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INTRODUCTION 

The increasing population and industrialization of 

today is placing greater demands on the nation1s water re-

sources than ever before. The present problems of waste 

disposal and water pollution emphasize even more the need to 

reclaim a portion of our water for reuse. Even before 

the beginning of recorded history, man disposed of a large 

portion of this waste material by placing it either on the 

land surface or covering it with soil (9). Another rapid and 

inexpensive method of disposal of large volumes of waste was 

simply to discharge it into natural streams. However, this 

method has caused extensive problems of pollution of surface 

waters. 

In 1947, the Hanover Canning Company of Hanover, Penn-

sylvania introduced a method for disposal of industrial wastes 

by spraying the overflow from their purifying lagoons onto a 

field (11). Following the success of this method, plus the 

generally known phenomenon that naturally polluted waters can 

be purified by passage through soil, Thornthwaite designed 

his first "natural filtration system" to treat vegetable 



canning plant effluents at Seabrook Farms, Seabrook, New 

Jersey during 1949 and 1950 (6), In this original install-

ation, liquid plant wastes were sprayed on forest lands. 

Subsequent investigations showed that wooded land with 

semi-permeable soil was not necessarily required as at 

first thought. In 1953, Thornthwaite designed his first 

"overland flow" waste treatment system for food processing 

wastes in Chambersburg, Pennsylvania. At this location, 

the soil was shallow and underlain with impervious shale (6). 

This new method of waste treatment was as successful as the 

earlier "natural filtration" system, but was different in 

that the effluent flowed over inclined grassy terrain 

instead of percolating vertically into the soil of a forest 

floor. 

The Campbell Soup Company first employed Thornthwaite's 

overland flow method of waste treatment at their plant in 

Napoleon, Ohio in 1954. Routine plant effluents were sprayed 

on a soil consisting of silt and clay (6). In 1964, The 

Campbell Soup Company started canning plant operations in 

Paris, Texas. Most of the land on which this plant is 

located was originally used for the cultivation of cotton. 

Improper soil management led to severe sheet and gully 



erosion and eventually to the abandonment of the land for this 

purpose around 1940. Most of the soil at this location was 

gray clay loam overlying a red clay subsoil. The infiltration 

rate was slight, and the runoff factor exceptionally high (17). 

When this land was acquired by The Campbell Soup Company in 

1960, much of the top soil had been stripped away and erosion 

had rendered the soil useless. The natural vegetation at this 

time consisted mostly of brush and small trees (15). By using 

heavy earthmoving equipment, the erosion problems were eliminated 

and the slopes were smoothed and planted with strains of 

Reed Canary Grass, Red Top, and Fescue (northern high moisture 

resistant grasses). At the present time, Reed Canary Grass 

is the predominant variety found. When the grass was established, 

terraces were spaced at 200-300 foot intervals downslope. 

Underground and above-ground piping and spray nozzles were 

installed during this time, and the grass on the slopes was 

fertilized and irrigated with fresh water. 

The disposal system then began operation in 1964. 

Currently, up to 3.6 million gallons of water is discharged 

daily onto approximately 500 acres. The waste water from 

the preparation of various food products goes through a gravity 

grease separator and is screened to remove large pieces of 



vegetable matter. The effluent is then pumped under high 

pressure to the disposal fields. In a 24 hour period, the 

effluent is sprayed continually on the fields for 6 or 8 

hour cycles, with 18 or 16 hour periods in which no effluent 

is applied. The waste water applied to the disposal fields 

contains approximately 550-900 ppm BOD (15). The Robert S. 

Kerr Water Research Center has conducted hydrological and 

chemical studies on this operation and found a 99 per cent 

reduction in BOD, a 90 per cent reduction in COD, a reduction 

of 95 per cent of suspended solids, 85 per cent of the total 

organic carbon, and a 90 per cent reduction in nitrogen and 

phosphorus (3). 

