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FUNGI IN THE LEBANON SEWAGE TREATMENT 
PLANTS AND IN TURTLE CREEK, WARREN 

CO., OHIO 

by 

WM. BRIDGE COOKE* 

ABSTRACT 

Using a variety of isolation techniques in agar and liquid media culture, 101 
species of filamentous fungi and yeasts were isolated from samples of materials 
from Turtle Creek, Warren Co., Ohio, and 100 species of fungi were isolated from 
materials from secondary and tertiary t reatment  processes in the Lebanon, W'arrren 
Co., Ohio, sewage treatment  plant. The combined list of fungi from the two types 
of materials numbered 142 species. Based on such habitat  factors as content of 
total organic carbon, and organic nitrogen, the distribution of these fungi was dis- 
cussed especially in relation to seven sampting points in the secondary-type treat- 
ment system, eight in the tertiary-type t reatment  systems, and five sampling points 
along Turtle Creek, two above the outfall from the Lebanon sewage t reatment  
plant, one at the outfall, and two below that  outfall. I t  is concluded that, as in the 
cases of Lytle Creek, Clinton Co., Ohio.; the Bear River in the Cache Valley, Utah 
and Idaho; and the Cache la Poudre River, Colorado, a group of fungi made up 
of many of the same species is adaptable to the conditions resulting from organic 
enrichment of streams resulting from sewage or industrial waste additives to the 
streams. These organisms contribute to the removal of this polluting organic matter. 
At least monthly sampling from any group of stations is needed to describe the 
populations more accurately and more meaningfully. 

INTRODUCTION 

It  has been shown in previous studies that  fungi are present in 
large numbers in both sewage treatment  plants and in natural  
streams, reaches of which receive effluents flom sewage t reatment  
plants. Thus, in a study of Lytle Creek, Clinton Co., Ohio, which 
receives the effluent from the Wilmington sewage treatment  plant, 
it was shown (CooKE, 1961) that  above the point at which this 
effluent was received larger numbers of species represented by 
smaller numbers of colonies were present than at or below the point 
at which the outfall was received. As the stream continued down- 
ward, the numbers of species increased, and the numbers of colonies 
decreased although in the more polluted reach, smaller numbers of 
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species represented by larger numbers of colonies were recovered. 
In the case of sewage treatment  plants, it has been shown that  in 

a trickling filter-type plant (COOKE, 1958, 1959a, b, COOKE & 
HIRSCH, 1958) fungi are important members of the surface film of 
organisms effecting biological t reatment  on the stone in trickling 
filter beds as well as being present throughout the whole sytem, 
especially in processes directly related to the t reatment  of sewage. 
In a waste stabilization pond system, fungi (COOKE & MATSUURA, 
1969), including yeasts (CooKE & MATSUURA, 1963), were shown 
to be abundantly present throughout the system, especially in areas 
which were specifically designed for the treatment of sewage or 
waste waters. In the type of plant using the activated sludge process, 
COOKE 6: PIPES (1968, 1970), and COOKE (1970) have shown that  
fungi are important members of the population involved in the 
biological t reatment  of sewage. 

In developing concepts of the sources of these fungi for the pro- 
duction of populations in sewage treatment  systems or polluted 
streams, it has been shown in the cited references that  populations 
of fungi are present ~n the habitat  in the case of streams, and in 
the influents to sewage treatment plants. These populations reach 
the sewage treatment  ,plant through runoff from any surface, 
through sewage and industrial waste of most types, and through 
air Spora fallout. They reach the stream through runoff from the 
soil, air spora fallout, and through natural occurrence in the stream. 

In May, 1963, an opportunity was presented to demonstrate 
the occurrence of fungi in a small polluted stream to Dr. FAUSTA 
ROGLt~DI, visiting microbiologist from the Italian Water Pollution 
Research laboratory. Samples were taken from five points on Turtle 
Creek, Warren Co., Ohio. These points included two above the outfall 
of the Lebanon sewage treatment plant, the second of which was 
at the point of reception of sewage bypassing the t reatment  plant 
for one of several operational reasons; the area at the outfall point; 
and two points downstream from the plant at about 1.6 and 2.9 
miles below the outfall point. Sampling at these points was repeated 
in October, 1969, and a complete set of samples was obtained from 
points within the secondary and tert iary systems of sewage treat- 
ment operated at the Lebanon sewage treatment plant by the City 
of Lebanon, and b y  the Advanced Waste Treatment Research 
Laboratory of the Federal Water Pollution Control Administration 
as one of the facilities of the Robert A. Taft Water Research Center. 

METHODS 

Samples were collected in the field in plastic vials with snap-on 
caps. The vial was inserted in the stleam; water, water and sedi- 
ments from the stream bottom in pools, and in two cases in riffles, 
and stream bank soil at or just above the water line were scooped 
into the vials without touching the inside or lip of the vial or without 



F U N G I  I N  S E W A G E  T R E A T M E N T  P L A N T S  91 

handling the material being sampled. Sewage treatment plant sam- 
ples were poured into the vials aseptically. The vials were returned 
to the laboratory and refrigerated over night. In the meantime, 
dilution waters and media had been prepared. 

Media used for demonstration of fungus populations included 
both liquid and agar types. Using membrane filter sterilization, 
liquid media based on yeast nitrogen base (YNB, Difco) using 1 %  
and 20 % glucose were prepared, and dispensed, using sterile glass- 
ware, at the rate of 50 ml per 250 ml Erlenmeyer flask. These flasks 
were cot ton stoppered, numbered, and kept on the laboratory bench 
until inoculated. Agar media wer6 prepared using neopeptone-dex- 
trose agar, and neopeptone-dextrose agar with rose bengal (COOKE, 
1963). These media were distributed at the  rate of 10 ml per tube 
in culture tubes which were metal capped and stored in a hot water 
bath until plates were ready to be poured. In addition, hemp seed 
was halved and autoclaved in pleparation for selective isolation of 
aquatic fungi, if present. For the October samples, an additional 
set of plates of media was prepared using several types of dehydrated 
pellet-type agar media. 

