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ABSTRACT
A preliminary survey of Helena water for the presence of
Pseudomonas , a potentially pathogenic genus of bacteria, was
undertaken from June through August 1990. Microbiological methods
suited specifically for recognizing this genus were utilized. The
details of those methods, the results obtained through their use, and
various ways the survey could be expanded are presented here. A
particular member of the genus, Pseudomonas aeruginosa , is also
looked at in detail due to its growing importance as an opportunistic
pathogen.
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INTRODUCTION

Water, as a potential carrier of pathogenic microorganisms, is a
>

common, everyday threat to health.

Water can often appear to be

free of contamination by means of sight, smell, and taste but may
still present a risk.

It is for this reason that the microbiological

examination of water is so important.
One microorganism in particular, Pseudomonas aeruginosa, has
emerged as a real threat.

P. aeruginosa is an opportunistic

pathogen- a microorganism that exists as part of the normal flora
but becomes pathogenic when transferred to other areas where it is
not normally found or when the host’s immune response is supressed.
P. aeruginosa is of great concern in hospitals where it causes
approximately nine percent of nosocomial infections.

Outside of the

hospital it has been associated with infections of the ear, eye, and
an interesting condition resulting in the discoloration of the fingeror toenail.

It is able to survive and proliferate in many

environments, especially water, due to its metabolic versatility,
simple nutritional requirements, and wide temperature range for
growth.
The importance of P. aeruginosa has increased in the past
several years due to the fact that it is resistant to a wide range of
antibiotics and is therefore hard to treat.

It is equipped with many

potential virulence factors, some of which are integral to the
microorganism’s stucture and others which are the result of its
manufacturing capabilities.

P. aeruginosa , however, is not the only

member of the Pseudomonas genus implicated in causing disease.
The preliminary survey presented in this paper was used on tap
1

water, well water, and water collected from dead-end mains.

It

resulted in the confirmed presence of this genus in at least one
sample of each type.

Further analysis of these water samples might

include a quantitative measure of contamination and biochemicaltesting to allow for speciation.

The isolation of Pseudomonas, most

importantly, P. aeruginosa , from drinking waters must be regarded
with concern so that steps can be taken to prevent exposure of
susceptible individuals and work can be done to eliminate the
problem.

2

LITERATURE REVIEW

The genus Pseudomonas belongs to the family Pseudomonaceae
(10).

This family is characterized by straight or curved gram

negative rods (0.5-1.0

m in diameter by 1.5-5.0

m in length),

motile by polar flagella (10). Pseudomonas species are obligate
aerobes and do not obtain energy by fermentative metabolism (8).
Molecular oxygen is the universal electron acceptor, but some
species use the oxygen in nitrate as an alternative acceptor and
grow

anaerobically

(8).

These

microorganisms

are

chemoorganotrophic; some species are facultative chemolithotrophs,
able to use hydrogen or carbon monoxide as energy sources(10).
Some species can use any of over one hundred compounds as a carbon
source (16).

Pili or fimbriae have been reported for a number of

Pseudomonas species by Feurst and Hayward (10).
can be polar or peritrichous (10).
pigments.

Their insertion

Some species produce various

Pseudomonas are widely distributed in soil and water

(16). Several species are pathogenic for humans or.animals; others
are important plant pathogens (16).

Some cause spoilage of meats

and other foods (16).
Of the many species of Pseudomonas, the species most frequently
encountered in human clinical specimens is P. aeruginosa.. P.
aeruginosa has the characteristcs of the genus Pseudomonas along
with others that will be discussed.
P. aeruginosa are rods (1.5 to 3.0 m by 0.5 m) with a straight
axis, rounded ends and parallel sides (14). They are motile by means
of a single polar flagellum (16).

When the organism was first

described by Gessard in I882, it was recognized not as a cause of
3

human disease but as the producer of blue-green pigment on surgical
dressings (9).

Most P. aeruginosa

water-soluble,

blue,

nonfluorescent phenazine

soluble in chloroform (8).
species

strains produce pyocyanin, a
pigment that is

P. aeruginosa is the only Pseudomonas

or gram-negative rod known to excrete pyocyanin (8). It

also produces another pigment known as fluorescein, which is
greenish-yellow,

fluorescent,

soluble in water (14).
particularly

in

and

insoluble

in

chloroform

but

These fluorescein pigments are produced

iron-deficient and

special

media

(14).

Other

pigments have also been noted in some P. aeruginosa strains. These
include pyorubin

(red, water-soluble pigment), and pyomelanin

(brown to black water-soluble pigment), although fewer than three
percent of P. aeruginosa strains encountered in clinical specimens
produce pyomelanin (8).

Most P. aeruginosa

strains produce a

greenish-blue color in growth media as a result of the production of
fluorescent pigment and pyocyanin (6). The organism was orginally
named Bacillus pyocyaneus as a result of possessing the pyocyanin
pigment

(9).

