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Delta Musings, Summer, 2009 
 

 
 

Figure 1, Big Break Waters just east of the Pier  
 

For the past three months, I have been focusing on the Delta. In the area called Big 
Break, the Delta becomes sort of an expansion of Marsh Creek but is connected to the 
San Joaquin River channel.  But it is much more than that.  Big Break becomes a 
microcosm of what is going on in the entire Delta region, being affected by all manner of 
human activities as well as Mother Nature.  How these changes manifest themselves is 
aptly illustrated in Figure 1. This photo was taken August 8, 2009 looking east from the 
observation and fishing pier at Big Break Regional Park in Oakley.  
 
This looks pretty bad, but as Figure 2 on the next page shows, even worse things seem to 
be happening below the water surface.  This picture was taken a week or so earlier, 
showing what may be dead Delta Smelt.  This picture is certainly of some concern, but 
what about the water around it.  But perhaps I am getting ahead of myself.   
 



��������	
��	
�������������
�����
��������

2 

 
 

Figure 2 
Dead Delta Smelt (possibly) near Big Break Regional Park Pier, July 28, 2009 

 
Back in early July, I got to thinking about the causes of fish kills in Marsh Creek.  The 
creek by that time had begun to fill with weeds and algae and looked a real mess.  One of 
the issues that crossed my mind was possible variation in dissolved oxygen throughout 
the day.  With that target, I took measurements of dissolved oxygen and turbidity just 
upstream of the Main Street Bridge in Brentwood and upstream of the Laurel Rd. Bridge 
in Oakley.  These two sample points represent the stream before the addition of flow 
from the Brentwood wastewater treatment plant and then after the addition.   
 
The results absolutely astounded me.  Shown in Figure 3 is the percentage saturation for 
dissolved oxygen at the two locations for three times during the day.  Percent saturation is 
used in the graph to avoid the impact of changing water temperature.  I started just before 
dawn, thinking that there might be drop in D.O. overnight.  Boy, what a surprise.  Those 
early morning data showed concentration of D.O. of only 4-5 mg/l.  This condition is 
close to fatal for many fish and invertebrates.  By late afternoon, however, the D.O. had 
risen nearly three-fold, well above the maximum for saturation.  This should cause the 
water to bubble, and it did!  What could be causing this phenomenon?   
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Figure 3, Dissolved Oxygen Changes in Marsh Creek, July 9, 2009 

 
Whatever was causing these wild gyrations in D.O. also caused the creek to look like this 
by the first week of August.  
 

 
 

Figure 4, Marsh Creek above Drop Structure, Aug 12, 2009 
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There appears to be a common denominator between these two locations.  First, both 
water bodies had a mixture of open water and water highly impacted by weeds.  
Secondly, both bodies of water receive substantial quantities of nutrients, primarily 
nitrates.  With that being said, I decided to switch the view to the Big Break area.   
 
If the kind of swings in D.O. were taking place in Delta waters like Big Break, this might 
be another of the major factors causing the decline in the aquatic ecosystem and near 
disappearance of many fish species.  
 
Big Break Investigations 
 
To investigate this hypothesis, I engaged the help of friend and former teaching colleague 
and some of his students.  The idea was to take as much data as we could over a 24-hour 
period looking at the problem.  In order to understand what we thought is happening, a 
little elementary biochemistry is necessary.   
 
The first piece of the puzzle is the well-known reaction called photosynthesis.   
            

6CO2  +  6H2O +  Sunlight ®    C6H12O6  +  6O2 
 

All green plants which contain chlorophyll are capable of this reaction which happens 
just inside the cell walls of the plant.  Carbon dioxide is removed from the water and 
oxygen is put into the water.  The reaction also produces sugar which is used by the plant 
for energy and growth.  Since carbon dioxide is removed during photosynthesis, the pH 
of the water should increase during the day.  This reaction only takes place during the 
daylight hours.  The rate of reaction is proportional to the amount of sunlight present and 
the availability of carbon dioxide.  In a given volume of water, the reaction rate also is 
proportional to the amount of plant surface area available.   
 
While photosynthesis is happening only during the day, an absolute opposite reaction is 
happening all of time.  This reaction is called respiration and is used to drive the plant 
growth process.   
 

C6H12O6  +  6O2 ®    6CO2  +  6H2O 
 

As you can see, this reaction uses up dissolved oxygen, releasing carbon dioxide back 
into the water.  Since this is the major reaction happening at night, depending on local 
conditions, dissolved oxygen should go down at night.  In addition, since carbon dioxide 
is being released back into the water, as it dissolves the pH of the water should drop.   
 