Organic material in the waste water is thought to be 

removed by adsorption onto the soil and biological action 

of microorganisms in the humus of the upper soil layers and 

the vegetative ground cover present. 

Jones and Nichols (5,8) made a quantitative and qualitative 

study of this degradation process as it involved the micro-

organisms found in the soil of the fields. The microorganisms 

present in the soil were thought to be responsible in part for 

the degradation of this effluent. Jones found that larger 

populations of organisms were found associated with the soil 



of the spray fields as opposed to soil at the same location 

which was not exposed to effluent sprays. Jones also found 

that no major shifts in relative abundance of the various 

types of organisms examined occured on the spray fields. 

This indicated that this part of the purification of the 

effluent was due primarily to an increase in the total soil 

microbial population in response to the additional nutrients 

of the plant effluent (5). Nichols similarly found that no 

one organism or group of organisms was responsible for this 

part of the degradative process. These findings indicated 

that this part of the degradation was accomplished by an 

increase in number of all microbial populations caused by 

added nutrients in the soil in the form of the effluent (8). 

Eubanks (2) also studied the microbial activities in the 

soil of the spray fields. This worker was of the opinion 

that the system operating in this disposal field is a complex 

one involving many variables. Marked differences in microbial 

activities were found to exist among the areas of the disposal 

field, suggesting to this worker that the system was operating 

at low efficiency (2). 

One problem that has been encountered involving the 

overland flow spray irrigation technique of waste disposal 



is that from time to time, especially during periods of 

overloading, a layer of impervious scum or slime covers the 

soil. This supposedly renders the system less efficient in 

the purification of the material being treated. However, 

it is not known if this is the cause of the loss of purification 

efficiency or the result of poor purification. It has been 

found that a biological matrix develops in surface soil 

when only plain water is applied. However, nutrient-containing 

effluents promote profuse zoogleal growths that reduce the 

surface area of the soil (15). A systematic dessication 

cycle of the soil surface has been feasible and natural 

method for controlling this biological surface film. Drying 

breaks down these colloidal membranes and by aggregation of 

these drying membranes, a rather slow return of purification 

efficiency results., 

It was the purpose of this investigation to determine 

(1) what organisms are associated with the formation of this 

slime layer, (2) if certain chemical factors in the environment 

either enhance or retard formation of the slime layer, (3) 

whether or not there are certain chemical factors which are 

detrimental to slime formation, yet not detrimental to 

purification, or that perhaps enhance purification, (4) whether 



or not there are chemical factors which enhance purification 

of the effluent without preventing slime formation, and 

(5) what effects the chemical treatments have on the micro-

bial flora of the soil system. 



MATERIALS AND METHODS 

In this investigation, both field studies at the Campbell 

Soup Company site and laboratory studies were carried out. 

Since the chemical treatments to be tested could not be 

conveniently conducted in the field, a laboratory model 

simulating the field conditions was constructed (Fig. 1). 

This model consisted of eight channels measuring 10"x3.5"x3.5" 

filled with soil from one of the spray irrigation fields at 

the Paris location. These channels were enclosed in a single 

structure which also included collection troughs for each 

channel so that the treated effluent from each field was 

collected separately. Outlet holes were located in these 

collection troughs so that the treated effluent could be 

collected in glass beakers for analysis. This entire structure 

was inclined to give a slope of 3 per cent, to further 

simulate field conditions. In initial experiments, it was 

found that the flow of water over the surface was not even, 

and that continued use under these conditions would lead 

to channeling and erosion of the soil surface. In order 

to overcome this effect, ordinary glass microscope slides 

8 



Fig. 1—Laboratory model 
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were cut in half longitudinally and then inbedded in the 

channels at approximately 2-inch intervals. They were allowed 

to protrude above the soil about % of an inch, forming a 

dam, so that the soil behind each dam was covered uniformly 

with effluent-

Plant effluent from the Campbell Soup Company at Paris, 

Texas was collected in twenty-liter plastic containers and 

transported back to the laboratory in Denton. Upon arrival, 

the containers of effluent were stored at 6 C until needed. 