The

name

P.

aeruginosa

was

given

to

the

microorganism by Schroeter in 1872 (14). The current species name
aeruginosa means “full of copper rust”

and, hence, also refers to

the distinctive pigment produced by this bacterium (9).
P. aeruginosa

is a species of considerable versatility and a

pathogen of major significance (6).

It is said to be versatile

because of the fact that it is both ubiquitous and pathogenic.
ability of P. aeruginosa

The

to survive and proliferate in so many

environments is reflected in

its metabolic versatility, simple

nutritional requirements and wide temperature range for growth (8).
It is widely distributed in nature and has been found in soil, on
fruits, vegetables, and ornamental plants, in surface water and
4

sewage, the human gut or on the skin (22).
much better than in the dry state (15).

Survival in liquids is

Emmanoulidou-Arseni and

Kormentakou (1964) found that, when a standard inoculum was
placed in sterile distilled water and stored at temperatures between
6° and 37°, organisms could be recovered for at least ten months; an
equal number of organisms dried on filter paper and stored at room
temperature had disappeared within three months (15). Water also
appears to play a major part in the dissemination of the species (6).
P. aeruginosa is generally believed to be absent from natural waters
that are not subject to faecal pollution, but it may occasionally be
found in surface waters that do not yield Escherichia coli (15).
Estimates of the frequency of faecal carriage in man vary widely
(15). In healthy persons not associated with hospitals, it appears to
be between six and twelve percent; most persons excrete less than
10,000 per gram of feces (15).

Higher carriage rates have been

observed in the stools of hospital out-patients with diarrhea and in
patients very soon after admission to hospital (15).

P. aeruginosa

has also been found on the normal skin in the perianal regions and
around the genitourinary openings (5).
P. aeruginosa is considered to be an opportunistic pathogen. The
organism is a particular problem in hospitals where it causes
approximately nine percent of nosocomial infections (7).
acquired

infections

instrumentation
*

or

occur

in

patients

manipulative

who

procedures

have
such

Hospital
had

as

prior

urethral

catheterizations, tracheostomies, lumbar puncture, and intravenous
infusions

of

medications

and

fluids

(8).

Patients

became

susceptible to P.aeruginosa infections after prolonged treatment
with immunosuppressive agents, corticosteriods, antimetabolites,
5

antibiotics, and radiation (8).
aeruginosa

It is for these reasons that P.

infections are unevenly distributed in hospitals, being

infrequent at most times in many general wards but tending to be
concentrated in departments that accomodate specially susceptible
patients (15).

In the hospital environment, P. aeruginosa has been

found in many moist areas including sink drains, water faucets, dish
cloths, floors and floor mops, urine bottles, bed pans, humidifiers,
inhalation therapy equipment and on the hands of medical personnel,
who are important vectors for its transmission (11). P. aeruginosa
has also often been found in large numbers in hospital supplies of
distilled water; its multiplication is believed to be made possible by
the presence of traces of carbon compounds in the fluid or its
container

(15).

As

mentioned earlier, the organism is capable of

growth if it is provided with a source of carbon.
Pseudomonas species require no growth factors and can multiply
in mineral media containing single organic compounds which serve
as sole source of carbon and energy (6).

P. aeruginosa is able to

grow on only a few sugars such as d-glucose, d-ribose, and gluconate
but is also capable of utilizing many fatty acids, dicarboxylic acids,
hydroxy acids, alcohols, polyalcohols, glycols, amino acids, amines
and aromatic compounds (17). For example, P. aeruginosa is capable
of

growth

on

many

petroleum

products,

utilizing

volatile

hydrodarbons of low molecular weight preferentially as sole carbon
and energy source

(6).

It has been isolated from oils and

environments containing oils, including oil brines, cutting oils in
which it may cause foul odors, jet fuels, in which it may grow and
produce slimes, and soils in oil producing areas or soils receiving oil
separator sludges (6).
P.aeruginosa is also considered a hardy organism because of the
6

fact that it can grow through a wide temperature range. Ability to
grow at a temperature of 41° is widely quoted as a characteristic of
P. aeruginosa (14). Growth over three successive subcultures at an
accurately controlled temperature of 42° is, however, one of the
most constant characters of P. aeruginosa (14).

No strain of P.

aeruginosa will grow at 4° (14).
In man, P. aeruginosa may cause a wide variety of infections, the
importance of which has increased steadily in recent years, probably
in large measure as a consequence of their resistance to a wide
range of antibiotics (6).