Following preparation of the media, the dilution water, and col- 
lection of the sampies, dilutions of the samples were prepared. To 
135 ml of distilled water were added 15 ml of sample. At the same 
time, pairs of soil cans received identical 15 ml units of the sample. 
From the weighed sample in these cans, which were weighed prior 
to use, the water was evaporated in an oven at 95 ° C overnight, 
and the oven dry (OD) weight of the sample was obtained. To 
disperse the sample through the dilution water, the 1 : 10 diiution 
flasks were placed on a rotary shaker at slow speed (about 150 
oscillations per minute) for a half hour. At the end of this time the 
flasks were removed and from those from which greater than 1 : 10 
dilutions were lequired 5 ml were removed and added to 45 ml 
distilled water. This process was repeated for 1 : 1000 and I : 10,000 
dilutions in case of samples rich in organic matter  such as stream 
bot tom sediments, bank soils and sewage sludges. 

When the final dilutions had been  prepared, five tubes of agaI 
were removed from the water bath for each type of agar and each 
leveI of dilution in which the test was to ~be made. In some cases it 
was thought desirable to test two different dilution levels, the higher 
one chosen for use and the next higher one. For pour places, both 
neopeptone-dextrose and neopeptone-dextrose-rose bengal agars 
were used. To both types of media was added 0.05 ml of a 1 g/150 mt 
solution of tetracycline per tube containing 10 ml of agar. Fol- 
lowing this, 1 ml of the dilution of the sample to be used was added 
to each tube, and the contents of the tube were promptly poured 
into a 9 cm plastic petri dish. The dishes were labeled and stacked 
on the laboratory bench for incubation at room conditions of light 
(daylight and fluorescent light during working hours) and tempera- 
ture (approx. 27 ° C, or varying between 25°--30 ° C) for seven 
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days. At the end of that  time the plates were read and inventoried. 
The total number of colonies was counted, those colonies which 
could readily be identified were listed, and in the May series were 
counted. Those colonies not readily identified were picked and in- 
oculated on neopeptone-dextrose agar slants for future study, or 
mounted for direct microscopic examination. The plates were then 
discarded by  autoclaving. Critical identification of some isolates 
was completed by specialists to whom the cultures were submitted. 

Portions of the samples were submitted to personnel in the Ana- 
lytical Applications Laboratory for determination of total dissolved 
solids (TDS), total organic carbon (TOe), chemical oxygen de- 
mand (COD), and a number of inorganic ions. The determination 
of pH was made on portions of the 1:10 dilution of the samples 
the same day or shortly after plating. Within limits of time, Mr. 
B. A. KEN•ER tested samples for bacterial content. 

To each of a pair of flasks of YNB, one flask having 1 °/o glucose, 
the other 20 %, was added 1 ml of the 1 : 10 dilution of each sample. 
The flasks were then placed on the rotary shaker at low speed (ap- 
prox. 150 oscillations per min) for 88 hours. Following their removal 
they were placed on the laboratory bench for approximately four 
hours during which time yeast cells settled to the bottom. Balls, 
chunks, or floc of filamentous fungus tissue settled or remained in 
suspension, and bacterial cells, if present, remained in suspension. 
Using a loop, a quanti ty of yeast cells were then picked from the 
interface between the liquid and the bot tom of the tilted flask and 
streaked on Diamalt agar plates. These plates were incubated at 
room conditions of light and temperature (see above) for two or 
three days after which colonies were picked for s tudy or for puri- 
fication. Purified yeast colonies were identified to species using a 
selies of morphological and physiological tests, or in the October 
samples, were identified only to genus by  morphological appearance. 
Those filamentous fungi appearing in this test were placed on Dia- 
malt agar and tentatively identified following the development of 
conidia and conidiophores. 

A portion of the 1:10 diluted sample, or of the original sample, 
if sufficient material was available, was placed in a 9 cm plastic 
petri dish, an autoclaved halved hemp seed was added, and the 
plate incubated at room conditions of light and temperature on the 
laboratory bench. At the end of 1--2 weeks seeds on which aquatic 
fungi developed were transferred to petri dishes containing distilled 
water in which activated carbon had been boiled and filtered off 
and to which fresh halved autoclaved hemp seeds were added. 
Identification of resulting aquatic fungus growth was completed 
by Dr. ROLAND SEYMOUD, University of Pittsburgh. 

To each of several plates of different agar media was added 1 ml of 
1:10 diluted sample. This was spread over the surface of the agar. Fun- 
gus colonies growing on these plates were added, when identifiable, 
to the list of species obtained from each of the stations sampled. 
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RESULTS 

A list of the locations sampled with a few notes about each habitat  
is presented in Table I. Station numbers used in this table will be 
used in other tables and in the discussion which follows. 

TABLE I. Locations and Habi ta ts  Sampled 

Stat ion Sample Number  Location and Habi ta t  
Number  

10 
11 
12 

13 
i4  
15 

16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 

29 
3O 

Turtle Creek, Warren Co., Ohio 

Above County Road bridge just  east of the sewage 
t rea tment  plant. 

Water  
Water  and Sediment in Pool 
Bank  Soil 

At Bypass Outfall, Lebanon Sewage Trea tment  Plant  

Vqater 
Water  and Sediment in Pool 
Bank Soil 

At the  OutfalI, Lebanon Sewage Trea tment  Plant .  

