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Dominant genera of bacteria were isolated from three
river waters during anthracene and pentachlorophenocl

biotransformation studies. The genera Pseudomonas,

Acinetobacter, Micrococcus, Chromobacterium, Alcaligenes,

Azomonos, Bacillus, and Flavobacterium were capable of

biotransforming one or both of these compounds. These
isolates were subjected to further biotransformation tests,
including river water and a basal salt medium with and
without additional glucose,

The results of these experiments were evaluated
statistically. It was concluded that only a limited number
of the bacteria identified were able to transform these
chemicals in river water. The addition of glucose to the
growth medium significantly-affected the biotransformation
of these chemicals. It was also determined that the size
of the initial bacterial population is not a factor in
determining whether biotransformation of anthracene or

pentachlorophenol can occur.
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CHAPTER I
INTRODUCTION

A large variety of synthetic organic chemicals are cur-
rently produced for use in industry, agriculture, the home,
and elsewhere {(King, 195., Alexander, 1965a). Production
of these chemicals increased dramatically in the years
immediately following World War II. If they are not
removed or degraded by biological or non-bioclogical means
they will eventually reach the environment where they may
present a hazard to man and/or animals (King, 1981).

Early investigators were primarily concerned with
determining which degradative processes were important in
establishing the stability of these molecules in the envi-
ronment. When it was realized that microorganisms played
an important role in the degradation of these xenobiotics,
biochemical and microbioclogical investigations were initi-
ated to determine the basic principles of microbial metabo-
lism. Thus, throughout the 1950s and 1960s investigatdrs
were involved with associating microbial metabolic activi-~
ties with synthetic chemical transformations. It was found
that microbes had an astounding capability for degrading
these newly synthesized, unique chemicals, and some scien-

tists claimed that microbes were infallible and could




degrade any synthetic molecule. uthers were more skeptical
and believed that certain molecules could not be metabo-
lized and were therefore considered recalcitrant
(Alexander, 1965b; Horvath, 1972).

This debate tremendously invigorated research on
organic chemical metabolism, and led to a better under-
standing of the basic biochemistry of synthetic chemical
metabolism. This arqument also helped to establish the
fact that the persistence and fate of xenobiotics in the
environment were strongly affected by microbial activity,.
and in many situations.  micrcbes were more instrumental in
an organic chemical's degradation than were physical or
chemical processes.

In the 1970s, industries manufacturing these synthetic
organic chemicals began to recognize the damages that
large~scale use of chemicals could have on the environment
as well as on public health. Pesticide usage increased
from l.lxlO9 lb/year in 1971 to l.4x109 1b/year in 1977,
and to l.5x109 lb/year by the end of the decade (Storck,
1980). Prcoblems of chronic exposure, of improper waste
disposal (Murry, 1976; Munnecke et al., 1976), environmen-
tal damage, and many more adverse responses to pesticides
required that federal laws such as the Federal Insecticide,
Fungicide, and Rodenticide Act of 1972 and the Federal.
Water Pollution Control Act of 1972 be promulgated to gov-

ern the manufacture, distributin»n, and use of agriculture




chemicals (Munnecke, 1979a). These laws were aimed at
restricting the use of extremely toxic, environmentally
dangerous chemicals and reducing the undesirable discharge
of chemicals into the environment. In developing these
laws, the microbial metabolism studies from the 1950s to
1960s were very helpful in determining which ;hemicals; due
to their environmental persistence and inherent toxicity,
truly represented a danger to society. These new federal
laws were enacted to control these potentially hazardous
chemicals by reguiring better technologieé for contrel of
industrial waste discharges and for chemical cleanup.

The diversity in the types of chemicals toc be detoxi-
fied mandated that many different approaches be considered.
Physical methods of incineration, entrapment, and burial
were developed, as well as chemical methods involving oxi-
dation, reduction, and hydrolysis (Scurlock et al., 1975;
Bouwer, 1976; Ottinger and Blumental, 1974; Baughman and
Lassiter, 1978). However, heavy use of bioclogical treat-
ment systems persisted, and this techneclogy was improved.

There are two main routes by which a chemical can reach
natural waters: (1) via discharges following wastewater
treatment (point sources), or (2) from nonpoint sources
(i.e., urban and/or agricultural runoff). Once in the
agquatic environment, biological degradation can contribute
to the removal of synthetic organic chemicals. Thus,

‘assessment of biotransformation is essential in determining




the extent to which chemicals can be assimilated by a
receiving water (King, 1981).

Microorganisms in soil and water are able to convert
many synthetic organic chemicals to inorganic products.
These microbial processes may lead to environmental detoxi-
fication, the formation of new toxicants, or the biosynthe-
sis of persistent products. Several different types of
reaction mechanisms have been proposed for major categories
of microbial transformation of synthetic chemicals in soil,
natural waters, and sewage. However, some organic mole-
cules are resistant to microbial attack (Odeyemi and
Alexander, 1977). Using the knowledge gained from research
in the 1960s, efforts in thé late 1970s led to the demon-
stration of the potential use of bacterial action for a
variety of detoxification applications in industrial.waste—
water, and agricultural water treatment, and in natural
waters after accidental chemical spills (Munnecke, 1979b;
Munnecke, 1980).

Concern about the microbial degradation of synthetic
molecules, which was the purpose of this study, is of prac-
tical importance for several reasons.

1. Criteria and standards for water quality refer to
maximum acceptable levels of many organic pollu-
tants that are below 100 ng/mL (Alexander, 1973,

1985).




Numerous toxicants are harmful at levels in the
part per billion range (Powers et al., 1977:
Batterton et al., 1978) and the risk assessments
suggest that many vthers are probably injurious
even in such trace amounts.

A substance may be nontoxic in the amounts that
exist free in the water or outside the microbial
cell in soil, but if the chemical is subjected to
bioconcentration, species at higher trophic levels
may be harmed (Alexander, 1985). Although the
toxic chemical affecting the species at the higher
trophic level is at a high concentration within
the organism, the chemical is not subjected to
microbial decomposition because it is within the
tissues of the animal or plant and not free in
water, soil, or sediments.

Undesirable tastes and odors in water may result
from the presence of certain compounds at the
ng/mL level (Faust and Aly, 1964).

Organic chemicals introduced into water or soil,
either inadvertently or deliberately, are subject
to non-biological and biological changes.
Although significant alteration in structure and
properties of organic molecules may result from
nonbiological processes, the major and often the

only mechanism by which such compounds are




converted to inorganic products is biological
(Alexander, 1980). Moreover, the chief and possi-
bly the sole biological agents for the total con-
version of organic compounds to inorganic products
in water and soil appear to be microorganisms.
Tncomplete degradation is frequently of environ-
mental concern because the products of these par-
tial reactions may be (a) more toxic than the
original substance, (b) toxic, whereas the parent
molecule was non-toxic at environmental concentra-
tion, (c) more persistent and able to endure
longer than the original substance, or (d) subject
to bioconcentration or other biological changes
which are different from those undergone by the
precursor molecule. However, the microorganisms
of waters and soils may bring about one or more of
the following transformations: mineralization
(ultimate biodegradation), detoxication, co-metab-
olism, activation (Alexander, 1980}). This will be
more substantively discussed in a later part of
this section. Characteristics of aguatic micro-
flora are evident in their remarkable capacity for
mineralization or, maybe co-metabolism (Alexander,
1980). A necessary consequence of mineralization
of toxicants is detoxication. With a few excep-

tions, mineralization in marine and inland waters




probably is the result sclely or largely of micro-
bial activity.

Given the tens of thousands of compounds that are now
potentially subject to regulation under the Toxic Subs-
tances Control Act of 1976, it is surprising that the min-
eralization of remarkably few of the environmentally
important Synthetic chemicals have been investigated. 1In
only a small number of instances is there information indi-
cating that these synthetic products are destroyed in natu-
ral watexrs. Much of the limited-information that is
available is derived from studies of pesticides, but pesti-
cides make up a small percentage of the total number of
compounds that are introduced deliberately or inadvertently
into natural waters. Hence, a critical area for research
is the establishment of the susceptibility to mineraliza-
tion of synthetic organic compounds. In a number of
instances, micro organisms fail to mineralize synthetic
organic compounds and has led to considerable research on a
phenomencn termed co-metabolism or sometimes co-oxidation
(Alexander, 1979; Golab et al., 1980).

Researchers assumed that if a compound was mineralized,
co-metabolized, or resistant to microbial conversion at the
levels normally used for biodegradation tests, it would be
similarly mineralized, co-metabolized, or resistant in
nature. It was also assumed that the product would be the

same regardless of substrate concentration and that the




kinetics would be unchanged except that rates would decline
in direct propoition ko substrate concentratinn (Kuznetsov
et al., 1979; Kooij et al., 1980; suflita et al., 1983;
simkins and Alexander, 1984; Paris et al., 1981l; Alexander,
1985).

The primary goal of this research was to isolate and
identify aquatic heterotrophic bacteria active in the bio-
transformation of anthracene and pentachlorophencl (PCP).
Attempts were also made to assess whether or not the bacte-
ria used anthracene and PCP as sole carbon source or possi-

bly co-metabolized these compounds.

Biotransformation

Biotransformation can be defined as bioclogically medi-
ated change in the composition or structure of a particular
chemical. It is an encompassing term including addition to
the parent chemical or biodegradation which involves bio-
logically induced reduction in the complexity of a particu-
lar chemical by splitting off one or more constituent
groups of the components (Dickson et al., 1981; Alexander,
1980). Biotransformation is the only way in which chemi-
cals are mineralized in natural environments. Furthermore,
biotransformation is a major fate process for many, but not
all, chemicals. Biotransformation of a compound may reduce
its toxicity, or in some cases increase the toxicity. Some

metabolites have been shown to be more toxic than their




parent compounds (Alexander, 198l). For many compounds,
biotransformation influences how persistent the compound
will be in the environment (Kobayashi and Rittman, 1982).
Consequently, biotransformation of a compound is important
in making hazard assessment decisions because of require-
ments set forth by the Toxic Substances Control Act of 1976
(Alexander, 1981).

Several variables may affect the biotransformation of a
chemical in the aguatic environment. These variables can
be divided into two main categories: those that determine
the availability and concentration of the compound in ques-
tion and those that directly influence the reaction rate.
Some variables that may affect the apparent biotransforma-
tion are (Scow, 1982):

oxygen availability

redox

sediments (packed vs. suspended)
temperature

PH

chemical concentration

physico-chemical properties of the chemical
acclimation of the organisms to the chemical
number of organisms present

type of organisms present

chemical mixtures

carrier solvents

water volume

flask size

mixing rate

nutrient, and numerous other parameters.

However, if a xenobiotic compound is exposed to a bacterium
there are several possibilities for its transformation or

inactivation.
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Ultimate biocdegradation (mineralization ox

complete biodegradation; - The compound can serve
as a substrate for growth and energy, and in this
case the compound is degraded to (a) water, (b)

carbon dioxide, and (c)} incrganic compounds (if

elements other than carbon, hydroger and oxygen
are present) (Water Pollution Control Federation,
1967: Bunch and Chambers, 1967; U.S. EPA, 1979a).

Detoxication - Detoxication refers to the conver-

sion of a toxicant to innocous metabolites.

Co-metabolism - The microbial transformation of an

organic compound that does not provide the active
organisms with a source of nutrients or energy is
known as co-metabolism (Pfaender and Alexander,
1973), or if the reaction invelves an oxidative
process, co-oxidation (Stuart et al., 1980). Co-
metabolism commonly leads to the accumulation of
organic products structurally similar to the ini-
tial substrate (Loos et al., 1967; Brown, 1978).
However, some of the products of microbial metabo-
lism in culture do not appear to accumulate in
soil or natural water, possibly because other
microorganisms are able to mineralize these prod-
ucts (Rosenberg and Alexander, 1980; Jacobson et
al., 1980). Co-metabolism of a toxicant may also

result in detoxication, and certain synthetic
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compounds that appear to be co-metabolized in
nature are converted to products that are not of
ecological concern (Mick and Dahn, 1970; Rosenberg
and Alexander, 1980).

4. Conjugation or Polymerization - A xenobiotic mole-

cule or a corresponding intermediate can be conju-
gated or polymerized with naturally occurring
compounds (U.S. EPA, 1979a).

5. Bioaccumulation - the increase in concentration of

a particular chemical in (or on) microorganisms by
direct contact with the chemical in water (U.S.
EPA, 197%a).

