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The purpose of this investigation is to determine the 

effect of varying geosmin concentrations on the growth of 

selected cyanophytes which did not produce a notable odor 

in culture. In aquatic environments where geosmin is a 

common odorous compound causing taste and odor problems, 

it is desirable to have information concerning the response 

of blue-green algae to increasing concentrations of the odor 

compound. 

When gas-chromatographic analyses are completed on four 

non-odor producing algae, all organisms are shown to produce 

a compound with an odor similar to the odor of geosmin ana 

with gas chromatographic characteristics similar to the 

characteristics of geosmin. 

Dry weight biomass determinations and cell counts show 

that geosmin retards the growth of Anabaena cylmdrica and 

a n Oscillatoria spp. The retardation observed is a reduction 

in the maximum specific growth rate. The growth response of 

the organisms is species specific. 
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CHAPTER I 

INTRODUCTION 

Relationships Between Tastes and Odors 
and Aquatic Organisms 

There has been much speculation concerning whether 

actinomycetes or blue-green algae are the major odor-

producing organisms in water supplies, since both groups of 

organisms have been found to produce various odoriferous 

compounds. Generally, tastes and odor problems in 

municipal water supplies are attributed to algae, decaying 

vegetation, industrial wastes, and other causes (Sigworth, 

1957). 

The first account of an odor-causing algal bloom in 

the United States was described by Jackson and Ellms (1897), 

who noted that the greatest intensity of tastes and odor 

occurred during an Anabaena bloom. They suggested that a 

member of the genus Anabaena was causing the odors. Several 

years later, Hale (1923) and Kofoid (1923) attributed odors 

in surface waters to a variety of algal genera; they believed 

that the foul odors developed as the result of compounds 

released by the algae during growth or as the result of 

decomposition products as the algae began to die. 

The chemical composition of algae and its relationship 

to taste and odor problems were reviewed by Rohlich and 



Sarles (1949). They found that the general constituents of 

the algal cell do not produce tastes and odors like those 

reported by Hale (1923) and Kofoid (1923). Bacterial 

degradation of these constituents, however, could generate 

such odors. Actinomycetales were suspected of being the 

cause since, according to Biejerinick (1900),as cited in 

Camp (1971), their metabolic products are known to produce 

an earthy odor. 

Silvey and his students at North Texas State University 

began the search for the odor-causing actinomycete metabolites 

in 1950. In a series of studies, they found that actino-

mycetes in pure culture were capable of producing odors 

similar to those found in reservoirs. They identified amines, 

aldehydes, carboxyl, and keto functional groups which could 

possibly cause the fetid smell. Other possible odorous 

metabolites found were alcohols, esters, valeric acid, and 

beta-hydroxbutric acid. These studies linked actinomycetes 

to a variety of tastes and odor problems in water. 

The chemical characterization of volatile metabolites 

begun by Silvey (1950) was advanced by Gerber and Lechevalier 

(1965). They isolated a neutral, odorous oil, geosmin, with 

a boiling point of 270 C,from Streptomyces griseus,and dis-

covered that treatment with HC1 caused the formation of a 
/ 

single compound with a boiling point of 230 C. In contrast 

to Gerber, Medsker (1968) characterized the structure of the 

oil as having (a) two methyl groups, (b) a single sterically 



hindered OH group, (c) a major mass-spectrometer peak at 

m/e = 112, and (d) several hydrocarbon products when treated 

with HC1. These products were estimated to have boiling 

points ranging from 221 C to 278 C. 

Gerber (1968) concluded that the structural formula of 

geosmin was trans-1, lO-dimethyl-trans-9-decalol, as shown 

Fig. 1--Structure of geosmin as proposed by Gerber. 

in Figure 1. She proposed that, biochemically, geosmin 

appeared to be a sesquiterpene which has lost an isopropyl 

group. 

Safferman (1967) found the first evidence of geosmin 

production by cyanophytes, using Symploca muscorum. Three 

years later Henley (1970) isolated a planktonic blue-green 

alga, Anabaena circinalis, during the study of a taste and 

odor problem in Garza-Little Elm Reservoir. A. circinalis 

was found to produce the odor compound geosmin. 

Henley (1970) found an initial repression of A. circinalis 

growth caused by geosmin. This repression was a retardation 



of growth, and the period of retarded growth was dose dependent, 

lasting ten to twenty days. After the period of repression, the 

growth rate of all geosmin-treated cultures was approximately 

equal to the growth rate of the control. Henley (1970) 

tested for geosmin production only those organisms which 

produced a pronounced earthy odor in culture.. After iso-

lating geosmin, he chose A. circinalis to test for the effects 

on that species. 