Water  
Water  and Sediment in Pool 
Bank  Soil 

1.6 mi. below the Sewage Trea tment  Plant,  at  the 
US 42 bridge. 

Water  
Water  and Sediment in Pool 
Bank soil 

2.9 mi. below the Sewage Trea tment  Plant, along 
Columbia Road. 

Water  
Water  and  Sediment in Pool 
Bank  Soil 

Lebanon Sewage Trea tment  Plant  

Raw sewage 
Pr imary  Settled Sewage 
Mixed Liquor Influent  to Activated Sludge Tanks  
Mixed Liquor Effuent  from Activated Sludge Tanks  
Final Product  - Sewage Trea tment  Plant  Effluent 
Return  Sludge 
Pr imary  Settled Sludge 

Advanced Waste  Trea tment  Research Laboratory 
Tert iary Trea tment  Processes 

Pr imary Settled Sewage (Process Influent) (17) 
Lime Clarifier Effluent 
Lime Clarifier Filter Effluent 
Effluent from Carbon Column 1 
Effluent from Carbon Colmnn 2 
Effluent from Carbon Column 3 

Influent to the Villiers Activated Sludge Unit  (17) 
Effluent  from the Villiers Activated Sludge Uni t  



94 w•. B. coOKE 

Results of tests of samples for TDS, COD, TOC, organic nitrogen, 
and pH (delayed), are given in Table U. These results are based 

Table  II .  Phys ica l  and  Chemical  Character is t ics  of Samples  

Sample  T DS  COD T O C  Org.  N C/N pLI 
N u m b e r  Ra t io  (delayed) 

1 mg/I* 477 11.1 6.4 0.5 13 7.9 
2 % - .25 .08 .01 8 8.2 
3 % - .66 .13 0.014 9 8.2 

4 mg]l  428 12.5 5.4 0.7 8 724 
5 % - .82 .45 0.982 0.46 7.9 
6 % - .34 ,27 0.004 67.5 8.2 

7 mg/1 765 1,130.0 255.0 41.5 6.2 7.8 
8 % - .43 .01 0.014 0.7 8.0 
9 % - 2.37 1.29 3.36 0.38 9.0 

10 mg/1 605 20.6 8.2 0.88 10.00 8.1 
11 % - 2.87 .38 0.102 3.7 8.9 
12 % - 1.98 .65 0.08 8.0 8.5 

13 rag/1 614 27.6 9.4 2.4 4 8.3 
14 % - .21 .10 0.007 14 8.4 
15 % - .13 .04 0.005 8 8.3 

16 mgfl  1370 477. 133. 1].1 12 8.0 
17 mgfl  1072 230. 47. 7.0 6.7 8.0 
18 rag/1 955 6,170 1,520 201.0 7.5 7.5 
19 mg]l  907 2,910 672 121.0 5.5 7.6 
20 mg/ l  839 172 44 2.0 22.0 7.5 
21 rag/1 961 13,180 2,500 393.0 6.4 7.6 
22 rag/1 4008 58,360 19,680 1,070.0 18.4 6.7 

23 mg/1 1057 127 50,5 8.3 6.1 8.0 
24 mg/ l  1068 40.3 11.6 2.3 1.5 7.6 
25 rag/1 1168 42.0 10.6 1.6 6.6 7.6 
26 rag/1 966 40.9 10.6 1.4 7.6 7.6 
27 mg/1 963 23.5 6.6 1.5 4.4 7.6 
28 rag/1 924 23,8 4.6 1.6 2.9 7.6 

29 mg/1 852 2,910. 312.0 145.0 2.2 7.4 
30 mg/1 854 23.2 6.4 1.3 5.0 7.5 

* M g / 1 -  mi l l ig rams per  l i ter for l iquid samples  
% or mi l l ig rams per  g r a m  for solid samples .  

on samples collected Oct. 9, 1969. A carbon/nitrogen ratio is given 
based on the ratio to total organic carbon (TOC) to organic nitrogen. 

In Table I I I  are presented the results of colony counts of fungal 
plates poured from the samples and of bacteria1 tests made on the 
samples. Only three samples were checked for bacterial counts. 
These included primarY settled sewage in the secondary t reatment  
plant (sample 17), carbon column 2 effluent in the tertiary treat- 
ment plant (27), and stream water in Turlle Creek just below the 
point of receiving the outfall from the sewage treatment  plant. 
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TABLE I I I .  Resu l t s  of 1969 Sampl ing :  Tur t l e  Creek and  L e b a n o n  Sewage T r e a t m e n t  P l a n t  

S a m p l e  Combined  Bac te r ia l  P opu l a t i ons  F u n g u s  Colonies Y e a s t  Cells 
N u m b e r  N u m b e r s  Fecal  Salmonella Pseudomonas per  g r a m  oven  d r y  per  m l  s ample  

of Coliforms spp.  aeruginosa weigh t  of s ample  b y  inspec t ion  
F u n g u s  
Colonies J u n e  October  J u n e  October  

(October) x lO 4 xlO a xlO 4 x lO a 

1 23 0.28 0.14 
2 23 33.0 6.0 
3 23 6.5 45.0 

Sta.  1 49 

4 20 0.04 0.06 
5 16 350.0 30.0 
6 18 45.0 50.0 

Sta.  2 50 
7 25 16.6 × 104 1,100 210 0.009 0.9 
8 18 (42,000/gal.) (7,900/gai.) 260.0 30.0 
9 28 14.0 60.0 

