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Section 3 

Abstract 

This report contains data and information on the presence of 

and activity of bacteria that utilize oil in the South Atlantic 

area off the coast of Georgia, Florida and South Carolina. Oil 

degrading bacteria were present at all stations tested: 6 surface, 

12 subsurface and 25 sediments were sampled in the shelf region during 

Winter, Spring, Summer and Fall of 1977. The numbers were low 

relative to nearshore waters elsewhere reported in the literature 

but were proportional to the low indigenous hydrocarbons found in 

the same area. Biological Oxidation Demand tests on the research 

vessel indicated that there were sufficient nutrients and bacteria 

to respond to a South Louisiana crude oil used as a standard for 

the experiments and a lower molecular weight straight chain, 

cyclic and branched chain pure hydrocarbon. Laboratory experiments 

indicated that the bacteria were comprised of several strains of 

bacteria and mixed and pure cultures selected for degradation rate 

studies demonstrated active oil degradation, utilizing a large 

percent of hydrocarbons offered in the cultural conditions. Data 

on molecular change of a crude oil indicates the production of 

Pristane and Phytane, and the general rather uniform loss of all 

other molecules in the Hexane fractions. No excessive build up 

of any molecule from the crude oil was detected other than the 

above. Nutrient studies - indicated that inorganic nitrogen and 

phosphorous were reguired, but when compared to in situ concentrations 

suggested that sufficient nutrient was available for small amounts 

of oil degradation. 
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This is a report on the distribution and significance 

of heterotropic and hydrocarbon utilizing microorganisms in 

an off shore area on the Atlantic Coasts of Georgia, South and 

North Carolina. The methods of collection, enumeration and 

the determination of relative activity of the organisms have 

been described for four field cruises during the four seasons 

of 1977~ 

The report will include the following information and 

data. 

o Cell densities, reported as colony-forming units per 

milliliter of seawater or per milliliter of sediment and 

most probably number (MPN) 

o Ratio of number of hydrocarbonoclastic microbes to total 

number of heterotrophic microbes 

o Hydrocarbon oxidation potentials of mixed microbial cultures 

and of identified pure cultures under laboratory conditions; 

controlling temperature and nutrient (nitrates and phosphates) 

factors 

o Determination of preferential oxidation by mixed and pure 

microbial cultures for selected hydrocarbon components of 

crude oil 

o Effects of crude oil on the growth and activity of mixed and 

pure microbial cultures 

In order to place microbial activity and the distribution 

of hydrocarbons in an ecological setting as related to mans input 

the following general historical introduction is made. 
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Some time about two and a half billion years ago, preformed 

organic matter, catalized by ultraviolet light and surface chemistry 

in an anaerobic environment of ammonia and carbon monoxide, organized 

into cellular aggregates which created life. The first living forms 

were unicellular organisms, probably a mixture of blue green algae 

and photosynthetic bacteria. Slowly, the oxygen devoid environment 

was transformed by phytosynthesis and respiration into our atmosphere 

of today. In this early stage of life the oceans probably had the 

same salinity that we have today. The world before life must have 

been a stark and surrealistic-type environment. The first forms 

of life we believe were created in a film on the water-soil

atmosphere interface. They used nutrients from minerals leached 

from the moist rocks that were being weathered by the continual 

action of the solar heat pump which evaporated the water and caused 

rain. 

It was about at this time that most scientists believe hydro

carbons originated. The hydrocarbons were undoubtedly produced 

as a normal part of the life activities of protoplasm. Some of 

which, such as the Alpha and Beta carotene pigments, provided 

color and acted as an accessory photosynthetic pigment. Complex 

waxes, steroids, and lower molecular weight gases such as methane 

and butane were undoubtedly produced at this early time. 

Slowly, during the evolution of life, as evidenced through 

the epics of geologic time, the hydrocarbon by-products of life 

accummulated to produce -the petroleum reserves that we use today 

to run our society. The evolution and the step-by-step transition 

of protoplasm into our petroleum reserves of today are not known 

precisely. However, it is believed that organic matter produced by 
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living systems was entrapped in the sediments and the factors 

or time, catalysis, pressure, nuclear bombardment, and temperature 

were the processes nature used to produce our petroleum reserves 

However, there are some scientists who believe that our 

petroleum reserves we~e not produced by biological organisms, 

that the same organic molecules that were present during the time 

life evolved, were at such concentrations that when subjected to 

the same physical aspects of pressure, temperature, nuclear radiation, 

and temperature, produced the large deposits that we find today. 

Such controversy involves the origin of pigments and porphyrins 

and nitrogenous compounds that are a normal part of crude oils. 

The proponents of the biogenic origin of oil say that these com

pounds were the remains of protoplasm produced during diagenisis 

processes. The proponents of the abiogenic development of crude 

oil say that these elements were accumulated during later geologic 

time in the process of oil migration into the stratigraphic 

structures where they are found today. Others are inclined to 

believe that the continual microbial activity of oil in earth 

pools produced the biogenic components and varied the composition 

of the oil. 

Sometime during this evolutionary period, enzyme systems were 

developed that would break down hydrocarbons. It is impossible 

to determine just when this process took place, but it must have 

been early in the evolution of life. If microbial degradation 

of oil had not developed, the accummulation of hydrocarbons would 

be such that the earth would be covered in oil. Today, we find 

hydrocarbon concentrations in protoplasm that vary from 1 ppm to 

1 percent of the dry weight. - Thus, the continual production of 
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protoplasm without hydrocarbon degradation would have yielded 

some rather startling results on the earth's surface. 

Some scientists believe that the accumulation of our 

petroleum reserves was due to the lack of the mechanism of 

anaerobic petroleum bi;-eakdown. The enzymatic process of anaerobic 

hydrocarbon oxidation has not been shown to exist, or proceeds 

very slowly. · 

Another rather interesting feature, perhaps due to a lack 

of scientific interest today, is the fact that most hydrocarbon 

degradation is due to the activities of the microorganisms, 

bacterial, yeasts, and fungi. Very few scientists have looked for 

hydrocarbon oxidation processes in higher organisms. However, 

evidence of higher organism oxidation has been scientifically 

demonstrated, so there is no reason why higher organisms cannot 

· decompose hydrocarbons. 

If one contrasts the world of today, with its teaming 

aqueous communities, its forests, grasslands, with the world as 

it was when life began, it is hard to believe that hydrocarbons 

are being created and destroyed in continuous balance. The human 

mind with its power of discrimination takes for granted the 

incessant prescence of hydrocarbons: The million or so miles of 

asphalt-based roads, the use of oil on a leaky hinge, the rain of 

unburned kerosene of jets taking off, the use of mineral oil as 

a laxative, the so-called inert carriers in most aerosol cans, 

and the continuous release of terpenes and other hydrocarbons from 

our forests. These activities have been integrated by the human 

mind to be a part of daily life, just as we assume that gas and oil 

will always be at the corner when it is needed for our automobiles. 
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The human mind has difficulty conceiving the fact that in 

addition to the daily production of natural hydrocarbons, man 

moves over the surface of our earth nearly 3 billion gallons of 

hydrocarbons a day in the form of crude oil, refined products, 

and wa s te materials. It is really quite difficult to imagine a 

more pre cious material which is the basis for our way of life and 

progress. 

Thus, man must look at his environment with open eyes to 

see the true impact of hydrocarbons on both his daily life and 

his environment. To rationalize the fact that our movement of 

vast concentrations of hydrocarbons produces a net loss to our 

environment, we must integrate this net loss with time, oil re

sources, and with our daily needs of energy. We must realize that 

there are inherent risks to many of our activities and that man must 

co-exist with his environment, with a calculate philosophy that some 

changes may necessarily be produced. 

Hydrocarbons are a rather intriguing natural entity. It seems 

almost diabolical that these essential molecules that have been a 

part of living systems during biological evaluation (Calvin 1970) 

are now considered pollution. "Pollution" seems to be a rather 

bourgeois term in that it can be made to fit any situation. It 

is quite obvious that our planet has been polluted with oil and 

coal and lignites far earlier than man's habitation. 

The occurrence of hydrocarbons in living systems is a relatively 

recent finding, namely because the techniques needed for the analysis 

of the complex nature and diversity of the molecules of hydrocarbon 

have only recently been developed. As recent as 1942 Parker Trask 

in his monumental work of the 1930's stated that hydrocarbons were 
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not present in any significant amounts in recent marine sediments. 

It was a common theory at that same time that hydrocarbons were 

produced primarily by sedimentary marine conditions and that bio-

logical activities were primarily responsible. During evolution 

of new chemical techniques, Smith in 1952 demonstrated that hydro-

carbons were present in recent marine sediments and in 1954 indicated 

that they were present from 120-1400 ppm of the organic fraction 

of sediments. Orr and Emery (1956) found significant paraffinic 

hydrocarbons at the surface sediments off the California Coast and 

indicated by hydrocarbons in the depths of the sediment that recent 

oil activities were not responsible for the accumulations of the 

hydrocarbons. 

Smith (1952) calculated that one cubic mile of recent sediment 

may have 13 x 106 barrels of petroleum and pointed out that this is 

undoubtedly due to the natural production of hydrocarbons in living 

systems that may have an average of 100 ppm hydrocarbons per dry 

weight. 

Crude oil is a naturally occurring complex mixture of 

hydrocarbons and nonhydrocarbons which, at appropriate concentrations, 

possesses a measurable toxicity towards living systems. (Halstead, 

1971) Such toxicity determinations however are usually made under 

highly artificial laboratory conditions which can be accurately 

controlled and measured. Although there is considerable evidence 

of oil degradation process in natural environments through laboratory 

experiments (Davis, 1967), extrapolation of such data to environmental 

conditions--especially when sub-lethal concentrations are involved--

is a formidable exercise. Therefore, while the toxicity of crude 

oil cannot be denied it is clear that there is a vast lack of 

knowledge concerning 1) rates of oil removal in the environment 
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due to natural biological and physical processes, 2) long-term 

effects of massive oil spills which may not be immediately recognized 

due to environmental "baseline" variations, and 3) sub-lethal 

biological effects of chronic exposure to low-levels of oil. 

There is some guestion about the uptake and release of hydro

carbons by marine animals. Blumer et al. (1970) indicated that 

oysters from the W. Falmouth spill retained hydrocarbons for several 

months after the accident. 

Lee et al. (1972), however, showed that certain 14c labelled 

straight chain and aromatic hydrocarbons, while rapidly taken up 

by a marine mussel, were also released when the organisms were 

placed in fresh seawater. Hydrocarbon concentrations in animal 

tissues was reduced 80-90% after 24 hours in fresh seawater. No 

evidence of straight chain or aromatic hydrocarbon metabolism by 

the organism was detected. The author reported the naturally 

occurring hydrocarbons in marine mussels to be approximately 1 mg 

per mussel. 
• 

To place the problem of massive oil spills in perspective 

we should first look at the many reports summarizing recent major 

accidents. Observational data based primarily on fish catches and 

repopulation of subtidal and intertidal benthic communities in the 

ar~as of the two most widely publicized major oil spills (Torrey 

Canyon (Spooner, 1969) and Santa Barbara (Straughan, 1971)) 

indicated slight acute damage to marine life with the exception of 

water fowl. In both areas, recolonization of benthic organisms 

which had been killed occurred within a year following each 

accident. Contrastingly, a barge accident which released 162,000 

g~llons of #2 oil in Buzzardsr Bay, Massachusetts was reported to 
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cause a massive mortality of fish and benthic communities in the 

immediate area of the spill. The proximity of the accident to 

the Woods Hole Oceanographic Institute allowed Dr. Max Blumer and 

his associates to monitor the fate of the distillate in the 

sediments and in selected organisms over a long period of time. 

(Blumer et al., 1970) Gas chromatographic analyses of hydrocarbons 

extracted from sediment samples revealed the presence of the fuel 

oil two years after the spill. GC analyses also showed that the 

oil was taken up and retained by oysters and scallops in the area of the 

spill. An oily taste in oysters exposed to oil spills has been 

observed for several years in Louisiana (Menzel, 1948; Mackin, 1948), 

but has been considered to be a temporary nuisance with no long term 

adverse effects. However, the much studied concentration of DDT 

in the marine food chain (Risebrough, 1971) raised questions as to the 

sub-lethal effects of any hydrocarbon released to the marine environment. 

Clark (1966) in this Thesis showed the abundance of normal 

hydrocarbons in marine plants and animals to rang-e between Cl4 to 

32 at an amount of 34-120 ppm dry weight and compared it with the 

production of Australian cane grass that had an alkane content of 

almost one percent of the dry weight. Clark also gives a very good 

summary of alkane hydrocarbons in living organisms. It is quite 

significant to note that hydrocarbons have been a significant part 

of the organic matter of protoplasm of most terrestrial plants as 

well as marine plants. 

Unfortunately, most of the literature refers to the saturated 

straight chain hydrocarbons and only a part of the total hydrocarbons. 

The aromatic or cyclic hydrocarbons are much more difficult to 

quantitate or identify. If one looks at the analytical procedures 
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of the various authors listed in this paper, it becomes quite 

obvious that they have not considered the aromatic or the most 

abundant of the hydrocarbons. However, the data of Orr and Emery 

(1956) indicate that they are more abundant than the aliphatic 

compounds. 

Here it might be pertinent to point out that in any dis

cussion of oil pollution today one must seriously consider the 

tremendous surface of asphaltic roads in the world. These may be 

producing significant amounts of hydrocarbons to the environment 

as they weather, break down, and are otherwise disseminated. 

These road surfaces are hydrocarbons. To this may be added the 

tons of protective asphaltic coatings used for pipes, etc., the 

oils used in two cycle engines, especially the outboard powerboat 

motors, unburned hydrocarbons in exhaust, and finally the hydro

carbons used as inert carriers in aerosol dispensers for a multitude 

of products used every day. Such sources of hydrocarbon pollution 

must be discussed in terms of biological aspects because for most 

cases, although the amounts are disseminated, they add up to 

significant amounts per year. Thus living systems are constantly 

subjected to such hydrocarbons. They may not be seen as major 

oil spills, but may be much more significant when one attempts 

to set criteria for hydrocarbon content in living systems. 