6. Activation - When a nontoxic molecule is converted

to one that is toxic, or a molecule with low
potency is made into a product of greater activity
against some species it is said to be activated
(Alexander, 1980).
No attempts have been made to cover all aspects of bio-
transformation of anthracene and PCP. However, there are
several excellent reviews available covering the topic of
biotransformation (Evans et al., 1971; Hegeman, 1972:
Gibson, 1971; Omorit and Alexander, 1978; Watanabe, 1973;
Dagley, 1972; Stanlake and Finn, 1982; Southworth, 1977;
Stark, 1969; Pierce et al., 1978; Oloffs et al., 1972;
Paris et al., 1981; Scow, 1982; Lee and Jones, 1980;

Staples et al., 1983; Pritchard, 1984; Alexander, 1985).
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Test Compounds

The major objectives of this study were to isolate,
identify, and characterize the dominant organisms that bio-
transform anthracene or PCP under various conditions. Two
compounds, anthracene and PCP, were chosen to study for
several reasons: (1) the compounds are on EPA's 129 prior-
ity pollutant list, (2) used as agricultural or manufactur-
ing products or intermediates, (3) have been potentially
identified as carcinogens, (4) have been found in public
water supplies, and (6) biotransformation is a major faﬁe
process. A brief summary of anthracene and PCP character-

istics and literature review follows.

Anthracene

Anthracene is a polynuclear aromatic hydrocarbon (PAH).
It is present in the environment from anthropogenic and
natural sources. It is widely distributed in the environ-
ment, having been detected in animal and plant tissue, sed-
iment, soils, air, and surface water (Radding et al.,
1576) .

Shackelford and Keith (1976) report that anthracene has
been detected in finished drinking water, industrial
effluents, and ambient river water. According to studies
conducted with bacteria and mammals, as summarized by the

National Academy of Sciences (1972} and Radding et al.




(1976) the degradation and metabolism of anthracene and the
identification of its metabolites are not well known.
Bacteria have been shown to utilize some polycyclic
aromatic hydrocarbons as a sole carbon source for growth.
Evidence summarized by Radding et al. (1976) suggests that
bacteria can degrade such compounds much more completely
than mammals. Evidence for bacterial degradation comes
from studies conducted on only a few compounds. Data spe-
cific to anthracene are limited. Herbes and Schwall (1978)
determined the microbial transformation of several poly-
cyclic aromatic hydrocarbons including naphthalene, anthra-
cene, benzo[a]anthracene and benzo[a]pyrene in both
pristine and petroleum contaminated sediment. They
reported that half-lifes for degradation ranged from 5
hours for naphthalene to 280 hours for anthracene, 7,000
hours for benzo[a]anthracene and 21,000 hours for
benzo[a]pyrene in petroleum contaminated sediments. It has
alsc been reported that for PAHs the transformation even by
acclimated microorganisms is inversely related to the num-
ber of cyclic rings that a compound possesses, with some
such as benzo[alpyrene being almost totally resistant to
biotransformation (Herbes and Schwall, 1978). Since no
nicroorganisms have been isolated that are capable of using
4 or 5 ringed compounds as a sole carbon source, it is most
likely that these types of compounds are being co-metabo-

lized along with simpler and relatively more degradable

13
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compounds (U.S. EPA, 1979a).

The microbial degradation of polycyclic aromatic hydro-
carbons was also studied by Groenewegen and Stolp (1975).
Their data showed that some of tricyclic aromatic hydrocar-
bons are capable of being degraded by microbes. The
authors stated that not much is known about anthracene deg-
radation. They further report that organic compounds which
are difficult to degrade are sometimes co-oxidized by
microbes. This is based on the observation that many bac-
teria have the ability to oxidize a variety of organic
compounds even though they do not use them as growth subs-
trates. Thus, co-oxidation in this case refers to the oxi-
dation of aromatic hydrocarbons when they are present as
co-substrates in a medium in which one or more different
organic compounds are furnished for growth (Raymond and
- Jamison, 1971; Stuart et al., 1980). However, little is
known about the co-oxidation of anthracene.

Figure 1 is the usual catabolic pathway described for
anthracene, but it should be reqaraed with some uncertainty
(Rogoff and Wender, 1957). 3-Hydroxy-2-naphthoate has been
isolated as a metabolite of anthracene with cultures of

Pseudomonas aeruginosa and Flavobacterium sp. (Rogoff and

Wender, 1957). ©P. aeruginosa grown on media containing

anthracene readily oxidized salicylate and catechol, but it
is not known if this was because of the non-specific induc-

tion of a naphthalene pathway, a pathway by which
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Fig. l--Proposed catocbolic pathway for anthracene
catabolism {(Rogoff and Wender, 1957).
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anthracene has been shown to degrade. 3-Hydroxy-2-
naphthoate was proposed to be the precursor of
2,3-dihydroxynaphtalene, a compound isolated by Fernley

(1959) from culture filtrates of P. aeruginosa grown on

media containing anthracene. In turn, this compound was
reported to be a precursor of salicylate ana catechol, but
there is no strong evidence for this claim. From a review
of the literature it is evident that much remains to be
learned about the bacterial degradation of anthracene and
its analogs. In Table I some physical properties of
anthracene are presented. Table II gives a summary of the

known environmental fate of anthracene (U.S. EPA, 197%a).

Pentachlorophenol (PCP)

Chlorinated aromatic hydrocarbons are widely used as
pesticides and herbicides in the agricultural industry and
as precursors in chemical synthesis by the chemical indus-
try. Pentachlorophenol is a general biocide. It was first
introduced into the United States during the 1930s, and
originally was employed as a wood preservative (Pignatello
et al., 1983; Arsenault, 1976). It is still used for that
purpose, but its uses have expanded to include applications
as a fungicide, bactericide, herbicide, molluscicide, algi-
cide, and insecticide. This compound may present a poten-
tial threat to human health through its wide use in

agricultural and industrial applications. Pollution of
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TABLE I

GENERAL PHYSICAL PROPERTIES OF ANTHRACENE

Molecular weight. o« o « v o o o o« & « 178.23%
Melting point « « + « = o o o + « o« « @ 216%¢*
Vapor pressure (20°C) . . . . . . . . . 1.95%20 *torr*
Solubility in water (2500). e « o o« « « 0,045 mg/L**

0.073 mg/L¥**

Log octanol/water partition . . . . . . 4.45%
coefficients

*Radding et al. (1976)
**May and Wasik (1978)
***Mackay and Shiu (1977)
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water by PCP may be a serious problem because of its high
toxicity to fish (Ellis, 1937; Doudoroff et al., 1953;
Statham et a. , 1976; Cleveland et a. , 1982). However,
PCP is not very persistent in the agqueous medium itself.
It is sorbed by the organic matter of solids and sediments
in a freshwater ecosystem (U.S. EPA, 197%a; Delaune, 1983).
" Worldwide production of PCP is about 5x108 kg per year,
of which about 2.3x106 kg is produced in the United States
(Crosby, 1981). About 80% of U.S. production is used for
commercial wood treatment. PCP is also widely used in rice
farming. Rice paddy soil has been shown to contain PCP
levels ranging from 5 to 100 pph which corresponds to one
percent or less of the applied amount (Watanabe, 1973).
Pentachlorophenol was used as a major herbicide in rice
fields in Japan from 1950 to 1970. The annual production
or usage of the active ingredient in 1970 was about 15,000
tons, which was about one fourth of the total amount of all
pesticides used in Japan. Because of its recently recog-
nized ecotoxicity, its use has decreased dramatically since
1971 (Kuwatsuka and Igarashi, 1975).

It has also been reported that PCP may arise from envi-
ronmental biotransformation of other commercial chemicals
such as hexachlorobenzene and lindane (Pignatello et al.,
1983). The relative contribution of these socurces to the
overall biospheric burden of PCP was not reported. Penta-

chlorophenol has been found in the atmosphere, even in
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pristine areas (v0.25 ng m3 in an uninhabited mountainocous
area). Air concentration can be as high as 160 ug/m3 in
rooms containing PCP-treated wood or paint (Crosby, 1931).
Pentachlorophenocl also contaminates rain and snow (Bevenue
et al., 1972). Streams commonly contain PCP concentrations
in thé micrograms per liter range (Buhler et al., 1973),
and ground water or drinking water contamination by PCP is
fairly common in the United States (Buhler et al., 1973).
As Liu et al. (1981) points out, very little informa-
tion is available regarding PCP biotransformation in
aquatic environments. Most of the studies that are avail-
able involve laboratory models of aquatic systems (Kirsch
and Etzel, 1973; Boyle et al., 1980; Liu et al., 1981).
Pierce et al. {1978) studied the fate of PCP accidentally
spilled into a freshwater stream-lake system. They were
primarily interested in determining PCP persistence and the
formation of PCP transformation products in contaminated
lake sediments, and not necessarily the response of the
microbial flora to the sudden presence of PCP. It has been
reported that natural freshwater microorganisms may adapt
to the presence of PCP and become effective at PCP mineral-
ization (Watanabe and Hayashi, 1972; Watanabe, 1973). Thg
microbial degradation of PCP, however, has been observed in
several laboratory investigations in which the compound was
used as the sole carbon source provided to microorganisms.

Chu and Kirsch (1972) observed the oxidation of PCP by
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bacteria obtained from a continuocus flow enrichment cul-
ture. Watanabe and Hayashi (1972) reported the ability of

Pseudomonas sp., isolated from PCP-saturated soil cultures,

to grow in the presence of 40 ppm PCP as the sole carbon
source. Microbial decomposition of PCP in soil and axenic
cultures has been studied by several investigators
(Kuwatsuka, 1972; Kirsch and Etzel, 1973; Heidman et al.,
1967). They have reported the presence of two decomposi-
tion products, a tri- and a tetrachlorophenol that were
relatively stable to further decomposition. Pierce et al.
(1978), in one of the few studies to investigate the fate
of PCP in natural aguatic environments, documented the
presence of pentachloroanisole and the 2,3,5,6- and
2,3,4,5-tetrachlorophenol isomers as major degradation
products. Cserjesi and Johnson (1972) also observed the
methylation of PCP to pentachloroanisole by fungi. They
noted, however, that the formation of pentachloroanisole
did not account for the total reduction in the concentra-
tion of PCP in the growth medium and concluded that methy-
.lation is either the first step in the metabolism of this
compound or a reaction parallel to degradation. Despite
these studies, many of the details regarding biodegradation
of PCP in soil and water are left unanswered.
Pentachlorophenol has been shown to be detoxified by
fish and other aguatic organisms in several laboratory

investigations. Akitake and Kobayashi (1975) found that
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the goldfish, Carassium auratus, transformed PCP to a pen-

tachlorphenyl sulfate, which was identical to that found in
the littleneck clam (Kcbayashi et al., 1970). Lu and
Metcalf (1975) also noted that conjugation at the phenolic
hydroxy group was the most important detoxification mecha-
nism among the organisms they studied in their model
agquatic ecosystem. Studies indicate that the primary route
for removal of PCP in mammals, including man, is urinary
excretion of a conjugate form (Jacobson and Yelner, 1971;
Braum and Sauerhoff, 1976).

By 1984, investigations relating the biotransformation
of PCP had been carried out by Young (lQSl),_Tsunoda
(1965), Suzuki and Nose (1971a), Asco and Sakamoto (1972),
Watanabe (1973)), Watanabe and Hayashi (1972), Boyle et al.
(1980), Crosby (1981), Montagna (1982), Stanlake and Finn
(1982), and Pignatello et al. {(1983). These studies, how-
ever, did not provide much information on the fate and
behavior of PCP in soil and water with regard to the micro-
bial degradation. Table III gives some physical properties
of PCP and Table IV gives a summary of the environmental

fate of PCP.

Summary of Literature Review
The removal of aromatic hydrocarbons from water 1is
essential because of their direct or indirect toxic effects

on plants, animals, and man. The literature review on the
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TABLE III

GENERAL PHYSICAL PROPERTIES OF PENTACHLOROPHENOL

MOleCUlar Weight L - - - - - - - L] - - » - - - 266 .35
{(Vergchueren 1977)

Melting point. « « o ¢ o ¢« ¢ + & + & « o o o & 190°¢
{(Verschueren 1977)

Boiling point at 760 LOXT. « « « « « o o o o - 310%C
(Verschueren 1977)

Vapor pressure at 20 . . . . . . . <« . . . 0.0001) torr
(Bevenue and Beckman 1967) _

Solubility in water at 209C. . . . 0 e e e 14 mg/L*
(Verschueren 1977)

Log octanol/water partition coefficient. . . . 5.01
_(Leo et al, 1971) :

PK
(Dahonovsky and Vacek 1971) + « + « « « « + 4,74

*Windholz (1976) lists the solubility as 80 mg/L. In a
natural water system this pollutant will be present primar-
ily as an anion and its solubility, therefore, will be
dependent on the cationic composition of the water. The
“anion, however, will be much more soluble than the undis-
sociated compound under any circumstances.
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fate of anthracene and PCP indicated that biotransformation
is an important fate process for aromatic hydrocarbons with
four or less aromatic rings, and for chlorinated hydrocar-
bons (Rubin and Alexander, 1983). Biodegradation is prob-
ably much more important in those aquatic systems which are
chronically affected by‘arumatic hydrocarbon contamination
as a result of microbial acclimation. In general, very
little is known regarding the types of bacteria that can
use PCP and anthracene molecules as their sole source of
carbon. Likewise, breakdown of these compounds as a result
of co-metabolism is also not well understood. Information
is needed on the identity of microorganisms which can bio-
transform these organic molecules in water and soil.