Sta.  3 52 
10 16 0.006 5.0 
11 26 32.0 27.0 
12 30 37.0 55.0 

Sta.  4 57 
13 17 0.007 0.65 
14 21 41.0 60.0 
15 33 6,7 50.0 

Sta.  5 54 
16 20 0.9 
17 18 8 x  108 34 1,100 1.3 
18 21 (1,300]gal.) (42,000/gal.) 7.0 
19 23 6.0 
2O 18 0.5 
21 24 7.0 
22 18 32,0 

Secondary  37 
23 13 1.0 
24 11 0.06 
25 7 0;09 
26 5 0.076 
27 7 14 .4× 104 210 240 0.066 
28 5 (7,900/gal.) (9,000/gal.) 0.1 
29 18 20.0 
30 8 0.86 

Te r t i a ry  29 
Sewage Tr.  45 

0.001 10.0 
0.1 1.0 

- -  1.0 

0.004 20.0 
0.3 20.0 
0.002 20.0 

0.O02 i0 .0  
1.0 20.0 

- -  1 0 . 0  

0.002 0.2 
1.0 10.0 

- -  10.0 

0.002 0.001 
0.1 10.0 

- -  1 . 0  

1.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

10,0 
0.001 

10.0 
0.2 
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TABLE V. Species of Fungi  Isolated from the Sewage Trea tment  
Plants  at  Lebanon, Ohio 

Species N u m b e r  of Stat ions in which appearing Systems: 

Secondary Tert iary 

1967-8 1969 1967-68 1969 

ABCDEFG H ABCDEFG lrI 

Moniliales spp. 7 - 8 5 
Fusarium aquaeductuum 7 4 3 3 
Fusarium oxysporum 7 7 3 3 
Geotrichum eandidum 7 7 5 3 
Mucor hiemalis 7 5 2 1 
Penicillium spp. 7 7 6 6 
~Penicillium lilaeinum 7 5 6 8 
Rhinocladiella mansonii 7 7 6 8 
Rhodotorula spp. 7 7 6 2 
Trichosporon slop. 7 1 1 1 
Trichosporon cutaneum 7 7 3 2 
White  Yeast  spp. 7 7 6 3 
Cephalosporium spp. 7 7 4 1 
Phoma spp. 7 8 
Candida spp. 5 
Torulopsis spp. 7 1 
A spergillus niger 6 6 1 1 
Trichoderma harzianum 6 6 4 2 
Aspergillus ]lavus 6 1 
Photon herbarum 6 1 
Rhodotorula mucilaginosa 6 4 
Cladosporium cladosporioides 5 5 3 7 
Cryptococcus spp. 5 2 2 1 
A ureobasidium pullulans 5 2 1 
Penicillium ]anthinellum 5 3 
Candida krusei 5 3 
Pyrenochaeta sp. 5 
Torulopsis holmii 5 
Torulopsis versatilis 5 
Verticillium lateritium 5 
_Penicillium rubrum 5 1 
Penicillium velutinum 5 
Penicillium oehroehloron 4 3 
Candida intermedia 4 1 
Rhizopus nigricans 4 3 1 
Fusarium spp. 4 1 
Mucor spp. 4 1 
Candida parapsilosis 4 
Cryptocoeeus laurentii 4 
Torulopsis candida 4 
Torulopsis/amata 4 
JRhodotorula glutinis 4 2 
Trichosporon capitatum 4 1 
Verticillium spp. 4 
Cephalosporium aeremonium 4 
A spergillus spp. 3 
A spergillus ]lavipes 3 
A spergillus cf. puniceus 3 
A spergillus versicolor 3 4 2 
Penicillium funiculosum 3 5 
Gliomastix murorum var. [elina 3 1 
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TABLE V. (Cont inued)  

Species N u m b e r  of S ta t ions  in which  appear ing  Sys t ems :  

Secondary  Te r t i a ry  

1967-8 1969 1967-68 1969 

A B C D E F G  H A B C D E F G  H 

Coniothyrium [uckelii 3 
Epicoccum purpurascens 3 
Gliocladium sp. 3 
Mucor plumbeus 3 
Candida guiIliermondii 3 
Candida pelliculosa 3 
Candida curvata 3 
Torulopsis aeria 3 
Fusarium roseum 2 1 
Paecilomyces varioti 2 1 
Candida utilis 2 1 
A spergillus fumigatus 2 
Candida catenulata 2 
Candida tenuis 2 
Candida ?zeylanoides 2 
Cryptococcus di/fluens 2 
Gliocladium roseum 2 
Penicillium chrysogenum 2 
Torulopsis colticulosa 2 
Trichosporon margariti/erum 2 
Gliocladium ]imbriatum 2 
A lternaria alternata 1 4 
A spergillus sydowii 1 1 
A spergillus ustus 1 2 
Penicillium martensii 1 1 
Cryptococcus luteolus 1 
Torulopsis glabrata 1 
Torulopsis inconspicua 1 
Candida brumptii 1 
Candida humicola 1 
Candida mycoderma 1 
Candida scottii 1 
Candida tropicalis 1 
Botrytis cinerea 1 
Chaetomium /unicolum 1 
Fusarium acuminatum 1 
Paecilomyces marquandii 1 
Prototheca stagnora 1 
Torulopsis ?saki 1 
Trichosporon /ermentans 1 
Fusarium " dimerum" 
Gliocladium catenulatum 1 
Scedosporium apiospermum 1 
Pyrenochaeta terrestris 1 
Trichoderma hamatum 1 
Septoria sp. 
TaIaromyces vermiculatum 
Curvularia lunata 
Tota l  species 100 85 37 

97 
37 

45 

1 
1 

28 
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In parallel with other sets of samples being tested at the same time, 
tests were run on fecal coliforms, Salmonella spp. and Pseudomonas 
aeruginosa. 

