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INTRODUCTION

The need for sanitary control of molluscan shellfish resulted
from the use of rivers, streams, and the sea for the disposal of
sewage. Sewage discharged into the sea is rapidly and enormously
diluted, but many shellfish beds of commercial importance are situated
within long inlets or estuaries where dilution is less effective. In
such places molluscs, by virture of their mode of feeding, can become
polluted to an extent which make them unsafe to eat uncooked.

The Canadian Atlantic Maritime Provinces constitute the northern
limit of the range of the Atlantic oyster (QOstrea virginica). Needler
(1932) points out that the greatest production of oysters on the
Atlantic Coast of North America is south of New York, and that there are
practically no oyster bede north of Boston except in the relatively
shallow and protected tidal waters of Prince Edward Island and northern
New Brunswick, and in the salt Bras d*Or Lakes of Nova Scotia. Control
of the production and marketing of Canadian Atlantic oysters has become
a problem of major importance to public health authorities because most
of the producing oyster beds are found in tidal bays, estuaries, and
rivers, many of which are subject to pollution from sewage and land
drainage.

A bacteriological examination to separate polluted from unpolluted
shellfish might at first appear possible, but the bacteriological examin-
ation of shellfish, like the testing of water, is only part of the total
evidence which should be taken into account. Topographical surveys of
the beds from which the shellfish have been gathered are also important,

and meteorologic and hydrographic conditions at the time of fishing must



be considéred. The interpretation of bacterial counts in terms of
safety must necessarily be empirical. MNot until the epidemiological
results of eating shellfish of different degrees of bacteriological
purity have been studied for many years will it be possible to relate
bacterial counts to the degree of risk associated with eating
polluted shellfish,

Because the direct search for the presence of specific pathogenic
bacteria in water or shellfish is unlikely to prove of value for routine
control purposes, attention has been directed to the demonstration of
bacterial species of known excretal crigin, particularly organisms of
the "coliform" group, faecal streptococei, and Clostridium welchii,

Since these organisms are constantly present in the human intestine,
usually in numbers greatly exceeding those of pathogenic intestinal
bacilli, and since their death rate in water is rather slower than that
of organisms of the enteric group, it follows that whenever typhoid or
paratyphoid bacilli, for example, gain access to a water supply through
excretal ' pollution, they are always accompanied by the natural organisms
inhabiting the intestine,

The coliform group, according to the American Public Health Associ-
ation "Standard Methods for the Bacteriological Examination of Shellfish
and Shellfish Waters" (1947), is considered to include all bacteria whichs
"Upon transfer from a positive presumptive test (gas positive in standard
lactose broth), show fermentation with gas formation in a lactose medium
containing 0.,00133 per cent of brilliant green and 2.0 per cent of bile
(brilliant green lactose bile broth)." In all discussion in this thesis

of the coliform group this definition will be used,



The finding of coliform bacteria in water shows, therefore, that
recent excretal pollution has probably occurred, and, though not con-
stituting of itself conclusive evidence of danger, is nevertheless
sufficient to indicate that the water is potentially dangerous.
Attention became more and more directed to the coliform group rather
than to faecal streptococeci and Cl. welchii, partly because of the
greater ease with which coliform bacteria could be demonstrated, and
partly because Cl. welchii was found to survive considerably longer
in water than members of the coliform and typhoid-paratyphoid groups.

The decimal dilution method has been extensively used for estim=
ating the numbers of coliform bacteria in samples of water and shellfish.
A test utilizing a selective medium of growth, lactose broth, has been
found superior to the plate count method for the enumeration of coliform
bacteria in a mixed bacterial population, particularly when few coliform
bacteria are present. As recopmended in "Standard Methods for the Bacter-
jological Examination of Shellfish and Shellfish Waters" (1942), the test
consists of the inoculation of five tubes of plain lactose broth with
three or more decimal quantities or dilutions of the sample and observa-
tion of the inoculated tubes to determine the relative mumbers in which
fermentation with the production of gas occurs, Incubation is at 35.5° -
37° C. The number of coliform bacteria present in the sample may be
estimated from the relative mumbers of positive and negative tubes by the
Most Probable Number Method of Hoskins (1933, 1934). Coliform densities
are expressed as Most Probable Numbers (M.P.N.'s) per 100 ml. of water or

shellfish,



The Standard Methods test for coliform bacteria in water and
shellfish has been used in routine bacteriological surveys which have
been made periodically in most of the shellfishwproducing areas in the
Canadian Atlantic Maritime Provinces by the Department of National
Health and Welfare, All surveys have been made during the summer
months (May to October, 1939 to 1954). Individual area surveys have
been of one to four weeks! duration. The data obtained from these
studies have been used to establish the boundaries between areas open
to the taking of shellfish and those areas which, for reasons of
potentially dangerous pollution, must be closed to fishing. Shellfish
growing waters which contain more than 50 coliform bacteria per 100 ml.
expressed in terms of most probable numbers are considered to be so
polluted as to be unfit for the growing of oysters for human consumption.
Similarly, oysters with M.P.N. !s of coliform bacteria of more than 230
per 100 ml, are considered to be polluted,

Between those shellfish which are grossly polluted, and those which
are practically free from coliform bacteria, there are those shellfish
upon which suspicion of pollution must fall. The definition of this
group is difficult, It is believed, however, that the bacteriological
results and sanitary engineering observations have led to sound é.nd
realistic closure recommendations in a great majority of the areas
surveyed, |

Since 1948, however, a number of bacteriological surveys have

provided data which have been decidedly at variance with the results

of previous bacterliological studies and with sanitary engineering

observations (Tennant, 1948; Tennant and Erdman, 1951). In each instance,



large nmumbers of coliform bacteria were isolated from seawater and
oyster specimens taken throughout entire river and bay systems, and
these results could not be correlated with faecal pollution as

evaluated by sanitary engineering studies. This condition has been
encountered only during periods of heavy rain, with resultant heavy
run~-off from farm and pasture lands to the shellfish growing areas.

While much of the faecal material washed into the water at a
time of increased run-off is probably of animal origin, it would be
unwise to conclude that such pollution is without public health
significance. The Standard Methods coliform test does not indicate
the origin of coliform bacteria; oysters containing exeessive numbers
of coliform bacteria would be subject to rejection upon bacteriological
examination at the market regardless of the source of the pollution.

The fishing industry has expressed dissatisfaction with the bacter-
iological methods presently used for the detection of domestic pollution.
It has been claimed that the Standard Methods test for coliform bacteria
may indicate that a growing area is unfit for the production of shellfish
for human consumption even when there is no other evidence to indicate
that this was so.

It was evident that a comprehensive bacteriological study should
be initiated in a representative oyster producing area. An investigation
of the sanitary bacteriology of two river, estuary, and bay systems in
Queens County, Prince Edward Island, was therefore made during 1952 and
1953, This study served as the basis for an assessment of the value,

(1) of the coliform bacteria and the faecal streptococci (enterococci)



content of seawater as indices of the sanitary quality of an oyster
producing area under varying seasonal and tidal conditions, and (2)
of the routine bacterioclogical survey procedures in the sanitary

control of oyster production.



REVIEW OF LITERATURE

Bacteriologists in the last quarter of the Nineteenth Century
demonstrated the relationship of pathogenic organisms in water to enteric
disease., Their work laid the foundation for the modern concept of
"indicator organisms™ as a measure of the bacterial quality of water,

The presence of indicator organisms cen be interpreted as the possibility
that pathogens may be present and the probability that, at times, the
water will be dangerous, It is assumed. that the pollution is of faecal
origin, and that pathogenic bacteria will be associated with the
indicator organisms,

Escherichia coli (Bacterium coli) and the other coliform bacteria
are the indicator organisms most often used as indices of the bacter-
iological quality of water., In 1893, Theobald Smith, referring to
Bacterium coli, wrote as follows: "It is safer to infer that any organism
which is so uniformly present in the intestinal tract, and which possesses
to a slight degree pathogenic properties, really belongs there, and that
its presence outside the intestines in soil and water may be regarded as
due to their contamination with faecal discharges of men and animals,"
Thus the role of E. coli a&s an indicator of excretal pollution 1s as old
as the bacteriology of water itself; the majority of modern methods, are
founded on the common belief that coliform bacteria may be used as a
satisfactory index of public health hazard in water supplies,

Because E. coli and the coliform bacteria are abundant in the
intestine and rare in enviromments which have not been polluted with
faecal material, Houston (1912) concluded that the presence of such
bacteria is adequate evidence of faecal pollution, and that water containing

Bacte. coli should be declared unfit for human consumption.



Coliform Types and their Differentiation and Significance

Escherich (1885) recognized the existence of two distinct types of
coliform baeteria, and described a variety to which he applied the name
B. lactis aerogenes, Contemporary workers (Laruelle, 1899; Levy and Bruns,
1899) advocated the use of pathogenicity tests for distinguishing between
the species isolated from water, but Savage (1903) showed that such tests,
as a measure of water pollution, yielded no important information. For a
time it was believed that Escherich's bacilli represented the perfect
indicators of faecal pollution, but it was not long before a number of
observers were able to establish that bacilli apparently indistinguishable
from those described by Escherich were widely distributed in nature. Such
organisms were isolated in typical or atypical forms from the faeces of
various animals (Dyar and Keith, 1894) grain, cereals, and tubers
(Laurent, 1899; Klein and Houston, 1899; Prescott, 1902), from soil and
water where the possibility of faecal pollution appeared to be remote |
(Jordan, 1903; Houston, 1912; MacConkey, 1905), and from the dust of
streets, gress, trees, plants, and the washers of pumps and wells
(Schobl and Ramirez, 1925). The behaviour of the coli-typhoid organisms
in soil attracted the attention of other workers (Savage, 1907; Mair,

11908; Laybour, 1920), but beyond establishing that these organisms could
live for some time outside the body, these investigators learned nothing
of special value for the purposes of differentistion. Savage (1907)
noted that some alteration of character occurred in B. coli in soil; he

| believed, however, that there was no evidence to show that aberrant
types represented typical B. coli in an unfavourable environment. Savage

found that a large proportion of coliform bacteria from surface wells



were atypical in one or more characteristics. In discussing whether

- aberrant forms represented "decadent" B. coli in a non-intestinal
habitat, or were merely the survivors under more suitable conditions
of the few atypical coliform bactéria normally present in excreta, he
wrote: ¥"The more nearly an organism isolated resembles an !excretal!
B. coll the greater its significance as an indicator of pollution.
Consequently the fewer required to condemn a sample of water in which
they occur., Stated as a'working proposition, the more the characters
"of the coli-like organisms deviate from that which for convenience may
be spoken of as the typical form; the greater the proportionate mumber
of them required to condemn the water,"

The finding of coliform bacteria where excretal pollution appeared
to be absent or remote strengthened the belief that the coliform group
was saprophytic and widely distributed in nature. The observations of
Savage were, however, a definite step in the direction of separating
species more in terms of their natural history than of their cultural
characteristics; his belief that atypical B. coli was of less sanitary
significance than typical B. coli was the basis on which many of the
more modern concepts were founded.

