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INTRODUCTION 

Shortly after the end of World War II, the student body of V. P. I. be- 

  

gan to rise to the largest enrollment in the history of the school. A great 

percentage of the returning students were war veterans with families. This 

increase in population put a new burden on the already overloaded and out- 

moded sewage treatment plant. 

The old sewage treatment plant was overloaded to such an extent, that 

the only treatment the sewage received was a brief detention pericd in an 

old Imhoff tank, This resulted in poor sedimentation; consequently, the ef~- 

finent that was discharged into the stream contained a high amovnt of fine 

solids. Stroubles Creek was already practically an open sewer, and the in- 

creased population made this condition even worse. 

College officials quickly recognized the danger of a situation such as 

the one that existed. In 197 funds were appropriated to study the problem 

and to build a new sewage treatment plant that would handle the required load. 

This plant was to be located two miles dommstream from the site of the old 

plant. Professors P. H. MeGauhey and J. A. Rives, both of the Sanitary Ingi- 

neering Department at V. P. I., undertook the task of designing the new plant. 

Construction was begun in November 1917, and sewage was turned into the new 

plant on July 1h, 1918, The new plant has a design capacity of one million 

gallons of sewage per day with 270% recirculation through the trickling fil~ 

ter, The load on the plant is now approximately 600,000 gallons each day. 

This thesis was proposed in order to determine the rate and degree of re- 

covery of Stroubles Creek after sewage from V. P. I. and the town of Blacksburg 

was diverted to the new sewage disposal plant. Tests were made to determine 

the condition of the stream prior to the diversion of sewage into the new 

plant. Thereafter weekly physical, chemical, and biological examinations were 

made to trace the progress of recovery of the stream above the new sewage



  

2     
disposal plant and to determine the change in conditions in the reach down- 

stream between the new plant and New River. 

The project was carried out under the direction and supervision of P. H. 

MeGauhey, Professor of Sanitary Engineering. The weekly sampling and testing 

was done by two graduate students of the Sanitary Engineering Department-- 

Mr. Floyd €. Larson and the author. 

The data for this thesis was obtained by running tests on the stream from 

June 22 to August 31, 1948.
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THE INVESTIGATION    
Waterways are unalike, and the "self~purification" process varies from 

stream to stream and from one point to another along the same stream. A stream 

is a living thing, in so far as it reacts to the various chemical and biologi- 

cal changes. C. J. Velz (28) states: "Natural self~purification is not a 

fixed quantity, but rather a range in variability of capacity associated with 

biclogie and hydrologic change. Failure to recognize this dynamic character 

of natural purification results in rigid stream standards which cannot be 

maintained under the normal patterns of stream variability." 

Under the direction of Professor P. H. McGauhey, it was décided to es- 

tablish five stations (see Map 1) along the stretch of Stroubles Creek under 

consideration. From these points, weekly samples were taken to determine the 

chemical and biological condition of the water. On each sampling date, notes 

were also taken of the physical appearance of the stream. 

The biological investigation included a survey of the micro-organisms 

present in the md samples, along with a bacterial analysis of the 37°C, total- 

plate count and the most probable number of the coliform organisms. The chemi- 

cal examination included temperature, pH, biochemical oxygen demand, dissolved 

oxygen, carbon dioxide, alkalinity, total solids, relative stability, chlo- 

rides, nitrite nitrogen, and nitrate nitrogen. 

Station 1 was picked as the control station, because it was above the 

source of pollution from the old sewage disposal plant. This station was about 

ten feet downstream from the dam of the V. P. I. pond, Station 2 was located 

500 feet downstream from station 1, and 75 feet below the outfall of the old 

sewage disposal plant. The stream was shallow and the current swift between 

these two stations, Station 3 was fixed at a distance of one mile downstream 

from station 2 and at a point just a few yards upstream from a drainage ditch. 

This was done to prevent the possibility of pollution from the ditch at this 

 



h 

oint. The difference in elevation between stations 2 and 3 caused the veloc- 

      ty of the stream to be less than it was at station 23; this condition extended 

to station . Further dowmstream, a distance of 1.1 miles, was the point for 

station , This station was 300 feet down-the-stream from the outfall of the 

new sewage disposal plant. From station to station 5, a distance of 3.9 

giles, the gradient increased and the velocity of the stream became the 

greatest of any stretch under consideration. 

It took approximately four or five days, depending upon personel assist- 

ance, to complete all of the tests that were mentioned. These tests, in 

general, were made in accordance with Analysis of Water and Sewage by Theroux, 

Eldridge, and Mallmann. (23)  
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CHEMICAL AND PHYSICAL ANALYSIS 
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CHEMICAL AND PHYSICAL ANALYSIS — 

     
These analyses were carried on in hopes of showing the progress of re- 

covery of Stroubles Creek after the pollutional load had been removed. 

A sanitary chemical analysis furnishes the most useful information with 

yespect to the “state of health" of a stream, This does not mean that bio~ 

logical investigations are not a valuable aid-~it is only a realization that 

a much greater amount of research has been done in the chemical and physical 

aspects of stream pollution. L. G. Rich (22) states: "In the past, the 

personnel most concerned with stream pollution have been men who for the 

most part had training only in chemistry, Consequently a more domplete 

criteria for measuring pollution has been evolved from their studies than 

has been evolved from the investigations of the comparatively few biologists 

concerned." 

The investigation included an analysis of dissolved oxygen, biochemical 

oxygen demand, relative stability, carbon dioxide, alkalinity, pH, temperature, 

chlorides, nitrite nitrogen, nitrate nitrogen, and total solids. These tests 

will be discussed separately. The results of these tests are listed in 

tables 1, 2, and 3 under Appendix A. 
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DISSOLVED OXYGEN    
se Purpo 

In the light of present-day work concerning stream pollution, the most 

important indication of self-purification is the dissolved oxygen content. 

Truly, a sufficient quantity of D. 0. is one of a stream's most important 

assets. 

When putrescible waste or sewage is discharged into a stream, there is 

an immediate drop in the D, 0. of the stream--usually sewage is low in con- 

tent, or sometimes, entirely devoid of dissolved oxygen. The speed of the 

drop in oxygen is dependent upon the nature and concentration éf the wastes 

being decomposed by living organisms, There is a possibility that organic 

matter is present in sufficient quantity to reduce the oxygen content to zero, 

however, this condition was not encountered during the author's investigation. 

It was desired to show that Stroubles Creek was "recovering" with a 

steady increase in the amount of D. 0. 

Procedure 

A sample was collected in a 300 ml. glass-stoppered bottle, being sure 

not to contact the sample with air, Immediately after collection, one ml. of 

manganous sulfate was added by putting the end of the eyedropper just below 

the surface of the water. Next, one ml. of alkaline potassium iodide solution 

was added, in a similar fashion; upon inserting the stopper, the bottle was 

shaken several times. The precipitate was allowed to settle halfway and then 

inverted again. Upon allowing the precipitate to again settle halfway, one ml. 

of concentrated sulfuric acid was added as before, The sample was then brought 

to the laboratory where D. G. content was determined. One hundred mil. of the 

sample were withdraym into an Erlenmeyer flask and immediately 0.025N sodium 

thiosulfate was added until only a faint yellow color remained. One ml. of 

  
 



   

  

   
   

     

  

   

color just disappeared. 

Plates 1 and 2 show that there was an immediate increase in D. OQ. at 

stations 2, 3, and S on July 21. This was one week after diverting the 

sewage from the creek to the new sewage disposal plant. However, there was 

a decrease in the content at station h; this is easily understood, kmowing 

that the effluent from the new plant was discharged just above station he 

Plates 1 and 2 show a gradual decrease in D. 0, at station 1 from June 22, 

until July 29, The only explanation to be offered is that perhaps the stream 

was receiving an increased amount of organic matter as it flowed through 

tom. Evidently, the water was sufficiently aerated before reaching station 

2, because no ill effects were suffered at this point. July 29 shows an in- 

crease at station , indicating good treatment of the sewage by the new 

plant, ‘The decrease in D, 0, at stations | and 5, on the last sampling date, 

could very easily be due to emptying the digester on August 23. There is no 

explanation for the drop at stations 1, 2, and 3. 

Conclusions 

The D. 0. content shows a significant rise at all stations shortly after 

the new plant began operating. It may appear to the reader that station 5 

does not show a significant rise but it mst be pointed out that this station 

Was near or above the saturation level at all times. 

In the light of this test, it is evident that the stream started recov- 

ering immediately upon being relieved of its devastating-pollutional load. 
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BIOCHEMICAL OXYGEN DEMAND 

Ose 

tThe outstanding characteristics of these effects--oxygen depletion in    

  

   
   
   
   
    

  

   
   
   
   
    

  

   
   
   
   
   
    

   

e waters, appearance and odors of putrefaction, blackening of the water, 

destruction of major fish life and green-plant life, and most of the miscel- 

aneous effects associated with gross stream pollution--result from the utili- 

gation of the stream's oxygen reserve, They can be measured only in terms of 

the total oxygen requirements and the rate of oxygen demand of the residual 

wnoxidized organic matter at the point of discharge. Hence a quantitative 

measure of the oxygen requirements of pollutional matter would frovide a 

measure of stream liability." (25) 

"The test employs no reagents or forces uncommon to the sample in Nature's 

laboratory; it is based upon the fact that in the presence of a supply of 

oxygen, oxidizing bacteria and other organisms, and organic matter capable of 

oxidation, decomposition will take place with progressive oxidation and 

stabilization of the organic matter; further, that the rate at which the bio- 

chemical oxygen demand is satisfied under natural conditions is governed by 

the same law that controls the rate under laboratory conditions. 