This information is introduced to show that our environment 

has been continuously in contact with hydrocarbons and as a con

sequence nature has developed microorganisms that can degrade 

hydrocarbons to avoid their accumulation to a point of detriment 

to life. Research reports are continually appearing in the 

literature that show the degradation of many specific hydrocarbons. 
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This information indicates that hydrocarbons, which are of 

biological origin, are biologically oxidized in the cycle of 

energy and carbons in the same envirornnent. Each specific 

hydrocarbon molecular type is capable of being oxidized and 

thus results in no· buildup of any specific molecule in the 

aquatic environment, as has been shown in the literature. 

Under anaerobic sedimentary conditions, oil is preserved, 

whereas in the presence of oxygen, microbial degradation takes 

place. The first step of microbial degradation is to convert 

the hydrocarbon molecule to a fatty acid. This results in the 

so-called chocolate mousse and a colloidal effect that acts to 

further the rate of microbial degradation and disperse the oil in 

the sea. 

In common words, nature has provided a mechanism that will 

not permit the accumulation in aquatic oxygenated environments 

of large amounts of hydrocarbons or any specific type of hydro

carbon. This conclusion is supported by recent information on 

the low levels--parts per trillion--of specific hydrocarbons in 

the waters of the Gulf of Mexico and the other oceans of the world. 

A study of the distribution of hydrocarbon bacteria in the 

environment reveals their presence in sufficient numbers to maintain 

a constant degradation mechanism for naturally produced hydro

carbons, low-level spillage by man, and natural seeps. Biological 

Oxygen Demand experiments where natural untreated surface seawater 

is seeded with various hydrocarbons at 60 mg/l reveals the scope 

of this active microbial process. The hydrocarbons, including 

crude oil, are oxidized at varying rates and even such compounds 
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as toluene, which is normally considered toxic, are utilized. 

This research was conducted both in the North Sea and in the Gulf 

of Mexico (OEI) by the author. 

The identification of hydrocarbons at such measured low 

levels, reveals a large number of molecular types. The analysis 

of naturally produced hydrocarbons in living organisms also reveals 

a wide range of molecules with a consistently large proportion of 

the hydrocarbon Cl7. The hydrocarbons extracted from the water 

do not show any preferential concentration. This indicates that 

the natural microf lora are active oxidizing all the hydrocarbons 

and thus reducing them to a level of parts per trillion. 

Some microbiologists suggest that this low level is at the 

approximate threshold of biological uptake. Thus, the rather 

consistent water concentrations of total hydrocarbons in the parts 

per billion range and specific molecules in the parts per trillion 

range represent a submicrobial reservoir. However small this is 

a substantial amount of material if taken for the whole ocean. 

Multiplying the ocean volume by a total hydrocarbon value of 10 

parts per billion (which has been shown to be average) gives a 

figure of 8.6 x 109 barrels. This does not take into account the 

approximate 100 parts per million of hydrocarbons found in the 

surface of many ocean sediments. 

This equilibrium of resident oil has probably been at such 

a level for the period of life in the oceans, or approximately 

2 billion years. During this period, one would expect, since 

we have a resident population of living organisms, that many 

microbial adaptations occurred. 

The above analogy can be related to the approximately 9 

million barrels of oil per year that are reported to be spilled 
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by man in the environment (1969) and the daily use of 36 million 

barrels. 

Thus, if one accepts a level of 10 parts per billion, or 

a total of 9 x 109 barrels of oil in the oceanic biosphere, it 

can be compared to - th~ 8 x 107 , barrels of naturally occurring 

hydrocarbons through primary productivity and the 9 x 10 6 barrels 

estimated to be introduced from all sources by man. 

The amount of hydrocarbons introduced by man and plant 

activity, if they did not undergo degradation, would take over 

100 years to prcduce the existing oceanic reservoir. If, as 

evidence shows, the introduced oil is continually being degraded, 

it would take longer. Such inferences suggest that the background 

of hydrocarbons found today, from 1 - 30 parts per billion, may have 

existed during geological time before man. 
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The methods used to determine the significance of micro

organisms in oil ecology were oriented in two phases: (a) Enumeration 

and Biological Oxidation Demand techniques were carried out on 

board the research vessel. It has been shown that storage of 

microbial samples always changes either the species or numbers 

of organisms regardless of the treatment. Therefore, in order 

to have valid data this part of the program was carried out at 

sea. In all instances, the enumeration techniques were conducted 

within four hours after collection. 

The second phase (b) was carried out in the laboratory on 

selected mass and pure cultures of the microorganisms from the 

enumeration study. 

B. SHIPBOARD COLLECTION AND METHODS 

Samples were collected along transects shown in Figure 5-1 

as identified in Table 5-1. Surface slick, subsurface water at 

one meter depth and sediment surf ace samples were analyzed for 

general heterotrophic and oil degrading microorganisms. 

Standard sterile technique was used throughout both shipboard 

and laboratory experiments. In all instances unless otherwise 

stated. the organisms were cultivated on both a general marine 

heterotrophic medium (Difeo 2216 agar) and an oil medium comprised 

of 75% aged sea water, 25% distilled water, 66 ppm N03 (NH
4

No
3
), 

18 ppm P04 (K
2

HP0
4

) and 0.1% South Louisiana Crude Oil. Where 

dilution water is mentioned, it is comprised of 75% aged sea 

water and 25% distilled water. 
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TABLE 5-1 

STATIONS COLLECTED 

Station Winter Feb 1977 · Spring May 1977 Summer Aug 1977 · Fall Nov 1977 
Surf s.su:r Sed Surf S.Sur Sed Surf S.Sur Sed Surf S.Sur Sed 

lB x x x x 
lC x x x x 
10 · X x X · X · X · x x x x 
lE x x x x 
lF x x x x 
2B x x x x 
c x x x x 
D x x x x 
E x x x x x x x x x x 
F x x x x x x x x 
G x x x x 
H 

30 x x x x x 
40 x x x 

E x x v x x x .t\. 

SA x x x x x x 
B x x x x x x x x x 
c x x x x 
D x x x x 
E x x x x x x x x x 
F x x x x 
G x x x x x. x x x 
H x x x x 
I x x x 

60 x x x X · x x 
7A x 

B x x x x 
c x x x x 
D x x x x x x x x x 
E x x x x 
F x x x x 
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A surface sample technique was selected to show the concentrations 

of microorganisms that may be indigenous or associated with oil 

films on the air-sea interface. The method collected a film of 

surface bacteria representing only a few microns of water depth. 

The molecular filter was selected for this method as it has a 

positive surface charge which will attract the negatively charged 

bacteria. Thus the bacteria adsorb to the filter as it is placed 

gently on the water surface. The samples were taken well away from 

the side of the Research Vessel. 

As noted in the results, the weather played a very important 

role in this collection technique. The small rubber boat used 

to collect the samples was difficult to manage in rough weather. 

It was also difficult to place the filter on the surface when the 

wind was blowing. Therefore surface samples were taken only under 

permitting conditions. 

Subsurface samples at one meter depth were taken to show 

the numbers of bacteria that were in the water column that may 

be significant if an oil spill occurred and some of the oil passed 

into the water column. Also the subsurface bacteria could be 

taken to the surface by bubble adsorption during rough water 

conditions and thus be present as a part of the surface film 

organisms. 

Sediment samples were designed to show the presence of bacteria 

that may either be responsible for the degradation of existing oil 

or the potential to degrade oil that may be accumulated during a 

spill. 
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1. Surface Samples 

Microorganisms associated with the air~water interface were 

determined by an adsorption -technique using a membrane filter 

(47mm -0.45 pore size). The samples were taken from a rubber 

boat run by an electric motor well away from any influence 

of the research vessel. 

Hydrocarbon surface samples were taken concurrently. 

The rubber boat was positioned at least 100 meters astern from 

the research vessel to avoid any contamination associated with the 

ship. With ethanol sterilized forceps, a sterile membrane filter 

(47 · nun diameter, 0.45 m pore size) was briefly placed on the water 

surface. The filter was immediately transferred to a sterile wide 

mouth screw-cap bottle which contained 100 ml of dilution water. 

One field replicate consisted of a total of five filters collected 

in this manner. A total of five field replicates were collected 

at the designated station. 

Each field replicate was diluted to a final dilution of lo-3 

and each dilution passed through a membrane filter (0.45 m). The 

filter pad was placed on a Difeo 2216 agar plate. This procedure 

was performed twice to yield duplicate plates of each respective 

dilution. The colonies were counted at 30 hours incubation at 

room temperature (23°c) to obtain the total heterotrophic density 

in CFU/ml. 

From the large dilution bottles, 1/2 oz. prescription bottles 

containing 9 ml of oil media were also inoculated in duplicate 

to determine oil degrading bacteria. The bottles were examined 

for oil consumption and turbidity following a 90 day incubation at 

ambient temperature with intermittant shaking. The number of hydro-
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carbonclastic bacteria were enumerated by most probable number 

technique. 

A diagram of the dilution and replication is presented in 

Figure 5-2. 

2. Subsurface Sample Collection 

Subsurface samples were collected on the lee side of the 

research vessel with a sterile 2-liter bottle attached to a modified 

Johnson-ZoBell (J-Z) sampler. Five field replicates were collected 

at a depth of one meter at each designated station. 

Subsurface samples were processed with the same replicate as 

specified for surface samples. Dilutions were made and duplicate 

aliquots filtered and the filters were placed on 2216 plates in 

order to enumerate total heterotrophs. Oil media in 8 oz. bottles 

with 90 ml of medium were inoculated for MPN enumeration and pure 

culture isolation. The diagram of dilution is shown in Figure 5-3. 

3. Sediment Sample Collection 

Sediment samples were collected from a box core collector. 

One gram of sediment taken by a syringe sampler was rapidly 

removed from the undisturbed core surf ace and transferred to a 

wide mouth glass bottle containing 90 ml of dilution water until 

10 ml of the water had been displaced. Two field replicates 

were collected in this manner at each of the 25 stations. 

Each replicate was diluted to a final dilution of lo- 6 . The 

dilution bottles were used as the inoculum source for duplicate 

2216 pour plates and duplicate oil media bottles (1/2 oz.). The 

diagram of dilutions is· shown in Figure 5-4. 
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All samples were incubated in the dark at room temperature 

at approximately 22 c. The plates from all samples were counted 

after 2 and 4 days incubation on the research vessel. The dilution 

counts for oil bacteria were read at the shore laboratory at 

monthly intervals up to 3 months. The time was reduced in the 

last reading to two months as most of the growth ceased after that 

period of incubation time. Before each reading, the dilution 

bottles were shaken at approximately 60 rpm for 24 hours. 

Oil degradation in the dilution counts was determined by an 

empirical method comparing the consistency of the oil and 

appearance, with sterile controls. The oil in control bottles 

formed a film, away from the water air interface, and up the side 

of the glass bottles to about 5 mm. This oil would remain when 

the bottles were shaken. Oil degradation was considered positive 

when the oil film on the glass walls was reduced, when the oil 

changed color from the dark brown to a lighter color of an emulsion, 

when the oil was changed to a particulate composition and finally 

when all the surf ace material would go into the water phase when 

the bottle was shaken. All the above changes were considered a 

positive reaction. In the most ra9id cultures, the oil would be 

completely removed from the water-air interface and the color of 

the medium would be a light brownish color and partly clear. Later 

experiments to determine the rate of oil degradation indicated 

that such culture response produced from 60 to 80 percent decrease 

in recoverable oil. Thus the above criteria for degradation were 

confirmed by later tests in which the same oil response ;was noted 

in cultures that were extracted, the weight loss measured and 

composition change in the oil measured by chromatography. 
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4. Biochemical Oxygen Demand (BOD) 

Surface water was collected using a floating stainless 

steel funnel attached to two pieces of circular plywood separated 

by 1/2 inch. The design is shown in Figure 5-5. The portion of 

the funnel that was exposed in the 1/2 inch area between the wood 

had numerous small holes (diameter = 3/16 inch) • Thus as the 

float bobbed on the surface it collected water from the upper 1-4 

inches of the water column. This sampler was stored between samples 

in a large container which held a disinfectant solution. 

One end of autoclaved silicone tubing was connected to the 

bottom of the funnel component of the sampler which was then 

deployed from a boom approximately 12 meters from the boat on 

the lee side. The other end of the tubing was connected to a 

peristaltic pump which had been sterilized via flushing for 2 

minutes with 95% ethanol. Upon commencement o·f water flow, the 

system was flushed for 5 minutes. A 20 liter carboy which had 

b~en previously sterilized with ethanol was then rinsed 3 times 

with approximately 1 liter of the collected seawater per rinse. 

Two liters of seawater were then collected in the carboy. 

Eight liters of filter-sterilized (pore size - 0.45 µm) artificial 

sea water made with AR Reagent grade chemicals in glass distilled 

water were then added to the carboy yielding a 1:5 dilution of 

the sample. The diluted sample prevented the organic matter 

present in the sample from overshadowing the effect of the added 

hydrocarbons. Previous surface collections indicated that oil 

degrading bacteria were· normally present. 

The carboy was then shaken for 30 seconds to saturate the 

sample with oxygen and vented for several seconds to allow fresh 

air to replenish the oxygen in the carboy. This stop was repeated 
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3 times at 5 minute intervals. 