The production of indole from peptone by some coliform types was
studied by a number of workers (Ehrlich and Boshme, 1905; Gore, 1921;
Gnezda, 1899; Kovacs, 1928). Many authorities found, however, that the
production of acid from carbohydrstes and the production of indole from
peptone provided inadequate means of differentiating the cocliform
bacteria, Their value for the purpose of classification is undoubted,

but their apparent inconstancy precludes their use as a sole means of

distinguishing members of the coliform group.
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Two other biochemical methods were found to be helpful in the
classification of coliform bacteria, The Methyl Red Test was developed
in 1915 by Clark and Lubs, who pointed out that in a suitable medium
coliform bacteria differed in their production of acid; “coli' types
produced'a high acidity which was constant, while coliform bacteria of
the "aerogenes" type produced a mmch less acid reaction, and on con-
tinued incubation became more alkaline. This difference in the acidity
produced in the cultivation .of feoli? and "aerogenes" coliform types
could be recognized by the addition of the indicator methyl red., Closely
associated with the Methyl Red Test is a test described by Voges and
Proskauer (1898), These workers noted that a colour reaction took place
if certain cultures in a suitable niedium were treated with potassium
hydroxide and allowed to stand for some time; a pink colour reaction was
found to be due to the presence of acetyl-methyl-carbinol. Levine
(1916) récommended that the term "Voges-Proskauer Reaction" be restricted
to designate the formation of acetyl-methyl~carbinol from dextrose.

Wood (1920) summarized the then current opinion as follows: "The
results of various investigators show that the lactose-fermenting bacilli
can be divided into two main groups by the methyl-red and Voges-Proskauer
tests, that the MR- VP+ type is rare in the faeces of man and animals, is
more common in surface water and sewage, and is the predominant type in
grains and soils. These findings are in favour of the view that they are
either the natural survivors of the lactose fermenters present in excretal
matter, or are derived from soil or possibly grain, and consequently their
presence in water or food products is to be regarded as of less sanitary

significance than the presence of excretal B. coli."
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Unfortunately, discrepancies were found which could not be ex-
plained by this hypothesis. Koser (1923) found that 80 per cent of
cultures from polluted waters, and 73 per cent from unpolluted waters,
were MR+ VP-, This type of result was also reported by Chen and
Rettger (1920), Perry and Monfort (1921), Pawan (1925), and Hicks (1927).
Winslow and Cohen (1918) found the content of MR+, VP- » coliform bacteria
to be practically the same in polluted and unpolluted water; they con-
c¢luded that the agreement between the two tests was imperfect, and that
some modification of interpretation was required.

Koser (1918) found that B, lactis aerogenes was able to grow pro-
fusely in a medium containing uric acid as the sole source of nitrogen,
and that B, coli would not grow in this medjum. Other workers (Chen and
Rettger, 1920; Perry and Monfort, 1921) found that a test for uric acid
utilization gave a better indication of the source of coliform bacteria
than did the Methyl-Red and Voges-Proskauer tests; Bardsley (1926) was
unable to confirm this in the case of coliform bacteria isolated from
water,

Brown (1921) observed that Bs coli was unable to grow in a citrated
broth, while B, aerogenes grew more luxuriantly in a citrated broth than
in plain nutrient broth. Koser (1923) confirmed Brown's findings, and
showed that B. go_l_;_b was incapable of using citric acid or sodium citrate
as its only source of carbon; he concluded that the ability to utilize
cltrate was a definite and constant character of B. aerogenes,

Koser (1923) reported a close correlation between the citrate,
methylered, and Voges-Proskauer reactions in the case of coliform bacteria
isolated from faeces; he found, however, that coliform bacteria isolated

from soil were often judged to be "faecal® on the basis of the MR~VP tests,
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and"non-faecal” on the basis of the citrate test. Koser concluded that
not all methyl-red positive, Voges-Proskauer negative coliform types
were of faecal origin, and that the faecal and soil t ypes could be
differentiated by the citrate test; he believed that the character of
citrate utilization was stable, and in no way altered by unfavourable
conditions of enwiromment.

The liquid citrate medium developed by Koser (1923) had the dis-
advantage of appearing turbid when large inocula were used, even when
no growth ensued., This observation led Simmons (1926) to devise a solid
medium; the addition of agar and brom-thymol blue to Koser'!s citrate
broth obviated the disadvantage of turbidity as a criterion of growth.

Koser (1923) examined 104 coliform cultures isclated from soil
supposedly remote from faecal poellution, and 33 cultures from frequently
contaminated soils; he found that 67.3 per cent of the former were of
the "aerogenes" type (MR-, VP+, Citrate +), while 63,6 per cent of the
latter were of the "coli" type. A number of intermediate strains (MR+,
Citrate +), which Koser considered to be more closely allied to the
Haerogenes® than to the '"coli" group, were alse found,

Pawan (1925) reported that, while the use of the MR-VP tests re-
duced considerably the mumber of strains from non-faecal sources to be
regarded as "excretal B. coli”, the citrate test almost eliminated them.
Hicks (1927) found that the citrate and indole tests, used conjointly,
were of considerable value in differentiating "faecal" and "non-faecal"
coliform types.

It has been suggested by Koser (1924, 1926, and 1927) that strains
of B. coli which are of hon-~faecal origin are usually able to use citrates

as a sole source of carbon, and that, like B, aerogenes, such strains
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should probably not be considered as indicating faecal pollution, since
faecal strains are usunally citrate negative. Burke-Gaffney (1932)

found that only two per cent of 278 coliform strains isolated from
faeces were citrate positive. On the other hand, Brown and Skinner
(1930), Tenney and Noble (1931), Gray (1932), Skinner and Brudnoy (1932),
and Taylor (1942) found that faecal strains of B. coli are by no means
all citrate negative; they conclﬁded that the correlation described by
Koser between habitat and citrate utilization was not confirmed. Skinner
and Brudnoy (1932) concluded thab, if citrate-utilizing coliform strains
are not to be considered as indicating faecal pollution, it should first
be shown that they are not often found in faeces,

In support of their view that "aerogenes® organisms may be true
faecal types, Raghavachari and Iyer (1940) quote Minkewitsch and Rabino-
vitch (1936) for the opinion that all soil strains of coliform bacteria
are derived by adaptation from faecal B. coli, and Horwood and Webster
(1937) for the suggestion that "aerogenes" types form the normal flora of
the small intestine, but are transformed into B. coli upon arrival in the
large intestine.

The finding of B. aerogenes and the intermediates as the predomin-
ant types in infected urine by Burke-Gaffney (1932) caused him to delve
further into the relation of these organisms to excretal B, coli. He
writes: "It is difficult to believe that faecal colon bacilli could
reach the urine in anything like large numbers from any source other
than the faeces, in which it is agreed that B, aerogenes are few, If,
then, the organisms are derived directly from faeces, how is this factor
to be reconciled with the cultural reactions already described? Hill et

al. (1929) suggest that in the urine the aerogenes respond to some



selective action during their sojourn in the urinary tract, or that
they survive the coli type and therefore ultimately outmumber them,
In the case under review, the cultures were not all typical
B. aerogenes, An unusually high percentage of them produced indole,
and nine per cent were of the intermediate type. What then is the
position of these intermediate organisms? In the present experiments
they were entirely absent from unpolluted soil, rare in faeces, and re-
latively common in sewage and polluted soil. If one adds to this the
fact that in samples from polluted sources, both this intermediate group
and the aerogenes group retained the power to produce indole, it would
seem that a definite chain of events was taking place. Is one entitled
to assume that the power to utilize citrate, the retention of indole-
producing capacity, and the occasional production of a positive methyl-
red reaction are all cultural manifestations of an environmental change?
It is suggested that the farther it is removed from its normal intest-
inal habitat, the less does B. coli retain its faecal characteristics,
and that non-faecal characters are developed before the latter are
entirely lost. Does B. coli in fact, when placed in unfavourable sur-
roundings, adopt a wider metabolic activity as a biological. necessity,
and in the urine, divorced from its natural habitat, has the transition
already begun? Such a theory might explain the occurrence of the inter-
mediate group, and the true significance of the aerogenes type."
Houston (1925) sounded a note of warning which cannet be lightly
disregarded: "Some bacteriologists are a little too eager to deny
recognition to the aerogenesgroup because they are pt to be associated
with the washings from grain and soils. Yet it is in times of flood when

all sorts of unchartable pollutions are swept into watercourse that these
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soil microbes may be perhaps specially noticeable, and few will deny
that floods are periocds of epidemiological danger,™

Apparently the intermediates are found as ubiquitously as are any
of the other coliform bacteria, The first reports of such intermediate
types were made by Koser (1924, 1926, 1927), who isolated a mumber of
strains from soil, water, and human and animal faeces, Intermediates
have been found in faeces by Kline (1930) Skinner and Brudnoy (1932),
Parr (1934), and Tittsler and Sandholzer (1935). The latter authors
also studied strains isolated from urine, water, and soil. Kline (1930)
isolated intermediates from milk and other dairy products, Hajna and
Perry (1936) obtained intermediate strains from the intestinal contents
of various cold~blooded animals, and Griffiths and Fuller (1936) found
intermediates in commercial fish and fillets, Intermediates have also
been reported in water by Ruchhoft et al. (1931), Gray (1932), Poe
(1932, 1934), France (1933), Parr and Caldwell (1933), and Tennant (1949).
Parr and Caldwell (1933) found that 8.4 per cent of 1,407 samples of a
well water contained intermediate coliform bacteria, and in no case where
coliform intermediates occurred could the possibility of faecal pollution
be excluded. Kline (1935) reported that the intermediate strains studied
were comparatively stable in pure culture, and did not fluctuate in re-
gard to basic differential characters in short periods even though their
environment was altered, nor did they dissociate to new types, although
they showed marked changes in colony morphologye. Kline concluded that no
natural enviromment is exclusively the abode of any single type of coli-
form organism, and that no single type of these organisms is found

exclusivély in any natural environment.
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Vaughn and Levine (1942) emphasize that the use of inadequate
methods of determining the Voges-—Prosikauer reaction and the use of
37° C. rather than 30° C, for incubation accounted for most of the
usual characteristic irregularities in most intermediate cultures
studied, It is important to note that itrue Escherichia coli type I
cultures have been diagnosed as intermediates because Simmons citrate
agar made with tap water had been used for differential purposes.