Many strains of these bacteria have,

through long contact with most antibiotics during treatment of
patients, become highly resistant to these drugs (5).
Serious infections occur in the following circumstances: (1) the
patient has a lowered resistance to infection; (2) the organism is
introduced directly into the body, thus by-passing the natural
defense mechanisms; (3) the subject is a newborn or a premature
infant (15). Such patients are usually in hospitals and opportunities
for infection with P. aeruginosa
(15).

are greater here than elsewhere

Unlike infections caused by commensal microorganisms, P.

aeruginosa (a saphrophyte) infection is usually exogenous, and the
wide environmental diffusion

of the microoganism

implies an

unavoidable contagion (4). This gram-negative rod has been reported
to produce a variety of skin manifestations in situations associated
with epidermal destruction, such as burns (21). The highest rates of
infection in burn units are at the sites of burns which become
infected at a rate of about 25 percent (2).

P. aeruginosa infections

are a major cause of death in patients with burns (8). Other clinical
features include pulmonary, central nervous system, bone and joint,
7

and

urinary

tract

instrumentation

infections.

and

These

manipulative

conditions

procedures

result

from

bringing

the

microorgaanism into districts that would never be reached in
natural conditions (4).

P. aeruginosa may gain access to the blood

vascular system, causing bacteremia. Once in the blood stream the
organism can be carried to various parts of the body and cause
localized infections (16).

The clinical features of Pseudomonas

bacteremia are similar to those caused by other gram-negative
organisms, except that the mortality rate is higher (9). The specific
condition

known

as

ecthyma gangrenosum,

a

skin

lesion,

is

characteristically assosicated with Pseudomonas bacteremia (9,5).
Outside the hospital, P. aeruginosa also may cause infections
which are of special interest (6). These infections include those of
the ear, eye, and an interesting condition resulting in discoloration
of the finger- or toenails. P. aeruginosa is noted for its association
with outer ear infections (6). Benign external otitis produced by P.
aeruginosa

is fairly common in swimmers and has also been

observed in deep sea divers (9). Trauma provides conditions for the
organism to invade the tissues (13).

Cranial

nerve palsies,

mastoiditis, meningitis and parameningeal infection are some ot the
potential

complications

(9).

Chromenychia

(green

toe-

or

fingernails) is most often caused by P. aeruginosa (9). Hall and his
associates describe the “green

nail” syndrome as a greenish

discoloration of the nail plate which cannot be altered by topical
cleansing (21).

This clinical entity usually occurs in patients with

histories of long submersion of hands in water, such as dishwashers
and housewives (21).

P. aeruginosa has also been associated with

infections of the eye.

The microorganism can produce superficial

blepharoconjunctivitis or corneal ulceration, or the infection can
8

progress to panophthalmitis (9).
aeruginosa

in

ocular

Collaginase synthesized by P.

infections

is

responsible

for

corneal

perforation which may result in loss of the eye (8).
P. aeruginosa has many potential virulence factors that can be
attributed to its success in causing infection.

It is generally

accepted that virulence is a multifactorial property and is the
product

of

many

interacting

variables

miccroorganism and the host (4).

involving

both

the

These virulence factors may be

part of the organism’s structure or may be a result of its
manufacturing abilities.
A

number of virulence factors have been attributed to the

organism itself (9). The cell envelopes are of paramount importance
for the persistence and growth of P.

aeruginosa

in the host (4).

Superficial components of the microorganism control adhesion and
microcolony formation, the passage of nutrients, and the exclusion
of humoral and synthetic antibacterial agents from the bacterial
cell (4).

Hair-like protein pili constitute another virulence factor.

Pili are found in many gram-negative pathogenic organisms including
P. aeruginosa , helping in the attachment of the pathogen to cell
surfaces and affecting phagocytosis (10).
Several extracellular products have also been implicated in
virulence.

P. aeruginosa produces a variety of toxins and enzymes

such as extracullular surface slime, hemolysin, lipase, esterase,
lecithinase, elastase, deoxyribonuclease, phospholipase, endotoxin,
enterotoxin, and exotoxin, some of which may contribute to its
pathogenesis (8). One exotoxin in particular, exotoxin A, is produced
by 90 percent of clinical isolates (9). Exotoxin A (ETA), which is the
most toxic substance produced by P. aeruginosa , acts to halt
eukaryotic protein synthesis at the level of polypeptide chain
9

elongation by covalently modifying elongation factor 2 (EF2) (20).
Like diptheria toxin, it is composed of an enzyme (ADP-ribosyl
transferase)

which

in

the

presence

of

nicotinamide

adenine

dinucleotide (NAD) inactivates EF2 by catalyzing the formation of an
adenosine diphosphate

ribose complex

(ADPR)-EF2

(9,14).

The

purified toxin produces shock and death in experimental animals; its
potency is about one-tenth that of diptheria toxin (9). Exotoxin A is
but one of the many factors mentioned that play a role in causing
disease.