Prior to being used on the simulated fields of the laboratory 

model, the refrigerated effluent was filtered through Whatman 

#3 filter paper to remove suspended solids that might obstruct 

the feed lines of the model. This filtrate was supplemented 

with 0.50 per cent of a 10 per cent aqueous solution of 

3-parts beef extract (Difco) and 1-part phytone (Difco), 

giving a final concentration of 0.05 per cent. This supplement-

ation was necessary to bring up the level of chemically 

oxidizable carbon to the level found in the fresh unfiltered 

plant effluent. The chemicals to be tested were then added 

to aliquots of the effluent in aspirator bottles (one for 

each channel of the model), which were then sterilized by 

autoclaving for 15 minutes at 121 C. 
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After cooling, the aspirator bottles containing the 

effluents were placed on a shelf 1.5 feet above'the treatment 

fields or channels. Rubber tubing was run from the bottom 

outlet of each of the aspirator bottles. This tubing was 

connected to a stopcock with another length of rubber tubing 

that terminated in a piece of glass tubing with a capillary 

outlet. The effluent was allowed to drip from this dispensing 

apparatus into aluminum weighing dishes with outlet holes 

slightly above the soil surface of the channel, so as to make 

a uniform distribution of the effluent over the channel 

while avoiding erosion. The flow rates of the effluent out 

of the dispensing apparatus were controlled by adjustment of 

the stopcocks. Two flow rates were used, IX (200 ml/6 hours), 

and 2X (400 ml/6 hours). The IX rate corresponded to about 

one-half the normal rate employed at the Paris, Texas field 

operation. This was considered the control rate, in that 

good purification of the effluent could be achieved at this 

rate over prolonged periods of time. The 2X test rate was 

roughly equivalent to the normal rate used at the Paris, 

Texas plant and simulated overloading of the test fields. 

The effluent was added for a period of 6 hours with a subsequent 

period of 18 hours during which no effluent was added. The 
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model was illuminated for 8-10 hours daily with two 75 watt 

incandescent bulbs in reflecting lamps placed 2 feet above 

the ends of the channels. The first 25-50 ml of runoff 

from the fields was discarded, since it frequently contained 

solid particles that were washed from the soil of the channel. 

The remaining runoff from each field was then allowed to 

collect in the beakers and was analyzed as described later. 

Before the various chemical treatments were started, all 

fields were run with untreated effluents for a period of two 

weeks to establish the the degradative characteristics of the 

fields. One channel was run at the IX rate, and the other 

test fields were run at the 2X rate. 

Several parameters were studied using the laboratory 

model. First of all, the levels of oxidizable carbon of the 

effluents were determined by acid-dichromate reduction according 

to the method of Neish (7). This test was run daily from 

Monday through Friday of each week. The levels of nitrate, 

nitrite, and ortho-phosphate were tested three times weekly. 

The Brucine method was employed for the determination of the 

nitrate levels (13). Nitrite was determined by the method of 

Skerman (12,13), and the stannous chloride method was used 

for the determinations of ortho-phosphate (13). Qualitative 
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tests were run for ammonia-nitrogen using the p-nitro-aniline 

mtthod (4). The pH of the effluents was measured daily 

using a Sargent Model LS pH meter. 

Field studies were conducted to study the actual slime-

formation phenomenon. Samples of surfae slime, matted slime, 

and a 3"x3"x2" soil sample (as used by Jones and Nichols in 

their study) from the test fields at Paris, Texas were taken, 

placed on ice, and then returned to the laboratory at Denton 

for qualitative and quantitative examination of the micro-

organisms present. The samples were first examined micro-

scopically, and then selective media were employed to quantitate 

the different segments of the total microbial population 

which were chosen for enumeration. Those segments of the 

total population chosen for these preliminary field studies 

were the aerobic heterotrophic bacteria and fungi. The aerobic 

heterotrophic bacteria were grown on modification of Pramer's 

medium as described by Jones and Nichols (5,8). Fungi were 

enumerated on Rose-Bengal medium as described by Cooke (1) ". 