Hazard assessment requires knowledge of a wide range of
topics such as biotransformation, transport, hydrolysis,
volatilization, photolysis, dose-response interaction,
among others. It is not feasible to cover all of the nec-
essary elements of the hazard assessment process in one
study. Hence, the area of my research deals with one area

of hazard assessment, biotransformation.

Objectives and Hypothesis
The objectives of my thesis research were
1. To isolate and identify the five most dominant
bacteria (to the genus level) present in tests

assessing the influence of three different aquatic

26
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water/sediment systems on biotransformation rates
of anthracene and PCP;

To determine the ability of the two most dominant
bacteria isoclated from each aquatic system to grow
in basal medium, with anthracene and PCP, as a
sole source of carbon and energy, and in experi-
mental water with the chemical as an additional
carbon source;

To determine the ability of the two most dominant
bacteria isolated from each aquatic system to bio-
transform anthracene or PCP in the experimental

waters via co-metabolism.

The following hypotheses were formulated.

1.

HQ: Bacteria associated with the three different
agquatic sediments used in biotransformation tests
respond differently in their growth (CFUs/mL)} with
each chemical and each aquatic system.

Ha: The bacteria associated with three different
aquatic sediments used in the biotransformation
tests respond similarly in their growth (CFUs/mL)
with each chemical and each aquatic system.

HO: Bacteria present in three different river
systems and associated suspended solids are not
able to metabolize anthracene or PCP.

Ha: Bacteria present in water and associated sus-

pended solids are able to metabolize anthracene or
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PCP.

3. Hy: Bacteria present in the three river systems
and associated suspended solids are not able to
biotransform anthracene or PCP when the growth
medium is enriched with 1 g/L glucose.

Ha: Bacteria present in the three .1ver systems
and associated suspended solids are able to bio-
transform anthracene and PCP when the growth
medium is enriched with 1 g/L glucose.

4., H Bacterial concentration has no effect on the

0"
biotransformation of anthracene and/or PCP.
Ha: Bacterial concentration has an effect on the
biotransformation of anthracene and/or PCP.

5. Hy: Bacteria type has no effect on the biotrans-
formation of anthracene and/or PCP.
Ha: Bacteria type has an effect on the biotrans-
formation of anthracene and/or PCP.

The general experimental approach used to test these

hypothesis is outlined in Figure 2.
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Fig. 2--To test hypothesis - Dominant organisms iso-
lated from each water/sediment rate kinetic experiment can
biotransform anthracene and pentachlorophenol (PCP).
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CHAPTER II
MATERIALS AND METHODS

This research considered the effect of different types
of bacteria from different aguatic systems on the biodegra-
dation of anthraéene and pentachlorophenocl (PCP). The
methods and materials used are discussed under the follow-
ing sections:

e Test Chemicals

¢ Experimental Water Systems

e Test Organisms and Isolation Procedures

e Experimental Design

e Analytical procedures used for:

(a) determination of bacteria growth and
(b) determination of chemical concentration
(biotransformation).
e Statistics and other methods of data evaluation.

Test Chemicals

Anthracene

Anthracene was chosen as a test chemical for several
reasons. It is one of EPA's 129 Priority Water Pollutants
(U.S. EPA, 197%a). It is representative of a large group
of environmental pollutants (polynuclear aromatic hydrocar-

bons) as previously discussed, is a widely used industrial
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chemical, and it may occur as a waste product of fossil
fuel production. In addition, biotransformation has been
identified as an important fate process for this chemical
(U.5. EPA, 1979a and 1979b). Anthracene was obtained from

the Matheson Coleman & Bell (MC & B) Chemical Company.

Pentachlorophenol (PCP)

Pentachlorophenol (PCP) was chosen as a test chemical
because it is also included on EPA's 129 Priority Water
Pollutant list (U.S. EPA, 1979%a). It represents a widely
used group of compounds (chlorinated pesticides) with uses
in agriculture and industry (Beren and Beckman, 1967). PCP
is used as a wood treatment. A 1974 survey disclosed that
only 60% of the wood treatment plants surveyed met water
pollution standards, and 17% of the plants released their
wastewater without any treatment (Thompson, 1975). By
1983, all plants were required by the EPA to be in compli-
ance with regulation restricting the release of chlorinated
phenol in wastewater (Mulligan and Fox, 1976). One method
of removing chlorinated phenols (including PCP) from water
and wastewater is by means of microbial degradation (U.S.
EPA, 1976). To date, information regarding microbial medi-

ated breakdown of PCP in water is scarce.
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Experimental Water Systems

Mississippi River

This system receives many types of industrial chemi-
cals, by-products and agricultural runoff. The sampling

site was at Memphis, Tennessee.

Red River
At the sampling site there has been little industrial
by-product discharge into the systems. The sampling site

was below Lake Texoma near Sherman, Texas.

Trinity River

This system receives extensive urban and agricultural
runcoff. Before reaching Dallas, Texas, the system receives
little industrial waste. The sampling site was at Lamar
Street Crossing, Dallas, Texas.

The differences in water characteristics between these
three aguatic systems should allow for the detection of
differences in microbial action with respect to biotrans-

formation, if any, between the three river systems.

Basal Salt Medium (BM)

Mineral salts media was made up of the following con-
stituents (in gram per liter) (Stanlake and Finn, 1982) KyH
PO, , 1.73; KHyPO,, 0.68; NHyNO;, 1.0; MgSo, 7H,0, 0.1;
CaCL, 2H§O, 0.02; FeSO, 7H20, 0.003; and 0.002 trace metal

{Table V).
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BASAL SALTS MEDIUM
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Stock Solution

X (gm/L) 10X (gm/L)

Solution A. Phosphate Buffer (pH=7.4)

KZHPO4 1.73 17.30

KH2P04 0.68 6.80
Solution B, Major Elements

NH4 NO 1.9 10.0

mg SO4-7H20 0.10 1.0
Solution C. Minor Elements

CaCL2'2H20 0.02 0.20

FeSO4'7H20 0.003 0.03
Trace Metal
Solution D. Major Elements

MnCL2 0.416 4.16

B03H3 0.186 1.86

ZnCl2 0.327 0.327
Solution E. Minor Elements 100X (gm/L)

CoCl2 0.00143 0.143

CuCl2 0.00011 0.011
Make stock solution and autoclave at lZlGC for 15 minutes. Afterxr

cooling, at room temperature, mix stock solution at a ratio of
A:B:C:0fl:1 and D:E:0fl:10 separately (by volume).
were dissolved in distilled water.

All ingredients
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Test Organisms and Isolation Procedures

The bacteria that were used in my thesis research were
isolated from each of the three different natural water
systems. The following procedures were used for isolation
and identification of the various bacteria studied.

Initial samples of bacterial population for subsequent
microkial analysis, both guantitative (Colony Forming Units
CFUS) and qualitative (isoclation and identification) were
obtained from Tim J. Leslie's biotransformation experi-
ments. These experiments were designed to determine the
influences of suspended solids on biotransformation rates
of anthracene and PCP. The experimental systems consist of
river water samples containing 100 mg/L suspended solids.
The Red River, Trinity River, and Mississippi River watex/
sediment sources were chosen in order to determine if labo-
ratory generated biotransformation rate data varied between
river systems.

Anthracene was added by Tim Leslie to each of his
experimental flasks using acetone as the co-solvent when
anthracene was the test chemical. The correct dilution was
made to add 0.1 ml of the acetone-anthracene mixture to
each flask to give a resulting concentration of approxi-
mately 40 ugL-l. The acetone was then evaporated in a fume
hood overnight. PCP was made up as a concentrated stock

solution in the appropriate river water, then diluted with
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the river water to give a working concentration of approxi-
mately 500 ugL_l. One hundred mls of experimental water,
either water alone or water with an additional 100 mgL_l
equivalent dry weight of sediment, were added to individual
125 ml Erlenmeyer screw cap flasks with a specially fitted
teflon cap liner, and the test chemical was allowed to
resolubilize in the water. Controls were prepared in the
same manner and then autoclaved for 15 min at 121°c. stan-
dard pour plates in duplicate were made using 0.1% plate
count agar and 1% agar from control and test flasks. Bac-
teria on these duplicate plates were used for isclaticon and
identification, in my experiments, using the following pro-
cedures.

The bacterial colonies formed on the plates were exam-
ined under a Queéebec Colony Counter to determine the domi-
nant colonial types. The five dominant colonies, from time
zero and termination of biotransformation anthracene or PCP
experiments, were inoculated onto triplicate nutrient agar
plates (Difco)} and/or trypticase soy agar plates (TSA)
(Difco) and then incubated at 20°%, 25%%, 37%, and 40%%
for 24-96 hrs. Isolates were then transferred until pure
cultures were obtained. After obtaining pure cultures, the
isolates were transferred into nutrient agar and TSA slants
and maintained at 4°C until needed for experiments. All
isolates were Gram stained and identified using the basic

determinative scheme outlined in Figure 3.
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Fig.

3--Bacterial determination scheme
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Identification to the generic level was facilitated by

using: (1) Bergey's Manual of Determinative Bacteriology

(Buchanan and Gibson, 1974), (2), Practical Clinical Micro-

biclogy and Mycoclogy Technique and Interpretation (Wolf et

al., 1975), (3) Manual of Clinical Microbiology (Lennete et

al., 1974), (4) Computer Coding and Identification Systems

for OXI/FERM Tube (Roche Diagnostics, Division of Hoffman~

Laroche Inc., Nutley, J.J., 1974) and (%) Manual for the

Identification of Gram-negative Nonfermentative Organisms

(Weaver, 1976). Bergey's manual was the final arbitrator

for all identifications of bacteria.

Experimental Design

Three different water systems were used in this sﬁudy
in addition to basal salt medium (BM) (Bergman et al.,
1980; Oloffs et al., 1972}). The three water systems
included Red River, Mississippi River, and Trinity River
waters. All waters used for the bictransformation study
were stored, after collection, until used at 4°C in 20 L
Nalgene containers.

The two most dominant bacteria, as determined from the
pour plating technique, from the river water/sediment sys-
tems were evaluated for their ability to utilize anthracene
and/or PCP as a sole carbon source and to co-metabolize
these compounds. This research project was done in three

stages.




40

Stage 1 {(long term incubatian, 0-21 days)

The initial focus of this experiment was to assess the
ability of a high population (1O€5 - 1010 cru mﬁ'l) of bacte-
ria to grow in basal medium and in Red River water, Trinity
River water, and Mississippi River water (experimental
water) with one of the two chemicals added (anthracene,

PCP).

Stage 2 (short term incubation, 0-7 days)

In order to obtain additional information concerning
the significance of bacterial metabolism df anthracene and
PCP a second part of the study was conducted. This experi-
ment was started with lower and initial population of bac-
teria (v10 CFUs mL'l) which were found from the long term

study to biotransform anthracene or PCP in bkasal medium.

Stage 3

This experiment addressed biotransformation of anthra-
cene or PCP in experimental waters enriched with glucose.

To assess the abilities of the two most dominant bacte-
ria isolated from each watér/sediment system to metabolize
or co-metabolize anthracene or PCP the experimental proto-
col outlined in Figures 4 and 5 were followed for experi-
mental waters and BM.

This protocol was designed to answer the following

gquestions:
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Fig. 4--Experimental protocol for measuring microbial
growth in the basal medium and/or experimental water with
addition of anthracene or pentachlorophencl (PCP).
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Fig. 5--Experimental protocol for analyzing anthracene
or pentachlorophenol (PCP) in the experimental water with
addition of glucose.
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1. Can the isolated dominant bacteria metabolize
anthracene or PCP as a sole carbon source in basal
medium?

2. Can the isolated dominanﬁ bacteria metabolize
anthracene or PCP in the experimental waters?

3. Can the isoclated dominant bacteria co-metabolize
anthracene or PCP in the experimental water
enriched with another carbon source (1 gL™1 glu-
cose).

The experiments were conducted in triplicate 125-ml
screw cap flasks with a specially fitted teflon cap liner.
One hundred milliliters of a natural water or basal medium,
which had been filtered through 0.45 micron glass fiber
filters for sterilization, were added to each flask. All
pH determinaticons were made with a Markson Electromark
Analyzer at time zero and termination of the experiment.
The pH of experimental waters and basal salts medium at
initial time were adjusted to 7.2 + .2 with concentrated
ammonium hydroxide. Bacterial innocula were grown for
24-96 hrs in nutrient broth or TSB. The cultures were then
centrifuged, washed three times with sterile basal medium,
and resuspended in a sterile buffer with (pH=7.4) and held
at room temperature for several hours to allow utilization
of endogenous materials. These cultures were then added
aseptically to appropriate sterile flasks according to the

protocol outlined in Figures 4 and 5.
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A series of flasks with BM (#1) and each experimental
water (#2) were used as controls for checking for contami-
nation. Flasks #3 and #4 were vwsed as controls and con-
tained BM (#3) or experimental water (#4) plus ~100 mgL“l
anthracene or 1.5 mgL-l of PCP. These uninoculated flasks
were used as a control to check for possible chemical or
physical changes of the chemicals in the medium. Flask #5
contained BM plus isolated bacteria. Flask #6 contained
experimental water and bacteria and served as a control for
bacterial growth occurring in the absence of either chemi-
cal.