Most observers are agreed that the "IMViC" biochemical tests
form a reliable means of subdividing coliform bacteria into the various
types. Levine (1941) reported that certain coliform types appeared to
be associated with specific sources, and that there may be a high degree
of correlation between the incidence of certain coliform types and
hygienic significance,

Buttiaux et al. (1948) regard the presence of E. coli as evidence
of recent pollution, and the presence of other coliform types as
evidence of "remote" or intermittent pollution = a view held by many
others.

On the other hand, Neumann (1950) considers that the validity of
classifying bacteria of faecal and nan-faecal origin withih the coliform
group is questionable. Clark (1952) concluded that true faecal pollution
is characterized by a representation of all major coliform types, and
that the presence of only one coliform type in water or shellfish would

constitute a decidedly abnormal situation.
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Lh° ~ L6° C, Tests for Escherichia Coli

Eijkman (1904) made the first attempt to devise a test which would
be specific for B. coli; he claimed that only faecal B. coli of warme
blooded animals was capable of fermenting glucose at a temperature of
46° C. Opinions on the value of Eijiman's test were divided; Konrich
(1910) and Hehewerth (1911) both found a number of strains of faecal
B. coli which failed to develop in glucose broth at 46© Ca With this
criticism of his work Eijkman (1912) himself agreed; he stated that a
negative result could not be regarded as proof of the absence of B, coli,
and that the test was valid only in its positive aspect. Flu (1915) con-
sidered the test a valuable indication of recent contamination, while de
Graaff (1922) found that incubation at 46° C. inhibited "serogenes®
organisms. Wilson (1929) incubated MacConkey plates at L5° C. and found
that a positive result invariably indicated the presence of B. coli, but
that negative results did not have the opposite significance. Leiter
(1929) supported the use of the 4L6° C, Eijkman test, reporting that the
"asrogenes-cloacae" group grew just as well as B, coli at teﬁperatures
below 45° C., and that even at 49° C. fifty per cent of strains of B.coli
could be isolated in almost pure culture by this test.

Perry (1929) found that, while B, coli was invariably Eijkman-
positive, a great many methyl-red-negative coliform bacteria behaved in
the same way.

Brown and Skinner (1930) found that only a small percentage of human
faecal B, coli fermented glucose at 46° Ce; many true B, coli failed to
grow, and a number of "aerogenes" and &ypical coliform strains gave a

positive Eijkman test. They noted that positive cultures after 48 hours
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contained few or no viable organisms. Ruchhoft et al. (1931) alse
found that some "aerogenes" strains grew well at 46° C., and considered
that a positive result from a water sample at this temperature did not
indicate the presence of faecal B. coli from warm-blooded animals
alene.

Taylor and Goyle (1931), working in the tropics, had to postulate
the survival of faecal B, coli in soll to justify the positive Eijkman
results they obtained from water samples which came from areas considered
to be free from obvious human and animal pollution. They then showed
that B. coli had in fact a considerable survival period in soil at a
temperature of 80° F, They used the test on water samples, and found
that the results related to a remarkable degree with the probable sani-
tary quality of the water, and were of far more value than those obtained
at the usual incubation temperature of 37° C.

Burke-Gaffney (1932) found the 46° C. test very unreliable in the
tropics, as more organisms of the B. aeregenes than of the B, coli type
developed. In this finding he was in agreement with the work of Brewster
(1929) and of Brown and Skinner (1930), but it is difficult to understand
such results in the light of more recent experience, since even a temper-
ature of 44° C, is found today to inhibit "aerogenes® strains almost
completely. |

Willisms, Weaver, and Scherago (1933), and Perry and Hajna (1933),
suspected that excessive acid formation in the Eijkman medium was causing
some strains of B. coli to fail to grow at 46° C,, and developed new
media in which the concentration of glucose was considerably reduced.
They concluded that Eijkman's fundamental observations were correct when
a suitable medium and a carefully controlled incubation temperature were

used,
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Skinner and Brown (1934) draw attention to the fact that the use
of small tubes and water-bath incubation were the only means of securing
a controlled and uniform temperature in the medium, Lack of uniformity
in these details may explain the divergent results in the literature.
These authors concluded that the Eijkman test did not differentiate
reliably between B. coli from werm~blooded and from cold-bjooded animals,
and that 48 hour incubation was necessary for the test.

Webster and Raghavachari (1934) found that the Eijkman test some-
times failed to reveal pollution, that it was insufficiently sensitive,
and that it added no useful information to the results of routine tests
at 37° C,

Hitherto the question of the optimum temperature for the test had
not been given the attention it deserved, but with the work of Levine,
Epstein, and Vaughn (1934) it was carefully studied. They found that
all Escherichia strains grew well in Eijkman's broth and in standard
lactose broth at 43° = 44° C., but that these strains were markedly
inhibited as regards gas production at 45° - 46° C, The Aerobacter
strains were almost entirely inhibited at the lower temperature.

Wilson et al. (1935) found that some strains of B. coli could not
ferment glucose at 46° C. At 44° C., however, practically all indole-
positive strains of B. coli grew well and produced gas; no strain of
B. aerogenes produced gas at this temperature, and very few grew at all.
Wilson and his associates stressed the need for using & water bath in

preference to an incubator for 440 C. incubation. The correlatien

between their modified Eijkman test and the indole test was striking,

as was the negative correlation between the Eijkman test and growth in



eitrate, They observed that gas production was better in MacConkey
broth at 44° C. than in the modified Eijkman medium of Williams et al.
(1933)e The classification of the various coliform types suggested
by Wilson and his assoclates is presented in Table XV,

Topley and Wilson (1936) summed up the position at the time by
advocating exact standardization of the water-bath temperature at 43° -
- 45° Co They considered that the value of the test was greatly en-
hanced by the replacement in the medium of glucose by lactose, that
MacConkey*s broth was the best medium, and that the test was better
than any other single test for the isolation of typical B. coli.

Dodgson (1937) noted that a large mumber of coliform strains in
oysters were killed at 440 C., and that the test was very promising
for the detection of B. coli in mussels.

MacKenzie and HiltonéSergeant (1938) made comparative studies
of faeces, using incubation temperatures of 37° and 44° C. They formed
a high opinion of the modified Eijkman test, and concluded that the
isolation of B. coli type I subsequent to incubation at 442 C, is more
certain than by selecting colonies from plates prepared after incubat-
ing in MacConkey broth at 37° C, They were of the opinion that 48 hour
incubation should be allowed before reporting a negative result; they
also believed that the percentage of false positives was negligible,
and that the test indicated the absence of dangerous pollution with
greater certainty than did the 379 C, presumptive test,

The findings of Wilson et al. (1935) were confirmed by Bardsley

(1938), although Bardsley pointed out that numerical estimations of
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B. coli type I would be upset if Irregular type II (the only coliform
type of which she considered to be a threat to the specificity of the
test) were present. She considered, however, that the occurrence of
Irregular type II was so rare that it would be of little account in
eomparison with the degree of experimental error of the method.

Dodgson (1938) found that at a temperature of 44° C, all citrate-
positive coliform bacteria in shellfish failed to produce gas, while the
majority of typical B. coli were able to do so. Clegg and Sherwood
(1939) concluded that, owing to its high degree of specificity for
B. coli, the 44° C, test was of considerable value in the examination of
shellfish. They reported a close negative relationshiip between the
Eijlman and citrate tests, and observed that temperatures above 44° C,
were detrimental to the growth of B, coli.

Raghavachari and Iyer (1939) reported that some strains of
B, aerogenes isolated from Indian waters produced-acid and gas in MacConkey
broth at 44° C, This was confirmed by Professor Wilson, who reported
that their behaviour was the same in his hands.

Perry (1939), held that the greatest value of the Eijkman test was
in the examination of samples with a high content of Aerobacter strains,
because these were apt to overgrow B. coli at 37° C.Hajna and Perry (1939)
found that many B. aerogenes strains grew at L4° C., but that MacConkey's
medium strongly inhibited them.

Raven, Peden, and Wright (1940) found a large number of instanses
in which citrate utilizers grew at 44° C, Harding (1940) also isolated

many "aerogenes" strains which gave positive results at 44° ¢,
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Raghavachari and Iyer (1940) concluded that the 44° C. test could be
considered specific for distinguishing between faecal and non-fascal
types only if it could be proved that 44° C, positive "aerogenes-like"
érganisms found in water were normal intestinal organisms, It should
be noted, however, that this applies to Indian waters,where so many of
these "recalcitrant" strains have been found. These workers quote Sen
(1937) as reporting that many strains of B. aerogenes isolated from
human faeces gave a positive Eijkman reaction. They also report that,
of 478 organisms'studied, 31 were of the B. aerogenes I type, and no
less than 24 of these were Eijkman-positive., These sirains were fre-
quently retested at 44° C, and:all were consistently positive; similarly,
the seven Ei jkman-negative strains remained negative. The authers con-
¢luded that all coliforms may be faecal in origin, and that they may
change their properties when removed from their normal habitat.

Taylor (1941) found that, of 30 cultures of B, aerogenes, six were
Li© C, positive; after retesting these cultures, Taylor coneluded that
there is no doubt that strains of B, aerogenes which are positive at
LK® C, do exist.

Batty-Smith (1942) isolated three cultures of Intermediate type. I
and two of B. aerogenes type I which were capable of fermenting lactose
at 44° C. Stuart et al, (1942) reported that the more-primitive
members of the Family Enterobacteriaceae, Serratia and Erwinia, were
frequently killed by a temperature of 45.5° C. in 24 hours, even in
cultures heavily inoculated, while Aerobacter was not, In their Eijkman
characteristics the intermediates were much more closely related to
Aerobacter than to Escherichia because Aerobacter and intermediates

seldom produced gas from lactose at 45.5° C. while Escherichia seldom

failed to do so.
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The large propertion of 44° C, positive B, aerogenes and inter-
mediate types found by Taylor (1941), as compared with other workers,
argues that the distribution of such types is localized; Raven et al.
(1940) and Harding (1940) have also expressed this opinion.

