate is limited, typical of the Laguna.
Blue-green algae are often noxious species with little food value and their prevalence in
polluted environments is one of the main reasons that ecologists have worked to control
phosphate pollution in freshwater environments.

In the field nitrogen cannot become strictly limiting when phosphate is abundant since
new nitrogen is introduced by a variety of means at all times. What is typically achieved
is a steady state in which nitrogen continues to enter the system sustaining continued
algal groMh even though measurable dissolved nitrate is virtually nil. This is because
new nitrogenous material is immediately incorporated into plant tissue and never
becomes nitrified. The City of Santa Rosa data presentation omitted TKN which would
have measured this form of nitrogen. The high correlation of TKN with phytoplankton
density in the Regional Board data reflects the above dynamic. Attempting to control
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algal blooms by l imiting nitrogen releases from wastewater is doomed to failure if
phosphate is not also reduced, as is emphatically stated by the EPA document on
phosphate loading mentioned earlier.

EPA-R3-72-001 discusses in detail experiments in Lake Washington where sewage
load was divefied from the lake. Phosphate concentration in the water column reduced
by 72o/o and algae concentration reduced by 80%. Nitrate concentration decreased
only by 20"/" and bore no relationship to algal production. This shows that extraneous
sources of nitrogen continued to load the system even though sewage loading of
nitrogen had diminished by the same proportion as phosphate.

The positive message of this study was that reductions of phosphate resulted in
immediate and direct reductions of eutrophication even though nitrate concentration did
not decline by the expected amount.

Wetzler (1968) presents an extensive discussion of the central role that phosphate
plays in freshwater plant nutrient dynamics. He reviews the extensive experimental
demonstrations showing improved water quality following reductions of phosphate
loading. He provides a detailed discussion of the importance of nitrogen fixation by
blue-green algae, pointing out that these algae need high concentrations of phosphate
to drive the incorporation of fixed nitrogen into the system.

His discussion is indirectly confirmed in the Regional Board data by the very highly
significant correlation between TKN and phytoplankton cell density (r=.687, p<.001).
While correlation analysis must always be considered in l ight of known causal
mechanisms the following is a reasonable scenario.

Phosphate, by increasing phytoplankton abundance increases incorporation of nitrate
into cells, thereby reducing nitrate concentration, leading to a shift in community
structure to nitrogen fixing algae which are not l imited by nitrate. These algae need the
high phosphate concentration to drive fixation of nitrogen, thus, the phosphate, in effect
"causes" the nitrogen loading. The biological reality of this sequence makes control of
water quality through reductions in wastewater nitrogen loading to the Laguna
impossible without f irst controll ing phosphate loading.

Studies on Reclamation of Stone Lake, Michigan (EPA-60013-76-106; 1976) discusses
a scenario that is almost exactly that of the above hypothesis for a similar situation in
which phosphate is not "limiting" but is controlling. "ln the beginning of June it would
appear that nitrogen was limiting in Stone Lake, yet, at the same time, a large algae
bloom begins to develop. The anomaly is explained by the theory that nitrogen-
deficient conditions provide a competitive advantage to nitrogen fixing blue green
algae." Their analysis showed that, in fact, as green algae consumed nitrogen
Anabaena, a blue green took over. Anabaena secretes inhibitory substances. The
Anabaena bloom was short-l ived but introduced enough nitrogen to allow green algae
to bloom again. This same study showed that elimination of phosphate loading allowed
the stores in the sediment to be depleted over an approximate 6-8 year period.
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Phosphate Control
A very power{ul technology for reducing phosphate loading exists that is not only
consonant with the increasing public interest in restoration of the riparian habitat of the
Laguna, but also would harness this riparian zone for nitrate reduction as well. lt is
clear from the ground water analysis at Santa Rosa irrigation sites that nitrate occurs at
very high levels. This may or may not be due to the reclaimed water, and in fact is
likely related to manures at the dairy sites where the irrigation is occurring.

Studies of nitrogen uptake by riparian forests show that 70-907o removal rates occur in
the first 10 meters of passage by water through the root zone (Lowrence, 1992).
Assays for bacterial denitrification enzymes demonstrated that this reduction was not
due to bacterial denitrification in the soils but rather to direct uptake by the riparian
vegetation. The demonstration subsudace forest irrigation project put in place at a
redwood grove at SSU by the City of Santa Rosa provides an experimental site for
investigating nitrate and phosphate uptake by forest systems as a comparison to their
pastu re irrigation systems.