Colony counts of all types of fungi appearing on pour plates are 
given in Table III ,  as are cell counts for yeasts in shaken-flask cul- 
ture. Colonies on agar were counted, this count was corrected for 
the dilution used, and for the oven dry weight of the sample used. 
Cell counts for yeasts are given by inspection of the amount and 
type of growth occurring in the flasks in which 1 : 10 dilutions were 
used. This technique follows the outline given by COOKE (1965a). 
The numbers of species found at each station during all sampling 
in the Lebanon sewage treatment plant (CooKE, 1970), and at each 
sampling on Turtle Creek, are given as totals for each sample, and 
for each station. 

The list of species recovered from all samples obtained from Turtle 
Creek and from the Lebanon sewage treatment plants is presented 
in Table IV. Species isolated from each habitat are composited for 
each station. These habitats included water, water and sediments 
in the stream bottom, and soil from the creek shore at or near the 
interface of the water and the soil. In addition to data for the two 
dates on which samples were collected, May and October, at each 
of the five stations, a composited list of the species for the secondary 
and tertiary treatment systems at the Lebanon sewage treatment 
plant is inserted at the point at which the outfall from the plant 
reaches the creek below station 2 and just above station 3. An aster- 
isk foUowing the listing for the secondary treatment plant indicates 
that  the species concerned was represented among the eight sets 
of samples obtained at that  plant in the final product flowing from 
the final settling tank to the creek. It  will be noted in all cases that 
these species were present in materials collected in Turtle Creek 
itself at stations 1 and 2. 

Within the secondary sewage treatment plant at Lebanon, raw 
sewage, primary settled sewage, mixed liquor influent to the aerator, 
effluent from the aerator, final product from the secondary settling 
basin, return sludge, and primary settled sludge were sampled on 
each of eight occasions. The results of sampling of the first seven 
sets have been described (CooKE, 1970). These results are summa- 
rized in the species list for the Lebanon sewage treatment plant in 
Table V. In column 1 the species are listed. In column 2 the number 
of habitats from which the species obtained in the first seven sets 
of samples are given. In column 3 the number of habitats from which 
these species were recovered in the October samples are indicated. 
All but  three of these species also occurled in the tertiary treatment 
systems as indicated in the report for the first seven sets of samples 
(COOKE, 1970); these are indicated in column 4. The fifth and final 
column indicates those species recovered from sample in the tertiary 
system in October, 1969. Locations samples included: primary 
settled sewage (influent from the secondary treatment plant), ef- 
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fluent from the lime clarifier, effluent from the lime clarifier filter, 
effluents from the three carbon columns the influent to which was 
the effluent from the lime clarifier, and two samples from the acti- 
vated sludge unit designed by  R. V. VILLIERS: the influent which 
is from the effluent from the primary settling tank in the secondary 
treatment plant, and the effluent from the unit. The numbers in 
these columns refer to the number of process samples from which 
the species was recovered. 

DISCUSSION 

Turtle  Creek 

As is true of other streams studied, Turtle Creek contains an ex- 
cellent population of fungi. Colony counts (Table III) are high in 
the bank samples collected at all stations. They are almost as high 
in all but  one of the stream bot tom samples, and in this one, station 
1, in a relatively clean portion of the stream, colony numbers are 
only a tenth of those at lower stations. On the other hand, stream 
water carries the largest number of disseminules (resulting in colo- 
nies on the plates) at station 4. Water  from stations 1 and 2 has 
low numbers of fungus colonies, but  that  at station 3, carrying out- 
fall from the sewage treatment plant, and at station 5, has an inter- 
mediate number of colonies. 

According to Table II, total organic carbon and organic nitrogen 
are highest at station 3 which receives outfall from the sewage treat- 
ment plant. This becomes diluted or dispersed as the water flows 
down the stream 1.6 miles to station 4, but  there is a slight build-up 
in the next 1.3 miles resulting in higher values at station 5. The 
source of this added organic carbon and organic nitrogenis at pres- 
ent unknown; the stream flows through farmland and might accept 
runoff from septic tanks, barns, or other sources of heavy loads 
of organic matter.  

COOKE (1968a) has shown that fungi grow well under conditions 
in which the carbon: nitrogen ratio is 9 to 12 : 1, the C : N ratio of 
natural soil. At C : N ratios which are lower, such as rich culture 
media, heavier growth of fungi of loss than typical nature can be 
expected. It is not known to what extent lower C : N ratios depress 
fungal growth. However, under conditions such as found in Turtle 
Creek, where organic matter  is added to the stream indiscriminately, 
as at station 2 when sewage in excess of that  which can be treated 
adequately or even minimally in the sewage treatment plant is 
added to the stream through a bypass, the C : N ratio can be in- 
creased, or when treatment plant effluent is added regularly as at 
station 3, it can be decreased. As long as the supplies of carbon and 
nitrogen, in the presence of other nutrients which may be required, 
are available, the fungus population responds by  the production of 
increased amounts of cells. In doing this the fungi aid in removal of 
polluting organic substances and contine the treatment process. 
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This is reflected in Table I I I  by  the demonstration of relatively 
heavy growths of filamentous fungi in the presence of added organic 
matter: It  was hoped that ~i thin the distance sampled on Turtle 
Creek at least one of the stations would demonstrate lower popula- 
tions of fungi. However, COD va lues (Table  II) for water ill all 
stations are relatively high indicating that all stations chosen have 
probably become polluted to some  extent, in one case to a great 
extent. 