At the conclusion of the study of the chemical treatments 

utilizing the laboratory model, samples were taken of the soil 

in each of the channels. These samples were then studied 

with regard to the numbers and types of microorganisms present. 
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The aerobic heterotrophic bacteria and fungi were enumerated 

as outlined above. In addition, Streptomyces, algae, and 

non-symbiotic nitrogen fixers were also enumerated. Strepto-

myces were determined by the method described by Pramer (10). 

Algae, were grown in a mineral salts medium in the presence 

of continuous light by the Most Probable Number Method of 

Burtok (11). The non-symbiotic nitrogen fixing bacteria 

were grown on the medium of Augier as modified by Vela and 

Wyss (16). 

In order to enumerate the various populations, a 10 gram 

sample of the soil was added to 90 ml of sterile water and 

from this initial dilution serial dilutions were then made. 

Quadruplicate spread plates were made using 0.4 ml of each 

of the three dilutions for each type of selective medium used. 

The aerobic heterotrophic bacteria plates were incubated at 

30 C and counted after 36 hours. The fungi were incubated at 

room temperature for 72 hours. The non-symbiotic nitrogen 

fixers and Streptomyces were incubated at 30 C for 72 hours. 

To estimate the algal population, a one ml aliquot from each 

of the three dilutions was added to each tube of algal medium. 

The algal tubes were incubated at room temperature in constant 

light for four weeks before counting. 



RESULTS AND DISCUSSION 

Field Studies 

The preliminary study of the formation of the slime 

layer was conducted on samples taken from the Paris, Texas 

site. Microscopic examination of this impervious mat 

indicated that the bulk of the living matter making up this 

layer was actually due to the filamentous blue green alga, 

Oscillatoria. However, the bacterial and fungal populations 

were also found to be very high. The results of the enumeration 

of the aerobic heterotrophic bacteria and fungi with regard 

to number and variety are found in Tables I, II, and III. 

The number of these two types of microorganisms found in the 

samples of slime and of the impervious layer or mat was 

approximately ten times that found in the normal two inch deep 

soil sample as described previously, when considering the 

number of organisms on a wet weight basis, and 60-70 times 

as many organisms on a dry weight basis. In these three samples, 

the percent of the total population accounted for by 

the three most predominant genera of bacteria indicated 

that a very heterogenous population of aerobic heterotrophic 

15 
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TABLE I 

FUNGI AND AEROBIC HETEROTROPHIC BACTERIA IN SOIL, 
SLIME, AND MAT SAMPLES TAKEN FROM 

PARIS, TEXAS FIELDS 

Sample % Water % Solids 

#orgs/gm dry 
weight (10 ) 

#orgs/gm wet 
weight (10^) 

Fungi AHB Fungi AHB 

Normal 
(Soil) 

1 31.9 68.1 0.04 9.35 0.03 6.37 

2 39.0 0.03 0.03 117.52 0.02 71.69 

Ave 35.5 64.6 0.035 63.44 0.025 39.03 

Slime 

1 77.8 22.2 0.60 2472.97 0.13 549.40 

2 90.8 9.2 0.38 4791.95 0.03 440.86 

Ave 84.3 15.7 0.49 3632.46 0.08 495.13 

Mat 

1 88.9 11.1 0.77 3838.91 0.09 426.12 

2 92.2 7.8 0.56 4543.97 0.04 354.43 

Ave 90.6 9.4 0.67 4191.44 0.065 390.28 
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TABLE II 