The sample mixture was then aseptically siphoned through 

sterile tubing into 2-60 ml reagent bottles, 15-500 ml reagent 

bottles, and 2 more 60 ml reagent bottles. A set of three 500 ml 

bottles as then inoculated with 50µ1 of the respective filter-

sterilized (pore size = 0.45µm) hydrocarbon; !-South Louisiana 

Crude Oil (SLCO), 2-decane, 3-cyclo-octane, and 5-toluene 

were chosen as representative compound mixtures of straight, 

cyclic, and aromatic compounds respectively. The remaining 

three SOOml bottles served as controls. All bottles were 

stored in the inverted position and in darkness to prevent photo-

trophic activity. 

The four 60ml bottles were then fixed for Winkler Dissolved 

Oxygen determination (Standard Methods) • 

At 5, 10, and 15 days, a 500ml bottle of each type was 

removed from the storage area and 2- 60ml aliquots were aseptically 

siphoned into two 60ml reagent bottles. Winkler D. O. determinations 

were subsequently performed. 

B.O.D. Calculations 

1. The amount of dissolved oxygen present at the time was 

calculated by the following formula: 

D. O. (in mg/l) = ...:t_ 5 (F) (V) (16) 
y-2 x 

y = original sample volume = 500ml 
x = aliquot volume = 60ml 
V = volume of titrant required (note: 0.01 Normal Sodium 

Thiosulf ate was used) 
F = standardization coefficient. This was not used. Thus,F = 1.0. 
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2. The oxygen uptake was calculated as follows: 

Initial siphon D.O. = (D.O. of first 60ml bottle)+(D.O. of 
second 60ml bottle) 

2 

Final siphon D.O. = (D.O. of third 60ml bottle)+(D.O. of 
fourth 60 ml bottle) 

2 

Initial D.O. = (Initial siphon D.O. +Final siphon D.O.) 
2 

Oxygen uptake of sample = 5 (Initial D.O. - Sample D.O.) 
(in mg/l) 

Note: The factor 5 is used since the original sample seawater 
was diluted 1:5 with filter-sterilized ASW. 

C. LABORATORY METHODS 

1. General 

Dilution bottles used for the determination of numbers of 

oil degrading bacteria on the research vessel were returned to 

the laboratory for continuing experiments. First the 30, 60 and 

90 days counts were made. The culture bottles were stored at room 

temperature in the dark and placed on a mixing table for 24 hours 

before they were read for growth and oil degradation. Those 

cultures that indicated rapid growth or large numbers of organisms 

were selected;for pure culture analysis to be performed by the 

National Marine Collection Laboratory, Aberdeen, Scotl-and, rate 

of oil consumption by both mixed and pure cultures, nutrient effect 

on oil degradation rates and the change in hydrocarbon molecules in 

mass and pure culture experiments _in up to 30 days incubation. The 

hydrocarbon analyses were made in the laboratory of Dr. Parker at the 

Marine Science Institute who had the responsibility for hydrocarbon 

analysis for the Texas BLM program. Techniques of analysis and equip

ment were those approved for .the Texas prograrn. · The computer analysis of 

% of hydrocarbon compounds in the Ge · analysis was made with the computer 
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program provided by Dr. Parker and approved for the Texas program. 

Controls were provided for both the cultural analysis and 

for the hydrocarbon degradation. Except where indicated, the 

hydrocarbon used for the laboratory experiments was the South 

Louisiana Crude used also for the Texas BLM program. The 

crude oil was well mixed in drum amounts and aliquots provided 

to the Georgia Coast project. This insured both an internal 

and external controls for both projects. 

2. General Method of Degradation Analysis 

The ability of mixed and pure cultures of microorganisms 

to degrade hydrocarbons was quantitatively determined by showing 

changes in the weight and chromatography of South Louisiana Crude 

and selected hydrocarbons. In general the procedure used was one 

of extraction, purification and measurement as developed for the 

specific experiments to be later described. 

Cultures of microorganisms produce many metabolic by-products 

during their growth, especially in the large cell concentrations 

used to determine oil degradation. Extraction solvents used to 

extract fatty materials including hydrocarbons from water,such 

as chloroform, carbon tetrachloride, methanol, hexane, benzine, 

etc., produce emulsions that are difficult to break except by the 

use of large quantities of solvent washes. The time, cost and 

possibility of contamination are therefore high. 

The oil degradation studies required several hundred measure

ments of such bacterial cultures. It was necessary to develop 

a technique that was simple, accurate and that could be used within 

the time constraint of the project. At the initiation of the 

research we were conducting a research project on the toxicity of 
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FREON 113 (DuPont Trademark}* and the physical properties of 

the solvent seemed adaptable to the problem. 

The DuPont research laboratory indicated that the Freon 

was available in Spectrographic grade and was an excellent 

solvent for fatty materials. FREON 113 has a low boiling 

point of 47~6 c which facilitated evaporation and has . a low 

solubility in sea water of 136 ppm. The FREON 113 was injected 

in the Gas Chromatograph and showed no absorption that would 

interfere with the hydrocarbon identification. The material 

was tested with bacterial cultures and showed a surprising lack 

of the usual emulsion. Tests to show recovery of fats and hydro-

carbons from sea water and cultures indicated 100 percent recovery. 

Thus the solvent could be used in a simple method to extract, 

purify through silica gel and alumina columns concentrate by 

evaporation and, without changing solvents, be directly injected 

into the GC. This required a minimum of solvent, glassware and 

could be accomplished in a few hours. 

The Technique varied slightly for the different procedures 

as described in the following sections. 

The chromatography analysis was conducted by the Marine 

Science Institute chemical laboratory under the direction of 

Dr. Patrick Parker. This laboratory was engaged in a parallel 

program relative to the present study offshore Texas. All methods 

were approved by the BLM general project director. -

-----------------------------~----------------------------------
* The Ecological Significance and Fate of Carbon Tetrachloride 

and FREON 113 in the · Estuarine Environment 1978 by Brogden and 

Oppenheimer University of Texas Marine Science Institute Report. 
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Gas chromatograms of the SLCO fractions were obtained on a 

Hewlett-Packard 7620A gas chromatograph equipped with dual flame 

ionization detectors. The column used was a one-eighth inch by 

2 meter stainless steel column packed with 5% FFAP on 80/100 mesh 

Gas Chrom Q. The carrier gas, helium, was run through the column 

at a rate of 30 ml per minute. The temperature was held at 70°c 

for 6 minutes, then programmed from 7o0 c to 270°c at a0 c per minute, 

and held at 27o0 c·for 15 minutes. Individual hydrocarbons were 

quantitated using a Hewlett-Packard Model 3352B Integrator. Column 

efficiency and detector response were measured with a mixture of 

C1 6-c
32 

saturated and unsaturated hydrocarbons. 

All solvents used in the studies were chromatographic grades 

or glass-distilled. All glassware was washed; rinsed with tap 

water, distilled water, and acetone; and then heated at 200°c for 

2 hours to remove any traces of hydrocarbons. 

The medium used, unless noted, for the oil degradation was 

enriched seawater (ESW), consisting of aged, sand and charcoal 

filtered seawater with the addition of 66 ppm N03- (NH4Nn
3

) and 

18 ppm P0 4- 3 (K 2HP0
4

) for the mixed culture, pure culture, and 

mass culture SLCO _degradation studies. KN0 3 and (K
2

HP0
4

) was 

used in the nitrate-phosphate (N-P) determinations. The ESW had 

a final pH of 7~4. 

3. Description of Laboratory Analyses 

The analytical procedure in the laboratory study of oil 

bacteria was divided into several categories that are described 

as follows: 

(a) Screening of selected mass cultures for degradation. 

(b) Separation of selected pure cultures for identification 
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and degradation studies 

(c) Study of rate and molecular change of SLOC of selected 

mass cultures and pure cultures. 

(d) Determination of nitrogen and phosphorous requirements 

(e) Effect of low temperature on oil degradation. 

(a) Screening of Selected Mass Cultures for Degradation 

The mixed bacterial cultures were ·isolated from the original 

MPN bottles collected on the cruises, and maintained on ESW con

taining 0.2% SLCO. The medium used in this study was 50 ml ESW 

(NH 4No
3

) containing 0.2% SLCO. It was inoculated with 0.1 ml 

from a turbid culture, and the flasks were shaken on a rotary 

shaker at 25°c. The cultures were extracted at 3, 6, 9, and 12 

days with three aliquots of freon, with the entire flask being 

extracted. Carbon was extracted with 3 aliquots of freon, with 

approximately 10 ml of freon per aliquot. The aliquots were 

pooled and evaporated to 1-2 ml. The hydrocarbon-containing 

freon was layered on an llmm x 300nun chromatography column packed 

with 6 inches of activated silica gel (80-200) mesh) topped with 

1 inch of activated alumina. Hexane was the packing solvent. 

Elution of the saturate hydrocarbon fraction was accomplished 

by adding 2 column volumes (approximately 30 ml) of hexane to 

the column and collecting the eluate. The aromatic hydrocarbon 

fraction was eluted with 2 column volumes of a 50% benzene:50% hexane 

mixture. The remaining asphaltenic fraction was eluted with one 

to two column volumes or methanol. All three fractions were dried 

for subsequent gravimetric analysis. 

(b) Pure Culture Methods 

The pure bacteria cultures were isolated by standard methods 
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from the mixture of bacteria in MPN bottles collected during 

the sampling cruises. The bottles which showed good evidence 

of SLCO degradation or turbidity were chosen. Mixed culture 

oil degradation ability was tested after incubation for 12 days 

on 0.2% SLCO in ESW apd observing for oil emulsification or 

STATIONS WTTH PURE CULTURES 

Station Taxonomic Grouping 

Station Feb. 1977 · May 1977 · Aug. 1977 . Nov. 1977 

lD 2SS 3S 4SS 

2B 4B 

2D SB 

2E 3SS SSS 

e 2F 7SS 2S 
!SS 

3D 6SS 2SS 

4D !SS 4SS 

4E 3SS 6SS !SS 

SA SSS 2SS 

SB !SS 2SS 4SS 

SC lB 

SE 2SS ass 

SG 2SS 7SS 

6D 7SS 

7D !SS 2SS 3SS 

S = Surf ace 

SS = Subsurface 

B = Sediment 
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culture turbidity. The hydrocarbons were then extracted, 

separated into fractions, and analyzed by gas chromatography 

to determine if or how much oil degradation occurred. 

Pure cultures were isolated from the SLCO degrading mixed 

cultures by plating _ on Difeo Sea Water agar, using the hyrdo

carbon vapors from South Louisiana Crude saturated filter 

paper as the carbon source. These pure cultures were used in 

the nitrate-phosphate (N-P) nutrient requirement determinations, 

degradation rate studies, and mass culture experiments. 

Selected cultures were sent to the National Marine Collection 

Laboratory Aberdeen Scotland for identification. The method 

of identification was a standardized procedure using morphology, 

growth characteristics, selected physiological reactions and 

growth requirements on an international scale. The laboratory 

is a depository for marine cultures from worldwide marine 

environments. 

(c) Mass and Pure Culture SLCO Degradation Studies 

The bacteria used in this study were the mass cultures 

23Dl0Bl, 22E30A, 27D30Fl, and 25Gl0C2. The growth medium con

tained 500 ml of ESW with 0.5% SLCO (2.5 ml SLCO); and was 

inoculated with 1.0 ml of a mass culture from a turbid flask 

(ESW plus 0.5% SLCO). Flasks containing the mass cultures were 

placed on a shaker at 25°c during the growth period in order to 

simulate wave action and to aerate the cultures. Uninoculated 

controls were run to show loss of the hydrocarbons due to 

weathering action. 

The mass culture hydrocarbons were extracted at 3, 6, 

9, 15 and 30 days with Freon; the whole flask volume extracted. 
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Three or more 50 ml aliquots of Freon (Trifluorotrichloroethane) 

were used to extract each flask until the Freon layer was colorless • 

The aliquots were pooled and evaporated to near dryness in 

a 1000 ml boiling flask. To each boiling flask, 100 ml of a 

saponification mixture (15 g KOH in 500 ml Methanol) was added, 

and the resulting mixture was refluxed for 3 hours. 100 ml of 

distilled water was added to the flasks and the mixtures were 

refluxed for one hour longer. Then the hydrocarbons were 

extracted from the flask with three 50 ml aliquots of Hexane. 

The fatty acid salts remained in the Methanol-water phase. 

The hydrocarbon phase (in Hexane) was evaporated to 

10.0 ml and 1.0 ml was layered on a chromatography column 

(22mm x 300mm) packed with 6 inches of silica gel (activity 1: 

80-200 mesh) topped with 1 inch of activated alumina. The 

column was packed with Hexane. The saturated hydrocarbon 

fraction was eluted with 2 column volumes Hexane (1 column 

volume equals approximately 40 ml) • Then the aromatic fraction 

was eluted with 2 column volumes of a 50% Benzene: 50% Hexane 

solution. The remaining asphaltenic fraction was eluted from 

the column with 1 column volume of Methanol. 

The eluted Hexane fraction was evaporated to 2 ml and placed 

in small vials for GC analysis. The Benzene:Hexane fraction was 

evaporated to 0.5 ml for GC analysis. The Methanol fraction 

was dried and weighed• 

The fatty acid K+ salts were then converted to the free 

fatty acids by acidifying the Methanol-H 2 0 phase with HCl to a 

final pH of 3.5. Three Freon aliquots of 30 ml each were used 

to extract the fatty acids -from the Methanol:H
2

0 phase. The 
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Freon containing the fatty acids was evaporated to near dryness 

and 10 ml of BF3 in Methanol was added. The solution was 

heated just to boiling, and then 20 ml of distilled H20 was 

added. The fatty acid methyl esters were extracted with three 

15 ml aliquots of Freon, dried to 2 ml, and placed in vials for 

later GC analysis. 