"Determination of the oxygen demand does not attempt a direct measure- 

ment of any specific organic compounds or classes of compounds, or any portion 

thereof; it is concerned only with the tendency of any such compounds to be 

decomposed and oxidized in the presence of bacteria and other organisms and of 

oxygen. In other words, it deals with organic stabilization processes, It 

indicates the ability of certain material forces to deal with degrading in- 

fluences and amplifies the determination of dissolved oxygen, in that it 

measures the extent of use to which the oxygen will be put in effecting puri- 

fication and permanent changes." (21)



cedure 

A sample was taken according to the method used for sampling for dis- 

‘ved oxygen. Having determined the dissolved oxygen content, the next 

    

    
       
   
   
   

    

    
       

        
      

   

step was to prepare the B. 0. D. sample. For the stations that were polluted 

such an extent that no oxygen would remain at the end of the incubation 

period, dilutions had to be made. For example, if a one-tenth dilution was 

desired, a small amount of B. 0. D. diluting water was put in a 250-ml. 

glass-stoppered bottle--then, 25 ml. of the sample was introduced and the 

bottle filled to the top with the diluting water, Extreme care had to be 

’ exercised so as to not aereate the sample or the diluting water. The bottle 

was placed in a 20° G, incubator for a period of five days; at the end of 

this time, the dissolved oxygen content of the mixture was determined, 

Having the above information, the author was able to calculate the B. 0. D. 

of the sample. For a detailed explanation of this test, the reader is re~ 

ferred to Analysis of Water and Sewage. (23) 

Discussion of Results 

Station 1 - This point was picked as the control station, because it was 

kmown to be free of the pollutional load that was exerted on the stream belaw 

it. Plate 3 shows that this station was comparatively low in B. 0. D. through 

out the period of investigation. This fact, and results from other tests, 

indicates that the water at station 1 was relatively clean. 

Station 2 — The results obtained on June 22 and July 1) show that the 

factors causing B. 0. D. were very active at this station. One week after 

diverting the sewage, a gradual decrease in B. 0. D. can be seen until 

August 10, when an increase is noticed over the two previous sampling dates, 

It is possible that a heavy rain, five days prior to this time, could have 

stirred up the pollutional carpet enough to cause the increase. After 

August 10, a B. 0. D. decrease is noted at this point, up to and including 
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the last day. The last two test runs show that station 2 was enjoying a 

condition favorable to that at station 1. 

Station 3 - A sharp decrease in the oxygen demand was experienced at 

this stretch of the stream during the earlier part of the investigation. On 

July 21 this decrease became less pronounced, until July 29 when a sharp in~ 

crease in B. O. D. was noted over that of station 2. The inerease might be 

accounted for by the fact that as station 2 began recovering, the agents that 

were exerting the oxygen demand were flushed downstream to station 3, Station 

3 was also beginning to recover, but, not being as grossly polluted as sta- 

tion 2, the change was not so apparent. Toward the end of the Sampling trips, 

the B. 0. D. at station 3 was practically as low as that of the first two 

stations. 

Station , - AB. 0. D. lower than that at station 3 was evident at this 

point until July 21. This was one week after the effluent from the new plant 

was being discharged a short distance above station }, indicating that this 

effluent had not received full treatment that might be expected from a plant 

that had been in operation a longer period of time. After July 21 a decrease 

in the oxygen demand is apparent until the digester was dumped on August 23; 

this dumping caused an increase in the B. 0. D. which is shown on plate 3 for 

the last two sampling dates. 

Station 5 ~ Plate 3 shows an increase in the oxygen demand exerted at this 

station for a period of time after the new plant began operating. Evidently 

some of the factors causing the B. 0. D. at station h were carried dowstrean 

and were active at station 5. On August 17 a decrease was noticed which con- 

timed through the last sampling date. From the information collected, there 

is no explanation for the rise in B. 0. D. on July 1) as the sample was 

collected before the sewage was turned into the new plant on this date.  



Conclusions 
—— 

In general the curves on plate 3 show a characteristic rise in B. 0. D. 

from station 1 to station 2-—-up to July 1h; after this date, the oxygen demand 

     
at station 2 began to steadily decrease. The fact that an increase in B. 0. D. 

was noted from station 2 to station 3, after July 21, indicates perhaps that 

the pollutional carpet was still very active biologically. 

Recovery of the stream is not shown until late August as far as the 

B. 0. D. is concerned. However, the decrease in the oxygen demand at station 

5, after August 10, indicates that the sewage was receiving good treatment by 

the new sewage treatment plant. 
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RELATIVE STABILITY 

     
    

    

purpose 

"The relative stability of a polluted water is an approximate expression 

of the amount of oxygen required for complete stability. It can be success— 

folly determined only for slightly polluted water. The relative stability is 

usually expressed as the percentage of the total oxygen requirements. 

'The relative stability test is of little use in the study of raw sewage 

because of the effect of colloidal matter in precipitating the color. The 

results of the test are useful principally in making a quick estimate of the 

pollution of a stream or the condition of a plant effluent, but’ they do not 

supplant the B. 0. D. test in value. The results of the test for relative 

stability and for B. 0. D. do not coincide because the blue color may dis- 

appear before the reduction of nitrate and nitrite oxygen is complete." (2h) 

Procedure 

On each sampling date a 300-ml. bottle of water sample was collected 

with caution so as not to aereate the sample, One ml. of methylene blue was 

added in a manner that no air bubbles would be introduced. The bottle con- 

taining the sample was checked each day until the blue color had disappeared. 

From page 62, Analysis of Water and Sewage, (23) the relative stability 

values were obtained. 

Discussion of Results 

Stations 1 and 5 - From the curves on plate 4, it is evident that both 

these stations were at all times within four per cent of having the required 

oxygen for 100% stability. No results were obtained on the last sampling 

date; however, by noticing the drop at station h, it is the author's belief 

that the per cent of demand satisfied would also have dropped slightly at 

station 5,
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Station 2 ~ Plate | shows that during the first three sampling trips 

this station had only 11% of the oxygen required for complete stability. One 

week after diverting the poorly-treated sewage from this station, the oxygen 

demand satisfied rose from 11% to 96%. This increase to almost complete 

stability was maintained throughout the period of the author's investigation. 

Station 3 - Low oxygen requirements are evidenced at this point during 

the earlier part of the investigation, An alternate rise and fall of the 

dissolved oxygen content is accompanied by an alternate rise and fall of the 

per cent of oxygen demand satisfied. On the day and a week following the 

diversion of the poorly-treated sewage, a leveling-off effect is noticed, 

Plate shows that on July 29, an increase to almost 100% of the oxygen re- 

quired is indicated; this fulfillment towards complete stability is continued 

throughout the investigation. 

Station } - Plate shows this portion of the stream to be high in the 

oxygen required for complete stability up until a week following the time that 

the new plant went into operation. At this time, the plant effluent caused 

a sharp decline to a point below 25 per cent stability. Data indicates that 

on July 29 station |, started "recovering" to its earlier good condition, then 

faltered only to rise on August 17 to the highest value reached during the 

author's period of examination. 

As was pointed out in most of the other tests, a drop is experienced in 

the required oxygen on the last sampling date; this was a result of the 

digester being dumped on August 23. 

Conclusions 

According to the results obtained from this test, stations 2 and 3, 

which were in the worst condition, began an immediate "sel f-purification" 

Process upon being relieved of any further direct pollution. 

Station evidenced a drop in relative stability on the first week of 

 



    

   
   
   

   

rly 

ceiving the plant effluent and then showed an increase after that date. 

$s condition is supported by the results of other tests. 

From the results of this test, station 5 was evidently not effected 

appreciably, one way or the other, by the sewage pollution before or after 

the new treatment plant was placed in operation since the improvement in 

stability was only from 96% to 99%.
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CARBON DIOXIDE 

pose 

Generally, the factors that influence the carbon dioxide content of a    
   

      

      

           

olluted stream are the same as the ones that bring about the phenomena of 

deoxygenation and reaeration but are opposite in their effect. Whipple (21) 

states: "Thus decomposition, while consuming oxygen, results in the produc- 

tion of carbon dioxide; reaeration, while adding oxygen to the water, removes 

Cp3 and plant growth, while liberating oxygen, uses up CO. Free C09, like 

dissolved oxygen, is a valuable parameter of self-purification. As yet it 

has not been as fully investigated as D. 0. and will require fufther study 

efore it is more generally applied." 

Procedure 

A 100-ml, Nessler tube was filled to the mark with the sample, and ten 

drops of phenolphthalein indicator were added. N/l sodium hydroxide was 

added, from a burette, and stirred gently until a slight, permanent, pink 

color appeared, This test was performed at the sampling stations. 

Discussion of Results 

Plates 5 and 6 indicate an immediate decrease in 60, content, after the 

sewage was diverted from above station 2 to the new plant, at all stations 

except mumber 1. This increase at station 1 was expected because of the 

corresponding decrease in D. 0. content, The author would like to point out 

that the decrease was steady, at all stations below and including mumber 2, 

from July 21 throughout the period of investigation, At station 5 the C02 

content became zero on July 29 and remained zero through the last sampling 

date. 
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Conclusions 
a 

In the light of this test, the stream began a process of "self-purifica~ 

tion" on July 21. 
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BICARBONATE ALKALINITY 

      

       

  

   
   
   
   

   

If plant growth is absent in a natural water, the alkalinity, in most 

eases, is attributed to the bicarbonates of caleium and magnesium. In the 

event that plant life is present and growth is in progress, some of the 

carbon dioxide, or perhaps all of it, may be used up. If all the 009 is 

taken from the bicarbonates, the result will be a formation of normal car- 

ponates which are practically insoluble. 

tHard-water lakes in which the content of bicarbonates is high contain a 

store of carbon dioxide not found in soft water, although the ammount of free 

carbon dioxide present in the upper waters may or may not be greater than in 

soft water. Such lakes may indirectly furnish for plant growth a large 

amount of carbon dioxide, This is taken from the air when bicarbonates have 

been largely changed to normal carbonates, for water containing much normal 

carbonates will absorb carbon dioxide more rapidly than water containing 

- Little or none. 

"There are factors other than the hardness of water that greatly influ- 

ence the ability of a lake to promote plankton growth; when these are com- 

parable, a lake containing available food in the form of high bicarbonates 

will usually be found to promote the development of chlorophyllaceous plants 

to a greater extent than one low in bicarbonates." (21) 

Procedure 

On each sampling day a three-quart bottle of the stream water was col- 

lected at each station and brought back to the laboratory for examination. 