PREDOMINANT AEROBIC HETEROTROPHIC BACTERIA 
OF PARIS, TEXAS FIELDS 

Sample Organisms Approximate % 
of Population 

Normal Lot 

Slime 

Mat 

1 Brevibacterium 
2 Achromobacter 
3 Pseudomonas 

7.36 
5.26 
3.15 

1 Brevibacterium 
2 Flavobacterium 
3 Brevibacterium 

9.34 
5.61 
2.80 

1 Flavobacterium 
2 Azotomonas 
3 Aerobacter 

13.41 
2 .68 
1 . 2 1 

1 Achromobacter 
2 Escherichia 
3 (Unidentified) 

2.27 
1.97 
1.51 

1 Pseudomonas 
2 Alcaliqines 
3 Flavobacterium 

2.98 
2.83 
2.04 

1 Pseudomonas 
2 Achromobacter 
3 Flavobacterium 

1.70 
1.51 
1.13 



Normal Lot 

Slime 

Mat 
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TABLE III 

PREDOMINANT FUNGI OF 
PARIS, TEXAS FIELDS 

Sample Organisms Approximate % or 
Fungal Population 

1 Pseudogymnoascus 
2 Cephalosporium 
3 (Lost) 

59.09 
9.09 
6 . 8 1 

1 Dark Mycelium Sterile 
2 Pale Mycelium Sterile 
3 Hormodendrum 

16.12 
9.67 
6.43 

1 Oidium 
2 Alternaria 
3 Hormodendrum 

75.37 
2.01 
1.50 

1 Oidium 
2 Stemphylium 
3 (Lost) 

55.76 
5.76 
3.84 

1 Oidium 
2 Mucor 
3 Penicillium 

47.65 
3.90 
3.12 

1 Hormodendrum 15.38 
2 Dark Mycelium Sterile 9.23 
3 Pale Mycelium-Chlomydospore 6.15 
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bacteria were present (Table II). With regard to the fungi, 

the heterogeneity of the population, as represented by the 

three most numerous genera, seemed less than with the 

bacteria (Table III). In three out of four cases, the slime 

and mat samples indicated a predominance of Oidium. The 

types of organisms found within these groups were not much 

different than those previously reported by Jones and 

Nichols (5,8). 

Laboratory Studies Concerning the Effect of 
Chemical Pre-Treatments of the Effluent 

Effect of Nitrate, Phosphate, Trace Metals, Copper 
Sulfate, and pH on Slime Layer Formation 

and Efficiency of Treatment 

Table IV illustrates the effect of these treatments on 

the ability of the test fields of the laboratory model to 

remove oxidizable carbon from the effluent. There are three 

things immediately apparent from this table. First, although 

the pH of the effluent applied to the test fields averaged 

about 4.37 (except for field 7 where the pH of the effluent was 

previously adjusted to pH 7.0) the effluent coming off of 

the test fields invariably averaged about 7.0. This is the 

normal finding under field conditions at the Paris, Texas 

operation, and thus is an indication that the fields of 
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the laboratory model are at least approximately actual field 

conditions. The only exception to this was the lot with 

KH2PO4 added. The lower pH of the effluent from this lot was 

probably due to the buffering capacity of the phosphate. 

Secondly, it is apparent from this data that the only chemical 

pre-treatment which had any effect in increasing the capacity 

of the fields to remove assimilable carbon from the effluent 

was the addition of nitrate. This may be due either to it 

merely acting as a terminal electron acceptor for anaerobic 

respiration, or it may reflect a nitrogen deficiency in the 

plant effluent. The third observation that can be made from 

this data is that copper sulfate added at a concentration 

of 0.5 ppm once weekly did not affect the purification 

efficiency. However, visual observation indicated the growth 

of the blue-green algal mat was prevented on this field, 

although a thisn layer bacterial growth was evident. The 

implication is that perhaps periodic addition of copper 

sulfate to the effluent could be useful in controlling 

formation of a mat without any loss in purification efficiency. 