Camp (1971) also showed a positive enhancement of actino-

mycete development by geosmin. 

In the microbiotic-cycle studies of Silvey and Roach 

(1959), it appeared that geosmin was a major stimulant 

causing the increase in actinomycetes growth. It also 

appeared that, as the geosmin concentrations increased, cell 

lysis and the decline of the algal bloom followed. Geosmin 

may have served as an auto-controlling agent, affecting the 

decline of the algal bloom and the rise of the actinomycetes. 

Statement of Problem 

The objectives of this study are to determine (1) whether 

species of Anabaena, other than those previously cited, produce 

geosmin or other compounds possessing similar gas chromato-

graphic characteristics, (2) what the growth effects of geosmin 

on a member of the Oscillatoriaceae, as measured by biomass are, 

and (3) what the effects of geosmin on non-geosmin-producing 

cyanophytes, as determined by biomass and cell number, are. 



CHAPTER II 

MATERIALS AND METHODS 

The Organisms 

The organisms studied, which were selected from the 

North Texas State University Algal Culture Collection, 

included three species of the genus Anabaena and one member 

of the genus Oscillatoria. The organisms were listed in the 

collection as Anabaena cylindrica, A. subcylindrica, and 

A* flos-aquae, with no specific name listed for the Oscilla-

toria spp. Attempts to confirm the identities of the 

organisms were extremely difficult in young cultures. Species 

identification was completed only after microscopically 

visible differences developed in culture after twenty to 

thirty days growth. 

Species were identified by using the criteria of Kanatz 

and Bold (1969) and of Prescott (1951), and by comparing A. 

cylindrica and A. subcylindrica with those cultures of the 

Indiana University Culture Collection of Algae, Nos. 1611 and 

1617. Based on this comparison, it was decided that A. sub-

cylindrica of the North Texas State University Algal Culture 

Collection was improperly identified. The correct identifi-

cation was A. planctonica. Since the organism was a member of 

the genus Anabaena, it was tested for geosmin production. However, 

no experiments on the growth effects of geosmin on A. planctonica 



were attempted. The specific names of the other Anabaena 

were found to be correct. Both A. flos-aquae and A. cylin-

drica were tested for geosmin production and geosmin growth 

effects. 

In order to provide a source of geosmin, A. circinalis 

was selected from the North Texas State University Algal 

Culture Collection,for its capacity to produce this substance 

(Henley, 1970; Camp, 1971). 

Experimental Design 

In the investigations of the Oscillatoria spp., there 

were no data available concerning the optimum growth medium 

and light intensity for propagation of the organism. In the 

investigations of the Anabaena sps. , Henley (1970) employed 

the medium of Gorham (1964) and a light intensity of 60 foot-

candles. However, the Provisional Algal Assay Procedure, 

Bottle Test (1971), recommended a light intensity of 300 

foot-candles. Therefore, preliminary experiments were under-

taken to determine the optimum growth conditions for both 

selected genera. A secondary objective of these preliminary' 

experiments was to determine the minimum developmental time 

required for detectable changes in dry-weight biomass. 

In order to test growth effects of geosmin, each selected 

organism was set up in an experiment of factorial design, to 

study geosmin concentration versus length of exposure. Var-

iations in light intensity over the surface of the shaker 



were observed and were overcome by assigning flasks to a 

position on the shaker using a random table of numbers. 

Three geosmin concentrations, 0.01, 0.10, and 1.00 mg 1~\ 

and a control were tested. Nine flasks were prepared for 

each concentration. Three flasks of each concentration and 

the control were harvested after three, five, and seven days 

growth. Factorial analysis of variance was performed after 

all experiments were completed (Steel and Torrie, 1960; 

Sokal and Rohlf, 1969) . The North Texas State University 

Computer Center performed all the computations. 