Pure Culture SLCO Degradation Rate Study 

The four pure cultures 22E30A, ~7D30Fl, 23Dl0Bl, 

25Gl0C2 were used for the determination of their SLCO degradation 

abilities. The studies were run in SO ml ESW with 0.5% SLCO 

(0.25 ml) added as carbon source. Enriched seawater (ESW) contained 

filtered, aged seawater collected from the Port Aransas Ship 

-3 
Channel plus 66 ppm N03- (NH4No3 ) and 18 ppm P04 (K 2HP04

). 

The media flasks were inoculated with 0.1 ml of the pure qulture 

which had been grown on 0.5% SLCO in ESW. Uninoculated flasks 

were included in the study to serve as weathering controls for 

hydrocarbon degradation. All flasks were shaken on a shaker 

to aerate the cultures, and were extracted (collected) at 3, 

6, 9, 15 and 30 day intervals, with an entire flask being 

extracted at each sample time. 

The flasks were extracted with 3 or more 15 ml aliquots 

of Freon until the Freon layer appeared colorless. The hydro-

carbon-containing freon aliquots were pooled, and evaporated to 

1-2 ml, and layered on a chromatography column. The chromatography 

column and the procedure used were the same as the method outlined 

in the Mass Culture SLCO degradation section. After separation 

of the hydrocarbon fractions, the Hexane saturate fraction was 

evaporated to 2 ml for GC analysis, the Benzene:Hexane aromatic 
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fraction was evaporated to 0.5 ml for GC analysis, and the 

methanol asphaltenic fraction was dried for gravimetric analysis . 

(d) Determination of Nitrogen and Phosporus Requirements 

The bacteria used in this study were four pure cultures, 

27D30Fl, 22E30A,- 23pl0Bl, and 25GlOC2, tentatively identified 

as Acinetobacter species. The cultures were grown in 50 ml of 

aged, sand and charcoal filtered seawater with varying con-

centrations of KN03 and K2HP0 4 : 

0 ppm N03-/10 ppm P0 4- 3 

5 ppm N0
3
-/10 ppm PO - 3 

4 

66 ppm N03-/18 ppm PO - 3 
4 (enriched seawater, 

100 ppm No
3
-;o.1 ppm Po

4
-3 

100 ppm N0 3-/l ppm P0
4

- 3 

100 ppm N0 3
-/10 ppm P0

4
-3 

0 ppm N0
3
-/0 ppm P0 4

- 3 (no enrichment) 

ESW) 

To each of these series of flasks was added either South 

Louisiana Crude Oil (SLCO), decane, toluene or cyclooctane, as a sole 

carbon source. The N-P studies using SLCO as the carbon source 

were run at concentrations of 0.1%, 0.5% and 1.0% SLCO (v/v). 

The other hydrocarbons were run at a concentration of 0.5% (v/v). 

Uninoculated controls were run to demonstrate weathering loss 

of the hydrocarbons. 

After 12 days on a shaker, the cultures were extracted 

as described in screening of mass cultures. 

(e) Effect of Low Temperature on Oil Degradation 

The effect of low temperature on oil degradation was 

conducted by the method used for screening of oil degradation 

by mass cultures • . The flasks in duplicate were incubated at 
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9C for periods of 12 days. Cultures from stations 2E and 7D 

were selected for the study. Replicate culture flasks with 

0.5% SLCO in enriched sea water media were used. Extraction 

and fractionation by Hexane, Benzene and Methanol were carried 

out and weights determined. 
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SECTION 6 

RESULTS 

The results are presented in seven sections each of which 

is a separate part of the total project 

Enumeration of heterotrophs and oil degrading bacteria 

Biological Oxidation Demand Experiments 

Screening of selected mass cultures for degradation of oil 

Separation of selected pure cultures for identification 

Study of rate and molecular change of South Louisiana crude 

oil by selected mass and pure cultures 

Determination of nitrogen and phosphorous requirements 

Effect of low temperature on oil degradation. 

A. ENUMERATION OF HETEROTROPHS AND OIL DEGRADING BACTERIA 

The data for the distribution of bacteria at the various 

stations and cruises are presented in Tables 6-1 to 4. Average 

numbers were derived from the replicate and duplicate samples. 

Numbers are given for ml of water or grams of sediment. The 

ratios of oil to heterotrophic bacteria are also presented. 

B. BIOLOGICAL OXIDATION DEMAND EXPERIMENTS 

Data for BOD are presented only for the fall 1977 or 

fourth cruise. Data for previous cruises indicated that the 

background organic matter in the water overshadowed the activity 

of the oil degradation. Through trial and error the proper 

dilution of the station surface water was obtained to provide 
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the presented graphs. Each station is listed in graph form with 

the incubation time plotted against oxygen consumed and the 

control and four hydrocarbons are identified. The graphs are 

presented in Figures 6-1 to 11. 

C. SCREENING OF SELECTED MASS CULTURES FOR DEGRADATION OF OIL 

Data for screening of potential oil degrading activities 

of bacteria from the enumeration study are presented in Tables 

6-5 and 6-6. The weights of the various fractions and time of 

incubation are given for Freon or Hexane, Benzine and Methanol 

elution from silica gel columns. Calculations of percent utilized 

are included. 

A chromatogram of the control South Louisiana crude oil 

is shown in Figure 6-11. Gas chromatograms of the Freon-Hexane 

and Freon elutriates are presented in Figures 6-13 to 6-25. The 

data show the specific change in molecular configuration relative 

to controls as associated with utilization of the hydrocarbons. 

Computer printout of percentages of each chromatographic peak 

relating to carbon number for the Figures are presented in the 

Appendix. 

As the enumeration incubation period was 90 days for 

cruise three, time did not permit activity or screening during 

the first year study. In addition 300-GC analyses were allocated, 

and due to controls used for the development of methodology, 

analytical time was running short. Therefore at this time, 

assuming that a second year program would continue, the remaining 
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analytical time for GC was used for other procedures such as the 

study of pure cultures, nutrients, etc. 

D. SEPARATION OF SELECTED PURE CULTURES FOR IDENTIFICATION 

Mass cultures from the enumeration studies of oil degrading 

bacteria were subjected to pure culture techniques using Standard 

Methods and 2216 · agar with vapor from SLCO. Different types of 

organisms were first selected by colony characteristics and 

microscopic examination of morphology. From approximately 300 

cultures from varied stations, 50 were selected as being 

representative of the organisms present. The purified cultures 

were sent by air mail to the National Collection of Marine Bacteria 

in Aberdeen Scotland for identification. 

The identification techniques are time consuming and 

therefore the presented data represent only 10 of the total 

50 isolates. Correspondence insures that the remaining identifica

tions are in route. 

The results of the National Collection laboratory are 

presented in Table 6~7. The tests represent those of approximately 

100 total tests which show diagnostic characteristics for the 

bacteria. 

Additional data will be forwarded as received. The 

cultures will be maintained as part of the National Collection 

and therefore available to the scientific community by order. 

E. STUDY OF RATE AND MOLECULAR CHANGE OF SOUTH LOUISIANA CRUDE 

OIL BY SELECTED MASS AND PURE CULTURES 

Representative chromatographic and weight loss data are 
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TABLE 6-1 

Cruise 1 - Distribution of Bacteria 

Winter 1977 

Surface Sub-Surface Sediment 
Station Het Oil O/H Het Oil O/H Het Oil O/H 

Number of bacteria per ml of water or gram wet sediment 

lB l.56xl04 0 
lC l.63xl05 0 
lD N6 0.79 178 - l.93xl04 0 
lE 3.65xl04 5.96 .0002 
lF l.OxlO' 0 
2B 2.03xl05 0 
2C 9.lx104 5.96 .00007 
2D l.8xl04 23.0 .0001 
2E 7.79 200 - l.77xl04 5.96 .0003 
2F 2.52 200 - 6.lxl04 23.0 .0004 
2G 
3D 5.92 213 · 
4D 
4E 2.91 196 
5A 47.7 183 -.:...---- -r. 75xlo4----:- 14.5 .0008 
5B 1010 185 - 3.25xl05 1.16 .000004 
5C 2.35xl04 23 .001 
5D 4.85xl04 5.96 .0001 
5E 4.47 175 - 2.27xl05 6.17 .0003 
5F l.14xl04 0 
5G - 4.03xl04 0 
5H 2.95xl04 9.38 .0003 
5I 
6D 2.27 186 
7A 5.7xl04 17.9 .0003 O"I 

I 
7B 3.25xl05 23.0 .00007 Ul 

0 7C 7.0xl04 61.7 .0009 
7D NG 197 - 3.26xl05 23 .00007 
7E l.lxl05 23 .0002 
7F 4.55xl03 0 
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TABLE 6-2 

Cruise 2 - Distribution of Bacteria 

Spring 1977 

Surface Sub-Surface Sediment 
Station Het Oil O/H Het Oil O/H Het Oil O/H 

lB l.97x10S 7.SlxlOO .004 
lC l.69xl05 l.86x102 .001 
lD 88.6 28.4 .32 l.9xl06 l.89xlo 2 .0001 
lE l.98xlos l.36xl02 .0007 
lF 1. 69xlQS 6.67xl02 .004 
2B -· -

l.38xf06 3.4xf03 .002 
2C l.13x10S l.8xl03 .02 
2D 3.34xlOS 3.7xl02 .001 
2E 1. osx104 16.0 .002 S8.3 14.1 .24 l.77xl06 6.17x1ol .00003 
2F 4S.4 12.8 .28 7.47x10S l.16xlOl .00002 
2G 1. 64xl04 · l.19x1ol .001 
2H l.Sxl04 l.4Sxl04 .96 ' 

3D 121.0 12.5 .Io 
4D 22.0 6.S2 . 30 
4E 2.11x106 1. 02 4.7x10-6 26.1 0.47 .02 
SA 617.0 9.27 .02 
SB 281.0 0.3 .001 6.8Sx10S l.17xlo2 .0002 
SC 3.36xlQS 4.23x1ol .0001 
SD 4.08xlOS 3.2x100 .000008 
SE 321.0 0.18 .006 2.80xlQS 3.89xl02 .001 
SF 7.J4xlQS 4.4xl02 .0006 
SG 2.11x106 10.9 Sxlo-6 24.4 1.94 .08 2.68xlOS 3.2xlQ3 .01 
SH 2.s2x10S 2.70xl02 .001 
SI 9.17xl03 l.26xlOl .001 
l>D l.16xl02 0.74 .006 26.9 0.26 .01 
7A - - I 
7B 2.S6xl06 2.3lxl03 .0009 LT1 

7C l.43xl06 l.22xl02 .00008 
....., 

7D 3.34x102 0.6 .002 23.l 0.86 .04 2.6xl06 1.16xl03 .0004 
7E 8.48xl04 1.18xl06 
7F 1.14xlos l.18xl06 
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TABLE 6-3 

Cruise 3 - Distribution of Bacteria 
Summer 1977 

Surface Sub-Surf ace Sediment 
Station Het Oil O/H Het Oil O/H Het Oil Ratio O/H 

Number of bacteria Eer ml of water or gram of wet sediment 

lB 4.7xlOS 494 .001 
lC 3.2Sxl06 61. 7 .0002 
lD 73.2 1.91 .03 1.23xl06 1270 .001 
lE 1.94xl06 373 .0002 
lF 6.Sxl04 42.4 .0007 
2B 2. 73xl06 · 7SS .0003 
2C 2.28xl06 949 .0004 
2D 2.66xl06 1100 .0004 
2E 12.1 2.SS .21 34.0 1.89 .06 4.88xl06 7140 .002 
2F S6.8 2.73 .OS 6.SxlOS 889 .001 
2G 4.7xl04 2380 • OS . 
3D 78.1 1.81 .02 2.4xl03 230 .10 
4D 73.8 3.31 .04 
4E 6S.2 0 0 119.0 0.16 .001 
SA · 119.0 0.8S .007 
SB S0.2 2.8S .06 368.0 3.38 .009 2.04xlOS 237 .001 ' 
SC S.8Sx10S 3260 .006 
SD l.3xlOS 63.4 .ooos 
SE 73.7 0.42 .006 2.17xl06 1S7 .00007 
SF 3.2Sxl06 sa.o .00002 
SG S6.2 2.32 .04 8.37xlOS 4130 .oos 
SH 4.0xlOS 617 .002 
SI 3.SSxl04 20.6 .0006 
60 10.9 2.J .21 JS!6 0. 4 6 .01 
7A 
7B l.lx106 174 .0002 
7C 8.S7xlos 23.0 .00003 -
7D 1.3 0.48 . 37 27.8 0.22 .008 2.39xl06 61.2 .00003 
7E 2.06x10S 14.S .00007 
7F 2.9xl04 S.3 .0002 -- - °' I 

Ul 
rv 
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TABLE 6-4 

Cruise 4 - Distribution of Bacteria 
Fall 1977 

Surf ace Sub-Surface Sediment 
Station Het Oil O/H Het Oil 0/H Het Oil O/H 

Number of bacteria Eer ml of water or gram of wet sediment 

lB 2.83xl04 l.22xl03 .04 
lC 6.83xlo4 2.3lxl03 .03 
lD 516 159 . 31 5740 682 .12 l.73xl05 2.3xl02 .001 
lE 3.19x106 3.19xl03 .001 
lF l.76xlo4 - 1. 46xl02 .008 
2B l.05xl05 1. 46xl04 .14 
2C 2.s2x10S 1. 27xl03 .005 
2D S.95xl04 3.94xl03 .07 
2E 6SSO 124 .02 9.72xlOS 2.3xl04 .02 
2F ssoo 130 .02 3.28xlOS 6.17xl02 .002 
2G . l.3lxl04 6.17xl02 .OS 
3D SlOO 87.8 .02 
4D 4880 339 .07 
4E 4580 613 .13 
SA 37500 744 .02 
SB 32SOO 20SO .06 6.43xlOS 9.7x103 .02 
SC 4.76xI04 2.3lxl03 .OS 
SD 2.79xl04 1. 26xl03 .OS 
SE 1680 80.1 . OS 13200 1180 .09 l.72xlOS l.46xl03 .008 
SF 2.4lxlOS 1. 27xl05 .S3 
SG 2740 1270 .46 l.12xlOS l.46xl04 .13 
SH 2.S3xl06 l.30xl03 .ooos 
SI 4.37xl02 S.96xl00 .01 
6D 62100 1690 .03 
7A 
7B 3.30xlo4 1. 46xl03 .04 
7C l.46xlOS 9.6Sx1ol .0007 
7D 3910 214 .OS l.2SxlOS l.17xlOS .94 
7E l.OxlOl 2.3xlOl 2.3 °' 7F l.OxlOl _2.3xlOl 2 ._3_~-- I 