A 50 ml. sample, taken from the bottle, was put into an evaporating dish; 

three drops of phenolphthalein indicator were added and if a pink color 

appeared, 0.02 N sulfuric acid was added until the pink color just disap-   
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arede Analysis of Water and Sewage (23) gives a detailed explanation for 

ne differentiation of the types and amounts of alkalinity present. 

If, however, a pink color did not appear upon the addition of phenol- 

nthalein indicator, methyl orange indicator was added and a titration made 

ith 0.02 N sulfuric acid. The alkalinity present was all bicarbonate. 

iscussion of Results 

Plate 7 shows a sharp increase in the bicarbonate alkalinity from station 

4 to station 2 up to and including the time when the poorly—treated sewage 

was diverted from the stream. A subsequent drop is noticed at each succeeding 

‘station during this same period, with the exception of station ¥ on June 22, 

when an increase is evidenced. 

On July 21, one week after the new plant began operating, a decrease in 

bicarbonate alkalinity was noted at station 2. The amount of bicarbonate 

alkalinity at this point remained only slightly higher than that at station 1 

throughout the rest of the investigation. July 31 showed a decrease at sta- 

tion 3 that remained fairly constant for the entire period of the examination. 

The bicarbonate alkalinity at station | remained fairly constant for all 

sampling dates with the exception of a noticeable increase on July 21 and 

August 31. 

Station 5 presents a pattern similar to that of station 1; that is, when 

an increase was noted at the latter, a corresponding increase was evidenced 

at station 5. 

Conclusions 

By comparing plates 5 (carbon dioxide) and 7 (bicarbonate alkalinity) 

for stations 2 and 3, it is apparent that a decrease in carbon dioxide 

accompanied a decrease in alkalinity. 

The noticeable increase at station on July 21 was, in all probability,
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e@ to the effluent from the new plant being discharged just above this 

    
gint. Ina like manner, the increase on August 31 could very well be attri- 

ted to the digester being dumped on August 23. 

When the carbon dioxide reached zero at stations 3, h, and 5 on certain 

gampling dates, normal carbonates appeared but only in such a small amount 

that they were disregarded. Therefore, all the alkalinity encountered was 

considered to be of the bicarbonate nature.
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HYDROGEN-ION CONCENTRATION 

pose 

The hydrogen-ion concentration or pH has little significance in relation 

the sanitary quality of a water. It is, however, a valuable aid in the 

   

        

   

    

   
   
   
   

  

   

        

   
   
   

   

mtrol of a sewage treatment plant and supplies mich needed information in 

uhe ease of industrial waste pollution. 

For purposes of this discussion, a correlation may be made between the 

growth of plant life and the hydrogen-ion concentration, That is to say, 

hen plant growth increases, it utilizes the free carbon dioxide causing a 

ecrease in the hydrogen-ion concentration, which in turn brings about an in- 

rease in the pH value. 

pH is defined as the logarithm of the reciprocal of the hydrogen-ion con- 

entration expressed in molecular weights per liter. 

Procedure 

Ten ml, of the sample were placed into each of two provided tubes. To 

one tube a designated amount and type, according to pH range, of indicator 

solution was added, The tubes were then placed in a Hellige dise comparator, 

in such a mamer that the color standards were opposite the tube not con- 

taining the indicator. By holding the disc comparator up to light and re- 

volving the dise until a color nearest that of the sample was observed, the 

pH value could be read directly from the comparator. 

Discussion of Results 

It may be seen from plate 9 that stations 2 and 3 experienced a rise in 

pH value shortly after the stream was relieved of the poorly-treated sewage 

loading. Plates 8 and 9 indicate that the general pattern for the pH values 

was the same for all stations under consideration during the entire period 

of investigation. 
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clusions 

The rise in pH at stations 2 and 3 suggests that apparently there was an 

nerease in the more stable forms of nitrogen, after sewage from the old 

yant was cut off. A rise in these forms at stations l, and 5 indicate good 

wits from the old plant. 
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TEMPERATURE 

Hose 

    
      
      
   
   
        

     
    

   

  

   
   

   

It is an established fact that temperature, within certain limits, 

eeds up or Slows down all biological reaction as the temperature is in- 

eased or decreased. "Temperature as a factor determining the number and 

nds of stream inhabitants cannot be separated from other conditions. Some 

forms are abundant in winter. Thus the cryptophyceae and chrysophyceae 

frequently occur in large numbers in winter, whereas the chlorophyceae rarely 

io; the highest summer temperatures tend to reverse this situation. Among 

he diatoms, Gomphonema olivaceum attains its greatest numbers in’ winter; 

ereas, Melosira gramilata has its maximum in summer. Sudden rises in tem- 

erature, even within the life range of an organism, are frequently fatal."(25) 

Also, temperature has a direct effect upon the solubility of gases in 

ater. That is, when the temperature of a natural water is decreased, the 

ssolved oxygen content is increased, and in turn, the carbon dioxide con- 

-tent is decreased. 

This test was carried out with the possibility of using the results to 

aid in the explanation of other tests, 

Procedure 

On each sampling date a centigrade thermometer was immersed in the stream 

at. each station, and the temperature was recorded. 

Discussion of Results 

Plates 10 and 11 show how the temperature varied at each station through- 

out the period of investigation. It is evident that the patterns are quite 

Similar, Plate 10 shows that for the same station on different dates, a six 

to an eight degree change may be noticed. 
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Lusions 

By comparing the tenper ature curves with those for dissolved oxygen and 

dioxide, 1 18 evident that the UW tio erature could al d t hay fluctuations of temp 5a on di a t 

, ha . ° 2° ve caused some fluctuations in D Oo. and CO, 
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CHLORIDES 

   
   
   
   
   
   
   
   
   
   

   
   
   
   

    

   
   
   
   
   
   

     

Babbitt (2h) states: "Chlorides are inorganic substances commonly 

d in the urine of man and animals. The amount of chlorides above the 

chloride content of pure waters in the district is used as an index 

he strength of sewage." Since chlorides are inorganic substances in 

tution, they are not affected by biological processes or by sedimentation. 

oir diminution in a flowing stream is an indication of dilution, and the re- 

stion of chloride will be in proportion to the amount of chloride-free di- 

ing water added. é 

As a stream starts recovering, the chloride content will decrease, pro- 

ed no other source of pollution is introduced, It was the author's aim 

show the fluctuation of the chloride content by means of plotting summary 

ves. 

cedure 

Fifty ml. of the sample was placed in an evaporating dish, and 1 ml. of 

otassium chromate indicator was added. Standard silver nitrate was added, 

ron a burette, until the first permanent reddish color was obtained. A 

ecord was made of the amount of silver nitrate used, 

Scussion of Results 

Plates 12 and 13 will be referred to for the purpose of this discussion. 

+ may be noted, from plate 12, that all stations conform to the general pat- 

ern of station 1. The sharp increase at station 2, on June 22, cannot be 

®xXplained from the information collected. Plate 13 shows that the chloride 

ontent decreases at each station, in successive order, to a low point at 

‘tation 5, throughout the period of investigation. The high point at station 1, 

date 13, could have been caused by surface wash, due to a heavy rain on 
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10; but, this pattern was not followed after a heavy rain on August S. 

    
quently, the rains will be discounted as the cause of increase in chlo- 

Due to the uniform decrease in chloride content at all stations under 

4deration, this test fails to show any significance. 

ay
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NITRITES AND NITRATES 

       
      
      
          
   
       
    
    
    

       

   

pose 

Nitrites and nitrates will be discussed together, because it is readily 

owledged that they go hand-in-hand; that is to say, when nitrites take on 

gen, they are converted to nitrates. Nitrites and nitrates are to be 

in a fresh sewage only in concentration of less than one part per 

tion, In a well-oxidized effluent the concentration will probably be 

-gher. Nitrites not being of a stable nature are promptly reduced to 

monia or oxidized to nitrates. Their presence is an indication that a 

ange is in progress. Nitrates represent the most stable form “of nitroge~ 

ms matter, and their presence may well be an indication of stability. 

Suffice it to say, that, as the nitrites decrease and the nitrates in- 

ease, the stream is undergoing "self-purification."   
‘ecedure 

Nitrites: If the sample was colored or turbid, a 150 ml. sample was 

larified by adding two ml. of aluminum hydroxide. It was heated to boiling 

and filtered. A measured portion of the filtrate (10 to 50 ml., depending 

upon the nitrite content) was placed into a 100-ml. Nessler tube and made up 

to the mark with distilled water. Two ml. of sulfanilic acid and two ml. of 

alpha-naphthylamine were added to the sample. The sample was mixed and allowed 

to stand for ten minutes, The sample was compared with a standard having a 

Color nearest to that of the sample. 

Nitrates: Thirty ml. of the sample were filtered through a filter paper, 

and the filtrate was then evaporated to dryness on a water bath. The residue 

Was moistened with one ml. of phenoldisulforic aeid and diluted to 20 ml. with 

distilled water. A 50 per cent solution of sodium hydroxide was added until a 

maximum yellow color was obtained. Next, the preparation was filtered into     
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o-mi. Nessler tube; the dish and paper were rinsed with distilled water. 

    

   

    

     

    
   
   

filtered rinsings were added to the filtrate and made up to the mark with 

stilled water. A record was made of the color that was nearest that of a 

spared color standard. 

cussion of Results 

Nitrites: From plate 14, it may be pointed out that there is a sharp 

yease in nitrites at stations 3, 4, and 5 on July 21. As was discussed 

the dissolved oxygen test, this was one week after the new sewage disposal 

nt commenced operation. The increase at stations | and 5 is attributed to 

e effluent from the plant being dumped above station ). The fnerease at 

tation 3 was evidently caused by the pollutional load being carried down 

om station 2. Also, from plate 15, it may be noted that the nitrites at 

tation | were more variable than at any other station. This was to be ex- 

ected because of the reason mentioned before. 