Mass Culture Techniques 

The mass culture of A. circinalis outlined by Henley 

(1970) was used to provide a source of geosmin. Similarly, 

the cyanophytes tested for geosmin production were mass 

cultured. Organisms were first grown for the purpose of 

inoculation into mass culture. An inoculum from a stock 

slant was made into a 250-ml flask containing 50 ml of 

ASM-1. After exponential growth began, the culture was 

used to inoculate a series of secondary cultures. Following 

a one-week growth period, eight 17-1/2-liter carboys con-

taining ASM-1 enr;; ched with 2.49 grams NaHCOj were inoculated 

with the seconds. cultures. Cotton-filtered air bubbled 

through the carbcys agitated the cultures and served as an 

additional source of CC^. The mass cultures were incubated 

at room temperature (24 C±l) with a light intensity of 80 

foot-candles incident at liquid level. Secondary cultures 
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were maintained and added to the carboys weekly during the 

four-week growth period. 

The algal cells were harvested using a Sharpies Super 

Centrifuge. Yields ranged from 1.6 to 2.5 grams per liter 

wet weight as removed from the centrifuge. After collection, 

the cell mass was stored in glass containers at -20 C. 

Extraction and Concentration of Volatile Fraction 

The extraction and concentration procedures used by 

Henley (1970), and Camp (1971) were followed in collecting 

the algal metabolites. A summary of the procedure is 

given in Figure 2. 

A cellular suspension was prepared using 1000 ml double-

distilled water and 50 gm of cells (wet weight). This 

suspension was heated over a bunsen burner for two hours; 

then the vapors were collected through a glass-condensing 

column. A twenty-ml aliquot of petroleum ether was added 

to the collection flask before subsequent distillation, and 

a plastic tube was attached to the condensing column to 

form a direct contact of the distillate and the petroleum 

ether in the collecting flask. This direct contact prevented 

the loss of geosmin into the atmosphere. The 300 ml dis-

tillate was saturated with NaCl and extracted twice with 

petroleum ether. The pooled extracts were dried with)5 per 

cent NaCl and concentrated to a volume of 2 ml, using a 

partial vacuum and low heat of 30 C. The ether concentrate 

was stored in a glass container at -20 C. 



Fifty grams, organisms + H20 to 1 liter 

150 mis of odorous metabolites 
extract with 30$_ 

pet ether 

Distillate saturated with NaCl 
extract as above 

Discard aqueous phase Pooled Extracts 

Dried with 5% NaCl 

Raw Concentrate 

concentrate with heat (30 C) 
and partial vacuum 

Volatile Odor Concentrate 

To Gas Chromatograph 

Fig. 2--Extraction and concentration methodology of odorous 
Cyanophyte metabolites. 
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Collection of Geosmin 

Geosmin was separated from the A. circinalis ether 

concentrate using a Varian Aerograph Series 1600 dual-column 

gas chromatograph. An aluminum column, 30.4 x 1.0 cm, packed 

with 10 per cent SE 30 Chromasorb G, was used in the collecting 

procedure. The chromatograph used a helium-carrier gas with 

a flow rate of 100 ml min"^ and an oven temperature of 215 C. 

A geosmin standard was received from David Jenkins (1972). 

Under the gas chromatographic conditions specified, the 

retention time of the geosmin standard was 16.5 minutes. 

This standard, dissolved in petroleum ether, produced a single 

peak,as represented in Figure 3. The chromatogram produced by 

the A. circinalis metabolites is depicted in Figure 4. A 

comparison of Figures 3 and 4 confirms the capacity of 

A. circinalis to produce geosmin. 

Geosmin vapors were collected in a U-shaped glass tube 

which was washed in a potassium dichromate-sulfuric acid 

cleaning solution prior to use. The cleaning solution was 

rinsed from the tube by a continuous flow of double-distilled 

water for five minutes. Drying was accomplished at 100 C. 

The collection tube was then chilled in an acetone-dry ice 

bath, and geosmin was collected at the gas-chromatograph 

exit port. The flame-ionization detector was not us^d, so 

that no geosmin would be lost to flame ionization. Instead, 

a thermal-conductivity bridge was used to detect geosmin 
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exiting from the gas chromatography After collection, the 

tube was sealed at both ends and stored at -20 C. 

Preparation of Geosmin Standards 

Before the selected geosmin standards were prepared, the. 

quantity of geosmin collected was determined. Deionized, 

distilled water was flushed through the collection tube into 

a 10-ml volumetric flask. Aliquots of 100 y1 were repeatedly 

injected through the tube until the 10-ml volume was reached. 

The exact geosmin concentration was determined by using a 

Beckman Model 915 Total Organic Carbon Analyzer. These cal-

culations were based on the carbon content of geosmin, 79.12 

per cent. The concentration of geosmin in aqueous solution 

was calculated to be 1.20 mg ml 

These calculations were based on the assumption that the 

odor compound was the only carbonaceous compound in solution. 