Hajna and Perry (1943) reported the development of an EC Medium
(buffered tryptose lactose bile salt broth) for the isclation of coli-
form bacteria at 37° C, and of Escherichia coli at 45.5° C, In the

examination of 147 samples of drinking water of various types, not a
single false presumptive test was encountered among 1,176 gas-positive
tubes while 58.5 per cent of false presumptive tests were obtained with
standard lactese broth.

Further work by Perry and Hajna (1944) indicated that both lauryl
sulphate tryptose broth and EC medium are highly sensitive and s pecific
media for the isolation of coliform bacteria from water, shellfish, and
sewage., Wattie (1948), however, found that the incubation of presumptive
eultures in EC medium at 45.5° C. or even at 44° G€,may not be expected to
detect more than about 25 per cent of the coliform group, or about 50 per
cent of the E, coli present in the samples. Unpublished data from investi-
gations conducted by the Sanitary Engineering Division of the Les Angeles
Department of Water and Power indicate that there is some repressien of
E, coli with EC medium and with Eijkman broth.

It may be concluded that a considerable number of bacteriologists,
particularly in Great Britain, regard Escherichia coli as the best avail-
able index of faecal pollution; the majority of North American investiga-
tors, however, now agree that the presence of coliform bacteria of the

Aerobacter-intermediate group can provide information of equal importance.



That being so, it is unlikely that the Eijkman test for E, coli can
supplant the Standard Methods Presumptive coliform test; the two tests
may have value when used in conjunction. It has been suggested that
two sets of standards be laid down, one to indicate the allowable
mumber of Escherichia coli per 100 ml., and & more lenient standard
for the number of "intermediate-aerogenes-cloacae" (I.A.C.) organisms

per 100 ml, of specimen.

Coliform Bacteria in Faeces

In view of the extent of the work on the coliform bacteria in
faeces it is disappointing to find that very few quantitative examina-
tions have been made. All investigators are agreed that E, coli type I
is by far the most abundant coliform type in faeces of man and other
animals including birds, and that the proportion of the different coli-
form types is less certain,

Hill et al. (1929) summarised the results of many different workers
and showed that the numbers of B, asrogenes and intermediates reported
varied from zere to 16.0 per cent of the total. Ruchhoft et al. (1931)
examined 32 samples of faeces from 11 persons and 10 animals; only four
coliform types were representeds B, coli type I, 83,2 per cent; B. coli
type I1,11.5 per cent; Intermediate type I, 2.0 per cent; and B.aerogenes
type I, 3.3 per cent. The presence of intermediates in faeces was thus
confirmed, Bardsley (1934) also found B. aerogenes type I and intermediates
in relatively small numbers in faeces. Bardsley (1938), by the use of
primary incubation in MacConkey broth with subsequent inoculation from

positive tubes into citrate media, found intermediates or B. aerogenes in
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sixty-one of one hundred samples of human faeces examineds In eight
cases the numbers were equal to or greater than tHose of B, coli.
B. aerogenes were reported in approximately fifty per cent of faecal
samples studied by Dulaney and Smith (1939). B. aerogenes or inter-
mediateé; were found in 87 per cent of 253 samples of faeces examined
by Reedy and Puncochar (1940); in 166 samples B, serogenes types, to-
gether with intermediates, were present in numbers of at least 10,000
per gram., Parr (1938) found B, aerogenes in 33 per cent and inter-
- mediates in 31 per cent of the faeces samples analysed. Carpenter and
Fulton {1937) found citrate~-utilizing coliform bacteria in 49.9 per
cent of 466 samples of human faeces., 13.3 per cent of the samples con-
tained intermediates; such coliform bacteria were characteristically
| present in certsin individuals. . Carpenter and Fulton concluded that
coliform bacteria of the intermediate group are of sanitary significance.

There is some evidence to show that the distribution of the various
" coliform types is affected by climatic conditions. Clemesha (1912)
showed that the bacterial flora of human and animal faeces in India not
only differed from those in England in the relative proportions of the
organisms which they contained, but that they wers subject to definite
local and seasonal variations., In this connection he referred to the
comparative rarity of trweB. coli communis (Escherichia coli) in India,
even in faeces, a point which had already been discussed by Castellani
(1910) in Ceylon. |

The resistance of coliform bacteria to drying has received the
attention of a mumber of investigators. Kon (1933) found E. coli and

B. aerogenes to occur equally in milk (58:42), but noted that B, coli
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predominated (44:1) in bovine fasces. This was confirmed by Cohn (1950),
who stated that while E. coli predominates in cow faeces, raw milk and
utensils are often contaminated by other coliform types. The relative
rarity of E, coli in milk is due to its slight resistance to drying.
Cohn found that dried faeces on the udder rarely contained E. coli; in
thin faeces films E., coli died in two to three hours. The ascendency
of Aerobacter and intermediates over E, coli in stored faeces was also
reported by Parr (1938).

On the other hand, Bardsley (1948) reported that periodic sampling
of cow faeces left to dry on the open meadow showed that reduction in
coliform count was very gradual and largely dependent on the moisture
content, and that E, ﬂi_ type I was still overwhelmingly dominant three
to seven weeks after the samples were voided., Laboratory experiments in
which cow faeces were stored in moist and dry chambers, gave similar
results,

Sears, Brownlee, and Uchiyama (1950, 1952) consider that there is
ample evidence that man invariably acquires Escherichia coli during the
first day or two of life if:not, indeed, even before birth, and that he
is never thereafter without it. The faeces of a mumber of persons were
examined repeatedly over a period of two and one-half years with the
object of studying the changes in the coliform flora. The flora tended
to have a fairly constant pattern, consisting of organisms of rarely more
four antigenic types. Of these one or two "residents" were dominant
types, firmly established and persisting for long periods, and the other
Htransients" were found for a few weeks at most. Attempts to alter the

coliform flora by feeding with large amounts of cultures of new strains
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did not result in more than a transient appearance of the new strain
in the faeces.

It has been shown by numerous authorities that, apart from the
intestinal flora of the larger domestic animals, B. celi may be present
in the faeces of frogs (Raju, 1922), gulls and fish (Houston, 1923),
and of small birds (Emmel, Minkewitsch, 1930), in sufficient quantities
to produce positive results in the waters which may contain them.

In general, there is overwhelming evidence to show that E. coli
type I is thé dominant type of the coliform bacterla in faeces; it is,
however, doubtful if it is alse true, as is often stated, thet A, aero-
genes and the intermediate types are rare or few in mumber. The figures
obtained by various workers suggest that of the coliform cultures isolated
from faeces, five per cent or more of the total were types other than
E, colis Expressed numerically this may sometimes represent a million or
more cells per gram of faeces, numbers which can scarcely be considered to
be without significance. The question of the significance of A. aerogenes,
according to Taylor (1942), is clearly whether they are more prevalent in
any habitat other than faeces,

It may also be concluded that the results of different workers show
that storage of faeces causes a more rapid disappearance of E. coli than
of intermediate and Aerobacter types, but that little is known of the re-
lative importance of different factors - light, pH, and availability of

oxygen-on the rate of change.
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Coliform Bacteria in Soil, and in Plant Materials

The behaviour of coliform bacteria in soil has attfact.ed the
attention of a fairly large number of investigators. Houston (1902)
reported that B. coli may persist in soil for months after it gains
access, but does not mmltiply there. Savage (1905) studied the effect
of tidal mud on the viability of B. coli, and reported that the organ-
isms were found in the proportions of one per gram for three months
after the initial pollution. Savage (1907) noted that scme alteration
of character occurred in B, coli in soil, but concluded that there was
no evidence to show that aberrant types represented typical B, coll in
an unfavourable envirorment. Young and Greenfield (1923) controlled
the moisture content of soil samples after sbeding with B. coli; they
reported that these bacteria survived for as long as seven years,
Skinner and Murray (1926) reported that B. coli from fresh cow faeces
or pure culture disappeared from soil in 200 days after inoculation.
Gray (1932) examined six samples of soil which in his opinion had not
been contaminated by human or animal faecal matter, and found that all
samples contained A. aerogenes and that five ylelded B, coli. Kulp
(1932) reported that coliform bacteria were viable three years and seven
months after the initial seeding in soil. Taylor and Goyle (1931), work-
ing in the tropics, showed that B, coli had a considerable survival
period in soil at a temperature of 80° F,

Sterilized soil which was held in a thre-inch stovepipe twenty
feet in length was inoculated with a carefully purified culture of B,

coli by Kline (1935). Sterile water was allowed to seep slowly through
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the soil for 410 days. Of 726 cultures isolated at various sampling
points during the period, 560 cultures (77.1 per cent) retained the
same characters as the original culture. The remaining 166 cultures
varied in respect to the methyl-red, citrate, or Eijkman tests, but
no variations occurred before the forty-seventh day. Seventy-five
cultures (10.3 per cent) isolated after the ninety-fifth day were able
to utilize citrate as the sole source of carbon. |

Koser (1923) examined 104 cultures isolated frem soil supposedly
remote from faecal pollution, and 33 cultures from frequently-contamin-
ated soils. He found that 67.3 per cent of cultures from the first were
of the "aerogeﬁes“ type, while 63.6 per cent of the second were of the
"ecoliM type.