Flasks #7 and #8 represented the actual experimental
treatment and contained basal medium (#7) and each of the
experimental waters (#8) plus isolated bacteria and chemi-
cal.

Anthracene was added aseptically into these autoclaved
flasks while PCP was added before autoclaving. This was
necessary due to the poor stability of anthracene at ele-
vated temperature. Anthracene or PCP was used as the only
additionallcarbon source for these experimental tests. As
a result, this series of flasks were used for investigation
of biotransformation which may be ultimate biodegradation
in the BM. In addition to these tests, another series of
flasks were set up for assessing co-metabolism. Experimen-
tal Series #9, #10., and #11 were also conducted in

replicate (5) 125-ml screw cap flasks. Each flask
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contained 100 ml of experimental water in fiﬁal volume.
Flask #11 contained water plus chemical (anthracene or

PCP) aﬁd accounted for reduction in chemical concentration

via non-biological means. Flask #10 was a control which

contained water, chemical, and 1 gL'1

glucose. Glucose
served as a carbon and energy source. It was aseptically
added into Flasks #9 and #10.

Flasks #9 was used as the experimental treatment which

contained water plus chemical, and 1 gL_l

glucose and iso-
lated bacteria. This second set of flasks were used to
study biotransformation by co-metabolism. For this study,
anthracene and PCP were allowed to resolubilize in water
for 48 hrs. Then filter sterilized anthracene was aéepti—
cally added into previously autoclaved flasks. The desired
PCP concentration was added into each f£lask before they
were autoclaved. At the initiation of an experiment, time
zero, the concentration of anthracene in each flask was
~n45-80 ugL_l while PCP was ~1500 ugL“l. Experimental
Series #9, 10, and 11 were monitored for loss of parent
compound by sampling at 0, 7, 14, and 21 days following
inoculation. Measurement of microbial growth was not made
on Series #9%, 10, and 11l. The inoculated flasks (#1-11)
were incubated for 21 days in the dark at 22 + ZOC (room
temperature) on a shaker table (Flo Gyrotory Shaker, New
Brunswick Scientific Co., Inc., New Brunswick, NJ) with

continuous agitation (100 cycles/min). Figure 4
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illustrates the experimental approach.

Analytical Procedures
The ability of the bacteria to biotransform the two
chemicals was determined by two methods:
a. Bacterial Growth Measurements (comparisons between
treatment and controls)
1. Colony Counts (Spread Plates)
2. The Measurement of Adenosine Triphosphate
(ATP)
b. Measurement of Chemical Concentration Through Time.
All experiments were conducted using time series analyses

of these parameters (i.e., TO’ Iﬁ, T14, and T21)‘

Bacterial Growth Measurements

Colony Counts by Spread Plating--One of the methods

chosen for bacterial transformation testing was the spread
plate technique (Bousfield et al., 1%73: Young, 1979}.
Samples were serially diluted in sterile basal medium to
obtain the appropriate concentrations for playing, then 0.1
milliliter of a diluted sample was pipetted onto each of
two sterile pre-dried plates containing plate count agar
plus 1.5% agar (Hungate, 1962) and spread evenly over the
surface with a sterile bent glass rod (alcohol-flamed).

All inoculated duplicate plates were inverted and incubated

at 22 + 2°C for 7 days before the colonies were counted
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(Young, 1979).

At the end of the incubation period, the bacterial col-
onies were counted using a Quebec Coclony Counter. Accepta-
ble ranges for counts were 30-300 colonies per plate.

Heterotrophic bacteria concentration for spread plate
methods were obtained by multiplying the number of colonies
(in the acceptable range) by the appropriate dilutién fac~
tor. Viable microbial populations were enumerated by
spread plate count technique (Young, 1979) at various time
intervals (0,1,2.,3,4.,5,6,7 days). All counts were extrapo-
lated from the most countable duplicate plates and
expressed as the number of colony-forming unit (CFUs) perx
ml of sample. 1In the second study of biotransformation, é
standard curve based on optical density measurements for
serial dilutions of cell suspensions was derived using a
Beckman spectronic 20 spectrophotometer (A = 600 nm). This
relationship was then employed to determine bacterial con-

centrations in the test vessels.

The Measurement of Adencosine Triphosphate (ATP).-- Ade~

nosine triphosphate (ATP) has long been recognized as one
of the most important low molecular weight compounds in
living organisms. Since its isolation from muscle by
Lohmann (1929), the role ATF plays in energy transfer in
metabolic processes has become well documented, with

substantial evidence that it is present in the cells of all




50

animals, plants, and microorganism (Lehniger, 1965).

More recently., ATP has received interest as an estima-
ter of living microbial biomass (Hanse., 1970; Hansen and
Booth, 1966), providing a valuable tool_in ecological stud-
ies. Basing their method on that of Strehler and McElroy
{1957), Hansen and Booth demonstrated that ATP can be used
to estimate microbial biomass in the ocean and lakes.

Since then, the method has found use in a variety of stud-
ies of freshwater (Rudd and Hamilton, 1973; Tobin et al.,
1978). The method has also been adapted for use in Studies
of microbial biomass in soil (Doxtader, 1969; Ausmus,
1973).

Adenosin~5'triphosphate is a nucleotide, consisting of
adenylic acid (adenosine-5'-monophosphate of AMP) linked by
a high energy ester bond to a pyrophosphate group (Figure
6). The latter is very susceptible to cleavage in acid
sclution, or by enzymatic activity., being dephosphorylated
to ADP or AMP, with release of energy. For this reason,
ATP is important as an energy source in many metabqlic pro-~
cesses, including glycolysis, fatty acid synthesis, and
oxidation, protein and nucleic acid synthesis and in such
organ functions as muscle contraction and nerve impulse
genexration. It is also responsible for energy transfer
processes concerned with light production in bioluminescent
organisms, as for example, the 'lantern’ of Photinus

pyralis. It is this property which has resulted in a sen-
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Fig. 6--The molecular structure of Adenosine-5'-
triphosphate (ATP)
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sitive and specific analytical method (Bulleid, 1977;
McElroy and Strehler, 1949; Strehler and Totter, 1952}.

The details of the light producing reaction were first
described by McEiroy and Strehler (1949) and later by Moyer
and Henderson (1983). They were able to identify the com-
pound luciferin which, in the presence of the enzyme lucif-
erase, reacts with ATP to produce light. The reaction has
been described in several stages. First, the cleavﬁge of a
pyrophosphate group and secondly, the formation of an acti-
vated complex which undergoes oxidation, producing light.
The reaction also reqﬁires the presence of the magnesium
ion, or certain other divalent metal ions.

++ _
E+LH2+ATP-_D£9-~—-)—-E- L H, + AMP + P-P

E.LHZ-AMP + 1/2 02 ey P~ E* + AMP + C02

P -E* -AMP _ 3P + E + AMP + hv

The optimum temperature of the reaction 1s about 25°¢
{Strehler, 1968) and the optimum pH about 7.7
wherxe:

E = firefly luciferase enzyme

LH = Reduced Luciferin

ATP = Adenosine triphosphate
AMP = Adenosine monophosphate
PP = Pyrophosphate

hvw = Light (550 nm)
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P = Product (oxyluciferin)

The reaction is specific to ATP and is actually more com-
plicated than shown above (White et al., 1971). When all
other reactants are in excess, the rate of the.reaction is
proporticnal to the ATP concentration, with one photon of
light emitted for each molecule of ATP hydrolyzed. Figure
7 shows a typical light-emissien curve for a sample con-
taining ATP when added to the enzyme preparation. A meas-
ure of the light flux can thus be used to calculate the ATP

concentration in a sample.

Method of Analysis ATP.--The following section

describes the methods of extraction and ATP analysis used

in my thesis research:

1l - Reagents

A - Buffer (Mcllvaine buffer).--This buffer is more

stable at high temperatures and is more efficient at
extracting ATP than others (Bulleid, 1977). It was made up
as follows: 5.68 g of NaZHPO4 was diluted to one liter
with distilled water to give an 0.04 molar solution. 1.9 g
of citric acid was dissoclved in 500 mls of distilled water
to give a 0.02 molar solution. The phosphate solution was

adjusted to pH 7.70 by adding citric acid solution in a

ratio of approximately 19:1 (phosphate:citrate).
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Fig. 7--Light emission curve when a sample containing
ATP is injected into the Luciferine-Luciferase enzyme
preparation. A = time of injection of sample; B = end of
15 second mixing period; C = end of 1.0 minute light-
integration period; D = area which is electronically
integrated.
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B -~ ATP Standards.--Standard solutions were made by

using disodium ATP 3-5H20, MW 614-2 with 99% purity (Sigma
Chemical Co., 8t. Louils, Missouri). ATP was kept as a con-
centrated stock solution, dispensed into vials, and frozen
at below 0°C. A stock solution 10 mM per ml in Mcllvaine
buffer was diluted with the same buffer to a working
strength of between 0.1 nM and 10 nM. The standard used
during the assay was also made up from this stock sclution.
After preparation, this working strength standard was

stored in an ice bath.

C - Enzyme.--The luciferin-luciferase enzyme solution

was prepared from commercially available‘vials of lantern
extract (Sigma Chemical Co., FLE, 50). This extract typi-
cally contains 50 mg of lyophilized crude firefly lantexrn
extract, Mg++ and arsenate buffer at pH 7.4. These vials
were stored at 0°C. For an experiment the required number
of vials were then rehydrated. The contents of each vial
was hydrated with 5 ml of distilled water and then left for
3-5 hrs at 4°C to reduce endogenous ATP, at which time the
contents of the vial were centrifuged at 4000 rpm for 20
minutes to remove particulate material. The supernatant
was then decanted and allowed to stand an additional 18-24
hours at 4°¢ to "age." It was necessary to age the firefly
enzyme for this period of time in order to decrease its
background noise to insure reproducibility. The enzyme

solutions were stored in an ice bath until used,
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2 - Procedures

Extraction of Adenosine Triphosphate from Sample.--ATP

analysis was performed on all triplicate samples at TO' T&,

ﬂil days. One-ml of the culture sample was rapidly
injected into 1 ml of hot ethancl by a sterile pipet. The
sample was then incubated in a hot-water bath (90°C) for 10
min. The sample was then cooled in an ice bath. The vol-
ume was readjusted to 2 ml with cold sterile water, and the
denatured protein was removed by centrifugation. The

supernatant was then transferred to a labeled test tube and

frozen until assayed.

Enzymatic Assay Procedure.--A SAI Technology model 2000

ATP Photometer was used to assay extracted samples. A
blank determination was first performed to check on the
residual activity of the extract. Frozen samples were
removed from the freezer.and allowed to reach room tempera-
ture and were then held in an ice bath until used. Stock
ATP standards were prepared prior to analysis for develop-
ment of a standard curve. 200 pL Mcllvaine buffer was
autopipetted into a scintillation vial. The vial was then
mixed on a vortex stirrer and, during mixing, 200 xL of
enzyme preparation was added. The vial was then placed
intc the counting_chamber of the photomete;, and the
chamber's cap replaced and the shutter was opened. Fifteen

seconds after the sample and enzyme were mixed, the instru-
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ment starts a 60 sec counting period. At the end of the
counting period the total count were recorded for the
enzyme blank. The same method was used for standard ATP
and samples. Final ATP concentrations were calculated from
the predetermined standard curves. This method was used to
quantify the bacterial concentration in samples grown in
the presence of anthracene or PCP in Basal Medium or in the

water systems.

Analytical Methods for Anthracene and Pentachlorophenol

Anthracene concentrations were determined using an
Amico Bowman Ratio Spectrophotometer. Excitation and emis-
sion wavelengths were 345 and 401 nm, respectively.
Anthracene standards of 100, 80, 50, 40, 25, 12.5, 5 uqul
were made in pesticide grade hexane (L.T. Béker Co,) from a
100014gL—l stock solution. New standards and standard
curves were developed every time anthracene was assayed.
Anthracene concentrations were determined after extraction
of 5 ml of sample with an egqual volume of hexane. All
extractions were done in 20 ml glass vials with teflon-
lined screw top lids. Thorough extractions werxe achieved
by mixing all samples for two minutes using a Thermoclyne
model M-16715 mixer.