Indeed, with so many potential virulence factors, it has

often been difficult to establish which are the most important (9).
Many strains of these bacteria have, through long contact with
most antibiotics during

treatment of patients,

resistant to these drugs (5).

become

highly

The organism is also naturally

resistant to many of the widely used antibiotics (3).

Resistance is

frequently due to a resistance transfer factor, which is a plasmid
carrying genes coding for detoxification of various antibiotics (3).
Plasmids found in P. aeruginosa can be divided into three groups.
Those with a broad host range that are transmissible between P.
aeruginosa

and other gram-negative bacteria, those that are

transmissible only within the genus Pseudomonas , and those that
are transfer-deficient (9). Mechanisms of antibiotic resistance may
also be chromosonally determined. Take, for example, the

B-

lactamases produced by the organism. P. aeruginosa is resistant to
most penicillins and cephalosporins, partly by virtue of possessing
a B-lactamase (14). Carbenicillin (alpha-carboxybenzylpenicillin) is
resistant to the B-lactamase normally present in P. aeruginosa ,
however, carbenicillin-resistant strains do exist which destroy the
antibiotic rapidly by means of a B-lactamase mediated by a
resistance factor (14). This example merely points out that
10

chromosomal factors already present as well as those acquired
through plasmids play an important role in drug resistance.
intrinsic

chromosomal

resistance

mechanisms

involve

Other
altered

permeablility through the cell envelope and diminished affinity for

4

the antibiotic target in the cell (9).
Because patients who become infected with P. aeruginosa often
have serious underlying diseases and various compromises in host
defenses, success of treatment for serious Pseudomonas infections
is less than optimal (9). Which theraputic agent to use depends on a
number of factors including the potency of the agent in vitro, the
local frequency of resistant isolates, the toxicity of the drug and
clinical experience with its use (9).

Currently, the number of

immune-deficient patients who can survive owing to the very
sophisticated procedures of modern medicine is growing steadily
(4). Such a widening of the susceptible population represents a new
condition

in

the

biology

of the

microorganism,

allowing

the

development of a new relationship between P. aeruginosa and the
human host (4). Time may select new variants with higher ability to
adapt to humans-that is to say, “humanized variants” (4).

Since

these variants will be selected on the basis of their higher
capability to survive and multiply in the host, they will retain all
the pathogenic properties attributed to P. aeruginosa intact (4). The
question may arise whether this situation will not lead to a stronger
association between P. aeruginosa

and human pathology in the

future (4).
*

Water plays an important role in spreading P. aeruginosa along
with some other Pseudomonas species which have been implicated
in human disease. These other species include P. fluorescens and P.
putida . Both have been associated with empyeme, urinary tract
11

infections, abscesses, wound infections, septecemia, and septic
arthritis (8). P. pseudomallei, which causes meliordosis, an endemic
glanders-like disease (8).

P. cepacia, an opportunistic pathogen,

causing infections mostly of nosocomical origin (8). P. maltophi.Ha,
which has been associated with opportunistic infections in humans
including

endocarditis,

septicemia,

lobar

pneumonia,

bronchopheumonia, aspiration pneumonia, urinary tract infections,
conjunctivitis, acute mastoiditis, meningitis, wound infections, and
abscesses (8).

Finally, P. alcaligenes

and P. pseudoalcaligenes

should be mentioned. Both are occasionally opportunistic pathogens
(8).

P. alcaligenes has been associated with empyema and eye

infections (8).
pneumonitis,

P. pseudoalcaligenes was the etiological agent of
a

postoperative

knee

meningitis (8).

t
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infection,

septicemia

and

MATERIALS and METHODS

During the period from June through August of 1990 several
samples were taken from random sites around the Helena area to
undergo examination for the presence of Pseudomonas .

These

samples included water straight from the tap of various homes,
privately owned wells and dead-end mains.

Approximately 250 ml of

water was collected from the taps of the individual homes using
Nasco Thio-Bags™.

The water was allowed to run for several

seconds previous to actual collection and was tested within 24
hours of when it was obtained.

The water gathered form individual

wells was collected in the same way.

The dead-end main water was

brought into the lab by the Helena water company, also in individual
Thio-bags™.
A series of tests were determined that would be appropriate for
confirmation of the microorganisms presence.
outline

followed

was

taken

from

The basic schematic

Standard Methods For The

Examination Of Water And Wastewater. 16th Edition (Figure 1

p.18).

The P-A test, although designed for coliform detection, also
provides the optional opportunity for further screening of the
culture

to

isolate

other

indicators

such

as

Pseudomonas

Preparation of this medium as outlined in Standard Methods is as
follows:

6.5 grams of lactose broth and 8.75 grams of lauryl

tryptose broth are dissolved sequentially in 500 ml of distilled
water.

0.0043 grams bromocresol purple is first dissolved in I0 ml

of 0.1 N NaOH and then added to the broth solution.