Soil plots low in orgenic matter were watered with cultures of E,
coli type I, Intermediate type I, or A, aerogenes type I, and sampled at
intervals by Bardsley (1948). All three types tended to die out gradu-
ally, and no profound changes were apparent in the biochemical reactions
of the three types as a result of a prolonged sojourn in soil. Soil
which had been heavily contaminated with cow manure three years previously
still contained large numbers of viable E. coli type I. Washings from
soil holding accumumlated animal faeces may be the source of large numbers
of coliform bacteria long after the land has ceased to be used as pasture,

A survey of the density and types of coliform bacteria in soils frem
a number of widely-spaced localities in the United Kingdom and elsewhere
by Taylor (1951) has shown that such organisms are not present in very
large mumbers. Of the soils examined, 27 per cent contained no coliform

bacteria in 15.5 grams of soil; of the soils which contained coliform
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types, only 17 per cent had presumptive counts greater than 180 per
gram, and only 1l per cent had confiremd counts greater than 100 per
grames The nmumber of coliform organisms was closely related to the
probable animal population; numbers were greatest in pasture lands and
least in soils from remote hills. These results confirm the work of
Bardsley (1934) on acid moorland soils, and of Koser (1926) and Minke-
witsch (1930) on & variety of soils. Application of farmyard mamare
to the Rothamsted plots produced no permanently large population of
coliform organisms, The presence of relatively large numbers of these
organisms in soils from wooded areas remote from domestic animals and
man suggests appreciable contamination from small wild animals. The
predominant coliform type isolated in these studies by Taylor was E,
coli type I, whatever the location or vegetation type of the soil.
Intermediate type I, A.aerogenes type I, and E. coli type II were the
only other coliform types of numerical significance; Intermediate type I
was more prevalent in arable and pasture soils than in any other loca~
tions. Taylor considers that the evidence supports the view that soil
is not the natural habitat of either the intermediate types or E. coli
type II; he finds this strange in view of the fact that crude sewags,
improperly purified sewage effluents, liquors from septic tanks, or
other materials of faecal origin may contain very high populations of
"intermediate" or "aerogenes" organisms. Taylor concludes that it
seems likely that the most important habitat of all major coliform
types is in faeces.

Taylor (1951) reports that, in such soils as are subject to inter-

mittent excretal contamination, there appear to befluctuating populations
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of Gram negative rods with characteristic coliform reactions to the
"IMViC" tests, but whose reactions on lactose at 37° C, wvary between the
production of slight concentrations of acid to vigorous and rapid forma-
tion of gas. The evidence obtained suggests that most of these types
producing little or no gas are either "lactose-degraded” coliform bacteria
or paracolon bacteria, and that their reactions are largely those of the
Intermediate type I and A, é.erogenes type I variety. Such coliform
bacteria with weak lactose~fermenting powers have been termed Paracolo-
bactrum by Bergey (1948). Further, though it may well be that E. coli
type I does not persist as long in sewage or soil as other coliform
bacteria, Taylor's data suggest that in soil this may be masked by the
loss of lactose-germmenting ability by the intermediate-aerogenes types,
which are consequently not usually detected at 37° C, Taylor eoncluded
that false positive reactions, particularly from arable and pasture
soils, are due to coliform types that produce very small smounts of gas
in the tubes of the presumptive test but negligible amounts when isolated
and tested in pure culture.

The study of the survival of coliform bacteria in soil has been
complicated by the contention of some investigators and reviewers that
the Aerobacter-intermediate group is a part of the normal flora of soils,
grains, and grasses. Topley and Wilson (1931) state, "And there seems
little doubt that the B. aerogenes-B. cloacae group, so demarcated, con-
sists of bacilli which live normally on plants or in the soil." Authori-
tative mamals and text-books on water examination (Ministry of Health,
1939; E.W. Taylor, 1949) still state that soil is a probable mormal

habitat of E. coli type II and of the intermediate types, and that veget-
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ation is the normal habitat of A, aerogenes types I and II. It thus
seems that some bacteriologists have come to regard the intermediate
types and A, aerogenes as indicative of pollution from soil and plants
and not from human and animal sources; it would follow that these workers
consider that these bacteria can multiply and survive indefinitely in
soil, In the light of the many investigations wherein it has been found
that the Aerobacter-intermediate group may sometimes constitute a major,
and occasionally the d ominant, portion of the coliform flora of human
and animal faeces, the present reviewer considers the opinion summarised
by Topley and Wilson to be open to serious question.

From different papers on the eoliform content of grasses and grains
certain points seem clear. Firast and foremost is the finding that
enormous numbers of lactose-fermenting bacteria can be detected on plant
material if aa incubation temperature of 30° C. is employed, but that
only negligible numbers of these bac'.beria can be isoclated when the temper-
ature of incubation is 37° C. (Allen and Harrison, 1936). With incuba-
tion at 37 C., Wilson et al. (1935 found coliform bacteria in only half
of the ninety miscellaneous samples eof straw, hay, grass, decaying leaves,
grains, meals, and feeding cakes which they examined. The samples which
by nature of habitat had been in contact with soil, and hence possibly
with manure, gave relatively large numbers of B. coli; the remainder of
the specimens were marked by the prevalence of B. aerogenes types. It
still remains to be s hown whether the various coliform types can normally
multiply in soils, grasses, or grains, and whether they are found in
those habitats in greater mumbers than in the faeces of man and mimals,
Taylor (1951) considers that it does appear probable that, in the decom-

position of organic matter when a temperature approaching body heat is
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attained, coliform bacteria can multiply, possibly te as great an
extent as in the human body. This problem offers a large field for
research.

Taylor (1942) concludes that it is incorrect tosay that any soil
is beyond doubt free from all pollution, as some workers have described
their samples, for every portion of the globe is open to pollution from
faeces of birds and wild animals, or the washings therefrom, and it is
well known that such faeces may contain sevemlmillions of coliforms
per gram. The most noticeable point concerning the coliform content of
the soil is the rarity of coliform bacteria in solls not obviously
polluted. It thus appears that where there has been no pollution there
are no coliform bacteria.,

Where pollution of the soil has been recent it has been generally
found that E. coli types have been greatly in excess of other coliform
types; after the initial pollution of the soil a gradual mortality of
all types occurs, but the evidence seems overwhelming that E, coli types
are the first to die and that intermediate and Aerobacter types may sur-
vive mach longer. The relative proportions of these types may vary
according to the time which has elapsed since pollution occurred, the
elimate, and the type of soil and its reaction.

Taylor (1951) concludes that there is now sufficient experimental
evidence to discredit statements that soil is the natural habitat of
A. aerogenes or intemmediate types of coliform bacteria.

Mallmann and Litsky (1951) conclude that the only organisms, other
than coliform bacteria, that could be used as indicators of faecal con-

tamination in soil were the enterococci; these organisms died out rapidly
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in soil, while the coliform bacteria used in their tests persisted in
soil for long periods, Virulent typhoid bacteria died out in scil much
more rapidly than did the enterococci, Mair (1908) previously reported
that Salmonella typhosa could survive in natural soils in large mumbers
for about twenty days, and in small numbers for seventy to eighty days.
Melick (1917) found that the longevity of the typhoid bacillus in soil
depended on the source and the strain, and Creel (1912) reported that,
under ideal conditions, the typhoid bacillus survived thirty-one days
in soil, Mallmann and Litsky (1951) found that thelongevity of the
coliform organisms, the typhoid bacilli, and the enterococci in soil

was prolonged by an increase in the organic content of the soil,

Viability of Adventitious Pathogens in Sea Water

It is the consensus that there are no &utochthonoué marine bacterie
capable of infecting man, but the literature is replete with contra-
dictory accounts of the;viability of adventitious pathogens in seawater.
Some workers claim that seawater is highly lethal for bacteria from land-
dwelling animals, while others have presented data which indicate that
such bacteria can live almost indefinitely in the sea. Several factors
which influence the survival of bacteria in seawater mmst be taken into
consideration to reconcile these divergent views. The bioclogical proper-
ties of seawater may vary widely; the synthetic, diluted, or autoclawved
seawater used in many of the experiments may not have been the same as
natural seawater,

DeGiaxia (1889) observed that enteric bacteria perish quiekly in

the sea, He found more than 100,000 bacteria per ml. of seawater fifty
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meters from a sewage outfall in the Gulf of Naples, 26,000 at a dis-
tance of 350 meters, and fewer than 100 per ml. 3,000 meters from the
sewage outfall. Controlled experiments showed that Bacillus anthracis
and Vibrio cogma were unable to compete with saprophytes in polluted
seawater; Salmonella typhosa and pathogenic species of Staphylococcus

were even less resistant. The period of survival was a function of the
organic content and bacterial population of the water. In grossly
polluted water these organisms survived for less than 24 hours.

In a sumary of the experiments of various authors, Frankland and
Frankland (1894) concluded that, in general, human pathogens do not sur-
vive as long in seawater as in fresh water. Soper (1909), hewever,
found that the virulence of Salmonella typhosa was not reduced by ex=-
posure to seawater in two or three weeks.

Beard and Meadowcreft (1935) designed experiments to simmlate
natural conditions in polluted seawater, and noted a rapid dipimution
in numbers of both Salmonella typhosa and Escherichia coli, although
some of each survived for more than a month., The test bacteria were
suspended in freshly collected, unfiltered water from San Francisco
Bay in semi-permeable membrane cells, which were immersed in the bay.
The death rate of the bacteria was invariably higher in unfiltered .
water which was sterilized by passage through an L-3 Chamberland candle,

Zobell (1936) noted that, although 99.9 per cent of the sewage
organisms were killed after two days suspension in seawater, a few
survived for nearly a month,

Carpenter, et al. (1938) found that 80 per cent of the organisms
in sewage were killed by natural seawater within thirty minutes. Walesman

and Hotchkiss (1937) noted that fresh seawater exerted a marked
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destructive effect upon the cells of marine bacteria; this effect
followed an initial rise in numbers, Seawater sterilized by heat
or by filtraticn through a Berkefeld filter, and prepared salt water,
had no destructive effect upon the bacteria. Krassilnikov (1938)
found that water from the Black Sea was germicidal for terrestrial
bacteria until boiled. He stressed the importance of the organic
content of the water as a factor affecting the survival of bacteria.

Stryszak (1949), whose previous work indicated that protozoa
played an important part in the destruction of Salmonella organisms
in the Gulf of Gdansk, Pcland, reported that the protozea were rela~
tively inactive at a temperature below 3.5° C. At these temperatures
the count of S, enteritidis, S. typhi, and S, paratyphi B added to sea~
water rose during the first 48 hours, whereas at temperatures between
5.5 Co and 18.59 C, there was in most cases a rapid fall. Typhoid
epidémics arising from polluted water are said to occur most often in
the cold season., Stryszak also observed that the greater the amount of
organic matter and of saprophytic bacteria in a water, the larger were
the numbers of protozoa and the quicker was the elimination of the
pathogens.