Pentachlorophenol (PCP) concentrations were determined
using a Tracor model 560 gas chromatograph eguipped with an

63Ni electron capture detector. A 50 cm glass column
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packed with 5% DEGS (Diethylene glycol succinate) was
utilized. ¢Column temgerature was 186°C and the carrier gas
was P-10 mix of argon-methane at a flow rate of 40 ml/
minute. Injection and detection temperatures were 213%
and 226°¢C, respectively. New standards were prepared and a
standard curve developed every time PCP was analysed. PCP
concentrations were determined from the standard curve
using linear regression analyses. PCP concentrations in
experimental samples were determined after extraction of 5
ml of sample with an equal volume of each PCP standard in
benzene after acidifying to pH<2 with 2 ml of concentrated
HCl (Pignatello et al., 1983). All extractions were done
in 20 ml glass vials with teflon-lined screw top lids.
Extraction was completed by mixing for 2 min on a Thermo-

clyne maxi-mix.

Data Analysis
All data analyses were performed using a National
Advanced System (NAS) 5000 computer. Statistical Analysis
System (SAS) (Helwing and Council, 1982) and MUSIC.(IBM,
1981) interactive programs were used for all statistical
computations, such as t-tests, analyses of covariance, and
probit analyses. The statistical tables in Zar (1974) were

consulted for statistical significance.




CHAPTER III

RESULTS AND DISCUSSION

The results of this research are presented on the fol-
lowing pages with special emphasis given to:

1. Results of identification of five dominant bacteria
from anthracene and pentachlorophenol (PCP) rate
kinetic experiments.

2. Results of the biotransformation tests for the Red
River, Mississippi River, Trinity River waters, and
Basal Medium.

3. Results of the biotransformation tests for the Red
River, Mississippi River, and Trinity River waters

with addition of glucose.

Characteristics of Water/Sediment Systems

The water chemistry for the Red River, the Trinity
River, and the Mississippi River water samples are presented
in Table VI, The chemical characteristics of the three
waters are not identical. The pH values for the three
waters are similar with that of the Red River water being
slightly more basic than the other two waters. The hardness
of the Red River water is very low, yet the hardness of the
other two river waters is moderate to hard. The alkalinity

of the Red River water and the Mississippi River water is

61
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almost identical. The alkalinity of the Trinity River water
is somewhat lower than the Mississippi and Red River waters.
In considering the nutrient content of the waters, as indi-
cated by nitrate, phosphate, and ammonia, the Trinity River
water has greater than an order of magnitude higher concen-
tration than the others; the Red River water has lowest
nutrient concentration. The concentrations of nutrients in
the Mississippi River water falls between the other two
waters. Suspended solids in the Red and the Trinity River
waters are similar. Background suspended solids in the
Mississippi River water are three to five times higher.
Carbon analysis of the three waters shows similarities in
the concentraticns of total carbon with the highest concen-
tration of organic carbon in the Mississippi River water.
Sediment characteristics are presented in Table VII. Of
the three systems, the particle size data, nutrient data,
and the percent volatile matter is of particular interest.
The particle size data show that the Red River has the most
sand, over 86%, followed by the Mississippi, with over 62%
and the Trinity River with only 42% sand. The Trinity River
sediment data show that this sediment contains almost 40%
clay and over 20% silt. The Mississippi River sediments
contain less than 18% clay and 20% silt. The silt and clay
content of the Red River sediments are 0% and 14%, respec-
tively. Particle size data indicate that if any of the

sediments are going to affect the sorption of the anthracene
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TABLE VII
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Mississippi Red Trinity
Parameter River River River
pH 7.0 7.3 6.7
% Sand 62.4 86.4 41.8
% 8ilt 19.8 0 21.2
% Clay 17.8 13.6 37.0
CFU/gr 5.2x10° 1.9x10’ 1.6x10’
Cation Exchange NA 41 427.2
(megq/100 g)
Nitrogen 0.0632 0.0529 0.198
{mg NH, N/g wet wt)
Total Phosphate 3.7 0.88 6.01
(_PO4 P/g wet wt)
Volatile Matter 60533 + 932 5456 + 196

(mg/kg)

5429 + 191
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or PCP, it should be the sediment of the Trinity River
because of its high clay and silt content. In considering
the nutrient content of the sediments, as indicated by
nitrate and total phosphate concentrations, the Trinity
River has greater than an order of magnitude higher concen-
trations than the Red River sediments. The sediments of the
Migsissippi River fall between the sediments of the Red and
tha'Trinity in nutrient content. The levels of the nutri-
ents in the sediments is of the same order as the nutrients
of the waters. Volatile matter data for the three sediments
indicate that the Trinity and the Red River sediments have
almost the same volatile matter (5,400 mg/kg). The
Mississippi River has over an order of magnitude greater
volatile matter (60,000 mg/kg). The volatile matter can‘be
used as an indicator of the carbon conﬁent of the sediments.
From these data it would be predicted that the Mississippi
River sediments may sorb more anthracene and PCP therefore
affecting the biotransformation results of the compounds.

Identification of Dominant Bacteria from Anthracene

and Pentachlorophenol Rate Kinetic
Biotransformation Experiments

Experiments were conducted by Tim Leslie to determine
the rate of anthracene and PCP biotransformation. At the
initiation and at the conclusion of each experiment, stan-
dard pour plates were prepared to determine the numbers and

most dominant type of bacteria present. Since a sexrial
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dilution was made, it was possible to enumerate the dominant
bacteria present. One objective of my research was to iden-
tify and enumerate the five (5) dominant types of bacteria
present in these kinetic experiments.

The rate kinetic experiments utilized three river sys-
tems (Red River water, Trinity River water, and Mississippi
River water) as the water/sediment source in addition as the
source of naturally cccurring bacteria. I determined the
five (5) dominant bacteria types present at the initiation
and termination of the anthracene and PCP biotransformation
experiments for each of water/sediment systems amended with

100 mgL~t

suspended solids.

The five dominant bacterial types at the initiation and
termination of the biotransformation experiments are shown
in Table VIII. The most dominant bacteria found from all
systems with PCP or anthracene were all common soil and
water bacteria. Most can be characterized as being: (1)
saprophytic chemoorganotrophs, (2) gram negative rods, (3)
aerobic, (4) nonfermentative, and (5) forming yvellow or pink
colonies.

Genera isolated from the anthracene biotransformation

experiments included Pseudomonas, Alcaligenes, Acinetobac-

terium, Flavobacterium, Azomonas, Corynebacterium, Bacillus,

and Chromobacterium. Pseudomonas was the most abundant

genus in the anthracene biotransformation experiments using

Red River water/sediments and in the experiment using
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Trinity River water/sediments. The most abundant genus in
anthracene biotransformation experiments using Mississippi

water/sediment was Flavobacterium. In general the five dom-

inant bacteria were similar for each of the three water/sed-
iment systems examined in the anthracene biotransformation
experiments. The dominant bacteria isolated from PCP bio-

transformation experiments included: Pseudomonas, Bacillus,

Flavobacterium, Acinetobacter, Corynebacterium, Micrococcus,

and Alcaligenes. In all these water/sediment systems

Pseudomonas was present in highest numbers.

Figures 8-13 show the change in numbers of the five dom-
inant bacteria from the initiation of the anthracene and PCP
biotransformation experiments to their termination. The
biotransformation experiments were terminated when a chemi-
cal was lost from the system to aﬁ extent equal to the
lowest detectable limits. ‘Thus, the duration of the bio-
transformation experiments was variable depending on the
chemical and the water/sediment system. The numbers of bac-
teria generally increased during the biotransformation
experiments indicating that sufficient energy sources were
present to support growth as shown in Figures 8-13. These
results suggest that some of the dominant bacteria present
may have been involved in the observed biotransformations of
anthracene and PCP. However, just because they were domi-
nant and in general increased in numbers does not confirm

that they were involved in the biotransformation of the
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Fig. 8--Graphical representation of mean CFUs mL_l for
the five dominant bacteria isolated from Red River water at
initiation (zero) and termination time (final) of
anthracene rate kinetic experiment.
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Fig. 9--Graphical representation of mean CFUs nmfl for

the five dominant bacteria isclated from Red River water at
initiation (zero) and termination time (final) of
pentachlorophencl (PCP) rate kinetic experiment.
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Fig. 10--Graphical representation of mean CFUs mL 1 for
the five dominant bacteria isolated from Mississippi River
water at initiation (zero) and termination time (final) of
anthracene rate kinetic experiment.
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Fig. 1ll1--Graphical representation of mean CFUs mL™1 for
the five dominant bacteria isolated from Mississippi River
water at initiation (zero) and termination time (final) of
pentachlcrophenol (PCP) rate kinetic experiment.
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Fig. 1l2--Graphical representation of mean CFUs mL 1 for
the five dominant bacteria isolated from Trinity River
water at initiation (zero) and termination time (final) of
anthracene rate kinetic experiment.
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Fig. 13--Graphical representation of mean CFUs nL . for
the five dominant bacteria isolated from Trinity River
water at initiation {(zero) and termination time (final) of
pentachlorophenol (PCP) rate kinetic experiment.
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chemicals. In the sections which follow, their role in bio-

transformation of anthracene and PCP is further assessed.

Biotransformation Tests

Results of selected bictransformation tests are dis-

cussed below. The following results will indicate:

1.

The effects that the source of water (Red River
water, Trinity River water, or Mississippi River
water) has on the biotransformation of anthracene
and PCP as compared with the Basal Medium (BM).

The effect that the type of bacteria has on bio-
transformation of anthracene and PCP.

The effects that initial bacterial population size
has on biotransformation of anthracene or PCP.

The effects that the presence of additiénal glucose

has on biotransformation of anthracene and PCP.

The results of experiments to assess bacterial ability

to biotransform anthracene and PCP are discussed in two sec-

tions.

1.

Biotransformation of anthracene and PCP in the
water systems and BM. This section shows the
results of bacterial growth measurements in each of
the three water systems and in BM containing
anthracene or PCP. These results help to determine
the effects of water type on biotransformation of

the chemicals. Therefcore, these results indicate
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whether or not bacteria are able to use anthracene
or PCP as the sole source of carbon and energy, in
the BM, or as a source of carbon in the river
waters.

2. Results of the effect of glucose addition on bio-
transformation of anthracene and PCP in the three
river waters. |

Results of Bacterial Growth Measurements in
Media Containing Anthracene or PCP

Bacterial growth results from long-term incubation of
microorganisms with anthracene or PCP were measured as colo-
ny~-forming units per one mL sample (CFUs mL"l) at time zero,
7, 14, and 21 days, and as ATP concentration (nM/mL) at var-
ious time intervals (0, 7, 21 days) as indicated in the
Materials and Methods section. ATP data were not obtained
for the Red River water, nor for BM with anthracene at times
7 and 14 days. Bacteria grown in media containing anthra-
cene or PCP as a carbon source or sole source of carbon
should show an increase in CFUs mL~l and ATP level if the
bacteria present can use these chemicals as an energy
source. This phenomenon should be shown in the experiment
treatment (bacteria + chemical + BM, or water source) as
compared to the control (bacteria + BM, or water source}.
For this comparison, the Student t-test was performed. The
Student t-test (Zar, 1974) was used to compare the mean of

1

CFUs mL ~ and ATP concentration of three replicate samples
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obtained from the treatments and the controls at each sam-
pling time. The results of the microbial growth during
incubkation determined by colony forming units and ATP con-
centration are summarized in table form for each
experimental study. These tables show mean values of three
replicate samples of treatment and control tests. Also
listed in these tables are results of the Student t-test
comparison between treatment and control tests. Graphical
depiction of the bacterial growth as measured by colony-
forming units (CFUs) and ATP concentration are presented for
each experiment. These figures plot the logarithm (log 10)
of the mean of CFUs mL—l and the mean of ATF concentration
versus time.

During long-term incubation studies, if the statistical
analysis (t-test) indicated there was a significant differ-
ence between mean of CFUs mL_l and ATP concentration of the
treatment and the control at the 0.05 level, then the exper-
iment was repeated in the BM in short-term incubation (0-7
days) to better gain an understanding of the behavior of
xenobiotic chemicals biotransformation at a lower bacterial
biomass. Analysis of covariance was performed to determine
whether or not slopes of bacterial growth from the treatment
and the control based on CFUs mL—l from 0-7 days are signif-
icantly different at the p=0.05 level. The results of the
microbial growth studies on the CFUs mL™1 at time zero

through 7 days are summarized in table form. These tables
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demonstrate the actual values in CFUs mLﬂl for the three
replicate samples of treatment and ccntrol tests. These
tables also indicate the results of Analysis of Covariance.
Graphical depiction of the bacterial growth are presented
for each experiment. These figures depict the actual values
of bacterial colony forming units versus time for the treat-
ment and control tests. Results of bacterial activities for
anthracene and PCP from the short-term incubation studies
are demonstrated in Figure 27. This figure plots the loga-

rithm of CFUs mﬁ_l for each isolate in BM versus time.