50 ml of

prepared solution is then dispensed into a 250 ml flask and

13
CORETTE LIBRARY
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autoclaved at 121° C for 12 minutes.
In addition to the initial use of the presence-absence (P-A)
coliform test to indicate the presence of Pseudomonas, a basal

«

medium was also used. The basal medium used consisted of MgS04 •
7 H2O (0.2 grams), K2HPO4 (1.0 gram), FeSO4 • 7 H2O (.05 grams),
CaCI2 (.02 grams), MnCI2 • 4 H2O (.002 grams), NaMO 04 • 2 H2O (.001
grams), ethyl alcohol (4.0 grams), and NH4CI (1.0 gram), all of which
were dissolved in one liter of distilled water.
prepared solution

50 ml portions of the

were then dispensed into 250 ml flasks and

autoclaved for 20 minutes at 121° C.

The use of this medium was

based on the fact that Pseudomonas is capable of growth in a purely
mineral medium (no growth factors are required) with the addition
of an appropriate single carbon source.

The carbon is provided by the

ethyl

substrate.

alcohol,

nonfermentable

a

nonfermentable

substrates

often

results

in

the

The

use

of

enrichment of

obligate aerobes, the most common of which are members of the
genus Pseudomonas .

The

basal

medium

was

stored

without

illumination.
Water samples (250 ml) were shaken to insure uniform
distribution and then 100 ml of the sample was inoculated into a PA culture flask and another 100 ml was inoculated into a basal
medium flask.

Both flasks were then incubated at 35°C and

inspected after 24 and 48 hours.
In the case of the P-A test, a distinct yellow color forms in the
medium when acid conditions exist following lactose fermentation.
Pseudomonas presence will not exhibit this yellow coloration but
growth will result in a clouding of the purple medium.
14

Growth in the

basal medium is also detected by a clouding of the culture which is
normally clear.
Samples indicating tentative presence of Pseudomonas were
further tested using Drake’s broth and skim milk agar.
broth was a 0.3% peptone broth.

The Drake’s

It was prepared by making a

mixture of 0.9 grams of peptone and 300 ml of distilled water.
mixture was autoclaved at 121 °C for 15 minutes.

This

The broth was

then pipetted into sterilized screw-cap test tubes (30 ml/tube).
The skim milk agar consisted of 25 grams of skim milk powder
dissolved in 125 ml of distilled water and added to a solution
containing 3.12 grams of nutrient broth, 0.62 grams of NaCI, 3.75
grams of agar, and 125 ml of distilled water.
autoclaved at 121 °C for 12 minutes.

The mixture was then

Upon autoclave completion, 30

ml portions were pipetted into sterilized screw-cap test tubes and
allowed to set in a slanted position.
Samples suspected of containing Pseudomonas

by virtue of

initial tests were transferred to both peptone broth and skim milk
agar by means of sterilized loop and a single steak, respectfully.
The

peptone

broth

was

microorganisms would grow.
3 5°C.

incubated

at

41°C

to

see

if

the

The skim milk agar was incubated at

Both were inspected at 24 and 48 hours.

Pseudomonas

growth in the clear peptone broth is indicated by a clouding of the
medium whereas growth on skim milk agar will show a clearing due
to hydrolysis of casein.

15
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Schematic outline of optional P-A confirmations for various indicator organisms.

RESULTS and OBSERVATIONS
To become familiar with the materials and methods being used,
as well as to be able to recognize the characteristics of positive
tests, a sample of distilled water was seeded with a known
isolation of P. aeruginosa .

As expected, the sample showed growth

(clouding) in both initial tests and was transfered into peptone broth
and onto skim milk agar.

Again results were as expected, with

growth in peptone broth and notable hydrolysis of casein.

Also

evident on the skim milk agar was the characteristic blue-green
coloration noted in the literature.
Results obtained from this control test were as follows:
Sample containing
known P. aeruginosa

||
II P-A Test

|| Basal || Drake’s || Skim milk
II Med. II Broth
II Agar

ID----------------------------- JJ------ ±------LI—±—U—+ L-±—U— ±—1—±These results clearly show the presence of Pseudomonas . The (+)
symbolizes growth in both the P-A test and basal medium.

From this

point, a sterilized loop was used to innoculate the peptone broth and
to streak the skim milk agar using innoculum from the P-A flask (+)
and the basal medium (+).

This is why we see two symbols within

the Drake’s broth and skim milk agar columns.

The first symbol

represents the result observed for the P-A innoculum and the second
represents the result observed for the basal medium innoculum.
The water samples collected for testing were taken from random
sites in the Helena area.

In the case of the home and well water, the

collections were obtained only with the permission of the residents.
They were chosen strictly on the basis of determining whether or

17

not Pseudomonas can be found in area water to a great extent.
samples can be broken down as follows:

The

twenty samples taken

directly from the tap of private homes; seven samples taken from
privately owned wells; and four samples collected from dead-end
<

mains by the water company.