Nitrates: On June 22, plate 1) shows a sharp decrease in the nitrate 

entent at station 2, then, a gradual increase at each station up to 5, where 

‘the nitrate content was equal to that at station 1. After July lh, a gradual 

increase can be noted at station 2 throughout the period of investigation. 

Conclusions 

Both the nitrite and nitrate tests indicate that station 2 became more 

Stable after the sewage was diverted to the new plant. However, values at 

the other stations, throughout the investigation, were too variable to warrant 

drawing any significant conclusions. 
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TOTAL SOLIDS     

    

    

    

    

   
   

  

   

  

   

   

Total solids, or residue on evaporation, are important as an index of 

strength of sewage and of the amount of treatment that may be required. 

reduction of total solids by a treatment device or process serves as a 

re of its efficiency. Total solids are broken down into volatile 

s on ignition) and fixed mineral matter. It is generally assumed that 

volatile portion represents organic matter. This portion of the total 

ds is mch more significant of strength, as this is the portion of the 

é é 
ge that may putrefy. 

ocedure 

An evaporating dish was thoroughly washed and then placed in a mffle 

ace at a low, red heat for one hour. The dish was placed in a desiccator 

til cooled, then weighed. Twenty-five ml. of the thoroughly-mixed sample 

e put in the evaporating dish, being careful to keep the solids in suspen- 

on, and the dish placed on a water bath. After the sample was evaporated, 

e dish and residue were dried in a 103° G. oven for one hour, cooled in a 

desiccator, and then weighed. The increase in weight above the empty weight 

the dish was recorded as the total solids. 

Next, the evaporating dish containing the residue from the total-solids 

determination was placed at a low, red heat in a mffle furnace until the ash 

was white, or nearly so. After the dish had cooled, the ash was moistened 

with a few drops of distilled water, and the dish dried in a 103° G.oven for 

one hour; it was then allowed to cool in the desiccator before weighing. The 

value for the volatile solids was recognized as being the loss of weight upon 

ignition. By subtracting the weight of the volatile solids from that of the 

total solids, the weight of the fixed residue was obtained. 
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piscussion of Results 

The curves for the total and fixed solids, as represented on plate 16, 

sresent a strikingly similar pattern. Generally a rise is noticed fron 

tation 1 to station 2; a decrease from station 2 to station 3; an increase 

om station 3 to station l; and, a decrease from station ) to station 5. 

qhe noticeable exception is the sharp rise on the last two sampling dates at 

station l which was caused by the digester being dumped on August 23. 

The curve for the volatile solids is also similar to the curves men- 

qoned in the preceding paragraph--the difference being that the rise from 

tation 1 to station 2 is more pronounced during the first month of the in- 

restigation. Station 2 showed a fairly steady decline during the last month, 

and station 5 exhibited little change. 

Sonciusiions 

Station 1 was the control station, and since it showed a high amount of 

olids at all times, it shows that solids in the other stations were not 

greatly increased by sewage. 

  

  
 



 
 

 
 

 
 

SOL az 

 
 

Plate /6 

  
    

  
  

  
 
 
 



30 

APPEARANCE OF THE STREAM 

    

    

    

      
    

     

   
   

    

   

Om each sampling date notes were taken of the general appearance of the 

1, By comparing the results before and after the poorly-treated sewage 

diverted from the stream, it is possible to get a rough estimate of the 

that the stream began "recovering." 

re Sewage was Diverted 

A small amount of Sphaerotilus natans, the so-called sewage fungus, was 

jced just below the control station, At station 2 a foul odor of sewage 

d be detected along with a considerable amount of floating solids that 

tained fecal matter. The water was very turbid at this point. Small fish 

e seen feeding on the organic material and 5. natans were abundant. 

One mile downstream from station 2, a thick "red carpet" was noticed on 

e stream bottem; this "red carpet" was readily identified as a mass of 

bifex worms, At this same point, small fish were seen with their mouths 

ove the surface of the water in an effort to obtain more oxygen. 

haerotilus natans were not as abundant as at station 2. 

Directly above station 3, the following observations were made: Tubifex 

ecame more predominant; 5. natans almost completely disappeared; green algae 

nd minnows began to appear; floating particles and sewage odor were detected. 

he water began to elear up, and the odor was less intense at a quarter of a 

mile downstream from station 3. 

Station showed a clearing up of the Tubifex worms along with green 

algae becoming more abundant. The water at station 5 was comparable to that 

t station 1. 

fter Sewage was Diverted 

On July 29, two weeks after diverting the sewage from the creek, the 

cllowing observations were made:   
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1. At station 2 practically no odor was detected and S. natans had 

    

  

     

     

    
   

nost completely disappeared-~some green algae was beginning to appear. 

2, Station 3 appeared to be in the same condition as it was before the 

plant began operating. 

3, Sphaerotilus natans and Tubifex became more abundant at station ). 

onclusions 

It is apparent that the stream began recovering almost immediately upon 

ing relieved of the pollutional load, This is evidenced by the decrease in 

he amount of 5. natans and Tubifex in the vicinity of stations 2 and 3, The 

nereased amounts of S. natans and Tubifex at station }); were anticipated-—as 

e water upstream began to clear up, the constituents that caused the pollu- 

ion were "flushed" to points further downstream. 

On April 15, 1949 the author walked the stream from station } to sta- 

ion 1 and saw no signs of Sphaerotilus, Tubifex, floating solids, or sludge 

eposits. Therefore, it seems reasonable to conclude that the stream water 

all stations below station 1 have returned, in appearance, to a condition 

ch as that of the control station. 
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BACTERIOLOGICAL EXAMINATION 

   

     

    
     

   
    
   

    

   

     
    
    

pose 

Sanitary Engineers are aware of the fact that polluted streams en- 

garage the growth of bacteria in general, including those of sewage origin. 

eral tests have been devised to determine the amount of bacteria present 

water. 

The decomposition of organic matter is closely related to bacterial 

tivity. When a decreasing number of bacteria is observed, we generally 

sume that the stream is recovering. Increasing numbers, on the other hand, 

dicate pollution. This pollution is probably caused either by sewage or 

shings from the surface of the ground. 

The quantity of bacteria in water, especially those of the Escherichia 

i group, are generally considered an index of its sanitary condition. 

cause they are exceedingly sensitive to their environment, it was desired 

obtain information that would show the rates at which they disappeared 

ifter the sewage was diverted or, in other words, the nature and extent of 

ecurence of natural bacterial purification under various chemical and 

inysical conditions to which the stream was subjected. 

A closer measure of the "self-~purification" process may be obtained by 

oting the decrease in the number of colonies which grow on agar at 37°C, > 

ce these organisms thrive at body temperature and are characteristic of 

the intestinal tract and seldom occur in large mmbers in normal waters. 

The bacteriological analysis consisted of two parts, the 37° C. total 

late count, as a measure of the organisms which thrive at body temperature; 

&nd the application of an accepted procedure for the isolation of coliform 

rganisms to arrive at a most probable number present.   
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cedure 

gn each sampling date, a sterile bottle was used to collect a water 

ole at each station. These samples were brought back to the laboratory, 

ve the bacteriological examinations were made. 

The isolation of coliform organisms was performed in two parts, a pre- 

otive and a confirmatory test. In all cases, several tubes of different 

utions were made to ascertain a change from a positive to a negative re- 

ction. A selected amount of the sample was introduced into each tube con- 

aining lactose broth. These tubes were then incubated at 37° C., and ex- 

ned at the end of 2, and 8 hours, respectively, to see if they contained 

. If gas was present, an inoculation was made into another tube con- 

ning brilliant green bile. This tube was also incubated at 37° C. and ex- 

sined as mentioned above. If, at the end of 8 hours, no gas was detected, 

e test was considered to be negative. However, if gas was formed, the test 

considered positive. Having obtained the results, the author was able to 

acket them in order to arrive at a most probable number of coliform 

ganisms present. For greater details, the reader is referred to sis 

Water and Sewage. (23) 

To determine the 37° C. plate count, the following method was employed: 

predetermined amount of the sample was put in a sterile petri dish, by means 

of a sterile pipette, and enough sterile nutrient agar was added to cover the 

bottom of the dish; the dish was gently shaken in order to disperse the 

bacteria, The plate was placed in a 37° C. incubator for 2 hours. At the 

end of 2), hours, the number of colonies growing on the agar was counted with 

the aid of a Quebec Colony Counter. A plate with a count of 30 to 300 

organisms presents the most accurate picture; for this reason, different 

dilutions were made, For example: if 65 colonies were counted on a plate 

containing a 1/100 dilutions, 65 was miltiplied by 100 to arrive at the number   
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colonies present in one ml. Again, for greater details, the reader is 

erred to Analysis of Water and Sewage. (23) 

cussion of Results 

Station 1 - It may be seen from plate 17 that station 1 evidenced the Svation - 

     

   

  

   

   
    

   

    

    
   
   

   

est concentrations of all stations sampled-—throughout the period of in- 

tigation. This was expected, as this station was upstream from the out- 

of the old sewage treatment plant. This point, however, was receiving 

ght contamination from street drainage and possibly from other unknown 

es, The low concentrations at station 1 might also be attributed to a 

1 dam just above this point, impounding a small pond in whiéh some 

acteria settled out in normal weather conditions. 

Stations 2 and 3 - Plates 17 and 18 show that the pattern of station 2 

‘gs quite similar to that of station 3, with a decrease in the mmber of 

rganisms present at station 3 on the same sampling date. This is attributed 

‘9 the abundance of food, present at station 2, being somewhat diminished be- 

fore reaching station 3. By August 17, both stations had decreased in the 

unber of organisms present to a concentration comparable to that at station 1. 

though it is none too specific, table 5 (Appendix B) indicates a decrease 

the number of coliform organisms present at stations 2 and 3--up to and 

eluding the last results obtained. 