The data in Table IV is an overall average of 20 samples 

covering a period of 30 days. Figures 2, 3, and 4 illustrate 

this data and show that the reduction in oxidizable carbon 



TABLE IV 

EFFECT OF NITRATE, PHOSPHATE, TRACE METALS, COPPER 
SULFATE AND pH ON SLIME LAYER FORMATION AND 
EFFICIENCY OF TREATMENT OF LABORATORY MODEL 

21 

Lot Treatment Flow 
Rate* 

pH Field 
Effluent** 

% Carbon 
Removed 

Algal Ma1 

1 None lx 7.26 46.52 + 

2 None 2x 6.84 36.37 + 

3 0.5% 
KH2P04 2x 6.22 33.81 + 

4 0.1% 
NaN03 2x 7.33 44.70 -F 

5 0.05% 
KH2PO4 

0.10% 
NaN03 

2x 6.72 35.54 4-

6 Trace 
Metals*** 2x 6.78 32.87 + 

7 pH 7.0 2x 7.11 35.31 •f 

8 CuS04**** 2x 6.99 • 36.65 -

*lx-200 ml/6 hours, 2x=400 ml/6 hours. Once a day 

**Except for lot 7, the pH of the effluent added was on 
the average 4.37. 

***Metals used were Mg++, 0.2 gm/1 as MgS04-7H20, Fe++, 
0.001 gm/1 as FeS04-7H20, K+, 0.04 gm/1 as KCl, Ca++, 0.015 
gm/1 as CaCl2, Cu++, 5 ug/1 as CuS04.5H20, B+++, 10 ug'l as 
H3BO3, Mn++, 10 ug/1 as MnS04.5H20, Zn++, 70 ug/1 as ZnS04.7H20; 
Mo+++, 10 ug/1 as MoO^. 

****CuS04 added at a level of 0.5 ppm once a week. 
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over this period was highly variable. On close inspection 

of these figures, it can be seen that there is a distinct 

decrease in purification ability on all channels from 

approximately the ninth through the twentieth day. However, 

if one divides the overall data into three segments (day 1 

through 8, 9 through 20, and 21 through 30) and averages 

them separately (Table V) the above conclusions still appear 

valid. Therefore, even when the fields were performing 

poorly, the effect of nitrate and copper sulfate were still 

evident. 

From this data it should also be noted that the addition 

of phosphate by itself had neither a beneficial nor a detri-

mental effect on purification. However, phosphate appeared 

to prevent nitrate from exerting any effect on the purification 

efficiency. The reason for this is not known. 

The material balance of effluent treated with nitrate 

and phosphate is recorded in Table VI. Total accountability 

was obtained with the nitrate. Of the total nitrate added to the 

field, approximately 20 per cent was converted to nitrite 

with the remaining nitrogen remaining as nitrate. Spot tests 

for ammonia and amino nitrogen indicated that less than 10 ug/ml 
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TABLE V 

TREATMENT EFFICIENCY DURING THREE SEPARATE 
TIME INTERVALS* 

Lot Treatment Flow 
% Carbon Removed 

Rate Day 1 to 8 Day 9 to 20 Day 21 to. 30 

1 None IX 42.66 32.29 61.36 

2 None 2X 45.62 25.49 41.22 

3 0.05% 
KH2P04 2X 39.07 24.18 40.15 

4 0.10% 
NaNC>3 2X 34.43 35.63 59.05 

5 0.05% 
KH2PO4 

0.10% 
NaN03 

2X 34.77 16.80 48.41 

6 Trace 
Metals 2X 36.18 22.43 33.87 

7 pH 7.0 2X 43.54 26.76 37.90 

8 CuS04 2X 39.20 28.00 39.85 

*See Table IV for explanation of Treatments 
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were present in the field effluent. The premise that the 

nitrate addition to the effluent increased purification 

due to a nitrogen deficiency in the effluent rather than 

acting as a terminal electron is not supported by these data, 

because 100 per cent of the nitrogen added was found in the 

effluent. Rather, the presence of nitrite in the effluent 

indicated that the nitrate was a terminal electron acceptor. 

It is possible that if only a few per cent of the nitrate 

added were taken up into cellular material, then this would 

be within the experimental of the assay, and thus could not 

be detected. 