Uptake studies (EPA Manual for Land Application of Sewage Sludge, 1982) showthat
pasture irrigation removes approximately 15 lb/Nitrogenlacrelyear as opposed to forest
ecosystems that remove from 150-300 lb/Nitrogenlacrelyear. The only way to control
groundwater nitrate pollution in a sprinkler irrigation system like that of the Santa Rosa
pasture system is to carefully control the application rate so that the maximum possible
water is taken actively by grass transpiration and is not allowed to leach beyond the root
zone. Levels of nitrate greater than 10 mg/L, as measured in association with the
Santa Rosa irrigation system, may represent a technical violation of the City's permit. A
more thorough study of this phenomenon is advisable to determine the cause of the
elevated nitrate levels at irrigation sites.
With trees this limitation is not as critical since not only do trees consume much higher
volumes of water and nitrogen, their root systems penetrate to much greater depths
increasing the uptake opportunity.

The subsudace system at the Sonoma State demonstration plot illustrated that Santa
Rosa could enjoy the added advantage of discharging reclaimed water in winter when
their sudace irrigation system was inactive. They were able to discharge through
subsudace forest irrigation, in almost pure adobe clay soil, at rates ranging from a low
of over 8,000 gpd/acre in February 1999 to a high of over 15,000 gpd/acre in August of
1999. This compares to a rate of only 5,000 gpd/acre in the driest months of the
summer and zero irrigation during almost 5 months for surface pasture irrigation. The
redwood demonstration project at SSU unequivocally demonstrates that Santa Rosa
could irrigate with all of its reclaimed water year around in the Laguna and does not
need to restrict it to the summer season. By so doing phosphate loading by the
Subregional system to the Laguna could be vifiually eliminated, and nitrate loading
would also be significantly reduced.
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Siqnificance of Phosphate Readinqs
It is undeniable that Phosphate levels in
unpolluted freshwater worldwide, and
watershed. The imponant questions are:

the Laguna are high, both relative
relative to other streams within

1. Do the hiqh concentrations and dailv load released with treated Santa Rosa
wastewater contribute siqnificantlv to the elevated levels of phosphorus in the Laquna?
This question cannot be answered since the required nutrient budget, which would
include phosphorus, has regrettably never been conducted in the Laguna. Phosphate,
however is such an impoftant nutrient that levels as low as .03 mg/l can be considered
as bordering on eutrophic by the EPA. In the past Santa Rosa released an equivalent
of 315 kg/day. This would increase pure water with no phosphate to the above .03
mg/l in a volume of over 10.5 bil l ion gallons. Even now with the reduced loading of
about 75 kglday in 1999 Santa Rosa loading would increase the concentration of 2.5
bil l ion gallons to a similar highly enriched level.

Clearly the 0.03 mg/L endpoint is unrealistic and can probably never be achieved.
These standards are for standing lake water where phosphate control needs to be more
stringent. The Laguna and Russian Rivers are flowing water so a good pottion of
loaded phosphate is not captured in the system. However, discussion has arisen of the
possible use of Lake Sonoma as a receiver for treated effluent generated by the SCWA
treatment system. A severe cautionary warning should be expressed at this time
by the Regional Board to any phosphate loading to Lake Sonoma given the
extreme sensitivity of lake water to phosphate increases.

There can be no doubt that Santa contributes to phosphate load, even though it is not
clear just what the proportion of the total is. Increases in phosphate concentration can
be seen at most discharge points so, no matter what other sources may be involved,
Santa Rosa wastewater is a significant contributor to loads. A more thorough study of
the Laguna and its tributaries would be necessary to determine the allocation of current
loading. Such a study is well past due since virtually every significant watershed in the
United States has or is conducting similar studies. The role of phosphate in freshwater
eutrophication has been understood for decades.