Station h - Low concentrations were noted at this point at the start of 

e investigation. Plate 17 shows a gradual increase up to the time the new 

ewage treatment plant began operation. On July 1h, the sewage was diverted 

‘om above station 2 to the new plant. The effluent from the new plant could 

count for the rise in concentrations after July 1h; however, a sharp decrease 

noted on August 17, and then a sharp increase, to the maximum concentration, 

nm August 2h, 
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Station 5 - This station, like station 1, had low concentrations through- 

    
   

    

    
   
      
       
       

    

   

out the period of investigation. However, some fluctuation can be seen, but 

these could very well be due to personnel error in making plate counts. 

Genclusions 
LS 

The bacterial concentrations at stations 2 and 3 began decreasing after 

the new plant began operation--no further bacteria was introduced by the 

effiuent from the old plant. 

The high count at station h, on July 29 and August 10, is attributed to 

the effluent from the new plant not receiving full treatment that might be 

expected from a plant that had been in operation a longer period of time. 

In a like manner, the maximum concentration at station on August 2h could 

have been and probably was caused by the digester being emptied on the pre- 

vious day. The decrease in bacterial concentration at station h on August 17 

is accounted for by the fact that on August 16, the sewage received pre- 

chlorination in the amount of  p.p.m. and post-chlorination of 2 p.p.m. 

From the evidence presented, it is this author's belief that some part of the 

new sewage treatment plant was not functioning properly. 

Results show that the stream had recovered before reaching station 5. 

This station did not suffer any ill effects from sewage pollution either be- 

fore or after the plant went into operation. 
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BENTHOS POPULATION 

purpose 

Professor G. C. Whipple (21) has stated "The sessile growths found on 

nore or bottom attached to rocks, pieces of wood, or to the ooze itself are 

allied benthos from the Greek word designating the bottom of the sea. The 

animal forms crawling along shore or bottom surfaces are included in the 

“penthos. In the course of time these specifications have become somewhat 

neglected and the term "plankton," except in exact technical writing, has been 

used loosely in a sense practically synonymous with the term "microscopic 

organisms" of the sanitary biologist." The author would like té caution the 

reader not to confuse the benthos, that are referred to in this discussion, 

with the term "plankton." 

The microscopic examination of mud samples may serve several purposes. 

This author was primarily interested in determining the progress of the self- 

purification of Stroubles Creek. The recovery of a stream may be determined 

by noting the changes along the course of the stream in the character of 

microscopic growths and other aquatic life. Specific organisms indicate 

existing conditions of their environment, They react in a particular way to 

their surroundings; therefore, the analyst is able to reach conclusions with 

respeet to the quality of the water in which they are found. Microscopical 

ecology is of the greatest importance for the afore mentioned reasons. 

The role of microscopic organisms in aiding the recovery of waters is 

second only to that of the bacteria. Although it is common to think of self- 

purification in conjunction with sewage or trade-waste pollution, it will be 

well to remember that the same processes that may slowly bring about the re~- 

turn of a putrid, sewage-sick stream to a clear and wholesome water course 

are also active in unpolluted waters that are not fit nor desirable to con- 

sume, because of their content of organic or other impurities derived from    
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swamps, soil wash, etc. Self~purification is just as important in water 

supply as it is in sewage disposal. 

procedure 

At the time of each weekly sampling trip, a md sample was taken at each 

of the five stations. The sample was obtained in a small stoppered bottle 

and brought back to the laboratory to be put under refrigeration until the 

sample could be examined. Usually the microscopic examinations were begun 

on the afternoon of the sampling date. Generally, it was necessary to take 

two days in which to complete the examinations. 

The microscopic examinations included the identification ef the species 

and the recognition of the relative numbers present. 

Discussion of Classification 

"The sanitary ecology of aquatic organisms has been devised by Kolkwitz 

and Marsson whose ecological system of saprobic organisms is made the basis of 

classification in this discussion. Kolkwitz and Marsson distinguished three 

broad zones of existence, called the polysaprobic zone, mesosaprobic zone, and 

eligosaprobic zone. These zones are characterized in the order of their 

statement by a gradual decrease in content of organic food stuffs and are 

variously described by their originators somewhat as follows:" (21) 

Polysaprobic Zone - The chemical characteristic of this zone is an abun- 

dance of decomposing organic food material. This food matter is discharged 

into the waterways by the vehicle of waste waters from towns and industries. 

The rapidity with which the dissolved oxygen content is depleted causes the 

splitting and disintegrating processes to be foremost. 

The polysaprobic zone supports a great number of organisms belonging, 

however, to just a few classes. The principal dwellers of this zone are the 

bacteria and the bacteriverous protozoa (colorless flagellates and ciliates). 
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Fish are unable to live. 

Mesosaprobic Zone - This zone is simplified by dividing it into two por- 

¢ions; these portions are called alpha mesosaprobic and beta mesosaprobic. 

fhe former is adjacent to the polysaprobic zone, and the latter extends towards 

cleaner water. Natural purification processes may or may not be apparent in 

the alpha portion of this zone, however, oxidation begins and may be accom- 

plished in part by a few chlorophyll organisms. An approach to mineralization 

ts realized in the beta portion of the mesosaprobic zone. 

The mesosaprobic zone contains life that can endure small amounts of 

sewage and its processes of decomposition. Bacteria are still present in 

considerable numbers, Blue-green and grass~green algae, diatons, and higher 

plants begin to reappear. Among the various organisms that inhabit this zone 

are worms, protozoa, rotifers, and higher animals that feed on the bottom. 

Oligosaprobic Zone - The completion of mineralization is accomplished in 

this zone of cleaner water. In this zone the organic nitrogen content is de- 

creased and the dissolved oxygen content nears saturation. Along with a de- 

crease in bacteria is an increase in the number of chlorophyll plants. Re- 

covery of the stream is evidenced by game fish living in the oligosaprobic 

zone, Generally, the bottom deposits are clean but may be mesosaprobic in 

nature. 

Katarobic Zone - The organigms that live in this zone are not found where 

Saprobic conditions exist. Springs and mountain streams belong in this zone. 

Table 7 gives a list of the organisms that were encountered many and 

several times at each station. The ecological character of each organism is 

designated by the following letters: 

Polysaprobic 

Mesosaprobic (also alpha M and beta M) 
Oli gosaprobic 
Katarobic R

O
K
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Appended to these letters are subscript numbers which indicate the    
authority responsible for the assignment of the organism. The numbers are 

the same as those that list the authorities in the bibliography. For 

example: Oscillatoria species, Mi), signifies that this organism is listed 

as mesosaprobic by Haenseler, Moore, and Gaines, 1923. The letters 

appearing without subscript numbers indicate that the organism was not 

identified as to specie. The author ascribed the letter to designate the 

over-all genus. 

Discussion 

Station 1 - Station 1, it will be recalled, served as the egontrol sta- 

tion and was situated just below the dam. It has been pointed out that this 

station was somewhat contaminated, although there was no source of direct 

pollution there. 

Of the algae present at this station, Oscillatoria was by far the most 

abundant. This blue-green algae is one of the first indicators of clean 

water. Other genera of myxophyceae and chlorophyceae were observed at all 

times, but not in sufficient quantity to be representative. 

The diatoms were by far the most abundant of all the micro-organisms en- 

countered during the time of examination. The bacillarieae present were 

principally Brebissonia, Encyonema, Navicula, Stavroneis, and Synedra. Table 

7 gives a list of the organisms present in large enough numbers, before and 

after diverting the sewage, to justify their being representative. 

The flagellates present were primarily species of Euglena which prefer 

cleaner water. Halteria was the only member of the ciliates that was found 

continuously, but little reliance can be placed upon the occurrence of a 

single indicator organism. 

Daphnia and Cyclops were identified, and their presence was probably due 

to an abundance of food in the form of diatoms. 
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TABLE 6 

BENTHOS SURVEY 

Key: M for many; S for several; F for few 

      Station 1 j 

Organism 
| 

6/22 7/7 ih «7/21 «7/29 8/10 BAT 8/2h 8/32 
  

  

0 eae 

Merismopedia F 

Nostoc F 

Oscillatoria M F M s s 

Spirulina 

Synerypta 

ChLorophyceae Bs Se -- 

Clostridium F 

Cosmariun F F 

Oocystis F 

Pandorina - F 

Pediastrum F F 8 

Scenedesmus 

Spirogyra 

Staurastrum F 

Bacillarieae 

Brebissonia F F M M 

Cocconeis s s s 

CymatopLleura F M 

Denticula F 

Diatoma F F    
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TABLE 6 

(continued) 

  

Station 1 
  Organism 
6/22 7/7) /th «7/2k 7/29, 8/10 8/87 8/28/31 

Bacillarieae (contimed) 

Encyonema. s F F S s F 5 F 

Fragillaria F F F 

Frustulia F F 

Gomphonema. F 

Gyrosigma M F F F 

MelLosira ‘ F 

Meridion s S F 

Navicula F 5 5 5 

Nitzschia F F Ss 5 S 5 

Pinmilaria F F s s S F F F 

Pleurosigma s 

Stauroneis 8 M 5 8 M s F F 5 

Synedra Mu M M S M M S 5 S 

Tabellaria 5 F F 5 F 

Sarcodina 

Arcella F 

bifflugia F 

Mastigophora 

Bedo caudatus F F 

Chilomonas F 

Euglena acus F 

Euglena 
pisciformis F s F Ss F      



he 

TABLE 6 
(continued) 

  

Station 1 
  Organism 

6/22, 7/7) T/A 7/21 7/29) 8/10 «8/17 8/2 8/3 

  

  

Mastigophora (continued) 

Buglena minima F 8 

   

Euglena 
spirogyra F 

Euglena 
variabilis F 

Petalomonas F 

% 

Phacus F 

Infusoria 

Cinetochilum F KF 

Glaucoma 

Halteria 5 8 

Lionotus F 

yy
 
o
R
 

mM 

Nassula 

Oxytricha F 

Paramecium F 

Saprophylus F 

Uroleptus F 

Urostyla F 

Other Organisms 

ty
 “4 Chaetontus 

Cyclops Ss 

va
y Daphnia 8 F 

Larva F  
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TABLE 6 
(continued) 

