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LAKE MANAGEMENT

N atural and manmade lakes are of-
ten the focal point of our nation’s 
park systems.  These lakes provide a 

peaceful location to sit and enjoy nature, or 
to view while walking or jogging through 
the park.  They also provide a recreational 
opportunity that is often not available to 
the public.  Lakes are used as swimming 
facilities.  Fishing is a sport that is enjoyed 
by millions and park lake settings provide 
fishing opportunities to the community.  
Boating, windsurfing, rowing and model 
boat sailing are also pastimes that lake users 
enjoy.  Many lakes and reservoirs also serve 
the dual function of providing a potable 
water source for the Citites they are located 
in or near.
 Our nation’s lakes are being threat-
ened by eutrophicat ion however.   
Eutrophication is the natural aging process 
that all lakes go through.  They start out, 
whether created by nature or man, as deep 
clear water bodies.  Over time the addi-
tion of nutrients from the watershed 
causes aquatic plant growth to become 
more and more problematic.  As these 
plants die off each year they begin to cause 
the accumulation of organic sediments on 
the lake bottom and gradually, over many 
years, will fill the lake in.  

 The nutrients that accumulate in 
these systems also drive the growth of 
algae.  As algae levels increase, they reduce 
light penetration into the lake, shading 
out aquatic plant life, making those nutri-
ents available as well.  In the later stages of 
Eutrophication, algae communities domi-
nate these lakes.
 At low levels, 
having algae popula-
tions in a lake sys-
tem is a desirable 
thing.  They are the 
basis of the food 
chain.  As their pop-
ulations expand to 
problematic levels 
they cause lake man-
agers  s igni f icant 
problems.  Dense 
a l g a e  b i o m a s s 
detracts from the 
aesthetics of a park 
setting and can pro-
duce offensive odors that impact park use.  
Dense algae blooms can significantly alter 
water quality.  They can cause dangerous 
drops in dissolved oxygen level as they 
respire at night, leading to fish kills and 
loss of other aquatic life.  They can also 

dramatically increase pH, negatively 
impacting aquatic life.
 Maybe the most significant threat to 
the public is that from the blue green fam-
ily of algae (cyanobacteria).  These species 
thrive in nutrient rich waters and produce 
toxins that are present in the lake water.  

Under bloom conditions, 
these toxins are a threat 
to both animal and 
human health.  There are 
numerous reports each 
year of cattle and dogs 
becoming sick, with 
some even dying, after 
ingesting water tainted 
with cyanobacteria.  In 
the past two years the 
first reported human 
deaths, from blue green 
algae toxins, have been 
reported.  Where these 
conditions exist, local or 
state health agencies will 

generally close the lake for all activities.  
This is not something that is desirable in a 
park setting.
 There are two ways to manage exces-
sive algae growth that lake managers can 
employ.  
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Reactive management involved monitor-
ing the algae growth and treating it 
with US EPA registered algaecides when 
population thresholds are exceeded.  This 
method has merit and is widely used 
throughout the United States.  
 Proactive management of the water’s 
quality is also an option.  As algae are sin-
gle celled organisms, and must obtain the 
nutrients they need from the water the live 
in, reducing the levels of these nutrients 
can lower the carrying capacity of the lake 
or pond to produce algae blooms.  The 
key, or limiting, nutrient is phosphorus.  
Lake management programs should focus 
on reducing phosphorus inputs to lakes, 
and proactive management should focus 
on removing phosphorus from the lake 
water, and sealing the sediments to stop or 
slow down phosphorous re-release from 
the bottom of these lakes.
 Aluminum Sulfate (Alum) treatments 
have been used for years in a proactive 
fashion for algae control.  This technology 
was developed by the US Environmental 
Protection Agency in the 1970’s.  Alum 
treatments precipitate phosphorus from 
the water column and settle to the lake 
bottom.  The floc that settles on the lake 
bottom can also limit release of phospho-
rus from the sediments.  Alum treatments 
can be very effective, but they also can 

have side effects that impact lakes.  The 
performance of an alum treatment can be 
affected by water quality.  High pH waters 
can degrade the effectiveness of floc for-
mation and limit results.  Alum treatments 
can also change water quality rapidly.  In 
softer waters, a buffer must be added to 
protect fish life from rapid changes in pH 
that can be toxic.  The longevity of the 
treatment can also be affected by water 
quality, in waters low in oxygen the floc 
can break down and re-release phosphorus 
to the water column to fuel algae growth.