The figures on the next two pages show graphically the changes in D.O. with time for the 
three locations we tested.  Two of the locations were in the midst of dense aquatic 
vegetation, illustrated in Figures 5 and 6.  The third location, illustrated in Figure 7, was 
in open water between the first to locations and essentially free of weeds.  
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Figure 5, Dissolved Oxygen near Big Break Pier, 8/1 6/09
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Figure 6, Dissolved Oxygen Between Islands, Big Bre ak 
8/16/09

  
 

Samples were planned at three hour intervals, starting at 3:00 PM on Saturday, Aug 15 
and continuing until noon, Sunday, Aug 16.  As a result of a lack of support personnel 
after 9:00 pm on the 15th, sample numbers 4 and 5 are estimated rather than actual data.  
(Note, all samples were taken from a kayak, which in open water in the dark is more than 
a little difficult.)   
 
In any case, D.O. up to three-fold swings in D.O. can be observed from these data.   
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The behavior in open water was dramatically different, as shown in Figure 7.  Here, 
although the shape of the graph is similar to Figures 5 and 6, the degree of change is 
much smaller.  One conclusion that might be drawn immediately from these graphs is 
that if sampling is only ever done during the day in open water. everything will look just 
fine.  
 

0

20

40

60

80

100

120

140

160

% D.O Saturation

1 2 3 4 5 6 7 8

Sample Number

Figure 7, Oxygen Changes in Open Water, 817/09

  
 
 

If one looks at pH data as shown in Appendix 2, you can see that pH changes in a similar 
but reverse pattern to dissolved oxygen.  Although the maximum change in pH values is 
not as large as the observed D.O. values, remembering that pH is a logarithmic function, 
the actual changes in hydrogen ion in the waters filled with weeds was as much as 50-
fold or more.  This is an astounding change in such a short time. 
 
One would expect that if the observed changes in chemistry were in equilibrium, the 
concentration values for D.O. and pH would exactly correspond.  That expectation, 
however, has to be tempered with the realization that when oxygen concentrations are 
well above the saturation limit, some of the oxygen will come out of solution and form 
bubbles at the surface during the day.   
 
This is easily seen in Figure 8, taken at 5:30 PM on August 15.  The large growth of 
filamentous algae is not just wrinkled by the wind, but actually raised with bubbles of 
oxygen from below.  While no testing of the trapped gases have been done at this time, it 
is unlikely that the gas bubbles are caused by anaerobic process, since there was no smell 
typical of methane and hydrogen sulfide production. 
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     Figure 8, Effect of Oxygen Bubbles under Algae, August 15, 2009 

 
Conclusions: 
 
While these results are very intriguing, it is certainly early to try to assess the effect on 
the entire Delta of the phenomenon observed here this summer.  In addition, it would be 
important to quantitize the actual impact of the observed changes in water chemistry on 
aquatic organisms in a laboratory environment.   
 
While data included here and earlier logged information of turbidity and nitrate levels, 
constituents known to impact plant growth and invertebrate and fish health, little work 
has been carried out to find and quantitize the sources of these constituents.    
 
Nonetheless, these observations are so striking that they deserve validation and testing in 
other areas of the Delta.  If the things we found are as widespread as they are likely to be, 
this rapid eutrification of the Delta may indeed be the strongest stressor to the food chain.  
If this is indeed found to be true, the implications are broad ranging.   
 
Firstly, it is a condition that can be changed for the better without the design and 
construction of large and expensive facilities.  Second, through broad community action 
involving urban dwellers, agricultural interests and waste water treatment operators, the 
condition can be changed, easily and rapidly monitored, and taken on without enormous 
expense.   
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Finally, although it may seem overly bold, the notion of stewardship of the states water 
might be used to form new criteria for the future distribution of the states dwindling 
water supply.  Certainly the current situation of complex water rights contracts, buying, 
hoarding and selling the state’s water at great profit, and restricting water deliveries to 
hopefully restore an endangered species is not working very well. 
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Figure 9, Water Testers from Freedom High School 
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Figure 10, Outdoor Testing Laboratory 
 

 
 

Figure 11, Alkalinity Analyses Underway
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Appendices 

 
Appendix 1 July 9, 2009 Marsh Creek Data 
 

   
July 9, 2009 
Marsh Creek    

   

Creek 
Respiration 

Profile    
       

Sample Point Time Temperature  D.O.  Dissolved  Dissolved  Turbidity 
   Saturation Oxygen Oxygen  
  Degrees C mg/l mg/l % Sat. mg/l 
       