18

The results observed for samples collected straight from the tap
were as follows:
(Note: (+) = positive for growth, (-) = negative for growth, (0) = test
not used)

Home
Sample #
1
2
3
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20

Basal
Medium
+
+
+
+
+
-

P-A Test
+
+
+
+
+
-

Drake's
Broth
0
0
0
0
0
0
0
0
0
+
+
0
0
0
0
0
0
0
+
0
0
0
+
+
0
0
0
0
0
0
0
+
0
0
0
0

Skim milk
Agar
0
0
0
0
0
0
0
0
0
+
0
0
0
0
0
0
0
0
0
0
+
+
0
0
0
0
0
0
0
0
0
0
0

The above results indicate the presence of Pseudomonas in two of
the twenty

samples tested.

number (6) and (13).
presence of Pseudomonas

These positve tests occur for sample

A sample is considered positive for the
only if both the Drake’s broth and skim

milk agar show growth.
19

The results observed for the well water samples were as
follows:

*
Well Sample
#
1A
IB
2
3
4
5
6
7

P-A Test
+
+
+
+
-

Basal
Medium
+
+
+
-

Drake's
Broth
+
0
+
+
+
0
+
0
0
0
0
0
+
+
0
0

Skim milk
Agar
+
0
+
+
+
0
+
0
0
0
0
0
+
+
0
0

The above results indicate the presence of Pseudomonas in four of
the seven wells tested.
(6).

These positive samples are (1), (2), (3), and

Sample (1) was split into two samples (A and B) because

although the water was obtained from the same well source, it was
collected from two different residences.

It should also be noted

that sample (3) exhibited the characteristic blue-green coloration of
the skim milk agar.
*
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The results obtained from the dead-end main samples were as
follows:

<'

Dead-end
main #
1
2
3
4

P-A Test
+
+
+

Basal
Medium
+
-

Drake's
Broth
0
0
+
+
0
0

Skim milk
Agar
0
0
+
+
0
0

The above results indicate the presence of Pseudomonas in one of
the four samples.
# (2).

The sample testing positive in this case is sample

The blue-green coloration of the skim milk agar, however,

was not observed.
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CONCLUSIONS and DISCUSSION

Although only a limited number of samples were tested for the
presence of Pseudomonas , it is important to note that results show
definite incidences of confirmed contamination.

In the United

States the quality of public water supplies is judged in terms of the
1975 United States Environmental Protection Agency (EPA) Interim
Primary Drinking Water Regulations (19).

These regulations provide

a minimum number of samples to be examined per month and
establish the maximum number of coliform organisms (Maximum
Contaminant Level, MCL) allowable per 100 ml of finished water
(18).

They also require that analyses be made in a certified

laboratory (18).

It is generally assumed that adequately treated and

delivered drinking water should not contain any pathogenic
microorganisms (13).
unattainable (13).

As a practical objective, this is probably

A more realistic expectation is that, even under

epidemic conditions of illness in the population whose sewage may
contaminate the raw water source, the combination of natural
purification and man-mediated treatment and disinfection will be
such that outbreaks of waterborne infectious disease will occur
very rarely, if at all, and that the probability of sporadic cases of
infectious disease will be acceptably small (13).

As increasing

water shortages face the United States, we shall likely see the
development of additional indicator systems to be used along with
the coliform on the water available (12).

One of these additional

systems is that for Pseudomonas, a bacterium of special interest
with regard to its pathogenicity and ubiquity.

Of even more interest

is the microorganism P. aeruginosa because of its clinical
22

importance already discussed.
As a rule, P. aeruginosa can be isolated only occasionally from
drinking water, especially treated drinking waters, unless gross
contamination is present (6).

Several authors have supported the

suggestion for supplemental testing of water for P. aeruginosa
presence.

Kenner and Clark reported the isolation of P. aeruginosa

from 17 of 20 samples from water supplies in the United States,
including wells, cisterns, and small municipal supplies (6).

Greer,

Tenney, and Nyan considered that P. aeruginosa in drinking waters
could not be ignored, and its isolation should condemn a water for
drinking purposes (6).

Buttiaux stated that while the search for P.

aeruginosa in drinking waters often would not be necessary, the
presence of this potential pathogen indicated serious contamination
(6).

Taylor made a similar statement but supported the view of

Reitler and Seligmann that because of its association with human
fecal matter and its role as a pathogen, tests for its presence should
be included in the routine examination of the water where a
preliminary survey shows that the organism may occur (6).

Most

recently, Schubert and Blum concluded that the correlation of P.
aeruginosa to E. coli and conforms was so weak that a separate test
for P. aeruginosa in the sanitary evaluation of water samples
appeared necessary (6).