2. What are the other siqnificant contributors to phosphorus loadinq to the Laguna?
As mentioned no study has ever attempted to determine the significant phosphate
contributions to the Laguna. Candidates include sediment releases resulting from
logging, home and industrial construction and development, vineyard planting, cattle
ranching, sod farms along the Laguna, household phosphate uses such as detergents
and lawn ferti l izers, industrial cleaning with TSP or other phosphate compounds, f lood
control with resultant channelization and destruction of bioretention zones which are
necessary to infiltration and settling of phosphate upstream, septic tank releases during
the rare times that they occur at the surface, poultry farming, and several other sources
that could easily be identif ied and quantif ied if the Regional Board implemented a
program to do so.

to typical
the same
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3. Do the excessive loads of phosphate in the Laquna stimulate the excessive alqae
blooms tvpical in the Laquna?
The excessive phosphates in the Laguna may not stimulate algae blooms so much as
rendering it impossible to avoid excessive algae blooms. The constant presence of
superabundant phosphate makes any other control effofis, such as nitrate reductions,
futi le. Algae blooms continue to clot the Laguna despite decades of work in eliminating
nutrients other than phosphate and the high correlation between phosphate
concentration and phytoplankton density suggests it is the primary "controll ing nutrient".
Test-tube studies showing nitrate as a "l imiting" nutrient have no relevance to conditions
in the Laguna. Alternative sources for nitrogen are readily available "in sittJ' so the
Laguna has no l imiting nutrient in the traditional sense. Phosphate, as the only nutrient
actually controllable by humans, should supersede nitrogen as the control point of
choice.

4. Do releases of phosphate from the Laquna into the Russian River stimulate aloae
blooms in the River?
Phosphate probably does act as a l imiting nutrient in the Russian River since levels are
relatively low and more typical of clear flowing salmonid habitats. Phosphate loading in
the past was identif ied as the single most impoftant nutrient leading to excessive algal
production in the lower Russian River. Conditions have improved but the signal of the
Laguna can be seen in many samples when levels at Wohler Bridge upstream of the
confluence are compared to Mirabel downstream. A doubling of concentration is
common, even though levels are now lower than in the past. lt is at these low levels
that stimulation can be most apparent since the stafi ing condition is relatively pure
water with high visibility. Very slight increases in algal concentration become evident
and are much more obvious. Unfodunately, again the sampling program is spotty and
not at a high enough level of resolution to draw firm conclusions. For instance there is
no sampling being conducted in Mark West Creek at Wohler Road. This would
measure contributions from the Laguna and from Windsor and Airport. The Regional
Board should require these dischargers to institute a more thorough monitoring program
for nutrients, pafticularly phosphorus, since it has been identif ied as the primary nutrient
of concern in the past.

5. What actions can be taken by the Subreqional svstem or the other releasers to the
Laouna to reduce phosphate loadino?
The Subregional system has already made impressive progress in reducing its loading.
The city should be encouraged to continue this effort by the development of targets
consistent with other municipalit ies in the U.S. Santa Rosa has vif iually eliminated
phosphate loading in the summer by going almost exclusively to land based discharge
where phosphate can be fi l tered as water passes through soil. Winter loading could be
similarly eliminated if surface discharge were substituted with streamside infi ltration
galleries so that water received the same type of soil purification that a conventional
leach system provides. lf such systems incorporated riparian forest systems they would
act to significantly reduce nitrate loading at the same time.
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A first step in control of phosphate loads from sudace discharge into the Laguna would
be to restrict release to periods of maximum flow in the Laguna. Regulating releases to
flows in the Russian River makes it impossible to control the sedimentation of
phosphate in the Laguna. lt is the sequestration of phosphate in the sediment that
appears to be the main problem with winter releases. Avoiding such sequestration
would be beneficial to eventual scouring of excessive phosphate from the sediments.
Other obvious releasers such as the various county and city operated WWTP releasing
to the Russian River tributaries should be brought into a similar management plan for
phosphate reduction.

Small communities within the watershed should be actively discouraged by the
Regional Board from developing conventional aerobic centralized treatment systems
that use winter discharges to the rivers as paft of their overall management. Well
engineered community septic-step and leach systems are the most economical
technologies capable of eliminating phosphate loading since they are based on soil
f i l tration, the most powedul method to reduce phosphate load. Again incorporation of
forest habitat into leach systems is the most effective way to also recapture the nutrient
value from nitrogen and control concentration in the leachate.

6. Will such actions. if they successfullv reduce phosphate concentration, lead to
improved water conditions in the Laquna?
Phosphate exists at such high levels in the Laguna that improvements wil l take some
time. However, correlation between phosphate and phytoplankton density in the open
Laguna environment is highly significant. This suggests that continued reductions of
load wil l allow some improvement. Phosphate stores in the sediments represent a
serious problem, however, experience in most watersheds in the U.S. that have
undeftaken phosphate load reductions show that recovery can occur over periods of
years to a decade. lt should be remembered that a decade is a very shorl time in these
situations, and most of us alive have seen many problems resolved successfully even if
they do take decades.