Ul 
w 
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TABLE 6-5 

Screening Mass Cultures Hydrocarbon Degradation 

Cruise 1 Oil remaining after 36 hrs. 

mg 
Culture HC 

Std 48 

SA-1 35.5 
2F-4 30.5 
2F-3 35 
5E-2 28 
5E-5 24.5 
4E-l 36. 5 -
6E-3 25 
2E-6 24.5 
7D-3 27.5 
5B-3 45 
5A-4 20.5 

e 30-7 14.5 
5B-5 23 
lD-2 24.5 
lD-4 25 

1 9 
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TABLE G-G 

Screening Mass Culture Hydrocarbon Degradation 

Avg. Weights (mg) SLCO Fractions 

Cruise 1 

Freon Benzene Methanol SLCO fraction 
wt. wt. wt. remaining 

% Freon 
3d 40.8 11.0 1.5 101.2 

SB Gd 22.0 s.o 0.0 59.9 
12d lG.O 2.0 1.0 40.0 

3d 3G.3 3.0 1.0 
2F Gd 33.0 s.o 3.0 S9.9 

12d 28.0 s.o - 0. 0 70.0 

3d 3S.3 3.S 1.0 87.G 
2F Gd 39.0 G.O 2.0 100.0 

12d 32.0 3.0 3.0 80.0 

3d 11.0 G.O 1.0 27.3 
SE Gd s.o 2.S 2.0 13.G 

12d 8.0 2.S 1.S 20.0 

3d 33.0 3.0 1.0 81.9 
Gd 28.0 7.0 1.0 7G.3 

12d 4.0 0.0 

3d 27.0 4.S l ·. s G7.0 
SB Gd 17.0 3.3 1.3 4G.3 

12d 11.0 2.3 l.S 27.5 
30d 6.5 1.0 2.0 16.7 

3d 32.2 4.S 1. 0 . 80.1 
2E 6d 19.0 G.3 2.0 Sl.8 

12d 18.G G.7 2.S 4G.S 
30d 14.0 4.S 3.0 35.9 

3d 2S.4 2.7 2.7 63.0 
SA 6d 18.3 2.0 3.0 49.9 

12d 14.0 3.0 2.0 35.0 

3d 2S.7 4.0 1.0 63.8 
SD 6d 14.0 2.7 2.5 38.1 

12d 13.3 2.S 1.5 33.3 
30d 4.0 1. 0 1.0 10.3 
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Table 6-6 (cont.) 

Freon Benzene Methanol SLCO fraction 
wt. wt. wt. remaining 

% Freon 

3d 40.0 4.0 1.0 99.3 
lD 6d 24.0 3.0 1.0 65.4 

12d 23.0 3.0 1.0 57.5 

3d 38.8 4.0 1.3 96.3 
3D 6d 32.0 7.0 1. 0 -- 87.2 

12d 24.0 60.0 

Control 
0 40.7 8.0 1.0 
3d 40.3 9.0 1.5 
6d 36.7 6.0 3.0 

12d 40.0 6.0 - 2. 0 
30d 39.0 5.0 2.5 

total oil 

100 µl oil A 56.0 
B 57.0 55.7 
c ' 54. 0 
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Table G-6 (cont.) 

Cruise 2 

Freon Benzene Methanol SLCO fraction 
wt. wt. wt. remaining 

% Freon 

3d 39. 5 · 3.S 1.0 98.0 
SA Gd 39.0 s.o 2. 0 --. 100.0 

12d 40.0 3.0 1.0 100.0 

3d 47.0 3.S 1.0 llG.G 
7D Gd 38.0 s.o 1.0 100.0 

12d 36.0 2.0 1.0 90.0 

3d 3G.S 4.0 - 4. s 90.G 
2E Gd 3.0 1.0 

12d 30.0 3.0 2.0 7S.O 

3d 11.S G.O 4.0 28.S 
GD Gd 12.S 3.S l.S 34.1 

12d 7.S 2.0 l.S 17.S 

3d 14.8 o.s 0.0 3G.7 
3D Gd 14.0 l.S l.S 38.1 

12d 10.0 2.5 l.S 2S.O 

3d 2S.7 4.0 1.0 G3.8 
SD Gd 14.0 2.7 2.S 38.1 

12d 13.3 2.S l.S 33.3 
30d 4.0 1.0 1.0 10.3 
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Table 6-6 (cont.) 

Cruise 3 

Screening Mass Culture Hydrocarbon Degradation 

0.2% SLOC in ESW Medium 12 Day Incubation 

Hex (gm) Benz(gm) MeOH(gm) Avg Hex Avg Benz Avg MeOH % Hex Frac. 
Sample wt gms wt gms wt gms Remaining Degraded 

1 0.032 0.007 0.002 0.040S 0.008 0.003 >100.00 <0.00 
SB 2 0.049 0.009 0.004 

1 0.027 0.008 0.002S 0.033 0.008S 0.002S 94.3 S.7 
7D 2 0.039 0.009 0.002 

1 0.007 0.002 0.024 0.007 0.002 68.6 31.4 
SG 2 0.024 0 .. 007 O.OOlS 

1 0.031 0.006 0.001 0.032 0.07S O.OOlS 91.4 8.6 
4D 2 0.033 0.009 O.OOlS 

1 0.'018 o.oos 0.003 0.017 o.oos 0.002S 48. 6, Sl.4 
4E 2 0.016 o.oos 0.002 

1 0.036 0.008 0.002 0.038 0.010 0.002S >100.0 <0.0 
SB 2 0.040 0.012 0.003 

1 0.029 0.009 0.003 0.032S 0.009 0.002S 92.9 7.1 
2F 2 0.036 0.009 0.002 

1 0.036 0.011 0.002 0.036S O.OlOS O.OOlS >100.0 <o.o O"I 
SA 2 0.037 0.010 0.001 I 

Ul 
CX> 

1 0.029 0.012 0.002 0.031S 0.011 0.002 90.0 10.0 
2F 2 0.034 0.010 0.002 

Control 1 0.036 0.012 0.001 0.03S 0.011 0.001 
2 0.026 0.009S 0.001 
3 0.042 0.002 
4 ' 0.001 



TABLE 6-7 

Report by 
National Collection of Marine Bacteria 

Torry Research Station 
P.O. Box 31, 135 Abbey Road 

Aberdeen, AB9 BOG 

Cruise 1 Cruise 2 
Station 10 SB 10 30 SB 
Isolates 2042001B~ 2295001A, 21020 C2, 23010A and 25B30A 
(off-white translucent colony) 

6-59 

Short rods, straight or slightly curved, motile, Gram-negative, 
pleomorphic. Colonies off-white, translucent, some strains mucoid. 
Growth occurs at lSOC and 37oc, most strains grow at 2°c. In 1% 
trypticase growth occurred when 10% ,NaCl was added, but only 2 
strains were able to grow in the absence of added NaCl. 

Kovacs; oxidase positive 

Not fermentative in glucose MOF medium (Leifson, 1963) 

Insensitive to penicillin, novobiocin and 0/129, but sensitive 
to polymyxin B. 

Proteolytic and caseolytic but not haemolytic 

ONAase positive 

Provisional identification: These five strains are believed to 
belong to the genus Alteromonas (Baumann et al., 1972; Lee, Gibson 
& Shewan, 1977, J. gen. Microbial. 98, 439T,15"ut the possibility 
of their belonging to Pseudomonas has not been entirely eliminated. 

Cruise 2 
Station 2F 2E 30 SG 70 
Isolates 22E30A, 22E30 B, 23010 Bl, 25Gl0 C2 and 27030 Fl 

Non-motile, Gram-negative coccobacilli. Colonies off-white, opaque, 
fairly small. Growth occurs at lsoc and 37°c but not at looc. In 
1% trypticase growth occurs without added NaCl and in 5% NaCl, 
sparse growth in 7.5% NaCl but no growth in 10% NaCl. Growth on 
nutrient agar (Oxoid CM3) was as good as, . . or better than on Marine 
Agar. -

Kovacs oxidase negative 

No acid produced in glucose o~F medium (Hugh & Leifson 1953) 

Insensitive to penicillin and 0/129 but sensitive to ~ovobiocin 
and polymyxin B. 

Most strains proteolytics, but inactive in the other tests performed. 

Provisional identification: Acinetobacter sp. 
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Table 6-7 (cont.) 

Cruise 2 
Station 4E SB 
Isolates 24El0 B and 25B30 A (small colony) 

Short rods, Gram-negative, 24El0 B sluggishly motile, motility 
of 25B 30 A (small colony) not determined. Colonies yellow, 
translucent, small. Growth poor. 

Kovacs' oxidase and catalase both positive 

Insensitive to polymyxin B 

No hydrolysis of starch, gelatin, casein, blood or DNA. 

The reactions in other tests have not been recorded due to lack 
of sufficient growth in the test media. 

Provisional identification: Not y~t identified. 

Cruise 2 
Station 3D 
Isolate 23010 Cl 

Short rods, some irregular cells, Gram-negative, motile. Growth 
occurs at lSOC and at 37oc. In 1% trypticase growth occurs without 
added NaCl and with up to 10% NaCl. 

Kovacs' oxidase positive 

No acid produced in glucose 0-F medium 

Insensitive to penicillin, novobiocin and 0/129, sensitive to 
polymyxin B. 

Proteolytic and caseolytic but not amylolytic or haemolytic. 

DNAase positive 

H2s produced in TSI agar. 

Identification: Alteromonas putrefaciens (see Lee, Gibson & 
Shewan, 1977) 

Cruise 1 
Station 2D 
Isolate 2483011 B 

Short rods, Gram-negative, motile. Flagella polar when grown in 
liquid medium, but many peritrichous flagella when grown on a 
solid medium. 
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Table 6-7 (cont.) 

Off-white, translucent growth spreads over surface of agar. Growth 
occurs at lsoc and 37°c. In 1% trypticase growth occurs in 10% 
added NaCl but there is no growth in the absence of added HaCl. 

Kovacs' oxidase positive 

Fermentative in glucose O F medium and glucose MOF medium. Acid 
but no gas produced from a variety of sugars, but not from lactose. 

Indal positive, -methyl red negative, Voges-Proskauer positive, 
nitrite produced from nitrate, ammonia produced from peptone. 

Urease negative 

Lysine decarboxylase and ornithine decarboxylase both positive, 
arginine dihydrolase negative. 

Proteolytic and amylolytic but not haemolytic. 

Insensitive to penicillin, sensitive to novobiocin and polymyxin B, 
very slightly sensitive to 0/129. 

On TCBS agar the colonies appear yellow and the indicator is 
changed to yellow in the area surrounding the growth. 

Identification: Vibrio alginolyticus (NB this is not listed as a 
separate species in Bergey 8 but is listed as Vibrio parahaemolyticus 
biotype II. It is now recognized as a separate species. 
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TABLE 6-8 

Mass Culture Experiment - 30 day Decomposition 
2.5 ml SLCO in 50 ml ESW 

Bacteria Days Hex wt. Benz wt. MeOH wt. Ayg Hex Avg Benz -- -Avg MeOH % SLCO % SLCO 
g:ms g:ms g:ms wt. g:ms wt. g:ms wt gms remaining: deg:raded 

Control 3d 
6d 0.119 0.021 0.006 0.114 0.0225 0.005 

0.109 0.024 0.004 
9d 

15d 0.071 0.023 0.0065 0.084 0.0225 0.006 
0.097 0.022 0.006 

30d 0.118 0.026 0.009 0.106 0.026 0.009 
0.095 

Station 3d 0.055 0.005 0.004 0.049 0.008 0.004 49.0 51.0 
0.042 0.011 0.0035 

2E 6d 0.053 0.011 0.001 0.055 0.010 0.0025 55.0 45.0 
Cruise 2 0.056 0.009 0.004 

9d 0.037 0.012 0.006 0.046 O.Qll 0.0035 46.0 54.0 
0.056 0.018 0.001 

15d 0.016 0.004 0.004 0.021 0.0035 0.004 21.0 79.0 
0.026 0.003 0.004 

30d 0.007 0.004 0.002 0.008 0.004 0.0025 8. 0' 92.0 
0. ·009 0.004 0.003 

3d 0.078/0.060 0.009 0.001 0.074 0.009 0.002 74.0 26.0 
0.084 0.009 0.003 

6d 0.055 0.002 0.001 0.038 0.003 0.002 38.0 62.0 
7D 0.021 0.003 0.003 

I 

Cruise 2 9d 0.058 0.008 0.008 0.050 0.008 0.006 50.0 50.0 
0.043 0.007 0.005 

15d 0.033 0.009 0.004 0.032 0.006 0.006 32.0 68.0 
0.030 0.004 0.009 

30d 0.031 0.022 0.006 0.028 0.007 0.006 28.0 72.0 °' I 
0.025 0.007 0.006 °' f\J 

3d 0.092/0.063 0.006 0.002 0.071 0.006 0.003 71.0 29.0 
0.057 0.005 0.003 

30 6d 0.069 0.0045 0.004 0.056 0.0045 0.003 56.0 44.0 
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Table 6-8 (cont.} 

Bacteria Days Hex ,wt. Benz wt. MeOH wt. Avg Hex Avg Benz Avg MeOH %SLCO % SLCO 

Cruise 2 

Control 
Avg. 