A report by Peso et al. (1949) contains an historical survey of
the search for pathogenic intestinal bacteria in sewage and water, In
the early days of this century successful isolations were obtainable
only from sewage, but in more recent times, as bacteriological media
have become more efficient, there are mere records of the recovery of
these organisms from river water and seawater, Findings are not all in

agreement, but Peso and his associates conclude that, ingeneral,
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practically all Salmonella typhi erganisms disappear within four to
six days, but that they survive for a longer period at a low temper-
ature and when other microorganisms, particularly protozoa, are not
present, Nevertheless, according to seme reports this organism has
been isolated from such an enviromment after several weeks and even
months. Little experimental work has been done with dther species
of Salmonella, but it is suggested by Peso et al. that as they are
more robust, for the most part, than S. typhi they may survive in
water and sewage longer than the latter organism. Reported outbreaks
of water-borne dysentery prove that Shigella can survive in sewage and
water for a sufficiently long time to be a danger teo health,

Survival of Coliform Bacteria in Seawater

Zobell (1946) considers thet the sanitary significance of the
coliform bacteria in seawater depends up satisfactory answers to two
important questions, Firstly, do the intestinal tracts of marine
animals harbour coliform organisms, and secondly, how long do coliform
bacteria of terrestrial origin survive in the sea?

Browne (1917) reported that E. coli was absent in seawater speci-
mens from Buzzard'!'s Bay and Vineyard Sound, Massachusetts; E. coli was
found in only 39.8 per cent of 93 fish which he examined, and the
presence of these bacteria in the fishes'! intestines seemed to be a
function of the amount &nd type of food present. Gibbons (1934) con=
cluded that coliform bacteria are present cnly fish from contaminated
waters, Griffiths and Fuller (1936) detected only a few coliform
bacteria in commercial fish, and concluded that E. coli is not a normal

intestinal inhabitant of marine fishes.
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Zobell (1941) failed to find coliform bacteria in any of 961
samples of seawater collected at stations remote from any possibility
of terrigenous contamination. Large numbers of coliform bacteria were
found in polluted bays and estuaries. E. coli was found only in "feedy"
fishes taken relatively near shore. In the opinion of ZeBell, coliform
bacteria do not constitute part of the normal bacterial flora of marine
fishes, although such bacteria may survive for considerable periods of
time if ingested.

Land drainage, and raw and partially-treated sewage, contribute
huge mumbers of coliform bacteria to the sea, Warren and Rawn (1938)
estimate from their data that enough coliform bacteria are discharged
by sewage effluents along the west coast of the United States each day
to give more than a hundred for every liter of water in the Morth
Pacific Ocean, if evenly distributed. Comparable sanitary conditions
were found on the east coast of the United States by Weston (1938).

In fact, however, such organisms are found only in bays, harbeurs, and
tide water, which are often heavily polluted,

Data ebtained during extensive surveys around the Hyperion cutfall,
sumnerized by Knowlton (1929), show the rapidity with which coliform
bac’oerié succurb to the sea, The Hyperion outfall carries raw sewage
from nearly two million inhabitants of Los Angeles a mile into the ocean.
Millions of coliform bacteria per ml., are found near the sewer outlet,
but the number decreases with distance from the outlet much more rapidly
than can be explained by dilution. Coliform bacteria were never traced
more than a mile or two from sewer outfalls in the open ocean. A com=

mission appointed by the California State Bureau of Sanitary Engineering
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(1943) reported that only in solids and greases were coliform bacteria
able to awrvive forlong periods of time in the sea, Dienert and Guillerd
(1940) conducted similar experiments in Europe; they concluded that,
while seawater is neither antiseptic nor inimical to E. coli, sewage
discharged into the sea is rapidly purified by predatory organisms,
sedimentation, a.nd dilution. Vaccaro et al. (1950) came to essentially
the same conclusions. They also found that bactericidal activity was
most marked during the warm summer months, and that this activity was
abolished if the water was autoclaved.

Doudoroff (1940) demonstrated that a Tairly constant fraction of
the total number of bacteria in a fresh-water culture of E, coli could
reproduce on direct transfer to asaline medium.

Weiss (1951) reported that a study of the adsorption of E. coli
by river and estuarine silts led to the conclusion that, in the range of
turbidities usually encountered in natural waters, E, coli is adsorbed
to the particulate matter, and the rate of sedimentation is increased.
Silts suspended in sea water generally showed a decreased capacity to
adsorb.

Suckling (1943) stated that B. coli type I does not remain viable
as long in water as does Intermediate type I or B. aerogenes type I.
Taylor (1952), however, concluded that B. coli type I appears to survive

much longer in water than was originally thought.
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The Coliform Index as a Measure of the Pollution of Shellfish

and Shellfish Growing Waters

Oysters, in common with other molluscan shellfish, are liable to
pollution with sewage. If such polluted shellfish be eaten, in an un-
cooked or partially cooked conditidn, by human beings, serious or even
fatal illness may, and from time to time, does ensue, It is therefore
obvious that the consumption of such shellfish is highly undesirable,
not only in the interests of the individual consumer who may contract
disease from the shellfish, but also in the interests of the general
public, amongst whom the disease may indirectly be spread.

A mass of epidemiological evidence has been accumulated, especially
since 1893, which places the causal relationship between polluted shell-
fish and the incidence of certain outbreaks of disease beyond reasonable
doubt. The disease predominantly associated with the consumption of
polluted shellfish is typhoid or enterid fever, It mmst be borns in
mind, however, that polluted shellfish are potentially liable to convey
any infection which may exist in sewage and which can produce disease in
man if introduced by mouth. Thus shellfish may be, and frequently are,

a dangerous food; the importance of limiting their fishing to areas shown,
by bactericlogical and sanitary engineering surveys, to be free from
sewage contamination cannot be over-emphasized,

Considerable difference of opinion has arisen over the wlidity of
the Standard Methods test for the presence of members of the coliform
group as an index of faecal pollution in shellfish and in shellfish grow=-

ing waters, Many of those who have studied shellfish pollution problems
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in more southern waters have long been convinced that high scores based
on the entire coliform group may have little value as indicators of
faecal pollution of shellfish, especially where water temperatures rise
rapidly to a high level during the summer menths. Hunter (1939)

states that, while the coliform bacteria have long been considered the
only bacterial group which can be used with even a reasonable degree of
accuracy as a measure of pollution, if envirommental factors tend to
permit or promote multiplication of the normal flora of organisms, to-
gether with the coliform contaminants, an interpretation of the sanitary
significance of the coliform group becomes difficult.

Eliot (1926) reported that B, cloacae were often found in oysters
when B, ¢oli and B, aerogenes were absent, and considers that the presence
cf this coliform type in market oysters can be disregarded.

Perry and Bayliss (1936) correlated B. coli and coliform determina~-
tions with sanitary survey information in a comprehensive survey of oyster-
producing areas in Chesapeake Bay, Maryland. No significant correlation
between the doncentration of coliforms in oysters and various degrees of
pollution was found. There was a fair correlation between the concentra-
tion of coliform bacteria in seawater, and pollution. During the summer
months there was a large increase in the numbers of coliform bacteria in
both seawater and oysters; enormous increases in the coliform content
of oysters were noted when the wster temperature rose above 70° F., in
both grossly-polluted and relatively-unpolluted areas. At such times
many oysters from waters of unquestionable purity were Judged as grossly-
polluted. A close correlation was, however, found between the concentra=

tion of E, coli in both oysters and water and the amount of pollution.
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Perry and Bayliss considered that the observed increase in the coliform
group in both the water and the oysters may indicate that self-purifi-
cation of the oysters was taking place, They concluded that the coli=-
form group tends to distort and magnify the picture of real pollution in
water when temperatures are high, while in oysters it may indicate gross
pollution when in reality such does not exist,.

The investigations of Perry (1939) indicate that many coliform
bacteria, particularly of the B, cloacae type, are present in shell
oysters and shucked market oysters when the temperature exceeds 60° F.;
Perry concludes that these bacteria are without significance as indices
of pollution,

Tennant (1949) found that there was a close relationship between
water temperature and the coliform bacterial content of soft shell clams;
when water and mud temperatures remained low, the Standard Methods test
for coliform bacteria provided a significant index of sewage contamination,
but when water temperatures reached a eritical threshold level, mmltipli-
cation of coliform bacteria within the clams occurred.

On the other hand; other investigators state that any content of
coliform bacteria, however,atypical, in a water or food sample indicates
fascal pollution. Gard and Nilssen (1942) particularly stress this view-
point. Data presented by Parr (1938), Bardsley (1948), Taylor (1942,
1951), and other investigators previously cited in the present review,
all support this conclusion.

Wattie, Arcisz, and Dallas (1949) report that an increase in the
eoliform index of seawater is followed by an increase in the coliform

bacterial content of the shellfish, usually within 24 hours; this response
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appeared to be independent of the water temperature at temperatures
below 20° C, The per cent increase in coliform density in seawater was
followed in many instances by a similar per cent.increase in the numbers
of coliform bacteria in the shellfish, A decrease in the coliform
density of the water was followed by a drop in the coliform content of
the shellfish within 48 to 72 hours and, in some instances, within 8
hours,

Because of the diversity of opinion regarding the wlidity of the
Standard Methods test for coliform bacteria as an index of sewage
pollution, it was deemed most impertant that further experiments to

clarify the issue be carried out.

Enteric Pathogens in Water, Sewage and Shellfiqg

During the period of establishment of the coliform group as an
indicator of polluted seawater and shellfish, considerable effert was
devoted to the isolation of enteric pathogens, particularly Salmonella
typhosa, and to the relative rates of decrease of coliform bacteria
and enteric pathogens under various conditions. The introduction, in
1927, by Wilson and Blair of their bismuth sulphite agar medium stim-
ulated a number of investigators during the next ten years to study the
isolation of certain enteric pathogens. These workers were successful
in isolating S. typhosa from sewage and polluted waters, using various
modifications of the Wilson-Blair medium,

Each anmual report of the London Metropolitan Board Laboratories
from 1927 to 1938 contains some reference te the isolation of enteric
pathogens from water supplies. Wilson (1929), and Wilson and Blair

(1931) reported numereus isolations of S. typhosa from polluted waters



and shellfish. Green and Beard (1938) reported the isclation ef S,
typhosa from Palo Alto sewage in nine of fifty-one one ml. samples;
Ruchhoft (1934) reported isolations in two 0.1 ml. samples of Chicago
activated sludge, while Heukelekian and Schuloff (1935) reported the
failure to isolate S. typhosa from the sewage of fifteen municipalities
in 0.1 ml. amounts., Hajna (1935) isolated S. typhosa from six of twenty-
two samples of crude sewege from Baltimore. Mom and Scheeffer (1940)
reported an extensive series of isclations from sewage and from river
weter at Bandoeng, Dutch East Indies, where the morbidity rates for
typhoid are approximately thirty cases per thousand per year., Mom and
Schaeffer, and Wilson (1933) stress the relationship betwsen the typhoid
morbidity rate and the concentration of S. typhosa found in the sewage
of the community.