Yeast populations along Turtle Creek show that  in the three 
stations upstream there are large numbers of yeast ceils. These 
numbers decline rapidly below the treatment plant. In the benthic 
and shore samples, however, yeast populations remain high in the 
October set. The numbels reported in Table I I I  reflect only the 
results obtained by  inspection of flasks following primary incubation 
(COOKE, t965a). Where only white or red yeasts appeared in the 
primary flasks, the reporting value of T was used, where red yeasts 
could be demonstrated in addition to white in a flask, the reporting 
value of '2' was used. These values were then corrected through the 
dilution factor. From growth in the flasks it could not be detected 
how many species of yeasts were involved. In flasks in which 1: 10, 
1 : I00 and 1 : 1000 dilutions were used most stations yielded Geotri- 
chum candidum. In addition to this, and in the two higher dilutions, 
species of Candida, Torulopsis, and Tricho@oron appeared. In 
general, without developing a series of morphological and physio- 
logical tests, species in these genera were not identified. Among the 
red yeasts, at least two, possibly more, species of Rhodotorula could 
be expected, but  without using a series of nutritional tests these could 
not be determined. In the first series of isolations from Turtle Creek 
samples in May there was an opportunity to partially process isola- 
tes oI yeasts from these samples. Some of the results appear on the 
list of species presented in Table IV, and in the column listing num- 
bers of yeast cells recovered in May when fewer were found than in 
October. The value 40 for water at station 2 indicates that  four 
species were isolated from a 1 : 10 dilution of the sample. The value 
3,000 for stream bot tom sediment at station 2 indicates that  three 
species were recognized and that  the highest dilution from which 
yeasts were recovered was 1:1000. Additional species were found 
but  identifications for those not listed were incomplete and the 
identification of those species listed should have been rechecked. 

It will be noted that there are cansideraNe differences between 
colony counts for some stations between May and October samples. 
Had  sampling taken place at more frequent intervals, lower values 
might have been found in some instances, and a smoother carve 
might be developed for populations recoverable using the techniques 
described above. 

The list of species of fungi recovered from Turtle Creek in Table 
IV is presented according to their occmrence in the five sampled 
stations. Inserted between stations 2 and 3, at approximately the 
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point of outfall, are those species isolated from the secondary and 
tertiary treatment systems at the Lebanon sewage treatment  plant. 
These records are not included in the presented values given in 
column 1. I t  will be noted that  20 of the species listed for the secon- 
dary treatment system are marked with an asterisk (*). These spe- 
cies were recovered from the effluent from that treatment plant in 
the October study. Of those species isolated from sewage treatment 
plant samples, 52 were not isolated from stream samples obtained 
upstream from the outfall of the sewage treatment plant at station 
3. In addition to the 41 species found in the treatment plant but  
not recovered from Turtle Creek, 15 were not recovered from station 
3 although they appeared in stations 4 or 5 or both. Based on only 
two sets of isolations from the stream, in contrast with eight from 
the sewage treatment plant, a complete and valid comparison of 
these data cannot be made. 

Both the stream and the sewage treatment plant receive inoculum 
for fungal populations from the same or similar sources. The stream 
flows through the city of Lebanon after draining a large agricultural 
area east, nor th ,  and northeast of Lebanon. It  picks up runoff from 
fields, woodlands, farms, farm buildings, and overflows or outfalls 
from septic tank systems in suburban developments. The sewage 
treatment plants receive runoff from houses, lots, out;buildings and 
streets, as well as municipal sewage and wastes from small businesses 
and industries. I t  is possible that  the sanitary sewage could carry 
organisms not received from other sources, but  sampling has not 
been critical enough to sort out species which might be restricted 
to one or another of the habitat-types listed above. 

Within the series of species isolated from Turtle Creek are three 
groups of the four based on apparent habitat  preferences among 
fungi (COOKE, 1957a). Of the 101 species isolated from the stream, 
none can be considered restricted to pollution habitats, lymabionts. 
However, 28 species are thought to be lymaphiles. These include 
species isolated from all habitats at least once or on both sampling 
occasions. Assigned to the lymaxenes are 33 species isolated from 
only 2, 3, or 4 of the sampled stations. Usually these were obtained 
only once, sometimes they were recovered from both sets of samples 
obtained from each station. While it is possible that  in realFty some 
of the 39 species considered lymaphobes are either lymaxenes or 
lymaphiles, in this pair of isolation studies these species appeared 
only once in each station or only once in the two studies. In other 
streams, or in other studies involving populations of sewage treat- 
ment plants, some of these species have necessarily been considered 
lymaxenes or lymaphiles. Assignment to these ca{egories is strictly 
subjective and subject to reinterpretation as more studies become 
available, or as more critical studies are made. 
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Lebanon Sewage  Treatment  Plant 

Table V presents a composite list of the species of fungi isolated 
from all samples obtained in the secondary and tertiary treatment 
processes at the Lebanon sewage treatment plant. Since 13 of the 
100 species listed were obtained only in the 8th or October set of 
isolations, it may be assumed that the law of diminishing returns 
is showing its effect and that fewer species will be recovered in each 
of any later samplings. However, it cannot be assumed as yet that  
the total distribution of species recoverable is known since 14 of the 
37 species recovered in October 1969 have less or more complete 
patterns of distribution than those shown in the 1967 and 1968 series. 

Of the 100 species of fungi recovered from the secondary and ter- 
t iary treatment systems, 97 were obtained from the secondary and 
only 15 from the tert iary system. Of these 15 species, a number 
were present only in the influent to the processes sampled, that  is, 
in the primary settled sewage of the secondary system. Values ob- 
tained for total organic carbon and olganic nitrogen are sufficiently 
high in all treatment stages to permit growth of fungi, and the C : N 
ratio of each stage sampled is adequate to support growth of fungi 
in each of the locations sampled. In some cases, this ratio would 
indicate that  a lalger than normal amount of growth could be ex- 
pected. However, as a result of lack of sufficient nutrients, or of 
satisfactory environmental conditions, yeast cells were not recovered 
to a great extent from most tert ialy treatment samples. If present, 
these can be considered to be attached to substrata such as partic- 
ulate carbon granules or lime slurry particles and thus would not 
necessarily be recovered from effluents from these processes. 