Biotransformation of Anthracene in the Red River Water

by Pseudomonas sp. and Alcaligenes sp.--The results of the

bacterial growth obtained from the Red River water with

anthracene inoculated with pure cultures of Pseudomeonas sp.

and Alcaligenes sp. are presented in Table IX and Figure

14. The results of the Student t-test for these experiments
are also indicated in Table IX. The experimental results in

Table IX and Figure 14 show that Pseudomonas sp. growth is

accompanied by an appreciable enhancement of the CFUs. The

increases in CFUs of Pseudomonas sp. in the control in 7

days probably results from the type and amount of nutrient
present in the Red River water and is responsible for this
phenomenon as well as for treatment. However, this observa-
tion can also be explained by the fact that some nutrients

within the bacteria were retained, although, they were
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Fig. 14--Log mean value of CFUs mL_l and mean ATP
concentration of Pseudomonas sp. grown in the Red River
water containing anthracene as additional carbon source

{treatment}. Control = iscolate and water, without
anthracene.
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harvested by centrifugation at room temperature and starved
by incubation in sterile BM for several hours to reduce the
endogenus level of nutrients. The Student t-test analysis
also showed that there is a significant difference between
mean of CFUs in treatment {Red River water, Anthracene, and

Pseudomonas sk .) and the control (Red River water,

Pseudomonas sp.) at the p=0.05 level at 7 and 14 days.
The results of bacterial growth studies in Red River

water containing anthracene inoculated with Alcaligenes sp.

is presented in Table IX. Based upon the Student t-test for
this study, no significant difference (p»0.05) was found for

Alcaligenes sp. growth as measured by CFUs and ATP levels

between the treatment and the controls. However, there was
a relative increase in the CFUs in both treatment and the
controls which may be attributed to the some nutrients pres-

ent in the Red River water.

Biotransformation of Anthracene in The Basal Medium by

Pseudomonas sp. and Alcaligenes sp.--The results obtained

from the BM with anthracene, as the sole carbon source, and

inoculated with Pseudomonas sp. and Alcaligenes sp. are

presented in Table IX and Figure 15a. As can be seen from

Table IX and Figure 15a, the Pseudomonas sp. growth (CFUs)

in the treatment flasks, containing BM and anthracene is
significantly greater than the bacterial growth in the con- -

trol flasks containing BM and Pseudomonas sp. These




80

Fig. l%a--Log mean value of CFUs mLﬂl and mean ATP
concentration of Pseudomonas sp. grown in the basal medium
containing anthracene as the sole source of carbon (treat-
ment). Control = isolate and basal medium, without
anthracene. '

Fig. 15b--Log value of CFUs mL- T of Pseudomonas Sp.
grown in the basal medium containing anthracene as the sole
source of carbon (treatment). Control = isolate and basal
medium, without anthracene.
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differences have been shown at 7 and 14 days. Following
these results, the experiment was repeated with lower bac-
terial biomass in the short-term incubation experiments (0-7
days). The results of short-term studies are presented in
Table X and Figure 15b. Significant differences (p<0.05)
were shown by Analysis of Covariance (ANCOV) between the
bacterial growth in the treatment (BM, anthracene, and

Pseudomonas sp.) and the control (BM and Pseudomonas sp.).

However, the results of the biotransformation of anthracene

by Pseudcomonas sp. in the Red River water and BM demonstrate

that Pseudomonas sp. are able to utilize anthracene as a

sole carbon and energy source for their growth in a pure
culture. Also from Figures 14 and 15 it can be seen that

the Pseudomonas isolate had exponential growth until day 7,

then this phase was followed by the stationary phase (7-14
days). The number of viable cells then sharply decreased.
These results can be explained by exhaustion of essential
nutrients or toxic products accumulation. These results
also indicate that physical and chemical properties of the
Red River water and the initial pacterial population did not

have significant effects on the Pseudomonas sp. growth.

The results of the growth of Alcaligenes sp. using

anthracene as the sole source of carbon are presented in
Table X. The results of the Student t-test showed that
there is no significant difference (p>0.05) between the CFUs

in the treatment and the control. The results obtained from




TABLE X

CFUS AND ANALYSIS OF COVARIANCE (ANCOV) RESULTS FOR PSEUDOMONAS
SP. ISOLATED FROM RED RIVER WATER, GROWN IN BASAL MEDIUM
SATURATED WITH ANTHRACENE

cFUs mi "t ANCOV
Time Replicate Treatment Control Analysis
(Days) Actual Value Actual Value
0 1 2.40 x 10% 2.30 x 104
2 2.0 x 0% 2.20 x 1¢° s
3 2.10 x 10% 2.20 x 10%
1 1 4.60 x 102 2.0 x 10°
2 4.20 x 10° 1.80 x 10%
3 4.50 x 10? 1.80 x 10°
2 1 8.40 x 10°% 1.90 x 10?
2 8.60 x 102 1.95 x 10%
3 8.0 x 107 1.92 x 10°
3 1 9.0 x 10° 1.90 x 10?
9.40 x 10° 1.90 x 10°
9.50 x 10% 1.94 x 1o0%
4 1 1.40 x 10° 1.60 x 10?
1.30 x 10° 1.50 x 104
1.20 x 10° 1.60 x 10%
5 1 1.80 x 10° 1.0 x 104
1.80 x 10° 1.0 x 10?
1.40 x 10° 1.0 x 10°
6 1 2.30 x lo5 1.60 x 103
5 2.20 x 10° 1.80 x 10°
3 2.20 x 10° 1.60 x 10°
7 1 9.0 x 10° 1.0 x 10°
5 1.80 x 10° 1.0 x 10°
3 2.20 x 10° 1.20 x 10°

S = Significant (Analysis of Cavariance) p < 0.050
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the biotransformation of anthracene in the Red River water

and the BM indicate that in contrast to Pseudomonas sp., the

Alcaligenes isolate was unable to utilize anthracene as its

sole carbon source.

Biotransformation of Pentachlorophenol by Pseudomonas

sp. and Bacillus sp. in the Red River Water.--Statistical

analysis (Student t-test) performed on the data obtained
from the Red River water and PCP, inoculated with

Pseudomonas sp. and Bacillus sp. can be found in Table XI

and Figure 16. Table XI and Figure 16 show that the

Pseudomonas isolate had more growth in the treatment flasks

(Red River water + PCP + Pseudomonas sp.) as compared to the

control flasks (Red River water + Pseudomonas sp.). This

figure also shows that Pseudomonas sp. was actively growing

until day 7 after which the number of viable cells then
sharply decreased. This result may suggest a possibility of
toxicity of PCP by-product. The Student t-test also showed
a significant difference (p<0.05) in the concentration of

Pseudomonas cells and ATP concentration between the treat-

ment and the control at day 7. The same statistical test
conducted on data obtained from the Red River water and PCP
inoculated with Bacillus sp. show that there was no signifi-
cant differences (p>0.05) between the concentration of ATP

and CFUs of treatments and controls (Table XI).




-owWT3 STYUD 1P PIINSEIW Jou Sem 4V
g0 0>d ‘3uedTyTUbIS
‘goroed ! (sTSATRUR AODNY ¢q1597-7 juepnils) uedTITubrs 30N = SN

ON
S

[

Mu *3s93-3 IUIPN3IS 8yl 3O 3TNS9I |YY} O3 ONP pozZATRUR 30U SEM BIR(s
. - - % T*
SN h@Hx@N I hoa €1°T muOﬁ O maoa T°2 1z
SN hOHx@H.N woaxmﬁ.ﬁ ON ON ¥T
- SN hoaxmm.m woaxom.ﬂ m|0ﬂx LL mnoaxom.m L
SN hoaxow.w hodﬂmm.ﬂ. mlOMx L'8 m-OHx 0% 0 +ds snyfToed Wa
X - X * X - X hd
SN moa £€°€ poﬁ £9 1 wuoa L9 m|OH 057 € TC
SN NOMxmw.a ﬁOonh.N Ol ON ¥T
¥~ ®eT” Xeb - OTXOT " X c*
SN ﬁoﬁ £T°€E hoa .4 2 muoa 01" L m:OH 5°9 L .
SN noaxm@.n hoaxom.h NlOmem.H Nuoaxom.a 0 *ds sniiTOoRdG JOATH Py
p .o . X . Xi . X *
SN moa o€ e mOH 06°1 Huoﬁ 06°1 ﬁlOH £2°1 12
SN OTRSL"T OTIX0L" T ON ON ¥T
SN 8 8
X - X - X . X *
] moa £F°9 moa 781 HIOH 0L ¢ a:oa 0°6 L
SN moaxoq.ﬁ moﬁxwm.ﬂ a-oaxoo.n auoﬂx 6°L g ~ds srvuowopnasd W
X9¢€° XgL” X 0 X Q0
SN woa a9g° 1 moa £€L°1 Naoa 0¥ muoa 0¢ 1z
SN mOmen.m woaxOh.N ON ON vI
*.I - * - -
5 wOHx S*L OTX0V £ _ﬁ;OHxho £ ooaxm@ T I x930M
SN moaxvm.a OTX85° 1T HeonOh.@ H..oax 18 o -ds seucuopnasd IDATY poY
X X 7 X
STSATeuy 1s93-3 Tei3uc) juauea] iereliley’ JuaWMtLI AL sAed §93eTO5T unTEoH
AQDNY Juspnilg :
7 F Hpﬂa =hike) {Wu) 4dI¥

NMOYD ‘dALYM dIATE d¥d WOdd JELYIOSI

(dDd) TONFHJIOYOTHOVLNAL JO7-I Brlo0osT ONINIVENOD WATIAHW ZH.

- dS SYNOWOUNHASd (aNVY *dS SEN#DHITVIIV 404 SATIWYS TOYLNOD

ANV INIWILYEMI NIAMIAd SNOILVMINIONOD dL¥ dNY SOJ4D A0 SNOSTUVAWOD TVOILSILYLS ANV SHINIVA NYHW
IX d19Y4 ‘




96

Fig. 1l6--Log mean value of CFUs nL and mean ATP
concentration of Pseudomonas sp. grown in the Red River
water containing pentachlorophenol (PCP) as additional
carbon source (treatment). Control = isolate and water,
without PCP.
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Biotransformation of Pentachlorophenol by Pseudomonas

sp. and Bacillus sp. in the Basal Medium.--Mean values of

three replicates obtained from BM and PCP inoculated with

Pseudomonas sp. and Bacillus sp. are presented in Table XI.

Also listed in Table XI are results of the Student t-test
between the treatments and the controls. Statistical sig-

nificance (p<0.05) was found at day 7 for Pseudomonas sp.

Thié difference between treatment and control can be seen in
Figure 17. Following this result, the experiment was
repeated with lower concentrétions of bacteria for short-
term incubation (0-7 days). No significant difference
(p>0.05) between the treatment and the control in CFUs was
shown by an Analysis of Covariance (Table XII). The differ-
ence in these results from long-term incubation and

short-term incubation of Pseudomonas sp. can probably be

attributed more to the initial concentration of bacteria
rather than any environmental factors since no other parame-
ter was changed during this study. The results from the
student t-test in CFUs of Bacillus sp. in BM indicated that

1 obtained

there was no significant difference in CFUs mL~
from the treatments and the controls. Results from experi-
ments examining the biotransformation of PCP inoculated with

Pseudomonas sp. or Bacillus sp. indicate that Pseudomonas

sp. growth and activity is occurring in the systems con-
taining PCP. The experimental results for Bacillus sp.

indicate that it is unable to utilize PCP as a sole carbon




CFUS AND ANALYSIS OF COVARIANCE

TABLE XII
(ANCOV) RESULTS FOR PSEUDOMONAS

Sp. ISOLATED FROM RED RIVER WATER, GROWN IN BASAL MEDIUM
CONTAINING 1500 ug"l OF PENTACHLOROPHENOL (PCP)
CFUs mL * ANCOV
Time Replicate Treatment Control Analysis
{Days) Actual Value Actual Value
0 1.40 x 10° 1.0 x 10°
1.30 x 104 1.40 x 10° S
1.0 x 10° 1.20 x 10°
1 2.80 x 104 1.80 x 10°
2 2.80 x 10% 1.70 x 107
3 2.90 x 10° 1.60 x 10°
2 1 2.0 x 10? 1.90 x 10°
2 1.40 x 104 1.80 x 10%
3 1.60 x 10° 1.70 x 10%
3 1 1.40 x 10° 1.50 x 10°
1.20 x 10% 1.40 x 10°
1.30 x 107 1.30 x 0%
4 1 1.20 x 10° 0 x 10°
1.30 x 10% x 10°
3 1.20 x 10* 0 x 10°
5 1.40 x 10° .0 x 10°
1.40 x 10° .6 x 10°
1.60 x 107 .5 x 10°
6 1 5.20 x 10° 2.80 x 10°
2 5.30 % 10° 2.70 x 10°
5.30 x 10° 2.80 x 10°
7 1.20 % 10° 2.40 x 10°
1.0 x 10° 2.0 x 10°
1.4 x 10° 2.30 x 10°

NS = Not Significant (Analysis

of Covariance) p » 0.050
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Fig. l17a--Log mean value of CFUs mL" ' and mean ATP
concentration of Pseudomonas sp. grown in the basal medium
containing pentachlorophencl (PCP) as the sole source of
carbon (treatment). Control = isolate and basal medium.