Organic matter had been cleaned from all glassware used in this 

experiment with a dichromate-sulfuric acid cleaning solution. 

The carbonaceous compounds in the deionized-distilled water 

were estimated at less than 5 yg ml using the Total Organic 

Carbon Analyzer. Therefore, the error (0.4 per cent) 

introduced by the distilled water was negligible. The organic 

compounds in the geosmin solution were tested by injecting 

a 15-u1 sample into a second gas chromatographic column. 

This column measured 27.3 x 0.6 cm and was packed with 6 per 

cent SE 30 Chromasorb G. The flame-ionization detector was 

employed because of its greater sensitivity. Figure 5 shows 
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Fig. 5--Analytical gas chromatographic analysis of the geosmin-
water solution. The analysis detected geosmin as the only 
measureable source of organic carbon in the solution. 
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that the chromatogram revealed geosriiin to be the only detect-

able organic compound present in the geosmin-water solution. 

It was concluded that geosmin was the only measurable source 

of organic carbon in the solution and that the solution 

contained 1.20 mg ml"'*" geosmin. 

Preparation of Selected Geosmin Concentrations 

A. flos-aquae, A. cylindrica, and an Oscillatoria spp. 

were selected to test the effects of geosmin on the growth of 

cyanophytes. Unialgal stock cultures of each organism were 

maintained on ASM-1 slants. Transfers from these slants 

into liquid medium produced stock suspensions after ten to 

fourteen days growth. The stock cultures were homogenized 

in a Waring-type blender. The per cent transmittance was 

adjusted to approximately 8 per cent, as measured photo-

metrically by a Fischer Electrophotometer at a wavelength of 

660 nm, by adding sterile ASM-1. Gauze-stoppered 250-ml 

Erlenmeyer flasks, containing 50 ml of a geosmin-ASM-1 

solution, were inoculated with 3 ml from the homogenate. 

Flasks were placed on a rotary shaker at 140 rpm and 25 C±l, 

with 325 to 350 foot-candles light intensity incident at 

liquid level. 

The geosmin-ASM-1 solution was prepared in one liter 

quantities, with the concentrations of geosmin selected for 

study being 0.01, 0.10, and 1.00 mg 1 1. The mineral salts 

of ASM-1 were dissolved in one liter of deionized-distilled 
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water and autoclaved. After cooling, geosmin was added, and 

the solution diluted to one liter. 

Growth Determinations 

In order to study the two species of Anabaena, the algal 

cells were homogenized in a Waring-type blender. A one-ml sample 

was withdrawn from the homogenate, and a series of eight cell 

counts (number of cells ml "*") was performed, using an American 

Optical hemacytometer. The remaining volume was filtered for 

biomass determinations. The algal cells were collected on an 

acid-washed, tared, Gelman Type E glass-fiber filter. The 

filters and attached algal cells were dried first in a forced 

draft oven at 70 C for two hours and then overnight at 100 C. 

Biomass determinations were accomplished using a Mettler 

electric balance. 

In the Oscillatoria spp. studies, triplicate tared flasks 

were dried in a forced draft oven at 70 C for two hours and 

overnight at 100 C. Although these temperatures evaporated 

the water present, the salts in the growth medium remained. 

Therefore, the biomass, estimated by the difference between 

the final flask weight and the tare weight, was biased. To 

correct this bias, duplicate tared flasks, containing only 

50 ml of the growth medium, were dried with each harvest. 

The standing biomass could then be estimated as the differ-

ence between the final flask weight and the tare weight minus 

the weight of the remaining mineral salts. 
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Bacterial Contaminants 

All algal cultures were bacterially contaminated. 

Before any growth studies were initiated, attempts were 

made to obtain axenic cultures. 

All mass cultures tested for geosmin production were 

unialgal but not axenic. Since actinomycetes were isolated 

from at least one stock algal culture, it was necessary to 

test all cultures for these organisms. Tests for actino-

mycetes were made by streaking an algal sample with an 

inoculating loop onto actinomycete isolation agar. If 

these organisms developed, the alga was streaked onto ASM-1 

agar plates. Algal colonies were picked from the plates with 

a pasteur pipette, transferred, and cultured in liquid medium. 

These liquid media were then tested for actinomycetic develop-

ment. This technique was repeated until one culture was 

obtained which failed to show actinomycetic contamination. 