Within this particular series of isolations, it can be considered 
that  no lymabionts are present, that  45 of the species listed are 
lymaphiles, that  31 of the species are lymaxenes, and only 24 of 
the species are tymaphobes. However, this analysis is not quite 
accurate when species within each category are compared on the 
basis of their occurrence in other series of samplings. Some of the 
species listed among the lymaxenes and lymaphobes have been 
reported elsewhere as lymaphiles. However, no species reported in 
earlier studies as lymabionts have been recovered from the Lebanon 
sewage treatment plant processes. 

Of the 97 species of fungi recovered from the secondary treatment 
processes, many, if not most, species have been recovered in earlier 
studies with materials from other activated sludge-type sewage 
treatment plants (COOKE & PIpEs, 1968, 1970), trickling filter-type 
sewage treatment plants (COOKE, 1959a, b), and from waste stabi- 
lization ponds (COOKE & MATSUURA, 1963, 1969). This shows that 
there is a group of species of fungi which is readily adaptable to the 
habitat  of the sewage treatment plant, that  these fungi can live in 
reduced conditions of oxygen supply (TABAK & COOKE, 1968), can 
aid in the reduction of the biochemical oxygen demand of the habi- 
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tat  (COOKE, et al., 1957), and can derive nutrients from this habitat 
(COOKE, 1957b; CooKE & BusclL 1958). Within the group of species 
are several yeasts, strains of which can be assumed to grow well at 
37 ° C on the basis of earlier studies (COOKE, 1965b). These strains 
can be assumed to be of human origin, although this may not be 
true in all cases. Filamentous fungi which could have been derived 
from human sources, or which are potential human pathogens 
(COOKE & KABLER, 1955) include Geotrichum candidum, Rhino- 
cladidla mansonii, Aspergillus /umiga~us, and Scedosporium apio- 
spermum. While these species ale not presently the source of mild 
or important human disease, their occurrence in the environment, 
and theirpotential  build-up as members of a population of organisms 
in polluted streams is of interest. Fusarium oxyporum, F. roseum, 
F. solani, Geo~richum candidum, Phoma spp., P. herbarum, Pyre- 
nochae~a sp., P. terrestris, Coniothyrium /uckdii, A lternaria alternata, 
Botrytis cinema, Curvularia lunata, Septoria sp., and possibly species 
of Penicillium, include strains which are pathogenic for vascular 
plants, especially those planted for crops (COOKE, 1956). Other 
species are known to produce antibiotics, some species are known to 
produce toxins, and several species cause decay in fruits and other 
farm products during storage, transit and marketing processes. In 
general, most species listed are so-called sugar fungi, fungi capable 
of using simple substances such as monosaccharides, including 
pentoses and hexoses, and disaccharides, as carbon sources. How- 
ever, a few of those listed, including Gliomastix murorum var./elina, 
strains of Trichoderma species, species of Chaetomium, Fusa- 
rium, and possibly others, are known to be cellulolytic (SIu, 1951) 
and may  be involved in the gradual reduction of this substance of 
which sewage solids include between one-third and one-half (MAKI, 
1954). 

In earlier studies it has been shown that there are fewer colonies 
recoverable from effluents from various stages in treatment pro- 
cesses (CooKE, 1954, 1959a). BECKER & SHAW (1955) found very 
poor recovery from process effluents in a pair of trickling filter-type 
sewage treatment plants at Pullman, Washington, and Moscow, 
Idaho. In activated sludge-type sewage treatment plants in the Chi- 
cago area, COOKE & PIPES (1968, 1970) found that  in effluents from 
settling basins there were relatively fewer colonies than in sludges 
or other settled materials in the processes sampled. On these bases 
it would seem that  effluents from processes at Lebanon are not 
carrying unusually low numbers of fungus disseminules. The nature 
of these habitats appears to indicate that  fungus growth can be 
expected on solid surfaces such as walls of tanks, pipes, or any ex- 
posed surface, as well as growth on any surface such as lime particles 
in slurries, granular carbon particles, electrodialysis membranes, 
and other surfaces. To a more limited extent, except in the activated 
sludge fioc itself, fungus growth can occur, or fungus disseminules 
dislodged from the parental mycelium can be carried in any of the 
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liquors flowing through the plant. The activated sludge floc is com- 
posed of bacterial, fungal, or protozoan growth, or any combination 
of these, which develops in association with a solid surface, a particle 
of organic matter  acting as an anchoring point and as a food source, 
or a particle of inorganic matter  bathed in a nutrient medium acting 
an anchoring point, no matter  how small these particles may be. To 
this extent the activated sludge organism may be considered a mem- 
ber of a benthic, at at least an Aufwuchs, community (CooI~E, 
1956). The solid 'bottom' particle to which the organism is a t tached 
is kept in almost perpetual motion through the introduction of the 
forced air of the activated sludge process. 

Turtle Creek and the Lebanon Sewage Treatment Plant 

In the preceding section of this discussion, something has been 
indicated of the occurrence of certain species, strains, or groups of 
fungi and their activities in the Lebanon sewage t ieatment  plant. 
Perusal of Table IV will show that these same groups of fungi occur 
with considerable frequency and regularity in materials collected 
in and along Turtle Creek, both above and below the outfall of the 
sewage treatment plant. The regular occurrence of these fungi in 
Turtle Creek, then, indicates that  they are members of a na tmal  
population, or a population which has become adapted to the habi- 
tats presented to them in Turtle Creek through accumulation on the 
bot tom and along the shore of enrichment materials received by  
the stream from the community through which it passes. Before 
the sewage treatment plant was built these materials accumulated 
in the stream through runoff from the community, from septic 
tanks, privies, and normal environmental washing processes in- 
duced by  eve~7 rain which fell on the community, the water from 
which drained into the stream. 