Recommendations
Recommendations for action on phosphate loading to the Laguna and Russian River
watersheds are presented in association with the previously cited conclusions of EPA-
R3-72-001 (their comments in italics):

1. It is affirmed that limiting phosphorus availabiliV in lakes is the single, most
imporiant and necessary step to be taken now in eutrophication control.
The Laguna data, as incomplete as it is, suggests strongly that phosphate
concentration is the controll ing nutrient for algal groMh and that reductions in nitrate
loading, in isolation, do not necessarily improve conditions. The Laguna is sti l l  highly
eutrophic even though the City has vigorously pursued a strategy to reduce both their
own nitrate loading and that of the dairies associated with them in the Laguna
watershed.
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Recommendation: The City and Regional Board should acknowledge the need to
study phosphate as well as nitrate as a nutrient in the Laguna and implement programs
to do so.

2. The most effective wav to do this is to reduce phosphorus inputs. The most
interesting obseruation coming from this study is recognition of the marked reduction in
phosphate loading to the Laguna from the City of Santa Rosa's treated effluent, both as
a result of increased irrigation to land, and in actual reductions in phosphate
concentration in the releases. The city is to be commended for this and encouraged to
mount a serious continued effort to limit phosphate releases. A much more exhaustive
effort to reduce phosphate loading to the Laguna, as well as to the Russian River, from
all sources is long overdue.
Recommendation: The Regional Board should make phosphate reduction an
immediate priority in all watersheds under its puruiew.

3. Because all inputs are additive, and therefore potentially sianificant. all should be
considered for control. The existence of high background phosphate levels do not
excuse the City, or any other releaser, from reducing its contribution. Again the City
should be commended for taking initiative on its own in this regard.
Recommendation: The Regional Board should implement a program to identify all
sources of phosphate in the Laguna watershed.

4. Municipal sewaae is the maior point source and should be treated to reduce levels
to realistic levels. The City of Las Vegas has shown that manipulation of a system
similar to Santa Rosa's plant can reduce phosphate levels by an order of magnitude
from Santa Rosa's current levels.
Recommendation: Santa Rosa should develop a program of phosphate removal at
the plant that is equivalent to those achieved by similar systems in the US or develop
disposal alternatives that will reduce phosphate loading to the Laguna.

5. Phosphorus contributions to sewaqe should be reduced in every feasible waJt. lt is
not clear whether Santa Rosa has made any attempt to reduce headworks
concentration of phosphorus. Several extensive programs in the eastern and central
United States have resulted in dramatic reductions in sewage phosphate loading.
Recommendation: The Santa Rosa Subregional System should implement a program
to reduce headworks loading of phosphate consistent with similar programs already in
effect throughout the US. This should incorporate industrial waste pretreatment as well
as community outreach and conservation programs.

6. Nutrient budgets should be established for all major lakes to facilitate curtailing
nutrient inputs from all sionificant diffuse and point sources. To date phosphate, the
single most impoftant plant nutrient in freshwater environments, has only received
cursory attention in any attempt to develop a nutrient budget for the Laguna. The
Regional Board as regulator for Laguna water quality, and the City of Santa Rosa as
the major releaser of wastewater to the Laguna should begin a much more directed and
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intensive study of all nutrients in the Laguna with a view to remediating conditions to the
maximum extent possible. Without significant reductions in phosphate loading to the
Laguna from all sources the substantial residual phosphate remaining in the sediments
will never clear. Sedimentation during the winter is stil l substantial and acts as a major
sink for keeping precipitated phosphate from leaving the Laguna with winter flows. The
assumption that by releasing phosphate when algal growth is at its seasonal low will
allow it to pass out of the Laguna is totally untested and likely not to be true due
substantial physical deposition in winter and recycling of sedimentary phosphate
summer.
Recommendation: The Regional Board should establish a program with the long term
goal of determining a nutrient budget for the Laguna and Russian River watersheds.
Such a nutrient budget should incorporate phosphate concentration and load as a
central parameter. This budget should include methods to assess the fate of nutrients
as well as their loads and concentrations.