Organism Station 1 

6/22/77 O7/2. 7/29, BIO «B/1T-—s 8/2h 8/32 

Other Organisms (continued) 

Nematode F F F F F 

Rotifer F 

Station 2 

Myxophyceae é 

Nostoc 5 

Oscillatoria F F 5 F F F 

Spirulina F F F F 

Bacillarieae , 

Amphora 

Brebissonia 5 F M 8 5 s 

Cocconeis F 5 5 5 s s 

Cymatopleura 5 F 

Denticula F F F 

Diatoma F F F 

Encyonema 5 F F Ss Ss Ss 

Frustulia F 

Gomphonema F F 

Gyrosigma 
F F 

Melosira 
5 s 

Meridion F F 

Navicula F 5 M 

   



  

Ly 

TABLE 6 
(continued) 

  

Station 2 
  Organism 

6/22 7/7 /ik 7/21 7/29 8/10 8/17 8/2 8/31 
  

Bacillarieae (continned) 

Pinnularia 

Stanuroneis 

Synedra 

Tabellaria 

Sarcodina 

Arcella 

Mastigophora 

Bodo caudatus 

Euglena acus 

Euglena 
granulata 

Euglena 
oxyuris 

Euglena 
pisciformis 

Euglena 
variabilis 

Glenodiniun 

Infusoria 

Blepharisma 

Bursaria 

Chilodoneila 

Chilophrya F 

Cinetochilum 

nA 
MW 

HW 
MH 

a,
 

y
o
m
 

U
r
 

f
y
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TABLE 6 
(continued ) 

  

Station 2 

6/22 7/7 With 7/2 7/29 8/10 8/17 8/2h 8/32 
  Organism 

  

Infusoria (contimed) 

Colpidium M M M M 5 

Cyclidium M M 

Dileptus M 

Enchelys 

Glaucoma M M 

Halteria 

y
o
o
h
 

mM 

n wn
 

n n n 

Lacrymaria 

Lionotus uM 5 F 

Metopus F 

Nassula F 

Oxytricha M 

Paramecium M Mu uM 

Philaster F 

Pleurotricha F 

Stylonychia M nl F 

Vorticella F 

Other Organisms 

Larva F F F 

Nematode F F F F 

Rotifer F 5 uM 5 5 

Tubifex § M      
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TABLE 6 
(continued) 

  

Organism 

Myxophyceae 

Oscillatoria 

Spirulina 

Chlorophyceae 

Chlorella 

Closteriun 

Cosmarium 

Pandorina 

Pediastrun 

Trochiscia 

Bacillarieae 

Amphora 

Brebissonia 

Cecconeis 

Cyclotella 

Cymatopleura 

Diatoma 

Encyonena 

Fragillaria 

Gomphonema 

Melosira 

Meridion 

Navicula 

  

Station 3 
  

6/22 7/7 T/ib er 1/29 8/10 8/17 

y
o
n
 

i
y
 

yw
 

oN
 

8/2h 8/31
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TABLE 6 
(continued) 

  

Station 3 

6/22 1/7 ~«6T/th = 7/22 7/29 8/0 BAN B/2h 8/32. 
  Organism 

  

Bacillarieae (continued) 

Nitaschia F F M 

Pinmlaria 5 F F F 

Stauroneis 5 5 s F F F 

Stephanodiscus F 

Synedra 8 8 s 5 S F F 

cn
 

Mastigophora 

Euglena M M 

Euglena acus F 

Euglena 
gramilata r 

Euglena 
minima M M uM 

Euglena 
oxyuris 

Euglena 
pisciformis F F F 

Euglena 
spirogyra 5 Ss 

Trachelomonas s 

Infuseria 

Cinetochilun 8 wi 

Chilodonella F 

Colpidium F F F F F 

Frontonia F 

Glaucoma s     
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TABLE 6 
(contimed) 

  

Station 3 
  Organism 
6/22 7/7 «Tf «7/21 «47/29 «8/10 «(8/17 «=—8/ah 8/31 
  

Infusoria (continued) 

Halteria 

Nassula F 

Oxytricha 

Paramecium M 

P, caudatum 

Saprophylus 

Stylonychia F 

Other Organisms 

Chaetontus 

Larva 

Nematode 

  

Station h 
  

Myxophyceae 

Oscillatoria F 

Rivularia 

Chlorophyceae 

Closteriun 

Cosmarium 

Pandorina 

Pediastrum F 

Trochiscia  
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TABLE 6 
(contimed) 

  

Station 
  Organism 

6/22 7/7) lh 7/22 7/29, BAO 8/17) 8/2h_— 8/31. 
  

Diatomaceae 

Brebissonia F s F s 8 

Coeconeis F Ss 

Cyclotella F 

Cymatopleura F 

Denticula F 

a 

Diatoma F F 

Encyonema F 

Gomphonema F 

Gyrosigma F F 

Melosira F F 

y 

Meridion 

Navicula F 8 S F 

Nitzschia F F F 

Pinnularia F F 8 8 s 

Stauroneis F F F 

s m 
yh 

mM
 

Synedra 5 S F 

Mastigophora 

Bodo caudatus 
F 

Carteria ¥ 

hy
 

Chilomonas 

Euglena M uM 

Englena acus 8 5 8 

Euglena deses F    
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TABLE 6 
(continued) 

  

Station h 
  Organism 

6/22, 7/7 Tf 7/2. 7/29, B/lO 8/17) B/2h 8/3 

Mastigophora (continued) 

Euglena 
minima s S S F 

Euglena 
oxyuris F 

Evglena 
pisciformis 5S s 8 s 

Euglena f 
splirogyra F 

Glenodinium F F s 

Infusoria 

Chilophyra F 

Cinetochilum S S 5 

Colpidium s M s 

Glaucoma M F u 

Halteria F 8 S F 

Holophyra F 

Liontus 
fasciola 

Paramecium F F F M M 

Saprophylus F 

B
N
 MH 

ON 

Stylonychia F 

Urocentrum PF 

Urostyla s . F 

Other Organisms 

Cyclops F  



51 

TABLE 6 
(contimed) 

  

Station 
  Organism 

6/22 7/7 7/1h 7/2. 7/29 8/10. 8/17) 8/28/31 
  

Other Organisms (contined) 

  

  

Larva F 

Nematode F F 

Tubifex 5 S S s M 

Station 5 

Myxophyceae 

Oscillatoria S S 

Chlorophyceae 

Closterium 5 F F F 

Clostridium F F 

Coelastrum F 

Cosmarium , S F 

Microspora 

fxs
 

Pandorina F 

Pediastrum F F 

Scenedesmus F 

Trochiscia s 

Bacillarieae 

Brebissonia M M M 

Cocconeis Ss F 

Cyclotella 

Cymatopleura F F   
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TABLE 6 
(continued) 

  

  

Station 5 

6/22 77 =6T/lh «07/2. 7/29) «B/10s«B/17—s«B/2hS 8/31 
  Organism 

Bacillarieae (continued) 

Diatoma M 

Encyonema 5 

Frustulia 

Gomphonena F 

Gyrosigma S$ 

~ 

Melosira 

Meridion 

Navicula M M uM M 

+ 
FS 

Wy 
mH 

yy
 

Nitaschia 

hy
 

ry
 

Pinmlaria 

Pleurosigma 

Surirella 

Stauroneis F M 5 

Synedra 

Tabellaria F 

Sarcodina 

Arcella F 

Mastigophora 

Bodo caudatus F 

Chilomonas F 

Eaglena F M 

Euglena acus F   ven esenmennseoe serait
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TABLE 6 
(continued) 

  

Station 5 
  Organism 
6/22 1/7 

Mastigophora (contimed) 

Euglena 
minima 

Euglena 
viridis 

Notosolenis F 

Infusoria 

Chilodon 

Chilophrya 

Cinetochilum 

Colpidium 

Cyclidiun 

Disematostoma §& 

Frontonia 

Glaucoma 

Halteria 

Loxophyllum 

Nassula 

Oxytricha 

Paramecium 

Saprophylus 

Spirostomim 

Stylonychia 

Uroleplus 

7/1 7/21 7/29 8/10 8/17 

* 

8/2h 8/31 
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TABLE 6 
(continued) 

  

Station 5 
Organism 

6/22 7/7) 7/1k 7/27/29 8/10 8/17) 8/2h 8/31 

Infusoria (continued) 

Urostyla 

Vorticella F 

Other Organisms 

Chaetontus F s 

Daphina ° 8 

Flatworm F 

Nematode F F 

Rotifer F F 
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TABLE 7 

BENTHCS ORGANISMS DISTRIBUTION 
  

  

Organism Encountered Organism Encountered 

Station Several Times Many Times 

1 Cocconeis 46M; 0 Oscillatoria My), 

(Before and in- 
cluding day sew~ Cyclops Ms 0 Stauroneis M 

age was diverted) - 
Daphnia M; 0 Synedra AM; 0 

Encyonena Oy 

Halteria 3,17 

Meridion 0 

Navicula M; 0 

Tabellaria 0O 

1 Cosmarium AM, Brebissonia 4M 

(After diverting 
sewage) Cyclops M; 0 Cocconeis AM; 0 

Denticula (No classification) Cymatopleura 1,19 

Encyonema 07 Gyrosigma 0 

Euglena minima o>, 3 Ky Oscillatoria My} 

Euglena pisciformis 6My3 Mg 193 Stauroneis M 

95,19 
Halteria 3,17 Synedra £M3 0 

Navicula M; 0 

Nitzschia M; 0 

Pediastrum 0 

Pinmilaria WM; 0 

Pleurosigma 01,3,19 

Spirulina P; 0 

Tabellaria 0  
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TABLE 7 
(contimed) 

Organism Encountered Organism Encountered 
Station Several Times Many Times 

2 Cymatopleura 07 4 Colpidium P73 It 
(Before and in- VY 73 N16 
cluding day sew- Englena oxyuris Al 3 Me; Ke Cyclidium & 
age was diverted) 1,195 153 SS 13,16 

Nostoc (No classification) Glaucoma My3,16 

Tubifex Pio; ale; AMS Paramecium My3,16 

Stylonychia 
(No classification) 

2 Bodo caudatus P73 .x.Mo3 Mc 7 Brebissonia 4M 

(After diverting ? 509919 ‘ 
sewage) Cocconeis 6M; 0 Colpidium P17; i P 173 #16 

Encyonema 07 Dileplus 09 

Euglena oxyuris M1193 Mg; Kg Lionotus M316 

Euglena pisciformis £3 Ms 193 Navicula M; 0 
0 
3919 Oxytricha P7173 My3,16 

Glaucoma M316 ; ? 
Rotifer P; M 

Halteria My3 517   Stylonychia 
Melosira M; 0 (No classification) 

Oscillatoria My), Tubifex P53 a Myo3 6uy5 

Pinnularia M; 0 

Stauroneis M 

Synedra 4M; 0 

Tabellaria 0 

Ginetochilum P; 4M Euglena M16 3 
(Before and in- 
cluding day sew- Cocconeis 4M; 0 Euglena minima 0) 53 Ke 
age was diverted) ? 