Dodgson (1938) cites several epidemiological instances of the pro-
longed survival of virulent typhcid bacilli in mussels and oysters. His
experimental evidence indicates that S. typhosa survived in oysters,
mussels, and other shellfish in seawater for more than three weeks.
Hunter and Harrison (1928) related several instances of the demonstration
of typhoid bacilli in shellfish. They record evidence for the survival
of the typhoid bacilli in oysters for from nine to forty-two days, and of
E. coli for from seven to seventeen days. Tonney and White (1925) found
that the longevity of S, typhosa in the shell liquor of both shucked and
shell oysters in storage varies with the tempefature at which they are
kept. Ingeneral, the temperature best suited for the preservation of
the shellfish tends to prolong the life of the typhoid bacilli in the
oysters, At 45° F., S. typhosa survived for twenty-two days in shucked

oysters, and for sixty days in shell oysters.
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Shell oysters artificially contaminated with typhoid bacilli by
floating for one hour in sea water to which typheid bacilli had been
added, and then placed at ice-box temperature were found to contain
living typhoid bacilli for as long as twenty-four days by Jordan (1925);
there was no e vidence of maltiplication, and after the first days a
dimimation in numbers was plainly apparent.

An account of eight cases of typhoid fever, caused by eating raw
clams dug from the Thames River not far from a sewer outlet, appears in
the Annual Report of the Comnecticut State Board of Health for 1927.
Clams dug from a posted area along the shore of a New Haven harbour
caused the first recorded death from typhoid fever in Connecticut for
1948 (2). One case of typhoid fever from infected oysters, five cases
from mussels, and one hundred and six cases from clams were finally 
considered to have been infected by eating shellfish originating from
condemned.areas in the harbour of the city of New York from 1933 to the
end of 1948; these cases are exclusive of typhoid fever cases from shell-
fish which were obtained from peddlers or other persons whose source of
supply could not be traced, or investigations which could not be
thoroughly completed, An unestimated nmumber of food poisonings and other
gastro-inestinal illnesses traceable to eating of shellfish from uncerti-
fied areas is known to have occurred during this period, but statistics
could not be assembled as many such cases were not reported to the Public
Health authorities (123).

The studies made by Kehr and Butterfield (1943) of the available
data in the literature emphasize the basic value of the coliform test as

an index of the possible presence of pathogens in seawater and shellfish
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and indicate that a very real danger may exist when coliform bacteria
are present in even moderately high concentrafions. The factor of
safely provided by the ratio of a million or so coliforms present in
faeces and sewage for each S. typhosa would, it is believed, take care
of the usual fluctuations in the ratio of S, typhosa to the coliforms,
provided the density of coliform bacteria in the ingested food be kept
low or eliminated entirely by methods which reduce the general
bacterial population.

While it has gemerally been accepted that pollution of animal
origin was not so potentially dangereus as pollution of human origin,
the literature is quite extensive on the presence of members of the
Salmonella group in ducks and duck droppings. Edwards et al. (1948)
report on fifty-six outbreaks of salmonellosis in ducks, frem which
13 Salmonella types were isolated; all of these types are recorded as
having been associated with outbreaks of salmonellosis in humans,
Pathogenicity of Salmonella from ducks is more directly demonstrated
by Mallam (1946), Scott (1930), and Snapper (1944), who cite cases of
human salmonellosis resulting from the ingestion of duck eggs or food
prepared from them.

Of particular significance from the standpoint of pollution is
the method of infection of these eggs. Both Mallam and Scott agree
that the prime origin of Salmonella in eggs is faecal material.

Hilbert (1939) reports occasional S. anatum infections among
Long Island ducke, while Hansen (1942) and Clarenberg (1939) report
Salmonella infections ranging from one to five per cent in ducks in
Burope and the United States, These reports indicate that it is quite
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comnmon for ducks to be heavily infected with Salmonella. Edwards et al.
(1948) state that birds constitute the greatest reservoir of paratyphoid
infection among the domestic animals,

Viable pathogenic types of Salmonella were isolated from the dis-
charges of duck farms and from the waters lmmediately adjacent to these
farms by Bidwell and Kelly (1950). They alse found it possible to re-
cover Salmonella bacteria one-quarter mile from the nearest duck farm.
Perhaps their most significant obgervation was the recovery of Salmonella
typhi-murium from a sample of oysters taken from an oyster bed considered
te be of satisfactory sanitary quality. This area received duck farm
wastes equivalent to the discharge of raw sewage from a town of more than

twenty thousand persons. Coliform bacterial numbers were excessive in

this same area.

Slew Lactose Fermentation by Coliform Bacteria

Borman et al. (1944) write that, "Avidity for lactose is a primary
differentiating character which has the weight of tradition behind it,
In addition, it is the basis for many practical procedures in the fields
of sanitary and of diagnostic bacteriologye. Procedures of practical and
theoretical importance reguire consideration of more than thé simple
ability to ferment laetose or the lack of it. The production of gas and
even the rate of its production are thus magnified in importance, Examin-
ation of the characteristics of the Enterobacteriaceae as a whole suggests
that loss or retardation of the ability to split lactose marks one of the

way-stations along the evolutionary path of these organisms - one of the



transition points between commensal and parasitic existence. Some
pathogens (including the Sonne dysentery organism and perhaps some of
the baracolon group) retain a certain degree of their original lactose-
splitting ability, and other pathogens, notably the Salmonella types,
occasionally yield lactose-fermenting variants which apparently have
regained a lost ancestral capacity. Cohversely, the generally accepted
view that an organism which rapidly attacks lactose is nqn-pathogenic
has proved to be so nearly correct that it is seldom questioned.”

Parr (1936, 1938) has made an extensive study of slow lactose
fermenters from faeces, and reports that they frequently appear at times
of crisis in the faecal flora. From that point of view they are admittedly
a sign of potential danger. On the other hand, Griffin and Stuart (1940)
encountered few aberrant strains from faecal material, and report that
their incidence in non-faecal sources is extremely high; they prefer to
consider the anaerogenic strains of Aerobacter and intermediates as pos-
sible links in a putative evolutionary chain. One strain of A. aerogenes
type I1 was maintained for a period of two years during which time it was
frequently checked for constancy of reaction. At the end of this period
an anaerogenic variant appeared which was serologically end biochemically
identical with the parent strain except in gas preduction from carbo-
hydrates.,

It is thus apparent that delayed or weak fermentation of lactose by
coliform organisms has long been recognized, yet the sanitary significance
of such organisms in water and in milk and other foods has been extremely
puzzling, Stuart et al. (1940) report that many water laboratories express

doubt of the sanitary significance of cdliforms producing less than ten per
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cent gas in presumptive tests, on the grounds that these organisms were
usually found in waters where the sanitary survey indicated that the
water was of good hygienic quality., On the ether hand, these writers
consider that some significance dould be attached to these organisms on
the ground that they may represent attenuated cultures that might be
easily rejuvenated under natural conditions, It is frequently postu-
lated that envirommental factors, such as chlorination, storage, and the
presence or predominance of extraneous organisms, account for the slow
or weak fermentation of lactose by coliform bacteria, When pure cultures
react in this manner they are considered by Stuart and his associates to
be attemuated, degraded, or devitalized with respect to lactose, espe-
cially when the ability bto ferment lactose rapidly is acquired after
serial transplanting in lactose broth. In some cases it is true that
the culture as a whole becomes a rapid fermenter through the resteration
of a temperarily-lest adaptive enzyme (lactase). The fact that slow fer-
mentation of lactose by a coliform strain may be as inherent and fixed a
property in that strain as is rapid fermentation in another strain, is
overlooked by many bacteriolecgists., Consequently, Stuart and his associ-
ates conclude that to disregard slow or weak lactose fermenting bacteria,
particularly in the presumptive test, may be dangerous.

In routine water examinations coliform bacteria must compete in the
lactose broth tubes with other bacteria which usually outnumber them by
about 100 to 1, and, although growings they may not attain the density
necessary for the production of gases In a lare number of tests in
lactose broth, Chambers (1950) found that the minimum density of coliform

bacteria with which gas production was first observed was 40,000,000 per
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ml.; the mean and median values were about 170 million per ml. These
densities were about forty per cent less than were required when
brilliant green bile broth was used. The production of even a small

embunt of gas in the presumptive test appears to be significant,.

The Membrane Filter Method in Sanitary Bacteriology

The removal of bacteria from liquids by filtration thfough a
membrane prepared from a derivative of cellulose is not a new process.
Reviews by Bigelow and Gemberling (1907), Pierce (1927), and Ferry
(1936) credit Fick in 1855 with the application of collodion membranes
in biological investigations. Numerous modificaticns for the improve=-
ment of the membranes wers suggested by the various investigators,

Zsigmondy and Bachman (1918) developed a method for the prepara-
tion of a membrane that could readily be adapted to commercial produc-
ticn., Filtration procedures using the Zsigmondy membranes were suggested
for the determination of total bacterial counts, for coliform bacteria
determinations, and for the isolation of pathogenic bacteria, from water
and other fluids. Such procedures were used extensively in Germany.

Goetz and Tsuneishi (1951), during cooperative investigations in
Germany and the United States of America, designed filtration equipment
for holding the membranes during filtration, and developed an improved
membrane; these investigators then applied the molecular filter membrane
method to the bacteriological analysis of water.