The occurrence of Achlya spp., Saprolegnia spp., Thraustotheca 
clavata, and Phyt@hthora sp. in the waters from stations above and 
below that into which the sewage outfall empties would seem to 
indicate that  water passing thlough these stations is not completely 
devoid of oxygen since these fungi require well oxygenated water in 
which to live. Sampling has not been sufficient to determine the 
seasonal growth patterns of these fungi. 

From the populations recovered from Turtle Creek, augmented 
by  the populations added from the Lebanon sewage treatment plant, 
it appears that  this stream is little different from others which have 
been sampled in the Fungus Studies Laboratory. The distribution 
of fungi in Turtle Creek does not differ markedly from that in Lytle 
Creek (CooKE, 1961). Lytle Creek differs from Turtle Creek in that  
in the drier parts of the year the effluent from the Wilmington 
sewage treatment plant is its only source of flow. Whether the depres. 
sion of numbers of species at the outfall of that  sewage treatment 
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plant was real or an effect of the sampling technique cannot be 
known since after sampling was completed, the sewage t reatment  
plant was converted from primary-type to secondary-type using 
activated sludge. 

Two other streams have also been described mycologically based 
on two sets of samples. Here only points of outfall of effluents from 
sewage t reatment  plants were sampled as stream stations so that  
the nature of the populations in the t reatment  plants themselves is 
not known. A series of stations on the Bear River (CooKE, 1967) 
in the Cache Valley of Utah and Idaho was sampled. It  was found 
tha t  fewer species were present in the highly organically enriched 
outfalls of certain food processing industries than in the cleaner 
water upstream, or in the more heavily organically enriched waters 
downstream which carried large populations of fungi: In the Cache 
la Poudre River(COOKE, 1968b) in northeastern Colorado, many  
of the same group of fungi were recovered from samples of water, 
bot tom sediments, and shore muds. The stream drains a mountain 
wilderness, a recreation area, and an agricultural area in which 
fields are irrigated. In the latter reach it received the outfall from 
an overloaded sewage t reatment  plant, unt rea ted  wastes from a 
butchery, and wastes from a sugar mill. These sources of enrichment 
are probably responsible for the increase in numbers of fungus col- 
onies recovered from samples from the stream, as well as an increase 
in numbers of species recovered along the lower reach of the river. 

Sewage pollution of Turtle Creek, Lytle Creek, the Bear River, 
and the Cache la Poudre River results in similar phenomena. This 
is manifest by the increase of fungus colonies at tile area of receipt 
of the sewage t reatment  plant outfall, and an increase in numbers 
of species of fungi in lower regions of the stream which, in the case 
of Lytle Creek, have been designated as the 'recovery zone'. On the 
basis of samples from Turtle Creek which were tested for organic 
carbon and nitrogen levels, it would appear that  quantities of these 
elements are present to a great enough extent to support the growth 
of fungi without regard to the ratios between these elements. 

CONCLUSIONS 

Certain species of soil fungi are adaptable to a habitat  in water 
in which continual supplies of oiganic matter  including relatively 
high loads of available organic carbon and organic nitrogen are 
present. These fungi are able to grow and produce disseminules 
which are carried in water throughout the sewage treatment plant, 
and in its outfall to the adjacent stream. Here these fungi join 
others which have become adapted to life in a stream which carries 
smaller amounts of organic matter.  Depending on various factors, 
the newly arrived fungus may pass on through the system, or it 
may  become adapted to life in the stream and become established 
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together with, or at the expense of, members of the population 
already present. These fungi are useful in the t reatment  of sewage, 
and in the removal of excess organic matter  or polluting substances 
from the stream in which they produce their growth. 

In order to describe the population of fungi, including yeast-like 
as well as filamentous fungi, more meaningfully, it is suggested that  
samples of stream materials from a wide range of sampling points, 
as well as materials from sewage treatment plants whose outfalls 
are contributing to the organic enrichment of the stream, and even 
of unt leated wastes being discharged into the stream, including 
aglicultural runoff, be studied carefully from as many points of 
view as possible. Chemical and physical characteristics of the sam- 
ples should be determined as well as the populations of fungi. Parallel 
information o11 bacteria and other organisms present at each station 
would increase the usefulness of the data obtained. Not only yeast- 
like fungi should be studied through shaken-flask culture, but fila- 
mentous and yeastlike fungi should be determined from agar plates, 
since neither technique is mutually exclusive. Aquatic fungi should 
be determined for each sample using standard baiting techniques. 
For more complete data, the relation between the organisms obser- 
ved in relation to food sources should be considered. Ecosystem 
data and potential productivity of reducer organism populations 
will increase the value of these data. 

Zusammenfassung 
Mittels verschiedener Isolieruugsmethoden in festen und fliissigen Kulturn~hr- 

boden sind 101 Arten yon Fadenpilzen und Hefen isoliert worden vom Material- 
proben yon Turtl: Creek Warren Co., Ohio und 100 Arten yon Pilzen vom 
Material des sekund~ren und tertiiiren Behandlungsprozesses des Abwasser- 
behandlungswerkes von Lebanon, Warren Co., Ohio. Die vereinigte Liste yon beiden 
Arten des Materials umfal3te 142 Arten. ~¢Iindestens sind monatliche Proben 
notwendig, um die Pilzarten genauer und bedeutuagsvoller zu beschreiben. 
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