The Project and Approach
 Mason Regional Park is one of the 
jewels in the Orange County (California) 
park system.  This park is located in 
Irvine, California and has as its focal point 
a 10 acre lake system.  This park was expe-
riencing severe algae blooms that limited 
aquatic life in the lake and the use and 
enjoyment of the park in general.  Surface 
scum, consisting mostly of blue green 
algae, dominated this system year round.  
 In the fall of 2010, the Parks 
Department used a Request for Proposal 
(RFP) process to select a lake management 
firm to manage lakes in nine regional park 
facilities including Mason Regional Park.  
AquaTechnex L.L.C. was selected as the 
most qualified respondent to that process 

and their team evaluated each lake and 
developed management strategies to 
improve water quality.  Mason Regional 
Park was to be a primary focus of this mis-
sion because of the extreme nature of the 
algae problem and the high use of the 
facility by the public.  
 Reactive algaecide treatments had 
been used to manage this problem in the 
past.  Results provided very temporary 
relief.  Alum treatments were also consid-
ered, but the lake water quality was such 
that it was expected that the success level 
would be marginal at best.   
 The firm had discovered a new glob-
ally used technology called Phoslock® and 
Mason Regional Park was an ideal candi-
date for consideration.  The technology 
was invented and developed by the 
Au s t r a l i a n  G o v e r n m e n t .   T h e 
Commonwealth Scientific and Industrial 
Research Organization (CSIRO) is 
Australia’s national science agency.  They 
noted the need to have tools to manage 
toxic blue green algae blooms and focused 
their efforts to find a technology that 
would be effective.  The Phoslock product 
was the result of that national research 
program.  Since 2002, this technology has 
been commercialized and widely adapted 
throughout S.E. Asia and Europe, but has 
not gained exposure in the United States.
 The product is a clay-like granule 
made up of the rare earth element lantha-
num, imbedded in bentonite clay.  The 
dry material is mixed with water to form a 
slurry, and applied to the lake surface.  As 
the slurry settles through the water 
column, it bonds and sequesters all of the 
soluble free reactive phosphorus (FRP) 
present. It then completely settles to form 
a layer on top of the lake sediments, and 
this sediment cap will continue to bind 
and sequester phosphorus attempting to 
move back from the sediments into the 
water column.  
 The short-term effect is that soluble 
phosphorus levels are dramatically reduced 
in the water column and are no longer 
available to fuel blue green algae growth.  
It also changes the nutrient balance in the 
water column, by increasing the nitrogen 
to phosphorus ratio in the water, blue 
green algae species are at a competitive 
disadvantage to beneficial green algae spe-
cies, and this change in balance results in 
little to no blue green toxic algae being 
present. Algae move through their life 

One week after Phoslock application, soluble phosphorus levels have been reduced to 
“no detect” and blue green algae populations have crashed.  Water clarity improves 
gradually over 2-4 weeks.
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cycle fairly rapidly and drop to the lake 
bottom where they decompose and release 
the phosphorus present in their biomass.  
The clay-like granule layer on top of the 
sediments sequesters that phosphorus as 
well.  This proactive management strategy 
seemed ideal for the Mason Regional Park 
facility.

The Process
     The key to successfully deploying this 
technology is understanding the water 
quality and calculating the total phospho-
rus in the lake system.
      The first step to deploy this technolo-
gy was to intensely examine the Mason 
Park Lake system.  Water samples were 
collected using field sampling bottles.  A 
shallow water dredge was used to collect a 
sample of the lake’s bottom sediments at 
the same sampling locations.  
 These samples were shipped to 
SePRO Corporation at their Research and 
Technology Campus (SRTC) in North 
Carolina.  The laboratory was established 
to support lake managers comply with the 
new National Pollution Discharge 
Elimination System (NPDES) permit that 
are required to apply aquatic herbicides 
and algaecides in US Waters.  Their 

SeSCRIPT® (Algae and Water Quality 
Prescription Service) has a protocol for the 
new technology’s application.  They ana-
lyzed the lake water and sediment samples 
and provided the data necessary to calcu-
late the correct dose to 
meet the specific con-
ditions at Mason Lake.
 This technology 
allows the user to cal-
c u l a t e  t h e  e x a c t 
amount of  soluble 
phosphorus (FRP) in 
the water column and 
estimate the potential 
for phosphorous re-
release from the lake 
sediments. The dose 
calculation is based on this knowledge.  It 
will remove one kilogram of phosphorus 
for every 100 kilograms of the dry materi-
al applied to the lake surface.  Using the 
numbers supplied by the analysis, an 
application rate of eight tons (16,000 lbs) 
was prescribed. 
 On November 11 of 2010, biologists 
mobilized the material and application 
equipment to Mason Lake.  A cone educ-
tor application system was set up on the 
application vessel.  This eductor system 

was fitted with an injection water stream 
at the top of the tank and a venturi at the 
bottom of the tank that fed the slurry into 
a water stream moving to a distribution 
manifold on the back of the boat.  The 

dry, clay-like granule 
was fed into the cone 
tank, the slurry was 
formed and injected 
into the lake.  A GPS 
precision guidance sys-
tem was used to insure 
that the slurry provid-
ed complete coverage 
of the lake surface.  