Fig. 17b--Mean value of CFUs mt.” ' of Pseudomonas sp.
grown in the basal medium containing pentachlorophenol
(PCP) as the sole source of carbon (treatment). Control =
isolate and basal medium, without PCP.
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source.

Biotransformation of Anthracene by Acinetobacter sp.

and Flavobacterium sp. in the Mississippl River Water.--The

results obtained from the Mississippi River water and

anthracene inoculated with Acinetobacter sp. and Flavobac-

terium sp. are shown in Table XIII. These results indicate

that CFUs and ATP concentrations of the Acinetobacter sp. in

the treatments are greater than in the control at days 7 and
14. The Student t-test showed that the magnitude of this
differences was not significant at the p=0.05 level. Exper-

imental results from Flavobacterium sp. also presented in

Table XIII and Figure 18 show that Flavobacterium sp.

elicited appreciable enhancement of the CFUs and ATP concen-
trations in the treatments during the first 7 days (0—7
days) as compared with the controls and then sharply
decreased. The Student t-test showed that a significant
difference existed between treatment and the control only at
day 7 of incubation.

Flavobacterium sp. growth ceases after 7 days. This

cessation of growth might be related to metabolites of

anthracene which may be toxic to Flavobacterium sp. A sec-

ond possibility may be that the Flavcbacterium sp. can only

partially metabolize the anthracene. Aftexr 7 days'the chem-
ical may be metabolized to an extent where no further energy

can be obtained from the molecule.
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Fig. 18--Log mean value of CFUs mL_l and mean ATP con-
centration of Flavobacterium sp. grown in the Mississippi
River water containing anthracene as additional carbon
source {(treatment). Contrel = isolate and water, without
anthracene. Bars show the two standard deviations on both
sides of the ATP means.
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Biotransformation of Anthracene by Acinetobacter sp.

and Flavobacterium sp. in the Basal Medium.--Statistical

analysis performed on the data from the BM and anthracene

inoculated with Acinetobacter sp. yielded results similar to

the Mississippi River water (Table XIII). There was no sig-
nificant difference between the treatments and the controls
at the p=0.05 level. Results of this study show that Acine-
tobacter sp. is unable to utilize anthracene as the sole
carbon source. Also from Table XIII it can be seen that

Acinetobacter sp. growth in the Mississippi River water is

greater than in the BM. The high nutrient content in the
Mississippi River may possibly explain this result. How-

ever, these nutrients were not enough for Acinetobacter sp.

growth to be significantly different compared with control.

Results from the long-term study of Flavobacterium sp. in

the BM containing anthracene as the sole carbon source are
shown in Table XIIT and Figure 19a. From the table and fig-
ure it can be seen that rapid growth occurred during the 7
days of incubation. This growth is presumably £from the uti-
lization of the anthracene since no similar growth is seen
in the control. However, numbers of viable cells and ATP
concentraticon after 7 days decreased. This observation was
in agreement with results obtained for the biotransformation

of anthracene by Flavobacterium sp. in the Mississippi River

water. Following these results, an experiment was repeated
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Fig. 19a--Log mean value of CFUs mL—l and mean ATP
concentration of Flavobacterium sp. grown in the basal
medium containing anthracene as the sole source of carbon
(treatment). Control = isolate and water, without anthra-
cene. Bars show the two standard deviation on both sides
of the ATP means.

19b--Log value of CFUs mL™t of Flavobacterium sp.
grown in the basal medium containing anthracene as the sole
source of carbon (treatment). Control = isolate and basal
medium, without anthracene.
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with BM using short-term incubation (0-7 days). The data in
Table XIV and Figure 19b show a greater increase of CFUs
mI-% in the treatment than in the control. In addition, a
subsequent ANCOV analysis also showed a significant differ-

ence (p<0.05) between the treatments and the controls.

These results indicate that Flavobacterium sp. was able to

use anthracene for growth under these experimental condi-

tions.

Biotransformation of Pentachlorxrophenol by Pseudomonas

sp. and Corynebacterium sp. in the Mississippi River
Water.-- The results obtained from the Mississippi River

water and PCP inoculated with Pseudomonas sp. and Corynebac-

terium sp. are shown in Table XV. As can be seen from Table
XV the number of viable cells and ATP concentration of

Pseudomonas sp. in the treatment are not significantly

greater than the control (p>0.05). As shown in Table XV and
Figure 20 the same statistical test conducted on the data

from the Mississippi River water and PCP with Corynebacter-

ium sp. show that no significant difference (p>0.05) existed

between the treatments and the controls.

Biotransformation of Pentachlorophencol by Pseudomonas

sp. and Corynebacterium sp. in the Basal Medium.--The

results of experiments using BM and PCP inoculated with

Pseudomonas sp. and Corynebacterium sp. are shown in Table

XV. From Table XV it can be seen that there is no




TABLE XIV

CFUS AND ANALYSIS OF COVARIANCE
FLAVOBACTERIUM SP. ISOLATED FROM MISSISSIPPI RIVER
WATER, GROWN IN BASAL MEDIUM SATURATED WITH

(ANCOV) RESULTS FOR

~

ANTHRACENE
-1
CFUs mL ANCOV
Time Replicate Treatment Control Analysis
(Days) Actual Value Actual Value
0 1.50 x 102 1.50 x 10°
1.30 x 103 1.20 x 10° s
1.30 x 10° 1.40 x 10°
1 2.60 x 10% 1.70 x 10°
2.20 x 103 1.60 x 107
2.30 x 102 1.60 .x 10%
2 1 2.90 x 10% 1.60 x 107
2.80 x 104 1.50 x 10°
2.60 x 10° 1.60 x 10%
3 2.90 x 104 1.40 x 10°
3.40 x 10° 1.20 x 10%
3.50 x lO4 1.30 % 104
7 1
4 4.80 % 10 1.20 x 10
4.50 x 104 1.30 x 10°
4.70 x 10° 1.20 x 10°
5 5.60 x 10° 1.40 x 102
5.50 x 10° 1.40 x 10°
5.40 x 10° 1.40 x 102
6 6.60 x 107 5.10 x 10°
6.80 % 104 5.0 X 103
3 6.60 x 10° 5.30 x 10°
7 6.50 x 104 1.0 x 103
6.80 x 10° .0 x 10°
6.70 x 10% 0 x 10°
S = Significant (Analysis of Covariance) p < 0.050
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Fig. 20--Log mean value of CFUs mL 1 and mean ATP
concentration of Corynebacterium sp. grown in the basal
medium containing pentachlorophenol (PCP) as the sole
source of carbon (treatment). Contrecl = isolate and basal

medium, without PCP.
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significant difference in the coclony forming units and ATP
concentration of the system containing BM, anthracene, and

Pseudomonas sp. or Corynebacterium sp. (Treatments) and the

system that contains BM and Pseudomcnas sp. orx Corynebacter-

ium sp. (Controls). Similar results were obtained based on
the Student t-test at the p=0.05 level (Table XV). It is
interesting to note, in contrast to the behavior of

Pseudomonas sp. in the Red River water study with PCP, this

system (Mississippi River water) containing anthracene had
ne effect on the colony forming units and ATP concentration

of Pseudomonas sp. this result may be explained by the pos-

sibility that the Pseudomonas sp. might be a different

species type than those isolated from previous studies.

Biotransformation of Anthracene by Pseudomonas sp. and

Corynebacterium sp. in the Trinity River Water.--~The results

of Pseudomonas sp. and Corynebacterium sp. growth in the

Prinity River water containing anthracene are presented in
Table XVI and Figures 21 and 22. Also listed in Table XVI
are the results of the Student t-test. The experimental

results show appreciable growth by the isolated Pseudomonas

sp. and Corynebacterium sp. during the 7-21 days in the

treatment. The increase of CFUs in the treatments and con-
trols during the time interval 0-7 days might be explained
by the fact that the Trinity River water is nutrient rich

(Table XVII). The Student t-test for Pseudomonas sp. and
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Fig. 21--Log mean value of CFUs mL and ATP concen-
tration of Pseudomonas sp. grown in the Trinity River water
containing anthracene as additional carbon source (treat-
ment). Control = isolate and water, without anthracene.
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Fig., 22--Log mean value of CFUs mL and mean ATP
concentration of Corynebacterium sp. grown in the Trinity
River water containing anthracene as additional carbon

source (treatment). Control = isolate and water, without
anthracene,
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CFUS AND ANALYSIS OF COVARIANCE

TABLE XVII
(ANCOV} RESULTS FOR PSEUDOMONAS

120

SP., ISOLATED FROM TRINITY RIVER WATER, GROWN IN BASAIL MEDIUM
SATURATED WITH ANTHRACENE
-1
CFUs oL ANCOV
Time Replicate Treatment Control Analysis
(Days) Actual Value Actual Value
0 2.0 x 10° 2.0 x 107
2.30 x 10% 2.20 x 10? s
2.20 x 10° 2.10 x 1o?
1 1 5.0 x 10° 2.60 x 10°
4,80 x 105 2.80 x lO4
3 4.80 x 10° 2.50 x 10°%
2 1 7.0 x 10° 2.60 x 10°
2 7.30 x 10° 2.70 x 10°
3 7.10 x 10° 2.30 x 10%
3 1 8.80 x 10° 2.60 x 10°
, |
8.90 x 10° 2.50 x lo%
9.0 x 10° 2.20 x 102
_ |
4 9.30 x 10° 2.0 x 10°
2 9.20 x 10° 1.80 x 102
3 9.10 x 10° 1.60 x 102
5 1 9.60 x 10° 1.0 x 10°
2 9.70 x 10° 1.30 x 102
3 1.0 x 10° 1.20 x 102
6 1 1.20 x 10° 1.0 x 102
2 1.0 x 10° 1.10 x 10?
3 1.0 x 10° 1.0 x 10°
7 1 2.50 % 10° 6.0 x 10°
2.70 x 10° 6.20 x 10°
2.40 x 10° 6.0 x 10°
S = significant (Analysis of Covariance) p < 0.050
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Corynebacterium sp. based on CFUs and ATP concentration show

that the treatment tests produced significantly higher num-
ber of CFUs and ATP than the controls at 14 and 21 days
(p<0.05). However, in contrast to days 14 and 21, a signif-
icant difference was found between the treatment and the

control ATP concentration at day 7 for the Pseudomonas sp.

This different relationship between CFUs and ATP was also
reported by Hamilton and Hansen (1967). The reason why

Pseudomonas sp. has a lower ATP concentration than would be

indicated from CFUs is not reported, and also was not fur-

ther investigated in this study.

Biotransformation of Anthracene by Pseudomonas sp. and

Corynebacterium sp. in the Basal Medium.--The results of the

growth tests incorporating sterile BM and anthracene inocu-

lated with Pseudomonas sp. or Corynebacterium sp. are

presented in Table XVI and Figures 23a and 24a. The results
cf Student t-tests are also summarized in Table XVI. In
contrast to the results from the Trinity River water with

Pseudomonas sp. (Figure 21), there is no relative increase

shown in CFUs of Pseudomconas sp. in the treatments and the

controls for the first 7 days (Figure 23a). The Student

t-test showed that at all other times Pseudomonas sp.

growth in the treatment experiments were highly signifi-
cantly different (p<0.05) from that of the controls. 1In

addition, analysis of covariance on colony forming units
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Fig. 23a--Log mean value of CFUs mL™1 and mean ATP
concentration of Pseudomonas sp. grown in the basal medium
containing anthracene as the sole source of carbon (treat-
ment). Control = isclate and basal medium, without
anthracene. Bars show the two standard deviation on both
sides of the ATP means.

Fig. 23b--Log value of CFUs del of Pseudomonas sp.
grown in the basal medium containing anthracene as the sole
source of carbon (treatment). Control = isolate and basal
medium, without anthracene.
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Fig. 24a--Log mean value of CFUs n&fl and mean ATP
concentration of Corynebacterium sp. grown in the basal
medium containing anthracene as the sole source of carbon
(treatment). Control = isolate and basal medium, without
anthracene.

Fig. 24b--Log value of CFUs mﬁ-l of Corynebacterium
sp. grown in the basal medium containing anthracene as the
sole source of carbon (treatment}. Control = isolate and
basal medium without anthracene.
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between the treatment and the control in short-term
incubation yielded significant difference at the p=0.05
level (Table.XVII, Figure 23b). The results from long-term
incubation in the Trinity River water and BM experiments,
and also from short-term incubation suggest that anthracene

can be used by Pseudomonas sp. as the sole carbon source.