9d 

15d 

30d 

gms gms ~- _ _<_:!!!!§_ \!J·_•_ 9!!\_S_ wt. gms _w_t_.__ gms remaining degraded 

0.042 0.005 0.002 
0.018 0.003 0.002 0.0175 0.002 0.0015 17.5 82.5 
0.017 0.002 0.001 
0.007 0.0025 0.001 0.008 0.002 0.001 8.0 92.0 
0.009 0.001 
0.016 0.010 0.001 0.011 0.010 0.0015 11.0 89.0 
0.006 0.002 

Hex 0.101 
Benz 0.024 
Me OH 0.007 

°' I 

°' w 

-
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TABLE 6-9 

Pure Cultures 
0.25 ml SLCO in 50 ESW 

Hexane Fraction 
Cruise 2 % SLCO % SLCO % SLCO % SLCO 
Station left degraded left degraded 

3d 63.3 36.7 60.0 40.0 
6d 43.2 56.8 41.0 59.0 

7D 9d 27. 4 . 72.6 26.0 73.0 
15d 33.8 - 66.2 32._0 68.0 
30d 39.0 61.0 41.6 58.4 

3d 69.6 30.4 66.0 34.0 
6d 57.5 42.5 54.5 45.5 

2E 9d 46.4 53.6 48.9 51.1 
15d 29.5 70.5 28.0 72.0 
30d 27.4 72.6 29.2 70.8 

3d 43.8 56.2 41.5 58.5 
6d 34.8 65.2 33.0 67.0 

3D 9d 35.9 64.1 37.8 62.2 
15d 28.5 71.5 27.0 73.0 
30d 16.9 83.l 18.0 82.0 

3d 97.0 3.0 92.0 8.0 
6d 81.2 18.8 77.0 23.0 

5G 9d 88.6 11.4 93.3 6.7 
15d 59.1 40.9 56.0 44.0 
30d 26.4 73.6 28.1 71. 9 

0.25 ml SLCO 

Hex 0.104 Benz 0.020 Me OH 0.003 
0.096 0.017 0.005 
0.107 0.014 0.005 
0.104 0.015 0.004 

Avg 0.1028 Avg 0.0165 Avg 0.0043 

% Recoverl 
Avg Control Hex 0.0948 92.2 

Benz 0.020 >100.0 
Me OH 0.0035 81.4 
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TABLE 6-10 

Visible Changes of 4 Cultures in Nutrient . Enriched Sea Water 

Pure Cultures 

2E 

3D 

1.0% SLCO as carbon source 

No enrichment 

10 ppm P04 

5 ppmN/10 ppmP 

25 ppmN/10 ppmP 

100 pprnN/0.1 ppmP 

100 ppmN/l ppmP 

100 ppmN/10 ppmP 

No enrichment 

10 ppm P04 

5 ppmN/10 ppmP 

25 ppmN/10 ppmP 

100 ppmN/0.1 ppmP 

No evident growth; no evident oil 
dispersion 

Good growth & turbidity; Flask 1-
good waxy oil dispersion, Flask 2-
good _fine oil dispersion 

No evident growth; very slight oil 
dispersion 

Slight turbidity; Flask 1- slight 
oil dispersion (waxy) , Flask 2- fair 
fine oil dispersion 

Flask 1- good growth & turbidity, 
fairly good fine oil dispersion 
Flask 2- slight turbidity, fairly 
good waxy oil dispersion 

Flask 1- good growth & turbidity, 
good fine oil dispersion 
Flask 2- fair turbidity, slight 
oil dispersion 

Good growth & turbidity, good waxy 
oil dispersion 

Good growth & turbidity, good waxy 
oil dispersion 

No evident growth or oil dispersion 

Good growth & turbidity; good waxy 
oil dispersion 

No evident growth; Flask 1- very 
slight fine oil dispersion 

Fairly ··good - growth, turbidity, 
and waxy oil dispersion 

Good growth, turbidity, and waxy 
oil dispersion 

Fair growth & turbidity; fairly 
good waxy oil dispersion 
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Table 6-10 (cont.) 

Pure Cultures 1.0% SLCO as carbon source 

SC 

7D 

100 ppmN/l ppmP Good growth & turbidity; good waxy 
oil dispersion 

100 ppmN/10 ppmP 

No enrichment 

ESW N03/P04 

10 P04· only 

5 ppmN/10 ppmP 

25 ppmN/10 ppmP 

100 ppmN/0.1 ppmP 

100 ppmN/l ppmP 

100 ppmN/10 ppmP 

No enrichment 

10 P04 only 

5 ppmN/10 ppmP 

Good growth &· turbidity; good waxy 
oil dispersion 

No evident growth or oil dispersion 
-- ~ -

Slight turbidity; fair oil dispersion 

No evident growth or turbidity; 
slight oil dispersion in Flask 1, 
none in .Flask 2 

slight turbidity and oil dispersion 

Flask 1- No evident growth or oil 
dispersion · 
Flask 2- good growth & turbidity; 
good fine oil dispersion 

Flask 1- No evident growth or oil 
dispersion 
Flask 2- Very slight turbidity and 
oil dispersion 

Flask 1-No evident growth or oil 
dispersion . 
Flask 2- Slight growth & oil dispersion 

Flask 1- No evident growth or oil 
dispersion 
Flask 2- Slight turbidity; fairly 
good fine oil dispersion 

No evident growth or oil dispersion 

Good growth & turbidity; excellent 
fine oil dispersion 

No evident growth; Flask 1- slight 
waxy oil dispersion, Flask 2- slight 
fine oil dispersion 

Slight turbidity & oil dispersion 
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Table 6-10 (cont.) 

Pure Cultures 1.0% SLCO as carbon source 

25 ppmN/10 ppmP 

100 ppmN/0.1 ·ppmP 

100 ppmN/l ppmP 

100 ppmN/10 ppmP 

Flask !-fairly good turbidity & 
fine oil dispersion 
Flask 2-slight turbidity & some waxy 
oil dispersion 

Flask l~ Good growth & turbidity; 
fair oil dispersion 
Flask- 2- Slight turbidity & oil 
dispersion 

Good growth & turbidity; good oil 
dispersion 

Good growth & turbidity; good waxy 
-oil dispersion 
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presented in Tables 6-8 to 60 0-9 and Figures 6-26 to 6-30. Gas 

chromatographic data for all experiments are presented in the 

Appendix. Data for degradation relative to time and mass or 

pure culture are presented in Figures 6-31 and 6-32. 

F. DETERMINATION OF NITROGEN AND PHOSPHOROUS REQUIREMENTS 

Data are pres.ented in Table 6-10 to show the visible changes 

·--during growth in various concentrations of nutrients. Typical 

growth curves of four pure cultures relative to enriched and non-

enriched sea water are presented . in Fig. 6-33. Initial inoculum in each 
flask was: 

22E30A 

23Dl0Bl 

25Gl0C2 

27D30Fl 

2.82xl03 CFU/ml 

l.94xlo3 CFU/ml 

l.85xl0 2 CFU/ml 

4.52xl0 3 CFU/ml 

Read Absorption at 420 nm 

Gravimetric oil changes relative to nutrient concentration and 

variations of hydrocarbons concentration are presented in Tables 

6-11 to 6-13. Data showing the relationship of oil degradation 

relative to 100 ppm N03 with varying phosphate, 10 ppm P04 with 

varying nitrate and varying SLCO concentrations are provided in 

Figures 6-37 to 6-41. 

Rates of growth on Decane and Cyclooctane with varying nitrate 

and phosphate are given in Figures 6-42 to 6-45. 

G. LOW TEMPERATURE EFFECTS ON DEGRADATION 

Growth and degradation did not occur at the temperature of 9C. 

Table 6-14 shows a typical experiment. 
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TABLE 6-li 

- Nitrogen-Phosporous Requirements and Oil 
Degradation for Four Pure Cultures With 

0.1% SLCO in 50 ml Sea Water 

(average weight in grams) 
12 Days Incubation 

Bacteria 0 N03 SN 25N lOON lOON lOON No 
Fraction 10 P04 -10 p lOP lOP 1 p 0.1 p Enrich ESW 
Solv. 

23Dl0Bl 
Hex 0.011 0.005 0.002 0.0015 0.002 0.00.9 0.011 0.001 
Benz 0.002 0.0025 0.0015 0.001 0.0015 0.003 0.0035 0.0005 
Me OH 0.001 0.002 0.003 0.002 0.001 0.0015 0.001 0.001 

22E30A 
Hex 0.0125 0.0105 0.005 0.003 0.003 0.006 0.0095 0.0035 
Benz 0.0055 0.0025 0.003 0.001 0.0015 0.003 0.004 0.003 
Me OH 0.003 0.002 0.001 0.002 0.002 0.0025 0.001 0.002 

27D30Fl 

• Hex 0.0125 0.013 0.003 0.005 0.011 0.011 0.0035 
Benz 0.004 0.004 0.002 0.0015 0.003 0.0045 0.0025 -
Me OH 0.002 0.001 0.0015 0.001 0.001 0.001 0.0015 

25Gl0C2 
Hex 0.011 0.009 0.009 0.006 0.011 0.006 0.018 0.007 
Benz 0.0035 0.0035 0.004 0.003 0.004 0.004 0.004 0.0015 
Me OH 0.001 0.001 0.001 0-. 005 0.002 0.0015 0.001 0.002 

Weathering Control 

Hex 0.0805 
Benz 0.021 
Me OH 0.005 
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TABLE 6-12 

- Nitrogen-Phosporous Requirements and Oil 
.. __ Degradation for Four Pure cuitures with 

0.5% SLCO in 50 ml Sea Water 

(average weight in grams) 
12 Days Incubation 

Bacteria 0 N03 SN 25N lOON lOON lOON No 
Fraction 10 P04 -lOP lOP lOP lP O.lP Enrich ESW 
Solv. 

23Dl01Bl 
Hex 0.085 0.0975 0.0555 0.0135 0.0155 0.077 0.105 0.026 
Benz 0.0205 0.0175 0.0145 0.004 0.0045 0.019 0.019 0.007 
Me OH 0.004 0.005 0.0025 0.002 0.0015 0.0055 0.0045 0.0015 

22E30A 
Hex 0.072 0.066 0.0375 0.0455 0.0265 0.0745 0.080 0.0265 
Benz 0.020 0.013 0.0115 0.013 0.0105 0.020 · 0.0185 0.0065 
Me OH 0.004 0.0035 0.0025 0.0035 0.004 0.005 0. -0055 0.0015 

27D30Fl 
Hex 0.0755 0.0505 0.047 0.0355 0.037 0.071 0.077 0.024 
Benz 0.0175 0.013 0.0115 0.013 0.0085 0.018 0.015 0.006 
Me OH 0.004 0.003 0.003 0.0035 . 0.003 0.0045 0.005 0.0015 

25GlOC2 
Hex 0.099 0.0845 0.0795 0.0775 0.0705 0.0705 0.099 0.050 
Benz 0.017 0.019 0.0195 0.020 0.0185 0.0165 0.0175 0.0115 
Me OH 0.004 0.005 0.004 0.004 0.007 0.0055 0.007 0.003 

Weathering Control 

Hex 0.0805 
Benz 0.021 
Me OH 0.005 
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TABLE 6-13 

Nitrogen-Phosporous Requirements and Oil 
Degradation for Four Pure Cqltures with 

1.0% SLCO in 50 ml Sea Water 

(average weight in grams) 
12 Days Incubation 

Bacteria 0 N03 SN 25N lOON lOON lOON No 
Fraction 10 P04 -lOP lOP lOP lP O.lP Enrich ESW 
Solv. 

23Dl0Bl 
Hex 0.194 0.1675 0.1515 0.109 0.138 0.133 0.186 0.080 
Benz 0.030 0.037 0.033 0.026 0.031 0.030 0.032 0.023 
Me OH 0.011 0.010 0.009 0.006 0.009 0.009 0.008 0.008 

22E30A 
Hex 0.201 0.182 0.194 0.130 0.136 0.164 0.132 0.118 
Benz 0.044 0.034 0.043 0.030 0.035 0.035 0.030 0.024 
Me OH 0.008 0.008 0.009 0.008 0.009 0.008 0.009 0.007 

27D30Fl 
Hex 0.164 0.159 0.138 0.118 0.147 0.168 0.179 0.091 
Benz 0.037 0.034 0.029 0.023 0.033 0.024 0.036 0.022 
Me OH 0.009 0.009 0.012 0.008 0.008 0.008 0.010 0.007 

25Gl0C2 
Hex 0.136 0.168 0.165 0.167 0.158 0.164 0.173 0.134 
Benz 0.030 0.036 0.039 . 0. 0 36 0.038 0.036 0.033 0.026 
Me OH 0.008 0.009 0.008 0.009 0.009 0.008 . 0.008 0.006 

Weathering Control 

Hex 0.0805 
Benz 0.021 
Me OH 0.005 
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TABLE 6-14 

Low Temperature Study 9°c 

weight in mg of various oil fractions 
0.5% SLCO in ESW 

Hexane Benz Me OH Avg Wt Avg Wt Avg Wt 
Sample wt. 9ms wt. 9ms wt. 9ms Hex(gm) Benz(g:m) MeOH(g:m) 

Control 3d 1 0.157 0.062 0.006 0.160 0.052 0.0065 
2 0.163 0.042 0.007 No evident growth 

Gd 1 0.154 0.040 0.008 0.160 0.044 0.008 in any flask 
2 0.166 0.048 0.008 

9d 1 0.172 0.036 0.009 0.176 0.044 0.0085 
2 0.180 0.052 0.008 

12d 1 0.181 0.040 0.008 0.187 0.0375 0.008 
2 0.185 0.039 0.009 
3 0.196 0.033 0.006 
4 0.187 0.038 0.008 

22E30A 3d 1 0.186 0.035 0.008 0.176 0.035 0.009 
2 0.166 0.035 0.011 I No growtJ:i in any 

6d 1 0~161 0.038 0.007 0.1685 0.0415 0.0085 flask 
2 0 .'176 0.045 0.010 

9d 1 0.176 0.038 0.008 0.1775 0.0435 0.008 
2 o ·.179 0.049 0.008 

12d 1 0.165 0.037 0.006 0.165 0.040 0.006 
2 0.151 0.036 0.007 
3 0.171 0.050 0.006 
4 0.173 0.038 0.008 

27D30Fl 3d 1 0 .158 0.034 0.007 0.1635 0.031 0.0075 
2 0.169 0.028 0.008 No growth in any 

°' 6d 1 0 . ·171 0.031 0.008 0.1775 .0. 0355 0.007 flask I 
-....] 