This culture then became the mass culture stock for that 

species. 

Cultures designated for geosmin-growth studies were 

checked to determine the degree of bacterial contamination. 

Replicate streak plates on tryptic soy broth, containing 

1 per cent agar, were performed for each culture. All cultures 

were contaminated with a large variety of bacteria. ^ Therefore, 

attempts to obtain axenic cultures were initiated. The 

methods attempted were ultraviolet radiation and antibiotic 

treatments. 
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Algal cultures were prepared on ASM-1 agar plates and 

allowed to grow until definite algal colonies appeared. At 

this time, the plates were placed under an ultraviolet-

germicidal lamp for periods ranging from five to twenty 

minutes. Radiation incident on the exposed cultures was 

measured at 8.25 x 104 ergs cm"2-sec, using a YSI-Kettering 

Radiometer, Model 65. All algal cultures exposed to this 

treatment failed to show any growth after five days in a 

liquid medium. 

Antibiotic treatment was attempted using Mysteclin F 

(Squibb Brothers). Algal cultures were collected by centrif-

ugation at 2300 rpm in an International Equipment Company 

centrifuge. The cultures were resuspended in 20 ml ASM-1 

_ i 

containing 0.75 mg 1 ' aqueous antibiotic solution. Cultures 

were placed on a rotary shaker (100 rpm) for 1.5 hours. 

After antibiotic treatment, cultures were collected by 

centrifugation, washed three times with sterile media, and 

transferred to 50 ml of the basal-salts media. 



CHAPTER III 

RESULTS 

Gas Chromatographic Analyses of 
Cyanophyte Volatile Fractions 

The analytical column previously described was employed 

for testing geosmin production by the three species of 

Anabaena and the single species of Oscillatoria. The gas 

chromatographic analysis of the geosmin standard supplied 

by Jenkins is shown in Figure 6. The retention time of the 

geosmin standard under the conditions specified was 3.25 

minutes. The gas chromatographic analysis of the A. flos-

aquae volatile fractions is shown in Figure 7. The compound 

exiting from the gas chromatograph after 3.25 minutes had a 

definite geosmin-like, earthy odor. All other compounds 

were odorless. 

The gas chromatographic analysis of the A. planctonica 

volatile fraction (see Figure 8) produced three peaks. One 

substance, with an earthy odor, exited from the gas chromato-

graph after 3.25 minutes. Similarily, the analyses of the 

A. cylindrica and Oscillatoria spp. volatile fractions are 

represented in Figures 9 and 10. Both fractions contained 
i 

a substance with a retention time of 3.25 minutes and an 

earthy odor. 

19 
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A summary of the gas chromatographic analyses of the 

cyanophyte volatile fractions is presented in Table 1. 

TABLE I 

SUMMARY OF THE RETENTION TIMES OBSERVED ON GAS 
CHROMATOGRAPHIC ANALYSES OF THE SELECTED 

ALGAL VOLATILE FRACTIONS 

O <D 
o •H 
•H £ 3 •H 
$-1 O cr U 

P! "CJ 4-> ctf O 
• o O i •P 

o •H * •H a (/s 
55 +J 0 rH O rH 

d S >> rH rH rH 
A* O -H O PJ m •H 

•P H U 
<D d> • • • c/) 

P* Pi A
 

A
 

A
 

0 

1 1 . 7 5 + 

2 2 . 2 5 + 

3 3 . 2 5 + + + + 
4 3 . 7 5 + + 
5 4 . 7 5 + + 
6 5 . 5 0 + + 
7 6 . 5 0 + + 
8 7 . 5 0 + 
9 8 . 5 0 + + + 

10 4 0 . 5 0 + 

* Retention time in minutes. 

An inspection of this table shows only one peak common to all 

fractions tested. A comparison of the retention time of a 

geosmin standard with the retention time of this common peak, 

No. 3, shows that each volatile fraction contained a compound 

similar to geosmin. That is, each organism's volatile fraction 

contained at least one compound with a retention time equal to 

that of geosmin. This substance was the only compound common 
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to all fractions. All other peaks, with the exception of 

No's. 1, 2, 8, and 10 were found in only two or three 

organisms. 

Preliminary Growth Experiments 

Preliminary experiments were undertaken to determine the 

optimum light intensity and the minimum time required for 

detectable differences to develop in biomass. The light 

intensities tested were 100 and 350 foot-candles. The 

initial culture harvest was made after three days growth 

with subsequent harvests after five and seven days growth. 