The results of the Corynebacterium sp. growth in the BM

containing anthracene as the sole source of carbon are pre-
sented in Table XVI. As can be seen from Table XVI and
Figure 24a the colony forming units and ATP concentration of

Corynebacterium sp. until day 7 increased at relatively the

same rate in both the treatments and in the controls and
then number of viable cells in the treatments were signifi-
cantly increased. The Student t-test also indicated a
significant difference (p<0.05) between the treatment and
the control at days 14 and 21 of incubation. 1In addition,
subsequent analysis of covariance of the short term studies
showed similar results (Table XVIII and Figure 24b). The
results from both long-term studies (Trinity River water and
BM) and short term incubation studies indicated that Coryne-
bacterium sp. can utilize anthracene as a sole carbon source
for growth. However, the long-time survival or growth in
the control flasks (BEM only) might be attributed to some
endogenous nutrient within the bacteria or possibility of

contaminated media.
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TABLE XVIII

CFUS AND ANALYSIS OF COVARIANCE (ANCOV) RESULTS FOR
CORYNEBACTERIUM SP. ISOLATED FROM TRINITY RIVER
WATER, GROWN IN BASAL MEDIUM SATURATED WITH

ANTHRACENE
CFUs mL ™+ ANCOV
Time Replicate Treatment Control Analysis
{(Days) Actual Value Actual Value

0 1 3.0 x 10° 3.0 x 10°

3.20 x 10° 3.0 x 10° 5
3.0 x 107 3.0 x 10t
1 1 4.50 x 10° 3.60 x 107
4.80 x 10° 3.0 x 10%
4.60 x 10° 3.0 x 10°
2 5.10 x 10° 3.0 x lo0°
5.0 x 104 3.60 x 10°
5.0 x 10° 3.40 x 10°
3 1 5.80 x 10° 3.40 x 100
5.60 x 107 3.20 x 10°
5.60 x 10° 3.20 x 10°
4 1 6.60 x 10° 3.0 x 10°
6.40 x 10% 3.0 x lo0°
6.50 x 101 2.80 x 10°
5 1 8.20 x 107 3.0 x 102
8.0 x 107 2.80 x 10°
8.40 x 10° 2.80 x 10°
6 1 §.80 x 10° 2.0 x 10°
' 8.50 x 10° 1.90 x 10%
8.0 x 10% 1.80 x 10°
7 1 9.30 x 10% 1.80 x 10°
| 9.50 x 10° 1.60 x 10°
9.20 x 104 1.90 x 107

S = Significant (Analysis of Corvariance) p < 0.050




128

Biotransformation of Pentachlorophenol by Pseudomonas

sp. and Micrococcus sp. in Trinity Rivexr Water.--The results

of the bacterial growth in the Trinity River water with PCP
are presented in Table XIX. From this table can be seen

that the numbers of viable cells (Pseudomonas sp.) decrease

in treatments and controls following inoculation to the
medium. The results of the Student t-test on CFUs and ATP
concentration also show that there was no significant dif-
ference (p<0.05) between the treatments and the controls

(Table XIX). The results of experiments where Micrococcus

sp. was incubated in Trinity River water containing PCP are
illustrated in Table XIX and Figure 25. These results indi-

cate that CFUs and ATP concentrations of the Micrococcus sp.

in the treatments were significantly (p<0.05) greater than
the controls at various interval times except at initial

time.

Biotransformation of Pentachlorophenol by Pseudomonas

sp. and Micrococcus sp. in the Basal Medium.--Table XIX

shows the results of PCP biotransformation in BM with

Pseudomonas sp. Analysis of these data showed that there

are no significant differences between the treatments and
the controls for CFUs and ATP concentrations. These results

indicate that Pseudomconas sp. is unable to utilize PCP as a

primary or secondary substrate for their growth under these

experimental conditions. Micrococcus sp. growth in the BM
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Fig. 25--Log mean value of CFUs m+  and mean ATP
concentration of Micrococcus sp. grown in the Trinity River
water containing pentachlorophenol (PCP) as additional
carbon source (treatment). Control = isolate and water,
without PCP. Bars show the two standard deviation on both

sides of the ATP means.
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containing PCP is also presented in Table XIX and Figure
26a. A significant difference existed between the treat-
ments and the controls at days 7 and 14 as measured by CFUs
and ATF concentration. However, in contrast, results for
experiments with Trinity River water showed no increase in
viable cell counts in cultures with PCP (treatments) at day

21. The ability of Micrococcus sp. to degrade PCP was fur-

ther demonstrated in the short-term incubation studies (0-7
days) (Table XX and Figure 26b}. Analysis of Covariance
showed a significant difference (p<0.05) between the treat-

ments and controls for CFUs mﬁq'

at 7 days. This result
represents an appreciable enhancement of the CFUs and ATP
level as compared to the controls. Comparisons of bacterial
growth in experiments with low initial bacterial counts

fv 10 CFUs mﬁ_l) in BM containing anthracene or PCP as the
sole source of carbon are shown in Figure 27.

Summary of Results of the Biotransformation Tests
in River Waters and Basal Medium

The results obtained for the three river waters and the
BM with anthracene or PCP indicate several points:

1. Closely related bacteria were shown to be capable
of anthracene or PCP biotransformation in both the
water samples and basal medium.

2. Biotransformation of anthracene and PCP were not
correlated with the initial size of bacterial inoc-

ulum in five out of six experiments. These results




TABLE XX

CFUS AND ANALYSIS OF COVARIANCE (ANCOV)
SP. ISCLATED FROM TRINITY“§IVER‘WATER, GROWN IN BASAL MEDIUM

133

RESULTS FOR MICROCOCCUS

CONTAINING 1500 g OF PENTACHLORCPHENOL (PCP)
CFUs mL ™%+ ANCOV
Time Replicate Treatment Control Anaiysis
(Days) Actual Value Actual value
0 1 2.50 x 10° 2.30 x 10%
2 2.40 x 10° 2.40 x 10° 5
2.45 x 10° 2.40 x 10%
1 1 5.20 x 102 2.80 x 102
2 5.0 x 10° 2.90 x 10°
3 1.90 x 10° 3.0 x 107
2 1 1.20 x 10° 3.20 x lo%
1.50 x 10° 3.40 x 10°%
1.30 x 10° 3.50 x 102
3 1 2.60 x 10° 3.20 x 102
2.40 % 10° 3.0 x 10°
2.30 x 10° 2.90 x 10°
4 1 2.80 x 10° 1.0 x 10°
2.90 x 10° 1.20 x 10%
3 2.90 x 10° 1.40 x 10°
5 1 3.40 x 10° x 10°
3.30 x 10° o x 1ot
3.50 x 105 . ® 103
3 3
6 1 5.20 x 10 1.0 x 10
5.40 x 10° 1.20 x 10°
5.0 x 10° 1.10 x 10°
7 1 5.90 x 10° 9.0 x 10°
[l
6.0 x 10° 8.90 x 10°
5.80 x 105 9.0 x lO2
Covariance) p = < 0.050

S = Significant (Analysis of
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Fig. 26a--Log mean value of CFUs mL_l and mean ATP
concentration of Micrococcus sp. grown in the basal medium
containing pentachlorophenol (PCP) as the sole source of
carbon (treatment). Contreol = isolate and basal medium,
without PCP.

Fig. 26b--Log value of CFUs mL—l of Micrococcus sp.
grown in the basal medium containing pentachlorophenol
(PCP) as the sole source of carbon (treatment). Control =
isolate and basal medium, without PCP.
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Fig. 27~-Comparison of CFUs mL_l of bacteria grown in
the basal medium containing anthracene (A) or pentachloro-
phenol (PCP) as the sole socurce of carbon. Sources of
water = Red River water (RR), Trinity River water (TR), and
Mississippi River water (MR).
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were obtained from long-term and short-term studies
with different initial levels of inoculum. Out of
these five studies, one experimental result con-
flicts with this observation. Results of

Pseudomonas sp. inoculated in the Red River water

containing PCP showed that the size of the initial
inoculum had a discernable effect on the biotrans-
formation of PCP. Based on cell yield, PCP proved
to be a resistant substrate for the growth of this

Pseudomonas sp. strain with a low initial inoculum.

This result agrees with the results of Kirsch and
Etzel (1973). Kirsch and Etzel reported that the
absolute rate of PCP oxidation is related to a
large degree on the cell concentration.

Four of the six bacterial isolates were able to
metabolize anthracene. The most dominant and

active utilizer of anthracene was a Pseudomonas sp.

Other bacterial types include genera of Corynebac-

terium and sp. and Flavobacterium (Figure 27).

Isolates of two genera, Acinetobacter and Alcali-

genes, showed little (Acinetobacter) or no activity

(Alcaligene). The reason Flavobacterium sp. growth

was suppressed after 7 days incubation might be
explained by one of two reasons. Either one of the
classes of essential nutrients has been exhausted,

or toxic products have accumulated. It is known
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from the literature that anthracene can be metabo-

lized in soil by Pseudomonas sp. (U.S. EPA, 1979a).

Degradation of anthracene was reported by mixed

cultures of P. aerugincsa with Flavobacterium sp.,

(Rogoff and Wender, 1957), but, so far, no conclu-

sive reports are available for Flavobacterium sp.

and Corynebacterium sp.

Of the six isolates tested for biotransformation of

PCP, Micrococcus sp. (or a closely related genus)

was the only isolate capable of growing on and
using PCP at both high and low initial inoculum
size in the experimental water (Trinity River
water) and in BM as a sole source of carbon or car-

bon source. One species of Pseudomonas also

showed, with a high initial inoculum, the ability
to metabolize PCP in the Red River water and BM.

However, no other species of Pseudomonas or similar

genera were found to be able to use PCP for their
growth. The absence of PCP degradation by other

Pseudomonas sp. may therefore be a reflection of

the habitats and experimental condition, or else
the strains could be differentiated from one
another and from Watanabe's isolated strain (1973).

Other isolates, Pseudomonas sp., Bacillus sp., and

Corynebacterium sp. were shown to have no ability

to biotransform PCP. However, several bacteria
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have been reported to utilize PCP as a sole source

of carbon and energy: a Corynebacterium sp. iso-

lated by Chu and Kirsch (1972), a Pseudomonas sp.

isolated by Watanabe (1973), and the genus Arthro-
bacter KC3 by Gary and Finn (1982). It should be
noted that none of the many PCP isolates tested so

far were Micrococcus sp. or related to this genera

as has been found in this study.

5. Certain bacteria which fail to grown on PCP or
anthracene were still numerically dominant in the
batch culture several days after transfer into PCP

or anthracene medium (Acinetobacter sp. and

Pseudomonas sp.), even though the only carbon

source was either one of these chemicals when grown
in basal salts medium. This suggests that these
compounds at the levels used were not toxic to
these organisms.

Effect of Glucose Additions on the Biotransformation of
Anthracene and Pentachlorophenol in the River Waters

This aspect of my research was conducted to obtain addi-
tional information on the significance of biotransformation
of anthracene and PCP by hacteria isclated from the three
river waters. Glucose was used as an additional carbon
source to determine whether or not chemical biotransforma-
tion was influenced by conditions that support cell

proliferation. Biotransformation of anthracene and PCP in
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glucose enriched media was determined by following the dis-
appearance of the original chemical compounds {(anthracene
and PCP) through time of incubation. The disappearance of
the original chemical concentration due to microbial action
in experimental media as determined by analytical techniques
previously described are expressed in terms of the concen-
tration of chemical at various time intervals {zeroc, 7, 14,
and 21 days) in each of the 100-ml water samples, plus the

Ly, The ability of

chemical with and without glucose (1 gL
the isoclates to bictransform anthracene or PCP via co-metab-
olism was tested statistically using analysis of covariance
{(ANCOV) for the comparison of slopes within controls (water
+ chemical; water + chemical + glucose)} and treatment (water
+ chemical + glucose, and isclate). If the ANCOV indicated
that there is a significant difference in slopes between two
controls (water + chemical; water + chemical + glucose - 1
ghﬂl) (p=0.05), then a Student-Newman-Keuls (SNK) multiple
range test was conducted to show whether either of the con-
trol slopes were significantly different from the treatment.
The results from the bictransformation test incorporatm
ing sterile river water and additional glucose with and
without bacterial isclates are summarized in table form.
These tables show the actual cohcentrations of chemical com-
pounds in the replicate treatment flasks (river water,
chemical, glucose, and isolate) and in the sterile control

flasks (river waters, chemical with and without glucose).
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Also shown in these tables are results of Analysis of Covar-
iance between slopes of treatments and controls. Selected
graphical depictions of the disappearance of the compounds
are presented for each experiment. These figures demon-
strate the disappearance of the chemical compounds in the
treatment flasks and in the sterile control flasks. The
points depict the actual values of replicate flasks versﬁs
time. As can be seen in these figures, because of close
relative values for each replicate, one point was depicted
for each set of replicates. Based on statistical analysis
the following results were obtained for each of the three

water systems and chemicals.

Biotransformation of Anthracene by Alcaligenes sp. and

Pseudomonas sp. in Glucose Enriched Red River Water.--ANCOV

analysis for Red River water inoculated with Pseudomonas sp.

or Alcaligenes sp. and anthracene demonstrated that there

was a significant difference (p<0.05) in slopes based on
"data obtained from the Red River water and anthracene with

Pseudomonas sp. Subsequent analysis using SNK was not con-

ducted since control slopes were not significantly different
(Table XXI, Figure 28). Chemical data in Table