The accountability data obtained with the phosphate 

indicated that approximately 15 per cent of the phosphate 

was retained on the field. Whether this was due to absorb-

tion onto the soil or to uptake by microorganisms is not 

known. It was noted that the field that received the phosphate 

treatment had a heavy covering of algae on the surface, 

perhaps accounting for at least part of this uptake. 

Time and space did not permit the use of replicate 

treatments, so interpretation of data at this point should 

be approached with some caution. 
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Effect of Nitrate and Copper Sulfate Alone at 
Various Levels and in Combination 

Because of the results obtained from the above set of 

experiments, a second series of experiments (using the same 

soil as in the first set) was designed to investigate more 

closely the use of nitrate and copper sulfate as additives 

to the effluent. Nitrate was added at the previously studied 

level, at h that level (0.05 per cent), and at % that level 

(0.025 per cent). Copper sulfate was added at the previously 

studied level and at h that level. Table VII illustrates 

the levels and combinations of these chemical pre-treatments 

and the experimental results obtained. Figures 5 and 6 

show the data graphically. The tests were run in the same 

manner as the previously discussed set of experiments for 

a period of 12 days. These results essentially confirm 

those obtained in the first set of experiments. It is 

apparent that nitrate was also effective at h the previously 

studied level, i.e. it was beneficial at levels of 0.025 

per cent or more. The addition of copper sulfate along 

with nitrate did not interfere with the action of the nitrate. 

However, this period of time was not of sufficient duration 

to determine the effectiveness of lower levels of copper 

sulfate in eliminating the algal mat. It was noted that 
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TABLE VII 

EFFECT OF NITRATE AND COPPER SULFATE ON PURIFICATION 

Lot Treatment Rate pH Field 
Effluent 

% Carbon 
Removed 

Algal Layer 

1 None IX 7.55 41.54 + 

2 None 2X 7.35 42.68 + 

3 0.10% 
0.25 ppm 
CUSO4 

2X 7.57 41.71 + 

4 0.10% NO3 
0.50 ppm 
CuS04 

2X 7.96 62.04 ±* 

5 0.25% N03 2X 7.75 40.91 + 

6 0.05% N03 2X 7.78 52.31 + 

7 0.05% NO3 
0.50 ppm 
CUSO4 

2X 7.84 56.62 + 

8 0.10% N03 2X 7.84 56.24 -

*Some evidence of deterioration 
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the field treated with copper sulfate in the first set of 

experiments still did not develop a new algal mat during 

this time. This indicates that copper sulfate had a residual 

effect and thus may not have to be added continuously to 

achieve the desired effect, but rather only intermittently. 

The accountability data for the nitrogen in this 

experiment (Table VIII), indicate that 10 to 17 per cent of 

the nitrogen was either taken up into cellular material, 

ammonified, denitrified, or absorbed onto the field. The 

reason for the poor material balance for field 5 is not 

known. 

Microorganisms Associated with the Fields of 
the Laboratory Model 

At the conclusion of the above studies concerning the 

chemical pre-treatment of the plant effluent, soil samples 

measuring I^"x3"x3" from the experimental fields were 

homogenized and analysed by the previously mentioned 

procedures. The results are recorded in Tables IX, X, and 

XI. The data indicate that the same general number and types 

of microorgamisms were found in the laboratory model as were 

found in the field (5,8). The aerobic heterotrophic bacteria 

were found to make up the major portion of the microbial 
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TABLE VIII 

MATERIAL BALANCE FOR NITRATE 

Field 
Theoretical 

NO3 

NO3 

Found 
NO 2 
Found 

Total N 
(NO3+NO2) % Accountability 

2 0 0.69 0.2 

3 139.0 106.3 16.9 123.2 88.6 

4 139.0 96.0 20.5 116.5 83.8 

5 37.7 13.0 5.4 18.4 48.9 

6 68.5 49.5 13.6 63.1 92.1 

7 68.5 48.0 13.3 61.3 89.4 

8 139.0 96.4 18.9 115.3 83.0 
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population, with fungi the least. A significant number of 