The results of the A. cylindrica experiment are summarized 

in Figure 11. Each point represents the mean dry-weight 

biomass of triplicate cultures. Inspection of Figure 11 

shows the growth rate of A. cylindrica to be much greater 

at 3b0 foot-candles than at 100 foot-candles light intensity. 

At the 95 per cent confidence level, a statistically valid 

difference in biomasses developed with time (p<0.000J and 

under the two light intensities (p<0.000). A valid differ-

ence resulting from the interaction of time and light is 

also shown. The schedule of harvesting cultures after three, 

five, and seven days growth allowed significant differences to 

develop in biomass, and the alga grew at a greater rate in 

the higher light intensity. / 

Additional experiments were undertaken using the Oscillatoria 

spp. However, since no previous work had been done with this 

isolate, experiments'were included to determine the optimum 
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Fig. 11--Effects of light intensity on the growth of a member 
of the genus Anabaena. Each point is the mean of three cultures 
Optimum growtE" was produced in 350 ft-candles light intensity• 
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Fig. 12--Optimum light intensity and media for the Oscillatoria 
spp. Two media were each tested in two light intensities. Each 
point is the mean of triplicate cultures. ASM-1 in 350 ft-
candles light intensity produced the greatest biomass m 7 days. 
BBM-K in 100 ft-candles produced the least biomass. 
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medium. The results of these experiments are plotted in 

Figure 12. Again each point represents the mean value of 

triplicate cultures. Inspection o± Figure 12 shows the 

light intensity of 350 toot-candles produced the greatest 

growth rate. Also, ASM-1 produced a greater biomass in 

both light intensities than did BBM-K. The analysis of 

variance showed significant effects produced by time, 

light intensity, and algal medium. The interaction of 

time and light and the interaction o± time and medium were 

significant at the 95 per cent confidence level. 

How Geosmin effects the Growth of Lyanophytes 

Only one growth study was attempted with the Oscillatoria 

spp. because of a shortage of geosmin. The results of the 

single experiment are presented in Figure 13. The degree 

of bacterial contamination following antibiotic treatment 

was determined by streaking samples of the algal culture 

onto TSA plates. One type of bacterial colony developed after 

twenty-four hours incubation at 37 C. These bacteria 

formed a clear, off-white colony and under microscopic 

examination proved to be gram-negative cocci or very short 

gram rods. There were no changes in the endemic bacterial 

populations detected. 

An inspection of Figure 13 shows that significant biomass 

differences developed between the geosmin treatments and the 

control. There was an extended lag portion to the curve 

through five days growth for each treatment concentration. 
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Fig. 13--The growth of an Oscillatoria spp. in a control and 
in three concentrations of geosmm. Each"point is the mean 
of triplicate cultures. An inverse relationship between 
biomass and geosmin dosage was observed after 7 days growth. 
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This lag was not observed in the control. The biomass 

produced and the duration of the lag were not dose dependent. 

However, the standing Oscillatoria biomasses present after 

seven days growth were inversely correlated to the treatment 

concentrations. That is, the lowest geosmin concentration 

produced the greatest biomass (8 mg), while the highest 

concentration produced the least biomass (317 mg). The 

factorial analysis of variance confirmed that differences 

between geosmin treatments and the control were significant 

(p<0.000) at the 95 per cent confidence level. 

The parameters measured in the first geosmin experiment 

with A. cylindrica were dry-weight biomass and the logarithm 

of the number of cell ml""'". Two morphologically different 

bacterial colonies developed after samples for the algal 

cultures were streaked onto TSA plates and incubated at 

24 C and 37 C for twenty-four hours. On microscopic exam-

ination, the first type was found to be a gram-positive 

coccus; the second was found to be a small gram-negative rod. 

Similar streak plates were performed following geosmin 

treatment. One colony type was observed after twenty-four 

hours growth at 24 C and 37 C. The clear, colorless colony 

was to be a gram-negative bacillus on microscopic examination. 

These bacilli were larger than the other bacilli isolated 

prior to geosmin treatment. There was no methodology available 

to determine the effect of this change in the endemic 

bacterial population on the growth of A. cylindrica. 
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Figure 14 shows how cultures treated with geosmin con-

centrations ranging from 0.01 to 1.00 mg l"1 and grown tor 

one week developed in comparison with the untreated control. 