2 0.184 0.040 0.006 rv 
9d 1 0.166 0.038 0.008 0.176 0.0365 0.0075 

2 0.186 0.035 0.007 
12d 1 0.179 0.040 0.008 0.169 0.040 0.007 

2 0.162 0.046 0.006 
3 0.167 0.033 0.008 
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DISCUSSION 
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Before entering into a discussion of the results of the 

microbiological research of the South Atlantic Baseline Program, 

certain logistical items must be explained. The laboratory 

data presented are primarily for cruises 1 and 2 with lesser 

data for cruise 3 and none for cruise 4~ The research was 

initiated as the first year of a three year project. At the 

final stages of the first year the decision was made to dis

continue additional research beyond the first year. 

This change of plan created certain problems in the 

continuity of planned scheduling for the first and second year. 

As the incubation time for enumeration was two to three months 

it was physically impossible to conduct oil degradation 

experiments of cultures from the enumeration of cruise 4. 

This part of the research was scheduied to be carried out the 

second year. In addition, the development of methods used up 

much of the analytical time allocated for chromatography. 

Therefore because of a limitation of chromatographic analysis, 

the first year was devoted to obtaining information on the scope 

of laboratory requirements in the contract with continuity 

maintained the second year with maintained cultures. Therefore 

the data may appear at first sight to be restricted to a few 

mass and pure culture experiments. But in reality the data 

provide sufficient coverage for the generalized evaluations as 

discussed in the following report. 
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A. DISTRIBUTION OF BACTERIA, NUTRIENTS AND HYDROCARBONS IN THE 

• SOUTH ATLANTIC REGION. 

The stations sampled routinely during the four cruises are 

shown in Figure 7-1. The surface, subsurface and sediment sample 

points are indicated. The methods of collection and the sample 

stations were selected prior to the current authors input. Because 

of the potential activity of oil at the air water interface it 

would have been more appropriate to have a higher number of surface 

samples and a more reliable method of sampling. Also the time 

schedule during the first cruise did not take account the inter

station time required for microbial shipboard research. Therefore 

the first cruise would not allow microbiological analysis of all 

planned stations. The shipboard microbiological time was modified 

during the remaining cruises so that subsurface and sediment samples 

were completed as planned. Surface samples were taken as weather 

conditions permitted. Table 5-1 shows the distribution and 

frequency of samples taken. It must be noted that only 12 surface 

samples were taken during the year. This is unfortunate because 

of the importance of this area as related to oil ecology. 

The role of bacteria in nature, disregarding public health 

aspects, is one of recycling the materials tied up by photosynthesis 

and _in protoplasm, the weathering and precipitation of minerals, 

and partial regulation of the colloidal pioperties of mateiials in 

water and sediments. The term mineralizers or decomposers is 

commonly used to describe the ecological role of bacteria. 

Thus bacteria are present in water and sediments in numbers 

related to the presence of their food. Many species of bacteria 
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are present, each with a specific or specialized role in the 

mineralization processes which is regulated by cell membrane 

permeability, enzyme site and action, solubility and other 

parameters regulating metabolism of living cells. The numbers 

of bacteria can then be related to either the fact that food 

is available, as the bacteria can multiply by division in times 

as low as 30 minutes, or that the food has already been utilized 

and the numbers reflect their past activity. It is impossible 

to determine which of the two processes has taken place. 

The microorganisms selected f-0r the present study are those 

heterotrophs that will grow on a general nutrient sea water medium 

with peptone as a carbon source and a sea water enriched in 

nitrogen and phosphate with South Louisiaia Crude Oil as a sole 

carbon source. Within general rules, bacteria of the average 

size of one micron will have the relationship of 1Ql3 cells wet 

weight to a gram. 

Because of the nature of the bacteria to respond to the 

presence of food, and the continuity of the marine environment, 

it is rather useless to apply statistical analysis to the 

distribution of bacteria as any results may be entirely wrong 

or misleading. 

What can be done with the data on numbers of bacteria is 

to show that the potential presence of oil degradability does 

exist, and to show relationship to hydrocarbons present and to 

nutrients. This relationship, added to BOD and laboratory experiments 

may indicate how the mixtures of microorganisms and pure cultures 

affect the test oil both by total loss and by molecular change. 
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The primary process of metabolism of hydrocarbons is well 

documented in the literature (See Bibliography Section 4). In 

general the oil molecule is changed to a fatty acid which may 

either be used by the bacteria or may enter the water column. 

The fatty acids in the water aid in the emulsification of the 

oil that may be present. Naturally, fatty acids are continually 

released by photosynthetic organisms and during the metabolism 

of higher animals. Thus natural emulsification of oil may take 

place at the air water interface where the fatty materials and 

oil collect~ If wave action is present the emulsion may be mixed 

down into the surface of the water as related to the size of the 

waves and velocity of the wind. 

The above is important to realize when one shows the presence 

of oil degrading bacteria in the study area. Nature seems to have 

produced a condition where the oil bacteria are ubiquetous and 

therefore always ready if oil becomes available due to historically 

natural conditions of productivity and seeps and land runoff, and 

more recently man's introduction of oil to the environment. 

In comparison to offshore waters the numbers of bacteria 

are what one would expect from the literature. There are 

sufficient oil degrading bacteria to respond to the presence of 

hydrocarbons. The amounts of hydrocarbons are very low and 

correlate with the low numbers of oil deg+ading bacteria. 

Nutrients are uniformly low but sufficient to provide for an 

increase in bacteria to approximately 104 cells per ml. The 

presence of few bacteria clearly represent a resting state as the 

concentrations of hydrocarbons are small enough to be considered 

• 
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at the lower level of uptake by the bacteria. If all the carbon 

of the hydrocarbons could be converted to bacterial cells, 0.3 

ppb could produce about 3000 cells per ml of water. 

A comparison between bacteria and other hydrographic parameters 

are provided in Table 7-1 for subsurface water for the summer and 

fall cruises. The numbers of bacteria are higher for the fall 

suggesting that the bacteria are playi~g the part of mineralizers 

for the summer productivity. Table 6-1 with the data from the 

winter cruise seems to indicate that the oil degrading bacteria 

outnumber the heterotrophs. Perhaps the degradation of organic 

matter has been completed for the sununer production and the 

continued presence of hydrocarbons is indicated by the presence 

of the oil bacteria . 

While the ·time and funds to not permit a complete comparison 

of all the data by computer, there is a clear indication that while 

the water column is low in bacterial numbers in all cruises, 

sufficient oil bacteriaarepresent to respond if oil were added. 

This is confirmed by a comparison of the BOD data shown in the 

Results section and summarized for cruise 4 in Table 7-1. There 

is a positive correlation between SLCO oxidation over controls 

and the numbers of oil bacteria but no correlation with total 

hydrocarbon concentration. 

One must point out that it is physically_ impossible to· sample 

the same water for the three parameters and therefore because of 

a natural discontinuity relating to the many parameters that can 

cause change from square meter to ·square meter one must be cautious 

about pushing data correlation beyond reality. 
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TABLE 7-1 

Comparison of bacteria, oil, N03 and carbon 
in subsurface samples during summer and fall 

Station 
Het #/ml 
Ba ct 

Oil #/ml 
Bact 

Total HC ppb 
Diss.-Part. 

N0 3 µgA/l 

T.O.C. µg/l 

Het #/ml 
Ba ct 

Oil #/ml 
Bact 

Total HC ppb 
Diss.-Part. 

N03 l:1gA/l 

T.O.C. µg/l 

lD 

- -73. 2 

1.91 

0.33 

0 

0.30 

5740 

682 

0.34 

.35 

1.23 

Cruise 3 - Sununer 
Subsurface 

2E 3D 4D 

34 7 8 • 1 . -·-- 7 3 • 8 

1.89 1.81 3.31 

0.;39 0.54 0.41 

0 0 0 

0.56 2.45 0.81 

Cruise 4 - Fall 
Sub surf ace 

6550 5100 4880 

124 88 336 

0.35 0.17 12.42 

.35 .32 .26 

.34 .22 .41 

BOD No Data + + 
02 uptake/control 
SLOC 

SE 

73.7 

0.42 

0.69 

0 

0.60 

13200 

1180 

0.43 

.28 

.77 

7-7 

6D 

35.6 

0.46 

0.51 

0 

0.82 

7D 

27.8 

0.22 

5.31 

0.2 

0.66 

62100 · 3910 

1690 214 

0.39 5.19 

.38 .40 

.90 .22 
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The ratio of heterotrophic to oil bacteria for Cruise 1 

sediments show a relatively uniform low number of oil bacteria 

relative to heterotrophs. In the spring cruise 2 Stations 2C, 

2H, and SG show an increase in oil bacteria. In the sununer 

stations SG and 3D show high relative numbers and in the fall 

Cruise 4 there is an indication that the hydrocarbons produced 

by photosynthesis and zooplankton are reaching the sediment 

surface as the ratio of oil bacteria clearly increase at all 

stations except SH and 7D. At sediment stations 7D, E and F 

high numbers of oil bacteria were - found which correlates slightly 

with high hydrocarbon contents. 

There is a correlation between ratios and numbers of oil 

bacteria and zooplankton content (Table 7-2) during the sununer 

and fall. During the summer the zooplankton data showed higher 

hydrocarbon content and low numbers of bacteria while in the fall 

the hydrocarbons in the zooplankton decreased and the oil bacteria 

increased. This indicates perhaps that the oil bacteria were 

responding to the zooplankton as they died off after the summer 

bloom. However this may be pushing the data beyond its ecological 

significance. It is unfortunate that phytoplankton hydrocarbons 

were not determined. 

B. LABORATORY EXPERIMENTS 

Laboratory experiments were designed to indicate the ability 

of mixed and pure cultures from the study area to utilize total 

and specific molecule types of South Louisiana Crude Oil, in 

enriched sea water and various concentrations of nutrients. 



• 
Season 

-. . 

Winter 

Spring 

Summer 

Fall 

• 

TABLE 7-2 

Summary of Hydrocarbon Concenbrations in 
Zooplankton Samples and Bacteria 

Net Size Total Het Oil 
(µm) Hydrocarbons Ba ct/ml 

µg/91!! 

. 202 107 
505 27 

202 118 
505 104 138 7.3 

202 517 
505 364 67 1.6 

202 133 
505 116 15,358 760 

7- 9 

0/10 

.12 

.02 

.09 
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The mass and· pure cultures of microorganisms were selected 

from the enumeration study at random from -the oil positive 

dilutions. The organisms were selected to represent the various 

seasons and various areas in subsurface waters. As previously 

indicated time did not permit a study of the last cruise. As 

the study was intended to continue for three years emphasis was 

placed on subsurface water for the first year. 

The data on weight loss and the chromatograph results showing 

molecular change with time were all positive for weight loss and 

the chromatograms indicated some preferential uptake of specific 

molecules. A computer analysis of percent of various peaks 

(Table 7-3) indicated that while Pristane and Phytane were 

preferentially produced other parameters varied with time and 

culture. In mass culture 70 the Pristane increased from 1.61 to 

7.47 mg in 30 days of incubation. The pure culture of 70 showed 

a change from 1.61 to 3.99. In the mass culture of 70 an isomer, 

1620, showed an increase from 1.9 to 3.1 mg whereas Cl7, C20 and 

C21 decreased to zero. Table 7-3 shows the change of carbon 

numbers in percent with change in time and different mass and pure 

cultures. The weight loss is also shown relative to controls so 

that all the data can be comparable. The methods used for all 

cultures was the same except time and cultures. 

The cultures in Table 7-3 were selected -to show general 

relative changes. Except for the increase in Pristane and 

Phytane there is a decrease in most other carbon numbers. No 

definite sparing action of molecules is shown which is evident 
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TABLE 7-3 

Change for Different Hydrocarbons During the Decomposition of South Louisiana Crude Oil in 
the Presence of Mass and Pure Cultures. Hydrocarbons are Expressed as Percent Carbon 
Numbers. The Change in Weight After Various Incubation Periods is Given in Milligrams. 