Streptomyces and non-symbiotic nitrogen fixers, as well as 

algae, were also found. The fields in which phosphate was 

added to the effluent had the highest algal population, 

and the fields in which copper sulfate was added had the 

lowest population of algae. Isolation and identification 

of the three most predominant aerobic heterotrophic 

bacteria and fungi again indicated that the population is 

very heterogenous, and the degradation efficiency is not 

due to any one or a few organisms, but rather the entire 

population. 
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TABLE X 

PREDOMINANT AEROBIC HETEROTROPHIC BACTERIA 

37 

Lot Predominant Organism Approximate 
% of Aerobic 
Heterotroph 
Population 

1 Achromobacter 
2 Pseudomonad (protamino-

bacter or zoogles) 
3 Bacillus 

12.69 

8.25 
5.39 

1 Flavobacterium 
2 Bacillus 
3 Pseudomonas 

9.52 
7.23 
6 . 6 6 

1 Pseudomonas 
2 Pseudomonas 
3 Bacillus 

8.31 
5.37 
3.78 

1 Pseudomonas 
2 Bacillus 
3 Achromobacter 

23.80 
8.99 
4.76 

1 Pseudomonas 
2 Pseudomonas 
3 Bacillus 

9.44 
5.94 
5.59 

1 Bacillus 
2 Achromobacter 
3 Vibrio 

6.18 
4.90 
3.27 

1 Bacillus 
2 Corynebacterium 
3 Arthrobacter 

4.09 
2.58 
1.50 

8 1 Pseudomonas 
2 Bacillus 
3 Pseudomonas 

4.95 
2.97 
2.64 



TABLE XI 

PREDOMINANT FUNGI 

38 

Lot Predominant Organism Approximate 
% of Fungal 
Population 

1 Mucor 
2 Epicoccum 
3 Gymnoascus 

1 Mucor 
2 (Unidentified) 
3 Oidium 

20.00 
16.67 
13.33 

32.07 
13.20 
5.66 

1 Gymnoascus 
2 Mucor 
3 (Unidentified) 

18.05 
13.88 
5.55 

1 Trichoderma 
2 Fusarium 
3 Epicoccum 

1 Mucor 
2 Trichoderma 
3 Epicoccum 

1 Mucor 
2 Trichoderma 
3 Penicillium 

2 0 . 0 0 
16.47 
8.23 

17.64 
15.68 
9.80 

23.91 
10.86 
4.34 

1 (Unidentified) 
2 Gymnoascus 
3 Oidium 

17.50 
7.50 
5.00 

8 1 Mucor 
2 Trichoderma 
3 Scherotium 

21.79 
10.25 
6.41 



SUMMARY AND CONCLUSIONS 

The results of this limited study indicate that the 

addition of nitrogen as nitrate to the plant effluent 

appeared to increase the purification capacity of the 

test fields. The exact concentration and frequency of 

application as well as the economic feasibility of such 

treatment of the effluent would have to be obtained by 

actual field trials. 

It was found that the intermittent use of copper 

sulfate at rather low levels could be used to eliminate 

the formation of slime on the test fields without any 

reduction in purification efficiency. Again, the exact 

amount to use and the frequency of application would have 

to be determined under field conditions. In addition, 

monitoring of the effluent should be carried out to determine 

if unsafe amounts of copper are coming off the fields in 

the purified effluent. Both the nitrate and copper sulfate 

treatments had no apparent effect on either the number or 

types of microorganisms found on the test fields of the 

laboratory model, with the exception that the number of 

algae from the fields treated with copper sulfate was 

39 
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greatly reduced. 

The addition of phosphate, trace metals, or the 

neutralization of the pH of the plant effluent seemed to 

have no advantageous effects on either the purification 

capacity or the prevention of formation of a slime layer 

on the test fields. 
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