The average dry weights of all treated cultures were signifi-

cantly less than the average dry weight of the control. A 

pattern of reduced biomass with increased geosmin dosage was 

not observed. The 1.00 mg 1~^ geosmin treatment produced 

an unusually great biomass after seven days growth. 

The effects ot geosmin on A. cylmdrica growth as measured 

by the logarithm of the number of ceils ml"*, tne second 

parameter measured in the tirst experiment, is shown in 

Figure 15. This second parameter shows a reduction in 

standing biomass with increased geosmin treatment. After 

seven days growth, the average logarithm of the number of 

cells ml"-'- of the cultures containing 0,01, 0.10,. and 

1.00 mg 1~^ geosmin were respectively 5.707, 5.701, and 

5.661. These were all less than the control, 5.850. The 

analysis of variance contirmed that the difference between 

the geosmin treatments and the control was significant 

(p=0.0003) at the 95 per cent confidence level. 

The results of the second A. cylindrica experiment are 

summarized in Figure 16. In this study, the culture-harvest 

schedule was changed m the belief that the effects of 

geosmin would be exaggerated after a longer period of growth 

(.Henley 1970). The cultures were then collected after two, 

eight, and ten days growth. The correlation coefficient 
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Fig. 14--E££ect of geosmin on A. cylindrica growth as 
measured by mg dry weight biomassT Each point is the mean 
of triplicate cultures. One 1.00 ppm culture produced an 
unusally great biomass and confuses the dose dependent 
relationship. 
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Fig. 15--Effect of geosmin on A. cylindrica growth as 
measured by log cell number's ml~Tt Each point is the 
mean of triplicate cultures. 
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between dry weight biomass and the logarithm, of the number of 

cells ml"* in the first experiment was 0.9616. Since the 

two measures of growth were so closely correlated, the cell 

counts were eliminated in the second experiment. The lowest 

geosmin concentration, 0,01 mg 1"^, was omitted. The inverse 

relationship between biomass and geosmin dosages observed in 

tne first experiment was confirmed in the second study. The 

greatest biomass was produced by the control (11.20 mg), 

while the greatest dose (.1.00 mg I"1) produced the least 

biomass (9.42 mg) after ten days growth. The factorial 

analysis of variance confirmed that the difference between 

the two geosmin treatments and the control was significant 

(p<0.000) at the 95 per cent confidence level. 

The media from all cultures harvested on the seventh day 

were combined, salted out, and extracted as previously 

described (see Figure 3). When the media were transferred 

to a clean, odor-free, 500-ml flask, the typical earthy odor, 

characteristic of geosmin, could be detected by olfaction. 

However, on gas cnromatographic analysis, no peaks, other 

than the solvent peak, were observed. A geosmin standard 

injected prior to the pooled media extract gave a peak with 

a retention time of 3.25 minutes. 

Bacterial contaminants in the Anabaena flos-aquae culture 

following antibiotic treatment were found to be primarily two 

gram-negative bacilli and gram-positive cocci. The bacteria 

were isolated by streaking a sample of the algal culture onto 
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ISA plates. The only bacterial organisms which were isolated 

following geosmin treatment for seven days were gram-positive, 

spore-forming rods, tentatively identified as Bacillus cereus. 

The changes in the endemic bacterial population may explain 

the negative results of this experiment. 

The growth of A. flos-aquae in the presence of geosmin is 

summarized in Figure 17. The leveling off and decline of all 

treated units between days five and seven should not be 

interpreted as the result of geosmin treatment. During this 

time a spherical, blue-green algal contaminant which was not 

noted on any previous observations became the predominant algal 

organism. This algal contaminant and the bacterial contaminant 

were apparently introduced into the cultures with geosmin. 

The day-seven observations were omitted in calculating the 

analysis of variance owing to the contamination by a second 

alga. No significant differences between treatments (p=0.1626) 

or the interaction of treatments with time (p=0.2844) were 

observed. 

There are two explanations for these negative results. The 

first explanation could involve the algal contaminant. This 

organism may not have been affected by geosmin. Therefore, it 

grew at an unretarded rate. The second explanation concerns 

the bacterial contaminant. Hoehn (1963) proposed that degen-

eration and degradation of the odor-producing organisms ̂ or 

compounds could be carried out by these gram-positive bacteria. 

Henley (1970) showed a reduction in geosmin concentrations in 
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Bacillus cereus cultures after forty-eight hours incubation, 

while Barnes (1972) found geosmin greatly accelerated the 

growth of Bacillus cereus. 