Encyonema OF Paramecium 3,16 

Glaucoma My3,16 

Pinmilaria M; 0  



  

57 

TABLE 7 
(continued) 

Organism Encountered Organism Encountered 

  

Station Several Times Many Times 

3 Saprophylus M73 
(contimed) 

Stauroneis HM 

Synedra AM; 0 

3 Brebissonia 4M Cinetochilum P3; 4M 
(after diverting 
sewage) 

(Before and in~ 
eluding day sew~ 
age was diverted) 

Cocconeis 6M; 0 

Cymatopleura 7,19 

Encyonema 07 

Euglena spirogyra 4%1,63 My,193 

95,19 
Halteria My3,17 

Meridion 0 

Pandorina 0 

Paramecium caudatum P3175 

alla 6,9,153 M3 
Saprophylus M3 

Stauroneis M 

Stylonychia (No classification) 

Synedra SM; 0 

Trachelomonas yg 

Trochiscia (No classification) 

Cinetochilum P; 4M 

Colpidium P73 lhe 

Euglena acus Ay 63 Mp 193 

95,19 
Euglena minima 01,53 Kg 

Euglena minima 01,63 Ky 

Nitzschia M; 0 

Z é 

Euglena M16 
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TABLE 7 
(continued) 

Organism Encountered Organism Encountered 
Station Several Times Many Times 
  

h Buglena pisciformis 4M; Mc_4o3 
(continued) 05,19 13 099195 

Synedra AM; 0 

Urostyla <M; AM 

h Brebissonia 4M Colpidium P73 M6 
(After diverting p 7 
sewage) Cinetochilum P; 4M Glaucoma Mq3,16 

Closterium 4M; 0 Paramecium 73,16 

Cocconeis 4M; 0 Stylonychia 
(No classification) 

Euglena acus (My 63 Ms 193 
95 19 ? ; Tubifex P10; «Myc; eis 

Euglena minima 01,53 Ks 

Euglena pisciformis 8M)3 Mc,19; 

95,19 
Glenodinium My93 O19 

Halteria 43,17 

Liontus fasciola My 3,16 

Navicula M; 0 

Nitzschia M; 0 

Pandorina 0O 

Pinnularia M; 0 

Saprophylus My43 

Synedra 4M; 0 

Trochisecia (No classification) 

5 Closterium 6M; 0 Brebissonia 6M 
(Before and in- . 
cluding day sew- Disematostoma 4M Diatoma 6M 

age was diverted) 
Oscillatoria My), Navicvla M; 0 
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TABLE 7 
(continued) 

Organism Encountered Organism Encountered 
Station Several Times Many Times 

5 Chaetonotus Myo Brebissonia SM 
(After diverting 
sewage) Cocconeis GM; 0 Euglena N46 

Colpidium Py75 M6 Navicula M; 0 

Cosmarium {My Stauroneis M 

Daphina M; 0 

Encyonema 07 

Glaucoma Mj3,16 

Gyrosigna 0 

Halteria 4My3 317 

Melosira M; 0 

Oscillatoria M, k 

Oxytricha P4735 M316 

Paramecium 0 

Trochiscia (No classification) 
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Stations 2 and 3 - Before diverting the sewage from above station 2, the 

mid samples contained only a sparse amount of diatoms. However, large num- 

bers of infusoria--such as Colpidium, Cyclidium, Glaucoma, Paramecium, and 

Stylonychia~--were identified with considerable regularity. 

After diversion of the sewage, an increased amount of the bacillarieae-~- 

Brebissonia, Cocconeis, Diatoma, Melosira, Navicula, Stauroneis, and Synedra 

--began to make their appearance. Euglena pisciformis became more abundant. 

Along with an increase in diatoms, after the sewage was diverted, table 7 

shows that there was a decrease in the number of pollutional indicators such 

as the ciliates. Some Oscillatoria were present. , 

Station | - The waters at this station were quite similar to those of 

stations 2 and 3. However, upon diverting the sewage from above station 2, 

the effluent from the new plant was discharged just above station , This 

effluent introduced a number of pollutional organisms in large concentrations 

some of which included Paramecium, Stylonychia, Halteria, Colpidium, Glaucoma, 

and species of Euglena. 

Station 5 - Only minor pollution, if any, found its way into the stream 

between stations and 5. In a distance of the approximate five miles be- 

tween stations ), and 5, there is a considerable drop; the stream had an 

opportunity to undergo “self-purification," especially in dissolved oxygen. 

The waters of station 5, at all times, were characterized by the presence 

of diatoms. Miscellaneous mastigophora and infusoria made an appearance from 

time to time. 

Conclusions 

The amount of algae and diatoms at station 1 indicates that this point 

was relatively free of pollution; therefore, it was well qualified to serve 

as a control station.
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Stations 2 and 3 began recovering after the stream was relieved of its 

pollutional load, This fact is evidenced by the decrease in the number of 

infusoria and the increase in the number of bacillarieae. 

Station h was receiving inereased pollution from the new sewage dis- 

posal plant. The fact that this station did clear up was not borne out by 

results from this test, 

% 
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CONCLUSIONS 

Results obtained from the data collected, on Stroubles Creek from 

June 22 to August 31, 1948, enables the author to make the following con- 

clusions. 

I The upper part of the stream between the old sewage treatment plant and 

the outfall of the new plant began recovering immediately upon being re-   lieved of the poorly-treated sewage. Results indicating this recovery 

are as follows: 

1. ‘Increased dissolved oxygen in water 

% 2. Decreased biochemical oxygen demand 

3, Increase in relative stability 

k. Decrease in carbon dioxide content 

5. Decrease in nitrite nitrogen 

6. Increase in nitrate nitrogen. 

II Although the upper part of the stream, as mentioned in I, started 

immediate recovery, complete "self-purification" did not begin until 

early in August. The beginning of complete recovery was evidenced by: 

1. Decrease in bacterial population 

2, Clean water micro-organisms began to replace pollutional 

indicators. 

3. Sphaerotilus natans and Tubifex decreased in number. 

III From the results obtained it is apparent that the new sewage treatment 

plant was not giving the desired treatment to the sewage during the first 

few weeks of operation. However, this is expected of a new plant that 

has not been properly seeded. The evidence is: 

1. Decreased dissolved oxygen 

2. Increased biochemical oxygen demand   
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3. Increased carbon dioxide content 

4. Increase in bacterial population. 

IV The waters at station 5 were at no time greatly affected by the sewage 

effluent that was discharged into the stream at points above station 5. 

Therefore, it is reasonable to conelude that the gradient and distance 

between stations | and 5 was great enough to allow the stream water to 

be sufficiently aerated in order to undergo "self-purification." 

V Results from the data collected indicate that the new treatment plant 

began to operate more efficiently in late August. This fact is borne 

out by the gradual clearing-up of the waters at station Le 

VI The author would like to see his investigation followed by a sinilar 

examination to prove conclusively whether or not the stream has com- 

pletely recovered. Should such a thesis be undertaken, the author 

would like to make the following recommendations concerning the sampling 

trips: 

1. Begin sampling at the same time of day on each sampling 

trip 

2, Start at the same station on each trip 

3. Determine the rate of flow of the stream and try to 

sample the same slug of water at each station. 
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TABLE 1 

DATA ON DISSOLVED OXYGEN BIOCHEMICAL, IGE DEMAND, 

Date D. 0. B.0.D. Relative Stability COp 
PePoMe Dep. % Demand Satisfied p.p.m. 

Station 1 

June 22, 198 90h 3.2 96 3.2 

July 7, 19)8 7.6 _ 96 302 

July 1h, 1948 6.4 3.8 96 5.8 

July 21, 19h8 5.0 2.4 99 / 6.9 

July 29, 198 5.0 3.2 99 B.7 
August 10, 1918 8.2 2.0 99 3.5 

August 17, 198 7.0 1.6 99 3.6 

August 2h, 19h8 8.0 0.8 99 1.1 

August 31, 19)8 5.8 2.2 - 1.9 

Date pipet PAO Tse FDenand Satisticd —popem. 
Station 2 

June 22, 1918 1.6 59.0 66.0 al 3.2 

July 7, 1948 1.0 wae ee 11 17-7 

July 1h, 19h8 0.8 69.0 102.0 1 2.9 

July 21, 19)8 2.2 3h.6 39.4 97 7.5 

July 29, 19h8 5.4 22.2 118.0 99 3.8 

August 10, 1948 8.2 hi. 105.8 99 3.4 

August 17, 198 7.2 18.2 75.5 99 3.0 

August 24, 198 7.6 No Di1.(1.37) 99 1.9 

August 31, 19))8 6,2 No Dil.(h.8) - 3.4 

  

  

  
 



  

  

  

  

  

(aE Ly | 

Dat 2s, as YS SS SRE ee 
Station 3° 

June 22, 198 2.2 16.0 9,25 37 5.3 

July 7, 198 3.6 ma ee ii 13.3 

July 1h, 198 1.8 h1.0 © 88.0 50 19.7 

July 21, 19)8 5.8 29.0 77.20 50 8.7 

July 29, 1948 7.2 66.0 160.0 99 2.0 

August 10, 198 8.8 19.8 126.5 99 1.5 
August 17, 198 8.8 41.7 86.8 99 0.6 

August 2, 19)8 9.2 No Di1.(5.2h) 99 00 

August 31, 1948 7.8 No Dil.(6.6) -- 00 

Station 

June 22, 19,8 4.0 6.0 26.0 92 4.76 

July 7, 1948 5.6 -—- 96 14.75 

July 1h, 1948 5.0 33.0 89.0 96 21.34 

July 21, 198 3.8 49.6 171.0 21 19.10 

July 29, 1918 Soh 26.3 107.9 92 2.07 

August 10, 1918 7h 27.) 54.8 86 3.25 

August 17, 19,8 7.6 30.6 55.7 99 1.77 

August 2h, 198 8.0 12.8 20.75 99 0.00   
August 31, 19h8 5.6 . 33.0 5.0 6h. 2.95 
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TABLE 1 
(continued) 

  

  

Date D. 0. B.O.D. Dilution Relative Stability CO 
PePeMe W1o 1/25 % Demand Satisfied  p.p.m. 