Regulation No. MSZ 22901-71 of the

Drinking Water Standards states that “drinking water should be
qualified unsatisfactory if P. aeruginosa is present in samples of
260 ml chlorinated piped water; 100 ml non-chlorinated piped
water, driven well or mineral water; 50 ml of dug well water." (6).
The outline devised and presented here for the preliminary survey
of water for Pseudomonas was easy, effective, and took a maximum
of four days to obtain results.

Additional tests to determine
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whether or not the species present was P. aeruginosa were not
performed.

The fact that pigment production was not always seen

does not rule out the possibility of P. aeruginosa being present nor
does the coloration confirm that particular species.

If this system

were to be implemented as an adjunct to the coliform testing of
water other biochemical tests would be involved.

These tests might

include the following taken from the Manual of Clinical Microbiology:
Characters used in identification.

Test, substrate or morphology
Sign
Acid:
Glucose, 1% (OF Basal Medium)..............................................
+
Fructose...................................................................................
+
Galactose.................................................................................
+or Mannose..................................................................................
+or Rhamnose................................................................................
-or +
Xylose......................................................................................
+or Lactose..................................................................................
Sucrose.................................................................................
Maltose..................................................................................
Mannitol.................................................................................
+ or Lactose, 10% (purple agar base)............................................
- or +
2-Ketogluconate........................................................................... + or o -nitrophenyl-B-d-galactopyranoside ........................................ Pyoverdin....................................................................................
+ or Hydrogen sulfide (Kligler iron agar)............................................
Nitrite production...........................................................................
-or +
Nitrogen gas production............................................................... + or Unreduced nitrate (Zn+)...........................................................
Indophenol oxidase.......................................................................
Arginine dihydrolase (decarboxylase base Moeller)................
Lysine decarboxylase...................................................................
Ornithine decarboxylase.................................................................
Phenylalanine deaminase.............................................................
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- or +
+
+
-

Characters used in identification continued
Hydrolysis:
Urea........................................................................................
Esculin.....................................................................................
Tween 80.................................................................................
Starch......................................................................................
Deoxyribonucleic acid...............................................................
Lecithin....................................................................................
Gelatin.....................................................................................
Hydrolysis:
Acetamide................................................................................
Hemolysis....................................................................................
Growth on:
SSagar...................................................................................
MacConkey agar......................................................................
1%TTC...................................................................................
6.5%NaCI...............................................................................
Cetrimide (Pseudosel agar).......................................................
Mineral base medium +acetate ...................................................
Growth at 42°..........................................................................
Polymyxin susceptible..................................................................
Sign (+) = 90% or more positive within 2 days;

+ or +
+

or or +
or +
or -

- or +
- or +
+ or +
+ or +
+
+
+

Sign (-) = no reaction

(90% or more);

Sign

negative;

(- or +) = most strains negative, some cultures

Sign

(+ or -) = most cultures positive, some strains

positive.
In addition to adding biochemical tests to the preliminary survey,
a quantitative test might also be considered so that the level of
contamination could be determined.

Suggestions for these additional

tests are found in Standard Methods For The Examination Of Water
And Wastewater.

They include the most-probable-number technigue,

or MPN test, and the membrane filter technique.
effectively in the enumeration of P. aeruginosa .
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Both can be used

LITERATURE CITED

(1)

American Public Health Association, American Water Works
Association, Water Pollution Control Federation. Standard
Methods For the Examination of Water and Wastewater.
Washington, D.C. : American Public Health Association, 1985.

(2) Bennett, J.V. Supplement. J. Infectious Diseases 130 (Nov.
1974): S4-S7. Quoted in A.W. Hoadley. “Potential Health
Hazards Associated with Pseudomonas aeruginosa in Water,”
in Bacterial Indicators/Health Hazards Associated with
Water, eds. A.W. Hoadley and B.J. Dutka, 84. American
Society for Testing and Materials, 1977.
(3) Brock, Thomas D., David W. Smith, and Michael T. Madigan.
Biology of Microorganisms. Englewood Cliffs, N.J. : PrenticeHall, 1984.
(4) Falcone, Giuseppe and Mario Campa. “Diseases caused by
Pseudomonas," in Laboratory Diagnosis of Infectious Diseases:
Principles and Practice. Vol. 1, Bacterial, Mycotic, and
Parasitic Diseases, eds. Albert Balows, William J. Hausler,
Jr., Makoto Ohashi, and Adolfo Turano, 435-443. New York :
Springer-Verlag, 1988.
(5)

Frobisher, Martin, and Robert Fuerst. Microbiology in Health and
Disease. Philadelphia, P.A. : W.B. Saunders Co., 1983.

(6)

Hoadley, A.W. “Potential Health Hazards Associated with
Pseudomonas aeruginosa in Water,” in Bacterial
Indicators/Health Hazards Associated with Water, eds. A.W.
Hoadley and B.J. Dutka, 80-114. American Society for Testing
and Materials, 1977.