7. Technoloav, where not at hand, must be developed to effectivelJ/ cuftail phosphorus
inputs from all sianificant point and diffuse sources. The most powerful technology for
phosphate removal from wastewater discharges is soil filtration. The City has
demonstrated this with its summer irrigation program. lt is now time to address winter
discharges and to seek infiltration systems that function year round. The city of
Healdsburg and Cloverdale release through infiltration pits and phosphate loading to
the upper Russian River appears to be significantly lower. All releasers to the Laguna
and Russian River system should be encouraged to implement programs to study
streamside infiltration, subsurface forest irrigation, and riparian restoration along these
watersheds as alternatives to the current practice of sur{ace discharge. Systems
should be developed to allow incorporation and facility sharing with the various
agricultural inputs along the Laguna to maximize the return on investment in terms of
phosphate reduction. Communities such as Healdsburg which currently use infiltration
should be discouraged from changing their discharge method unless it can be proven to
equally effective in phosphate removal.
Recommendation: Santa Rosa, and all other municipalities discharging to the Laguna
or in the Russian River watershed, should institute pilot projects incorporating known
methods to reduce phosphate loads from their winter discharges. The goal of these
projects should be identification of economic methods to eliminate phosphate loads.
An effort should be made to insure that such projects involve biological technologies
that are consistent with ongoing efforts to restore native upland and riparian habitats.

8. Where slow flushing impedes improvement from curtailed phosphorus inputs,
accessoru steps to inactivate. haruest, or otherwise retrieve nutrients from lakes must
be considered. Measurements of sediment concentration in Sebastopol Pond suggest
that natural phenomena exist that stimulate release of phosphate from sediments.
Attempts to manipulate these phenomena could be studied for feasibility. The
reductions seen in Sebastopol pond are coincidental with bacterial bioremediation
programs implemented to counter excessive carbon loading from apple waste spills in
that region. These same bioremediation effofts may have inadvertently resulted in
biological phosphate scouring.

to
in
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Recommendation: The Regional Board should encourage experimentation on
techniques, both physical, chemical and biological, to reduce sediment phosphate
stores or releases from those stores, as long as such techniques do not exacerbate
other remediation goals.

Further recommendations specific to the Russian River watershed include:
1. Any attempt to implement "toilet to tap" projects involving release and storage of
treated wastewater in Lake Sonoma from any source must incorporate stringent nutrient
controls, especially with regard to phosphate.

2. All applications from any proposed treatment system or expansions from existing
treatment systems that involve surface discharge to the Laguna or any watershed
leading into the Russian River should incorporate strict standards for phosphate
loading.

3. Communities within the watershed of the Russian River, not already connected to
conventional sewage treatment plants, should be encouraged to develop localized soil-
based systems such as septic-step, community leach or wastewater forest systems that
allow elimination of phosphate loading and localized recharge of watersheds. Such
communities should be connected to regionalized systems only if they have aggressive
phosphate removal programs, and only where it can be proven that local systems
cannot function.

Summary
Because studies of the role of phosphate in pollution of the Laguna de Santa Rosa
have always been conducted as an afterthought subsidiary to an interest in nitrate
loading, the data at hand only begins to resolve questions regarding phosphate's role.
Sampling is sporadic and long-term sequences in which all relevant parameters were
measured in coordinated fashion are rare.

We can see from the above analysis, however, that extant data strongly indicate
phosphate is the controll ing nutrient and that efforts to reduce phosphate concentration
will have beneficial effects on water quality in the Laguna de Santa Rosa and the
Russian River.

The City of Santa Rosa has effected a substantial reduction in its loading to the Laguna
as it has increased the overall efficiency of its treatment system. That the City has
been able to do so almost as a side effect indicates that a more directed effort, which
would include a more comprehensive attempt to identify and reduce the loads from all
phosphate releasers to the Laguna, could reap tremendous improvements in the
condition of the waters of the Laguna and the Russian River with regard to phosphate.
The ovenryhelming weight of decades of study and experience with eutrophication in
freshwater environments, both in the US and worldwide, show that phosphate is central
to nutrient budgets and to remediation efforts. Attempting to improve conditions in the

28



Laguna by continuing to ignore this central role is doomed to failure. Reconfiguring the
substantial efforts, both private and public, to restore the Laguna to include control of
phosphate as a central goal wil l magnify the effectiveness of all such effotts.

lt should be recognized that over a century , went into degrading the Laguna
environment and it may take several years to remedy this. The sooner that interested
parties design a comprehensive program, including a more thorough understanding of
the l imnological principles at work, the quicker the public wil l see improvements and the
more l ikely they wil l support continued effort.
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