Laurel 5:15 AM 26.0 8.1 5.0 61.7 12 
Bridge 10:20 AM 31.2 7.4 8.0 108.1 10 

 3:15 PM 28.2 7.8 17.8 228.2 N/T 
       
       

Main St 5:45 AM 24.7 8.2 4.3 52.4 91 
Bridge 10:45 AM 31.5 7.4 6.5 87.8 69 

 3:40 PM 28.5 7.7 10.8 140.3 N/T 
       

Delta Rd 5:30 AM 25.9 8.1 5.8 71.6 N/T 
Bridge 10:20 AM 31.2 7.4 N/T - N/T 
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Appendix 2, August 15/16 Big Break Data 
 
 

  
August 15/16,  2009 

Big Break          
  D.O. Respiration Test           
            

Sample Point Location Time Temp D.O.  D.O. D.O pH A lk Nitrate  Turbidity  Cond 

GPS Coord. Description   0C Sat mg/l % Sat  mg/l mg/l NTU Umho/cm  
    mg/l        
            

N 38o 00.754' Park Pier 3:00 PM 26.0 8.1 12.7 156.8 9.1 55.0 34.6 8.3 1160 

W 121o 43.693'  6:00 PM 24.5 8.3 15.3 184.3 9.4 55.0 31.2 5.6 1010 

  9:00 PM 23.3 8.5 13.6 160.0 7.0 70.0 31.2 10.0 1030 

  12:00 AM N/S N/S N/S N/S N/S N/S N/S N/S N/S 

  3:00 AM N/S N/S N/S N/S N/S N/S N/S N/S N/S 

  6:00 AM 21.6 8.8 6.0 68.2 N/S N/S N/S N/S N/S 

  9:00 AM 22.7 8.6 7.4 86.0 8.3 65.0 24.0 79 * 1130 

  12:00 PM 24.3 8.3 10.8 130.1 8.8 60.0 29.0 2.3 1010 
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August 15/16,  2009 

Big Break          
  D.O. Respiration Test           
            

Sample Point Location Time Temp D.O.  D.O. D.O pH A lk Nitrate  Turbidity  Cond 

GPS Coord. Description   0C Sat mg/l % Sat  mg/l mg/l NTU Umho/cm  
    mg/l        
            

N 38o 01.013'  Islands 3:00 PM 28.0 7.8 12.7 162.8 9.1 5 5.0 32.8 22.2 1040 

W 121o 43.645' north of Pier  6:00 PM 26.9 8.0 13.7 171.3 9.3 55.0 33.2 12.0 900 

  9:00 PM 23.8 8.4 6.4 76.2 7.9 55.0 31.2 4.7 1030 

  12:00 AM N/S N/S N/S N/S N/S N/S N/S N/S N/S 

  3:00 AM N/S N/S N/S N/S N/S N/S N/S N/S N/S 

  6:00 AM 23.4 8.5 9.0 105.9 8.0 65.0 29.0 5.0 1080 

  9:00 AM 23.9 8.4 10.2 121.4 8.5 60.0 24.0 11.5 1083 

  12:00 PM 26.4 8.1 13.3 164.2 9.3 75.0 26.5 2.5 960 
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August 15/16,  2009 

Big Break          
  D.O. Respiration Test           
            

Sample Point Location Time Temp D.O.  D.O. D.O pH A lk Nitrate  Turbidity  Cond 

GPS Coord. Description   0C Sat mg/l % Sat  mg/l mg/l NTU Umho/cm  

    mg/l        
            

N 38o 00.441' Open Water  3:00 PM 24.3 8.3 10.9 131.3 N/S N/S N/S N/S N/S 

W 121o 43.413'  6:00 PM 24.5 8.2 11.5 140.2 9.0 55.0 31.8 6.5 970 

  9:00 PM 24.5 8.2 8.4 102.4 N/S N/S N/S N/S N/S 

  12:00 AM N/S N/S N/S N/S N/S N/S N/S N/S N/S 

  3:00 AM N/S N/S N/S N/S N/S N/S N/S N/S N/S 

  6:00 AM 23.6 8.5 8.8 103.5 N/S N/S N/S N/S N/S 

  9:00 AM 22.5 8.6 10.0 116.3 8.5 75.0 29.0 3.4 1100 

  12:00 PM 24.2 8.3 9.7 116.9 8.6 50.0 29.2 8.2 1005 
 
 