Carbon 
No. % Composition 

1100 o.o 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 
1150 o.o 0.0 0.0 o.o 0.0 o.o 0.0 o.o 0.0 0.0 
1200 17.3 13.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1253 0.0 0.0 0.0 0.0 3.5 0.0 o.o 0.0 0.0 o.o 
1300 13.7 12.9 o.o 0.0 2.2 0.0 0.0 0.0 o.o 0.0 
1356 6.7 6.7 7.4 3.9 6.2 3.9 0.0 10.0 0.0 13.3 
1400 7.0 6.7 8.4 6.2 4.7 6.2 0.0 6.2 0.0 0.0 
1440 4.3 4.7 7.2 4.2 9.8 4.2 o.o 13.0 0.0 21. 5 
1500 6.4 6.8 9.1 7.1 5.4 7.1 0.0 7.1 0.0 0.0 
1551 1.2 1.3 3.6 0.0 0.0 o.o 0.0 ,3. 5 o.o 0.0 
1600 5.0 5.3 6.7 5.9 2.4 5.9 2.8 5.2 3.7 0.0 
1620 1.9 1.9 3.1 3.1 2.0 3.1 11.1 5.8 5.5 9.9 
1670 1.6 1.9 3.6 9.5 9.7 9.5 26.7 10.8 13.4 i 25.3 Pristane 
1700 3.4 3.9 5.7 5.5 5.5 5.5 0.0 3.8 o.o 2.6 
1780 . 5 .6 1.3 4.7 4.6 4.7 12.6 4.8 6.4 12.3 Phytane. 
1800 3.5 3.9 5.0 4.7 5.1 4.7 1.8 3.6 3.3 0.0 
1851 1.2 1.3 1.9 4.7 3.7 4.7 5.1 3.0 3.2 4.8 
1900 4.2 4.4 5.5 4.2 4.2 4 ;. 2 1.4 3.7 2.4 1.7 
2000 3.4 3.5 4.4 2.8 3.5 2.8 o.o 2.8 1.9 1.0 
2100 2.8 2.9 3.8 2.8 3.7 2.8 0.0 2.3 1.6 0.0 
2200 2.5 2.1 3.5 3.0 3.6 3.0 1.9 2.4 2.8 0.0 
2300 2.1 2.2 3.0 3.1 3.1 3.1 2.9 1.9 3.9 1.6 
2400 1.9 2.0 2.5 2.8 3.0 2.8 3.1 1.6 4.7 1.5 
2500 1.7 1. 8 2.4 3.4 3.0 3.4 4.5 1.5 7.4 1.4 
2600 1.7 1.7 2.4 3.5 2.1 3.5 5.1 1.7 7.7 o.o ...... 

I 
2700 1.2 1.3 1.8 3.2 3.2 3.2 5.1 1.0 7.7 1.4 I-' 

I-' 2800 . 9 1.1 1.6 2.8 0.0 2.8 4.7 .7 6.8 .9 
2900 1.0 1.1 1. 6 2.5 1.8 2.5 3.5 . 8 4.8 .9 
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Table 7-3 (cont.) 

Carbon 
No. 

3000 1.1 1.2 1. 5 2.1 
3100 1.0 1. 3 1.5 1. 9 
3200 • 9 1.0 1. 4 2.5 

Days 6 30 3d 6d 
Incubation 
Cultures Controls 
Total 101 
Hydrocarbon 
per mg. 

e 

% ComEosition 

1.2 2.1 4.0 
1.7 1. 9 2.2 

.9 2.5 1.6 

9d 15d 30 

Mixed Culture-7D 
32 28 

. 9 3.9 o.o 
1.3 3.1 0.0 

.9 5.9 0.0 

30d 30d 30d 

Pure-7D Mixed-2E Pure-lE 
37 8 26 

-· 

-....J 
I ....., 

l\J 
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in the hydrocarbon analyses in the water and sediment. Apparently, 

under laboratory conditions, different cultures and pure cultures 

responded only slightly different relative · to carbon numbers. 

This corresponds to data from other areas of the world ocean in 

which no buildup of specific molecules has been noted. Apparently 

the mixtures of bacteria are capable of grazing the hydrocarbons 

down to parts per billion and then they go into a resting stage 

waiting for the next input of hydrocarbon. 

Some cultures were more active than others. This is believed 

to be a function of the numbers of bacterial species in the sample 

selected, although the data cannot prove the statement. The 

laboratory data on hydrocarbon uptake supports the concept that 

the entire area is microbially active as a reservoir to respond 

to the presence of hydrocarbons. 

C. BIOLOGICAL OXYGEN DEMAND 

In addition to the data to support the ability of surface 

microorganisms to respond to crude oil, the uptake of the other 

hydrocarbons is significant. The hydrocarbons were selected to 

represent straight chain, cyclic and branched chain hydrocarbons 

of low molecular weight. The data clearly show the variability 

of microorganisms and types of microorganisms. All the hydrocarbons 

are utilized at one station or another, proving an ability to 

respond to different molecular configuration. This is also shown 

in the laboratory chromatographs. The variability between stations 

may be due to the distribution of types of bacteria in the collected 

water mass and to their numbers. The lower numbers may be over

shadowed by the heterotrophic uptake of oxygen as a function of 
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organic matter in the water. Surface water because of its 

attraction to surfactant molecules is u~ually higher in organic 

content than subsurface water. The BOD samples were passed 

through a fine mesh screen to filter out phytoplankton and 

zooplankton, so that they would not interfere with the test. 

Station SE -and 6D appeared to show_ enhanced oxygen uptake 

corresponding to the presence of SLCO and/or decane. Several 

other stations exemplified repression relative to the control 

oxygen uptake value which may be due to the presence of the added 

hydrocarbons. 

Many of the values were very close and any of the observed 

variation could be attributed to slight experimental error. The 

~· various hydroca~bons were present at a concentration of 0.01% 

• 

(v/v); perhaps this concentration should be significantly increased 

in any future studies in order for trends in oxygen uptake variation 

to be more easily observed. 

D. PURE CULTURE STUDIES 

Fifty pure cultures were selected from laboratory experiments 

that indicated the presence of very active oil degrading ability. 

They were selected from approximately 300 isolates, screened by 

colony characteristics and cellular morphology. The cultures were 

identified by the National Collection of Marine Bacteria in 

Aberdeen Scotland and entered into their culture collection. 

Only the results from the first 12 cultures are available 

at this time. As the data are received from Scotland they will 

be forwarded (expected momentarily). 



• 
7-15 

Three genera were identified. These were five Alteromonas, 

five Acinetobacter, one Alteromonas putrefaciens, and one Vibrio 

As the data on pure cultures of hydrocarbon bacteria 

accumulate, it will be possible to evaluate the scope of the 

enzymatic reaction relative to microbial systematics. It is 

interesting that the above do not include the historical 

Mycobacterium species. 

The microbial ecology of oil degradation is rather a fascinating 

process. It must take place at the cell wall-water-oil interface, 

the hydrocarbon molecule being hydrophobic and large would not easily 

enter a cell. Previous results by one of us (CHO) shows micro

scopically the orientation of films of oil degrading bacteria on 

the surface and inside oil droplets. Water is essential to the 

metabolic process as is oxygen~ At one time it was thought that 

oil bacteria were those having a large lipoid cell wall such as 

Nocardia and Mycobacterium which allowed them to orientate to the 

oil surface. This may still be true and the accumulative data on 

oil species may reveal such a phenomenon. 

E. NITROGEN-PHOSPHORUS REQUIREMENTS 

Four pure cultures were utilized, selected from the numerous 

hydrocarbonclastic pure culture isolates following the observation 

of t~eir rapid degradation of SLCO in ESW media. The pure cultures 

were tested on four filter-sterilized (0~45µm · pore size) hydrocarbon 

sources, i.e., SLCO, decane, cyclooctane, and toluene. These 

• compounds were utilized in the BOD experiments performed on the 

seasonal cruises and were judged to be representative of a mixture, 
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• a straight-chain, a cyclic, and a branched chain hydrocarbon source. 

The cultures were grown with 0.1%, 0.5%, and 1.0% SLCO media. The 

pure hydrocarbons were present at a concentration of 0.5%. 

The amount of SLCO degraded was determined by gravimetric 

analysis. Gravimetric analysis of decane, cyclooctane, and toluene 

residues was attempted. However, the volatility of these compounds 

prevented the investigators from obtaining meaningful results . 

utilizing this methodology. Therefore, cell counts were taken 

before and at the end of a 12 day ~incubation period. This approach 

allowed the investigators to compare any increase or decrease in 

the number of viable cells with the amount of nitrate or phosphate 

present in the culture medium. 

The graphs show the amount of SLCO degraded as a function of 

the amount of nitrate or phosphate present. As the nitrate 

concentration varied, the phosphate level was held constant at 

lOppm. Conversely, as the phosphate level was varied, the amount 

of nitrate was held constant at the relatively high level of lOOppm. 

Although a critical minimal point was not established for 

the amount of phosphate required for hydrocarbon degradation to 

occur, the following observations were made. The percentage of 

SLCO. degraded in media of 0.1% and 0.5% SLCO reached an apparent 

maximum at a concentration of 1.0 ppm phosphate. Raising the 

phosphate concentration to a level of 10 ppm did not significantly 

4t increase the percentage of SLCO degraded. 

As expected, SLCO degradation was shown to increase as a 

function of the amount of nitrate present. 
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Of the three hydrocarbon fractions separated from the 

remaining SLCO, the aromatic and the asphaltenic fractions 

consisted of very small amounts. Weight variation in these 

two fractions could not be significantly interpreted. Therefore, 

the total amount of SLCO degraded was plotted. · This percentage 

was calculated from the amount of SLCO present in the inoculated 

weathering control following the 12 day incubation period. The 

initial inoculum size ranged from 104 to 105 CFU/ml. None of the 

organisms tested were able to utilize toluene as a carbon source. 

In fact, a 0.5% toluene concentration appeared to prove toxic to 

the four species; no growth or less than 100 CFU/ml were observed 

in all flasks at 12 days. 

With respect to the cycloctane experiments, very little 

growth, if any, - occurred. The number of viable cells present 

following the 12 day incubation period were found to be in the 

general range of the original inoculum. Frequently, the number 

of CFU/ml had slightly decreased to a value of 104 CFU/ml. 

The organisms were able to utilize .decane, a simple molecule. 

Cell number was observed to increase as nitrate or phosphate levels 

were raised. As the nitrate concentration was increased, the 

following was observed. With respect to species from Station 2E 

and 70, the number of cells/ml reached a plateau or stationary 

phase at a concentration range of 25 to. -100 _ppm nitrate. Culture 

SC, 25Gl0C2, found to be extremely show in its rate of hydrocarbon 

degradation, exhibited an increase to 106 CFU/ml, an increase by 

a factor of 10 from the original inoculum size. Species at 

Station D 23Dl0Bl was observed to exhibit an increased cell count 

at 100 ppm nitrate. 



With respect to phosphate concentration, curves similar to 

those obtained by plotting the percentage of SLCO degraded were 

observed. Cell number plateaued at a concentration of 1.0 ppm 

phosphate. Increasing the phosphate concentration to 10 ppm 

appeared to have no effect. 

These data for pure culture uptake of Cyclooctane compared 
c 

to BOD experiments such as Station SG {Fig. 6-8) indicate that 

mixed cultures work differently than pure cultures. 

Growth curves of two pure cultures from Stations 30 and 70 

{Fig. 6-33) show a typical response to enriched sea water and 

nonenriched sea water containing SLOC. After the initial lag 

time after incubation which is a function of the sensitivity 

of the spectrophotometer, the growth of the organisms clearly 

indicates the requirement of nitrate and phosphate to provide 

optimal growth and oil degradation. 

The question as to whether there is enough nutrient phosphate 

or nitrogen in natural oceanic waters for oil degradation cannot 

be resolved by these laboratory studies. The BOD ·studies indicated 

a microbial response but is variable between stations. The 

concentrations of nutrients used in the laboratory tests were several 

orders of magnitude higher than those found in the study area. Also 

the question of dynamics of nutrient exchange in living communities 

and the rates of recyclings plus the added question of ion sharing 

among organisms, complicates the nutrient requirement picture. 

As mentioned earlier, the concentrations of nutrients in the 

study area can be related to cell mass if all the nutrients were 



7-19 

incorporated. This is a mathematical exercise to show, from the 

microbial environment, whether the indi~enous nutrients may produce 

significant cell masses. It is obvious when one compares oil 

pollution with oil concentration in sea water (see Introduction) 

that the bacteria must be responsive within the natural time frame 

and nutrient conc~ntration. The quest_~~n then arises as to whether 

the organisms could also respond to a higher hydrocarbon input due 

to man's actions or accidents. 

These experiments do show that nutrients will probably be 

required in restricted areas for m1crobial response to massive oil · 

contamination. However, as oil spreads on the water surface, it will 

collect the nutrients present in the surface slicks. As no data 

are in the literature as to the amounts of nutrients in the water

air interface in the Worlds Oceans, it is impossible to interolate. 

The evidence from field research on the Ekofisk accident (personal 

correspondence) indicated that the oil was rapidly disbursed and 

after a few days effectively disappeared. This corresponds to 

the results of Oppenheimer et al. (1977 Oil Spill . Conference March 

1977) that sufficient oil bacteria were available to respond to 

the added hydrocarbons. 

Tests to determine the effects of low temperature on the rate 

of oil degradation were preliminary to the second year study. 

Initial tests indicated that the bacteria did not respond to · a 

temperature of 9C. 
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Conclusions 

. 8-1 

Marine bacteria in the surface, subsurface and sediments of 

the shelf area off Georgia apparently have the capability of 

responding to the presence of hydrocarbons. Sufficient bacteria 

and nutrients are- available to · oxidize _small continuous input of 

foreign hydrocarbons and those produced through primary productivity •. 

This is reflected by a comparison of the numbers of bacteria present 

with the low concentrations of hydrocarbons in the water and 

sediment. While the number of oil bacteria, degradation rates 

and molecular uptake by the · tested microorganisms varied, the low 

amounts of oil in the water and distribution of aliphatic hydro-

~ carbon specific ~olecules in the water of the sample area, appeared 

to be compatible. 

A very large amount of data were generated by the microbial 

project which, when compared to other parameters studied, would 

require considerable computer and human analysis to study all 

variables. For example, the data will allow a computer analyses 

of odd~even carbon preference for aliphatic hydrocarbons. The 

above conclusions were based on visual comparison of various 

significant hydrographic parameters, shipboard enumeration and 

laboratory tests on oil degrading potential of the cultures 

collected from the area. 

One interesting obvious finding was the increase of Pristane 

and Phytane during the growth of the bacteria on South Louisiana 

crude oil. This should be substantiated by further computer 

analysis of the data and continuing experiments. 
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