Station 5 

June 22, 1918 7.2 5.2 96 h.2 

July 7, 19h8 8.2 =~ 96 5.2 

July 1h, 198 8. 50.0 96 5.6 

July 21, 19h8 9.2 18.2 99 0.30 

July 29, 19h8 9.0 31.8 99 00 

August 10, 1918 8.4 h2.4 99 , 00 

August 17, 1918 8.6 25.h 99 00 

August 2h, 1918 8.h 3.2 99 oo 

August 31, 1948 8.2 7.6 No.Dil.(8) -- 00 
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TABLE 2 

DATA ON ALKALINITY, pH, TEMPERATURE, AND CHLORIDES 
  

  

  

  

  

HC03 Alk. M.O. Alk. Temporetare Chlorides 
Date ppm as HCO, ppm as CaCO; pH c° ppm. 

Station 1 

June 22, 198 21h 178 7.6 25.0 28 

duly 7, 1948 20h 167 7.6 2he5 31 

July 1h, 198 193 158 7.6 2.0 36 

duly 21, 198 192 157 7h 2.5 56 

duly 29, 198 199 163 7.6 23.0¢ 46 

August 10, 198 2h8 20h, 7.5 19.0 20 

August 17, 1918 2h6 201 7.6 18.5 23 

August 2h, 1918 227 186 --~ 22.5 29 

August 31, 19h8 214 176 7h 21.5 — 21 

Station 2 

June 22, 19)8 27h 225 Toh 2h.0 125 

July 7, 19h8 291 238 7.3 23.0 30 

July 1h, 19h8 276 227 7.3 23.5 37 

July 21, 198 23h 192 7.3 22.5 7 

July 29, 198 219 180 Toh 22.0 6 

August 10, 19:8 239 196 7.6 18.8 19 

August 17, 19)8 253 208 7.6 18.0 26 

August 2h, 19L8 26 202 --- 22.0 31 

August 31, 198 220 180 7.5 20.5 23 
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(continued) 

HC03 Alk. M.O. Alk. Temperature Chlorides 
Date ppm as HCO, ppm as CaC0, pH ce p.p.m. 

Station 3 

June 22, 198 288 236 7.6 2h,.0 26 

July 7, 1948 272 223 7.5 22.2 21 

July 1h, 198 274 22h 7.6 22.5 28 

July 21, 19))8 2h7 202 7.6 2h.0 35 

duly 29, 19))8 23 199 7.5 22.0 30 

August 10, 1918 2,6 202 7.6 19.0 ° 13 

August 17, 1948 229 188 7.6 17.5 22 

August 2), 19))8 2)2 198 --- 22,0 22 

August 31, 198 2h2 198 7.6 19.3 16 

Station h 

June 22, 198 262 215 7.2 23.0 17 

July 7, 198 272 222 7.6 20.5 16 
July 1h, 1948 25 208 7.6 21.5 2h 

July 21, 198 279 228 7.5 24.5 28 

duly 29, 19h8 268 219 7. 22.0 26 

August 10, 198 25k 208 an 18.0 12 

August 17, 1948 27h 226 7.6 18.0 27 

August 24, 198 256 210 one 21.0 20 

August 31, 198 275 226 7.6 20.0 17 
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(continmed) 

HCO3 Aik. M.O. Alk. Temperature Chlorides 
Date ppm as HCOz ppm as CaC03 pH c° P-p.m. 

Station 5 

June 22, 19)8 206 169 7.6 23.0 13 

July 7, 198 2hh 200 7.6 20.5 1h 

July 14, 1948 226 186 7.7 21.0 21 

July 21, 19)8 222 182 7.6 25.0 21 

July 29, 19)8 230 189 7.6 22.0 23 

August 10, 19))8 225 18h, 7.6 17.0 : 11 

August 17, 1918 255 210 7.6 18.0 15 

August 2h, 1918 219 180 --- 20.0 16 

August 31, 19)8 23h 196 7.6 19.0 B 

  

    
 



  

70 

TABLE 3 

DATA ON NITRITE NITROGEN, NITRATE NITROGEN, AND TOTAL SCLIDS 
  

  

  

  

T = Total 

= Fixed 

= Volatile 

Nitrites Nitrates Total Solids 
Date ppm as N. pepem as N. T. F, Vv. 

Station 1 

June 22, 19))8 0,03 4.0 388 2h8 140 

July 7, 19h8 0.0h5 0.3 320 153 167 

July 1h, 1948 0.001 | 0.3h 448 356 92 

July 21, 19h8 0.07 0.6 60 372 88 

July 29, 19h8 0.05 0.18 380 280 100 

August 10, 198 0.03 2.88 417 21 176 

August 17, 1948 0.04 1.68 12 3h0 72 

August 2h, 19)8 0.047 1.00 72 376 96 

August 31, 1948 0.037 0.60 ho8 3hk 64 

Station 2 

June 22, 198 0.05 0.28 605 369 236 

July 7, 1948 0,005 "0.22 Wh7 2h7 200 

July 1h, 19)8 0.0005 0.08 596 512 8h 

July 21, 198 0,09 0.h0 556 1,68 88 

July 29, 198 0.05 0.60 507 231 276 

August 10, 19)8 0.03h 2.60 507 519 188 

August 17, 19h8 0.0L5 1.60 528 le 116 

August 2h, 19h8 0,039 1.40 556 136 120 

August 31, 1948 0,0h2 1.52 52h 36h 160 
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(continued) 

Nitrites Nitrates Total Solids 
Date ppm as N. ppm as N. qT. F, Vo 

Station 3 

June 22, 1918 0.10 0.60 560 hho 120 

July 7, 198 0.06 0.12 307 19) 113 

July lh, 19)8 0.00025 0.12 5h0 h6h 76 

July 21, 1918 — 0.20 528 388 140 

July 29, 19)8 0.08) 0.20 hs 316 132 

August 10, 1948 0.045 2.00 160 280 180 

August 17, 19))8 0.068 1.0 1h3 W 32 

August 2h, 198 0.13 2.00 568 72 96 

August 31, 1918 0.133 1.20 92 320 172 

Station 

June 22, 19)8 0.h5 2.00 132 392 ho 

July 7, 1948 0.30 0.16 387 2h 146 

July 1h, 198 0.00075 0.12 56k 488 6 

July 21, 19h8 0.75 | 0.0h 536 456 80 

July 29, 19)8 0.18 0.52 1,88 296 192 

August 10, 19))8 0.06k 2.20 52 296 156 

August 17, 198 0.22 1.60 68 388 80 

August 2h, 198 0.13 2.00 6h0 48h, 156 

August 31, 1918 0.1135 0.68 655 W3 212 
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( continued) 

Nitrites Nitrates Total Solids 
Date pepom. as N. Pepem as N. T. F, v. 

Station 5 

June 22, 19h8 0.07 4.00 353 2ho 112 

July 7, 198 0.065 0.30 360 2h7 113 

July 1h, 1948 0.0005 0.36 93 hOL 92 

July 21, 19)8 0.75 2,00 76 360 16 

July 29, 19h8 0.013 0.68 38 232 116 

August 10, 19h8 0.090 1.18 400 256 Uh 

August 17, 19h8 0.093 1.80 3h2 276 76 

August 2h, 198 0,25 2.00 50h 38h 120 

August 31, 198 0.05 1.80 368 248 120 
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TABLE ) 

TOTAL COUNT DETERMINATIONS 

(Number of Organisms/1 mi.) 

  

Date Station 1 Station 2 Station 3 Station Station 5 
  

6/22/h8 he 27,500 7,000 1,500 260 

1/7/48 190 110,000 55,000 3,500 2, 1,00 

7/1bL/L8 270 5,000, 000 80,000 25,000 8,500 

7/21/18 3,000 15,000 2,L00 60,000 3,000 

7/29/8 2,300 45,000 30,000 130,000 * 23,000 

8/10/18 7,000 25,000 15,000 210,000 4, 800 

8/17/48 600 1,100 4,900 35,000 3,300 

8/2h/L8 950 3,250 1,200 425,000 h,, 000 
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TABLE 5 

MOST PROBABLE NUMBER OF COLIFORM ORGANISMS PRESENT/ML. 

  

  

Date Station 1 Station 2 Station 3 Station h Station 5 

6/22/18 il 210,000 2ho, 000 2h, 000 -—--#* 

7/7/48 2,100 2,00, 000 230,000 2h0, 000 oan 

7/1h/U8 230 2,00, 000* 20,000 20,000 23,000 

7/21/48 2,),00 23,000 230, 000 230, 000 23,000 

7/29/K8 230 23,000 230,000 2,1)00, 000 23,000 

8/10/18 230 2,300 ----* —-2,),00,000° 2h, 000 

8/17/48 230 230 2,400 23,000 2,300 

8/24/18 230 2,400 mnt 20,000 2h, 000 

  

*Insufficient dilutions  
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