
Students on the Delta, Part 2 
 
4.0 Eutrification of Freedom High School Pond 
 
During 2004, a combination flood control and community recreation project was 
constructed at the southeast corner of the FHS campus.  A pond at the lowest point was 
configured to act as both a flood retention basin and an environmental study area.  It was 
assumed that the location would serve as an outdoor laboratory to observe the gradual 
development of riparian habitat.  It was difficult to imagine what actually happened.  In 
not much more than a year, the pond was heavily covered with filamentous algae as 
shown below.  That was only a mild predictor of what was to come. 
 

Freedom Pond in October 2005 
 

 
 

 
Where did the pollutants come from? 
 
During this study, we thought we might be able to trace pollutants from observed sources 
right into Marsh Creek and possibly further.  This, as it turns out, was an overly 
optimistic idea.  Our original intent for source sampling was to first mark and then 
sample water entering storm drains in the vicinity of Freedom High School.  It was 



anticipated that a rough correlation could then be developed between approximate source 
volumes and concentrations of nutrients and silt to the buildup of those materials in the 
pond which intercepts the local storm drainage.  The photos below illustrate marking and 
examining the drains in some of the newly constructed neighborhoods surrounding the 
school. 
 

Storm Drain Marking      Opened Storm Drain 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Although we found visual evidence of material (sand, plant matter, paint) entering the 
drains, subsequent sampling events during or following periods of rain were only 
marginally successful.  When we went out to sample, we were only able to capture 
samples from three of the sixteen selected locations.   Although this small number of 
samples is not statistically significant, we did find elevated concentrations of nitrates in 
those samples.  Turbidity of these storm drain samples ranged from 20 to 50 NTU.  The 
pH and alkalinity of these samples was similar to the tap water in our area, indicating that 
the samples probably originated from lawn watering runoff.   
 
Pond Sampling 
 
On the same date as the first attempt to capture samples from the storm drains, we also 
conducted a survey of the Freedom pond.  Water samples were obtained and analyzed for 
typical quality parameters, shown below.  In addition, several days later, attempts were 
carried out to obtain invertebrate samples in the pond.   
 

Water Quality from Pond Sampling 12/03/06 
 

 Sample Dissolved  Alkalinity Turbidity  Nitrate Phosphate 
 Location  Oxygen   
 
       mg/l    mg/l    NTU     mg/l     mg/l 
 

Pond Inlet    4.9    130     29       4    < 0.1 



Pond Center    7.0    120     33       4    < 0.1 
Pond Outlet    5.2    105     11    < 0.1    < 0.1 

 
While pond water chemistry did not show issues of great concern, the search for 
invertebrates was largely unsuccessful.  The following photos show what pond bottom 
sediments looked like and one sample of an aquatic snail that was found.  (We could find 
nothing else!) 
 
 Pond Bottom Sediment, Dec. 06   Lone Snail Sample, Dec. 06 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Leaf Pack Experiment 
 
Based upon the concerns raised in our previous sampling of Marsh Creek, we decided to 
conduct a standard leaf pack experiment in the pond.  This experiment used six samples 
of Sycamore leaves from the trees surrounding our pond.  The photos below show 
students assembling and installing the leaf packs in  November, 2005.  The assemblies 
had 20 grams of leaves in a bag in the center.  A float was attached 0.5 m above the 
leaves and a small concrete weight 0.5 m below.  The six assemblies were installed 
approximately at equal distances along the length of our pond.   
 

Leaf Pack Assembly      Leaf Pack Weighing                                     
 
                                                                            
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
          Leaf Pack Installation      Leaf Pack Installation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The leaf packs were retrieved two months later as shown below.  Of the six assemblies, 
five of the packs were covered by sediment, indicating that at least 0.5 m of sediment had 
accumulated.  The sediment was the same black, smelly material that had been noticed 
previously in Marsh Creek and the pond bottom.   
            
        Freshly Retrieved Leaf Pack  
 
          
 Retrieving Leaf Pack 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Examination of the leaf packs showed results similar to prior observations in the pond 
and creek.  In the five samples that had been covered with sediment, almost no insects 
were to be found, and these were aquatic worms and snails.  The lone sample toward the 
outlet end of the pond that was not covered in sediment yielded two dragonfly nymphs.  
No attempt was made to dry and weigh the remaining leaf material, due to the 
contamination with sediment.   
 
Follow-up Pond Survey 
 
The leaf pack experiment indicated that there was a consistent mechanism causing 
degradation of the benthic region of the watershed.  We conducted a follow-up survey of 
the pond water, sediment, micro- and macro-organism in late April, 2006.  To obtain 
samples undisturbed by wading into the pond, we took samples from a canoe.  These 
samples were obtained from the general locations that had previously been evaluated with 
leaf packs.  As with our previous work in the Creek, we first focused on dissolved oxygen 
and turbidity.  This time, we used a new dissolved oxygen analyzer purchased with 
project funds.  With this analyzer, we were able to sample at not only the surface, but at 
any depth down to 25 feet below the surface.  The results that time, as shown below, are 
most enlightening.  On the surface, the dissolved oxygen was uniformly about 80% of 
saturation.  Just off the bottom, however, the concentrations were less than 2 mg/l, too 
low for almost any benthic organism.  In this graph, the yellow bars are surface, purple in 
the middle - the minimum for life, and the blue in front - bottom readings.  It is no 
wonder that we could not find insects, since the habitat for egg laying and hatching would 
not support life.   
 
.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We also concentrated on turbidity.   Although it had not rained for over ten days at the 
time of the April, ‘06, sampling a large amount of very silty water was entering the pond, 
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Dissolved Oxygen in Lake Freedom, April 29, 2006



as had been the case for the previous two months.  This condition is shown in photos on 
the next page



 
Silty Water Entering Pond, April 29, 2006 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Silty Water Mixing with Pond Water, April 29, 2006 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measuring the concentrations in the inlet and along the pond, illustrated below, showed 
that turbidity levels were at least ten times background, with a maximum of over 450 



NTU at one of the inlet pipes.  It is easy to see how a literally smothering condition can 
be caused by this kind of pollution.   

 
Turbidity Measurements in Freedom Pond 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
This amount of sediment was actually filling up the pond, as the observations from our 
leaf pack experiment had suggested.  The small island shown below was formed in less 
than four months during early 2006.   

Island Formed from Sediment in Freedom Pond, April 2006 
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In our April 27, ‘06 event, we found almost no typical pond microbes or macro-
invertebrates.  This is consistent with our previous studies, but continues to be deeply 
disappointing.  In addition to low Dissolved oxygen near the bottom of the pond, the 
water samples showed an average biological oxygen demand of 3 mg/l to 5 mg/l.  
While phosphates were not detectable, nitrates again ranged from 4 mg/l to 8 mg/l.   

 
 

 
 

The pond’s role in runoff management is unmistakable, as the two photos above 
show.  The rate of eutrification however is unprecedented.   
 
 
 
 



 
 

 

 
 
These photos taken in August of ’07 show that vegetation has almost overtaken the 
open water.  Dissolved oxygen tests taken at the time of these photos were only about 
2 mg/l at the surface and uniformly zero at the bottom.  Nitrate measurements showed 
concentrations in excess of 20 mg/l.  Whereas up until approximately a year ago, the 
pond was serving as a rather efficient biofilter, that ability has been overwhelmed.  
We have great concern over the effect that these nutrient and silt laden water have on 
Marsh Creek and the receiving waters of the Delta.   
 



 
 
 
 