This system could 
apply approximately 
one ton per hour, and 

the entire application was completed on 
that same day.  

The Results 
 Prior to application, the phosphorus 
levels in Mason Lake were extreme.  Total 
phosphorus (phosphorus available in the 
water and in algae biomass) was 0.82 
mg/l.  The soluble phosphorus in the 
water column was 0.62 mg/l.  Lakes with 
phosphorus levels greater than 0.1 mg/l 
are considered highly eutrophic.  Water 
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transparency, as measured with an optical 
secchi disc prior to treatment, was approx-
imately 0.25 feet.  Dense blue green algae 
and surface scum was present throughout 
the lake.  
 Water quality results showed an 

almost immediate improvement.  One 
week post treatment sampling showed that 
total phosphorus had dropped to 0.41 
mg/l.  More importantly, soluble phos-
phorus was sampled with a result of “no 
detect”.  Water transparency began to 

improve and was measured at 1.3 feet of 
transparency.  Blue green algae surface 
scum had dissipated as well.  
 Monthly monitoring since applica-
tion has shown continued improvement.  
Soluble phosphorus in the water column 
has remained at “no detect”, and water 
transparency has improved further to 3.5 
feet with a shift in algae populations away 
from toxic blue green species to beneficial 
green species.  Aquatic life has begun to 
thrive in the system as well.  Six months 
post treatment, conditions continue to 
improve.  
 From this point forward, this lake will 
be monitored on a regular basis.  As phos-
phorus moves back into the system it will 
be measured and periodically targeted 
with additional lower dose applications to 
remove any newly introduced phosphorus.

Benefits and Lessons Learned
 For years lake managers have been 
using reactive management approaches to 
control excessive algae problems.  These 
tools will continue to be important and 
applicable.  Having a tool that removes 
and permanently sequesters soluble phos-
phorus opens a whole new avenue to 

Aquatechnex biologists applying Phoslock to remove soluble phosphorus from Mason 
Lake, thereby reducing the carrying capacity of the lake to produce blue green algae.
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provide proactive relieve and management.
 Blue green toxic algae blooms will 
continue to be an increasing problem as 
our nation’s lakes age.  Health concerns 
will force closure of more and more of 
these water bodies to protect human 
health, and in a public park environment 
that detracts from the intended function 
of these lakes.  
 The key thing learned through this 
first Phoslock application in the United 
States is that the planning and laboratory 
analysis is critical to the success of the 
treatment.  Every lake will have different 
conditions present and the prescription 
needs to be based on an understanding of 
the exact water quality conditions present 
in the lake.  
 It was also learned that while the 
results show that soluble phosphorus is 
removed rapidly, the system takes a bit of 
time to clear.  Gradual improvement in 
terms of water clarity, and algae species 
shift to desirable species, can take one to 
two months.
 Ongoing monitoring should be a part 
of the program.  Lakes are subject to re-
introduction of phosphorus from water-
fowl, discharge and storm water flow.  At 

some point phosphorus levels will again 
reach problem levels.  Prevention of inputs 
should be a part of the program where 
possible.  Treatments elsewhere in the 
world provide more than one year of relief 
generally, and follow-up treatments do not 
have to be on the same scale if a monitor-
ing program is followed.
 The firm has deployed this technolo-
gy to a number of additional sites in 
Southern California since this Mason lake 
treatment, and have noted similar results.
 Another opportunity for the technol-
ogy is in helping lake managers comply 
with the new EPA requirements under the 
Clean Water Act.  The Clean Water Act 
requires states to survey and list impaired 
waters of the state.  One of the criteria for 
impairment is the level of algae growth 
and high phosphorus levels.  Once a lake 
is posted on this list, the lake manager is 
required by law to institute measures to 
meet EPA’s guidelines and maintain the 
lake with low levels of algae and phospho-
rus.  L&W

by Terry McNabb, Aquatic 
Biologist

Project location-
Lat: 33.6556
Long: -117.8344

For more information contact Terry McNabb 
at Aquatechnex, LLC, Bellingham, WA, 
tmcnabb@aquatechnex.com.

	 Recently,	 biologists	 at	 the	 Institute	 for	
Ethnomedicine	 announced	 the	 discovery	 of	
the	culprit	for	ALS	(Lou	Gehrig’s	Disease)	and	
other	 “tangle	 diseases”	 including	 Alzheimer’s,	
Parkinson’s	 disease	 and	 supranuclear	 palsy.		
The	 neurotoxic	 compound	 is	 BMMA	 and	 is	
produced	by	blue-green	algae.		Drinking	water	
reservoirs	experiencing	blue-green	algae	blooms	
could	 thereby	 pose	 a	 threat	 to	 the	 communi-
ties	that	consume	the	water.		Removing	phos-
phorus	changes	the	phosphorus/nitrogen	ratio	
in	the	lake	and	beneficial	green	algae	can	then	
outcompete	blue-green	species.
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