(7)

Hospital Infections Branch, Bacterial Diseases Division, Bureau
of Epidemiology, Center for Disease Control. “Data for
period Jan. 1970-Dec. 1973,” Atlanta, G.A. Quoted in A.W.
Hoadley. “Potential Health Hazards Associated with
26

Pseudomonas aeruginosa in Water,”

in Bacterial

Indicators/Health. Hazards Associated with Water, eds. A.w.
Hoadley and B.J. Dutka, 80-114.
Testing and Materials, 1977.

American Society for

(8) Hugh, Ralph and Gerald L. Giraldi. “Pseudomonas," in Manual of
Clinical Microbiology, eds. Edwin H. Lennette, Albert Balows,
William J. Hausler, Jr., and Joeseph P. Truant, 288-318.
Washington, D.C. : American Society for Microbiology, 1980.
(9) Jacoby, Jr., Goerge A. Properties, Problems, and Theraputic
Progress: Pseudomonas aeruginosa. Nutley, N.J. : HoffmanLaRoche, 1987.
(10) Krieg, Noel R., ed. Beroev’s Manual of Systemic Bacteriology.
Vol.1, Baltimore : Williams & Wilkins, 1984.
(11) Lowbury, E.J.L., B.T. Thom, H.A. Lilly, J.R. Babb, and K. Whittal.
“Sources of infection with Pseudomonas aeruginosa in
patients with tracheostomy.” J. Med, Microbiology 3 (1970) :
39-56. Quoted in George A. Jacoby, Jr. Properties, Problems
and Theraputic Progress: Pseudomonas aeruginosa. 5.
Nutley, N.J. : Hoffman-LaRoche, 1987.
(12)

Mitchell, Ralph, ed. Water Pollution Microbiology. Vol.1, New
York : John Wiley & Sons, 1972.

(13)

Mitchell, Ralph, ed. Water Pollution Microbiology. Vol.2, New
York : John Wiley & Sons, 1978.

(14)

Parker, M.T. “Pseudomonas," in Toplev and Wilson’s Principles
of Bacteriology, Virology, and Immunity, Vol.2, Systemic
Bacteriology, ed. M.T. Parker, 246-262. Baltimore :
Williams & Wilkins, 1983.

(15)

Parker, M.T. “Septic Infections Due to Gram-negative Aerobic
Bacilli," in Toplev and Wilson’s Principles of Bacteriology,
Virology, and Immunity. Vol.3, Bacterial Diseases, ed. G.R.
Smith, 279-292. Baltimore : Williams & Wilkins, 1984.

27

(16) Pelczar, Jr., Michael J., E.C.S. Chan, and Noel R. Krieg.
Microbiology. New York: McGraw-Hill, 1986.

*

(17) Stanier, R.Y., N.J. Palleroni, and M. Doudoroff. “The aerobic
Pseudomonads: a taxonomic study.” J, Gen, Microbiology 43
(1966) : 159-271. Quoted in George A. Jacoby, Jr.
Properties, Problems and Theraputic Progress:
Pseudomonas aeruginosa. 5. Nutley, N.J. : Hoffman-LaRoche,
1987.
(18)

U.S. Environmental Protection Agency. “Manual for the Interim
Certification of Laboratories Involved in Analyzing Public
Drinking Water Supplies.” Washington, D.C. : 1978. Quoted
in American Public Health Association et al. Standard
Methods for the Examination of Water and Wastewater. 16th
ed. 829. Washington, D.C. : American Public Health
Association, 1985.

(19)

U.S. Environmental Protection Agency. “National Interim
Primary Drinking Water Regulations.” Washington, D.C. :
1976. Quoted in American Public Health Association et al.
Standard Methods for the Examination of Water and
Wastewater. 16th ed. 829. Washington, D.C. : American
Public Health Association, 1985.

(20) Wick, M.J., B.W. Frank, D.G. Storey, and B.H. Iglewski. StructureFunction and Regulation of P.aeruginosa Exotoxin A. in
Annual Review of Microbiology, eds. L. Nicholas Ornston,
Albert Balows, and E. Peter Greenberg. Vol. 44. Palo Alto,
C.A. : Annual Reviews, 1990.
(21) Wistreich, George A., and Max D. Lechtman. Microbiology and
Human Disease, Beverly Hills, C.A. : Glencoe Press, 1976.
&

(22) Young, V.M. Pseudomonas aeruginosa- : Ecological aspects and
patient colonization. New York : Raven Press, 1977.
Quoted in George A. Jacoby, Jr. Properties, Problems and
Theraputic Progress: Pseudomonas aeruginosa, 5. Nutley,
N.J. : Hoffman-LaRoche, 1987.

28