CHAPTER IV 

DISCUSSION 

This study attempted to determine which blue-green algae 

produce the odorous compound geosmin and what the effects of 

the compound are on the growth of selected cyanophytes as 

measured by biomass. Gas chromatographic analyses of the 

volatile fractions revealed that the selected blue-green 

algae produced a compound with a retention time equal to 

that of geosmin. This compound also possessed an earthy 

odor similar to the odor of geosmin. Further studies, 

nuclear magnetic-resonance spectrum and mass-spectrum analyses, 

would be required for identification of the compound. A 

variety of other compounds was also observed in each volatile-

fraction chromatographic analysis. The identity and chemical 

characteristics of these compounds were unknown. Since these 

compounds were released on cell lysis, they would also be 

released during the decline and lysis of a bloom. Fogg (1969) 

has stated that these released metabolites would influence 

the aquatic community, although he could not estimate the 

exact nature of these effects. Further research is needed 

in this area of study so that the effects of various algal 

metabolites on other aquatic organisms can be determined. 

40 
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Growth Effects of Geosmin on Cyanophytes 

Prior to the geosmin-growth studies, it was necessary 

to determine the optimum light intensity and medium for the 

organisms. The optimum light intensity was 350 foot-candles, 

and the optimum growth medium was ASM-1. 

Geosmin was found to retard the growth of blue-green 

algae as measured by biomass, logarithm of the number of 

cells ml"*, or mg dry weight. This retardation was dose 

dependent. That is, the inverse relationship between geosmin 

dosage and standing biomass was observed with an Oscillatoria 

spp. and A. cylindrica. The inverse relationship was not 

observed in the dry weight biomass determination of A. cylin-

drica of the first experiment when the 1.00 mg 1~* treatment 

produced a greater biomass than did the other treatments. 

The trend of decreasing growth with increasing geosmin 

treatment was reflected in the maximum specific growth rates, 

rmax (Allee, 1955). The r m a x of A. cylindrica of the first 

experiment does not follow the pattern of the other data 

points. There was a threshold effect with the Oscillatoria 

spp. When geosmin was present in concentrations equal to or 

less than 0.01 mg l"1, the r m a x was equal to that of the 

control. This threshold effect was not observed with A. 

cylindrica. 

Anabaena flos-aquae demonstrated no retardation of^ 

growth with increased geosmin concentrations. This could be 

anticipated because of the gram-positive bacterial contam-

inant (Barnes, 1972) or the algal contaminant. 
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TABLE II 

LIST OF THE MAXIMUM SPECIFIC GROWTH RATES, RMAX, 
OBSERVED IN THE SELECTED ALGAE WHEN GROWN 

IN THREE CONCENTRATIONS OF 
GEOSMIN AND A CONTROL 

Organisms Control 0.01 0.10 1.00 

Oscillatoria spp. 0.293 0.295 0.201 0.187 

A. cylindrica I 0.320 0.290 0.284 0.304 

A. cylindrica II 0.483 . . 0.442 0.426 

Whether or not the retardation of cyanophyte growth by 

geosmin would hold true in a reservoir during a bloom would 

depend on the concentrations of geosmin present in the micro-

environment of the algal cell. The response of the algal 

bloom to the released metabolites would also be species 

specific. Silvey (1971) published data concerning the micro-

biotic cycles of aquatic organisms in surface waters. His 

results showed that blue-green algal blooms which reached 

their peak development during the summer were followed by 

an actinomycete "bloom." The results of this study, together 

with the literature, indicate that geosmin is of frequent 

occurrence among the Cyanophyta. If geosmin is common to most 

cyanophytes, then the taste and odor problems attributed to 

blue-green algae may infact, that is, be caused by, the 

abundant growth of actinomycetes following the algal bloom. 
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Geosmin released on degradation of a bloom would stimulate 

the growth of the actinomycetes (Camp, 1971). 

Summary and Conclusions 

The following conclusions may be drawn: 

1. All species of blue-green algae tested for geosmin 

production were found to produce at least one compound with 

gas-chromatographic characteristics similar to that of 

geosmin. 

2. A variety of other compounds were also noted on 

gas-chromatographic analyses. The total number of compounds 

observed and the retention time of each compound varied from 

species to species. 

3. Geosmin was found to retard the growth of A. cylindrica 

and an Oscillatoria spp. The degree to which growth was 

retarded was species specific. 
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