Clark et al. (1951), Clark and Kabler (1952), and Kabler and Clark
(1952) reported on a series of studies in which the Goetz Membrane

Filter Method was used for the sstimation of coliform bacteria in water
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and sewage., Selective media for the enumeration and differentiation of
the coliform group and Salmonella typhosa were described. Clark and
his associates report that their improved membrane filter technigue
allows the quantitative removal of bacteria from river and well water,
and from sewage; large quantities can be easily and routinely examined.
Methods of cultivation are relatively rapid and simple; coliform deter-
minations require approximately 18 hours in place of the 3 or 4 days
required by the Standard Method. In general, Clark et al. contend that
the membrane filtration method provides a substantial reduction in time,
material, equipment, labour, and space required for the bacteriological
analysis of water and, at the same time, that the method will be more
certain and precise in results than are the methods now in use,

Woodward (1952) found that, although the membrane filter method
gives coliform results of the same order of magnitude as the dilution
method, the differences between the results by the two methods frequently
is greater than can be explained by the inherent variability of the deter-
minations. On the basis of the average coefficient of variation of the
membrane filter results, the precision of a one-membrane filter determin-
ation is roughly the same as that of a thirty-tube Most Probable Number

determination.

Enterococci as an Index of Pollution

Because of dissatisfaction with the coliform index of pollution,
a number of investigators have engaged in a search for a more mreliable

criterion of pollution than the coliform group.
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Some workers consider that the enterococci (faecal streptococei)
may prove to be the solution to the problem of a more certain index of
faecal pollution. This group of organisms was first reported by Lawes
and Andrews (1894). Six years later, Houston (1900) reported that
faecal streptococci were readily found in polluted waters and seemingly
absent in non-polluted waterisamples. The work of these and other
British workers led Suckling in 1943 to state:

"Streptococci are used as an indicator of pollution on the same
grounds as Bacterium coli, namely:

1. They are present in faeces and sewage and are found in
known polluted waters.

2. They are not found iﬁ pure waters, virgin soil, and
sites outside of contact with human and animal life.

3, They do not mltiply outside the animal body (except
in such media as milk),."

In the United States, Winslow and Hunnewell made the first report
on these organisms in 1902, Since then, several methods of isolation
have been suggested, and in 1939 Darby and Mallman suggested the use of
selective media which would permit the enterococci to grow without com-
petition from certain other bacteria, Four years later, Hajna and
Perry (1943) proposed their "SF Medium”, which they reported to be
highly selective for enterococci if the incubation temperature was 459 C.

In 1944, White and Sherman indicated that a medium containing
penicillin was highly selective for this group of organisms. The possi-
bilities of such a medium for routine use in sanitation bacteriology led

Winter and Sandholzer (1946) to investigate it in detail; they found
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that faecal streptococci were present in all of the samples of human,
domestic~animal, and wild-animal faeces that were tested, and that soils
of virgin wooded areas did noct contain enterococci, whereas the soil of
pasture land did. In faecal samples, enterococci were ocutnumbered
approximately a hundred times by coliform organisms. It is of interest,
however, that samples of polluted water taken right at the source of
pollution had an average enterococci count twenty times that of the
average coliform count; then, as the distance from the point of pollu-
tion increased, numbers of enterococci decreased more rapidly than did
coliform mumbers, so that beyond a hundred yards or more the coliforms
were greater in number. These workers concluded that the enterococci
may serve as a more specific and reliable index of faecal pollution
than the coliform bacteria, even though the former may be present-in
fewer mumbers than the latter in polluted areas,

Data obtained by Ostrolenk, Kramer, and Cleverdon, (1947) show
excellent correlation to exist between sanitation and recovery of both
E, coli and enterococci. Enterococci in artificially contaminated
soils and in normal faeces appeared to survive longer than E. coli
under identical conditions,

Investigations by Ostrolenk and Hunter (1946) demonstrated that
faecal streptococci are common in the excreta of ten animal species,
and that they occur in significant numbers, These authors consider
that, although the faecal streptococci are generally outmumbered by
the coliform bacteria, their resistance to chemical agents, and possibly
to other environmental factors, makes them of sanitary significance as

indices of faecal pollution, Brown and Gibbons (1949) report that the
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examination of 162 egg powders from various sources revealed that one
hundred per cent contained enterococci in relatively large numbers,
while 26.5 per cent were negative for E. coli, and 25.9 per cent con=
tained less than one per gram. Brown and Gibbons concluded that, in
egg powder, enterococci seem to furnish a better index of the number
of organisms of faecal origin in the liquid egg than E. coli or the
coliforms, Clark, Geldreich, and Jeter (1949) report that the entero-
coccus content of stored raw sewage showed a greater percentage reduc-
tion in any given period than the coliform bacteria., They suggested
that the presence of enterococci in water indicates more recent sewage
pollution than if only coliform organisms are present,

Geldrich, Reading, and Malaney (1950), in a comparative study of
the confirmed coliform test, the EC reaction, and the enterococcus test,
concluded that, in the daiiy examination of a water supply which varied
in pollution density, the confirmed coliform test is the most sensitive
and the enterococcus test the least sensitive of the three indicators,
Lattanzi and Mood (1951) compared enterococci and E, coli as indices of
water pollution. They found that a positive correlation existed be-
tween the two tests, and that a high E. coli index will usually predict
a correspondingly high enterococci index. Density of E, coli will
approximate sixty-three times that of enteroccocci. More skill is needed
in carrying out the enterococcus test, but the time required for its
completion is less than for the B. coli test.

Clark, Reading, and Kabler (1950) found that the elimination of
the staining procedure in the positive confirmatory test for the entero-

cocci did not change the Most Probable Number of 322 samples examined,
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They concluded that the increased expenditure of time and materials
for the preparation of the Gram-stained smears from the slant—broth
culture tubes is not warranted, and that the slight error introduced
is without practical significance. Cremer and Southgate (1950) found
that growth with formation of acid in sodium azide broth incubated at
459 C., was an almost specific test for enterococci.

Several outbreaks of food poisoning of a mild type in which
enterococel were the predominant organisms isolated from the suspected
foods are described in a paper by Buchbinder et al. (1948). The liter-
ature was discussed in some detail, and it was pointed out that, in
several instances in whieh the organisms were c losely identified, they
were found to be enterccocci.

The relatively small numbers of food poisoning outbreaks reported
as caused by Streptococcus faecalis is, however, in sharp contrast to
the widespread occurrence of this organism in nature. Some success in

producing experimental Streptococcus faecalis food poisoning in man is

presented in a paper by Osler et al, (1948); symptoms of acute gastric
or intestinal disturbance, or of both, were produced in six, or possibly
seven, of twenty-six human volunteers who ate foods in which strains of
S, faecalis had grown for five hours. These workers concluded that
these results confirmed the etiological role of S, faecalis in naturally-
occurring outbreaks of food poisoning. Dangler and Steffen (1948) con-
sider that the enterococci may be as important as the stephylococci as

causal organisms in outbreaks of food poisoning.
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Land-wash Pollution of Shellfish Growing Areas

It has been pointed out by Koser (1927) that surface washings may
be undesirable even though strictly "faecal" organisms are not found,
and that the presence of coliform bacteria beyond certain limits, irre-
spective of type, shows the existence of undesirable conditions, On
the other hand, there are a number of reports of the finding of coliform
bacteria, sometimes in fairly large rumbers, where no source of contamin-
ation could be found and where the water was judged to be good sanitary
quality. In many instances these reports have been dismissed with the
assutiption of undiscovered sources of contamination; it is probable in
some cases that periodic landwash pollutibn was responsible for the large
coliform counts recorded. Koser suggests that differential tests might
aid in the interpretation of such results,

The initial sanitary quality of the run-off water from any catch-
ment area depends upon the extent to which the surface area is polluted,
Gainey and Lord (1952) state that there is never any run-off from frost
or dew; also, precipitation in the form of snow often melts so slowly
that all the moisture either vaporizes or seeps into the soil with no
run-off, whereas an equivalent quantity of water falling as rain over
the same period of time may result in significant land-wash. A tenth
of an inch of rain falling within a few minutes often results in no run-
off, while two inchee® falling over the same period may be largely lost
as run~-off, Two inches of rain falling as a slow drizzle over a period
of twenty-four hours might be readily absorbed by the soil, whereas if

it fell within an hour most of it would run off,.
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Gainey and Lord point out that the steeper the grade, the larger
will be the percentage of rain lost as run-off, In a forest or grass-
land area where there is a heavy stand of vegetation either living or
dead, the surface covering offers great resistance to the run-off of
wster, even though the amount and rapidity of rainfall and contour of
surface are conducive to a rapid run-off. On the other hand, when the
land is under cultivation, and where during a large portion of the year
the land is bare, the conditions are almost ideal for maximum land-washj;
in the case of heavy rains, almost one hundred per cent of the water may
be lost in this way if the surface is of a hard, tight clay structure,
It has been estimated that under average conditions the run-off water
equals one-sixth of the precipitation.

Following heavy rains, the mumber of bacteria gaining entrance
from surface washings from cultivated soil may overshadow all other
sources, Soil usually contains one to one hundred million bacteria per
gram capable of growing aerobically on nutrient agar. A suspension of
one gram of soil per liter of water would thus contain from one to one
hundred thousand bacteria per ml. Gainey and Lord (1952) point out
that an ordinary muddy river water may contain in excess of this amount
of soil. Furthermore, where there is much faecal material on the surface
of the il, this is carried along with the soil into streams, lakes and
harbours., A billion coliform bacteria per gram of faeces is not excep-
tional (Gainey and Lord, 1952); assuming that one gram of bird faeces
containing this number was uniformly distributed in a reservoir of

12,000,000 gallons of water, and that the organisms remained viable until
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tested for, they could be readily detected by the standard procedure,
and such a water would contain twice as many coliform bacteria as is

tolerated by most drinking water standards.



EXPERIMENTAL

A. Methods
Selection of Oyster Producing Areas for Study

Two areas in Prince Edward Island, Vernon River (including Orwell
River and Orwell Bay), and Pinette River, were selected for study
(Fig. IIa). Both areas contain river, estuary, and bay systems sur-
rounded by farm and pasture lands and scattered wood lots. The only
known potentially-dangerous foci of human pollution are at and above
Vernon Bridge, on Vernon River. Serious land-wash polluticn was noted
in both areas during surveys made by the author in 1951 (190), Confliet-
ing bacterioldgical and sanitary engineering observations have made the
definition of closed and open areas difficult, Both areas include many
features which could be considered typical of most oyster-producing areas
in Prince Edward Island, New Brunswick, and Nova Scotia.

Establishment of Fixed Sampling Stations

Seventy-two fixed water-sempling stations were established in the
Vernon River area, and thirty-seven similar stations were established in
Pinette River. The sampling stations were selected in a mamner calculated
to provide adequate coverage for all sectors in the s tudy areas (see Figs.
I and II). All stations were fixed on the maps by means of landmarks.

Oysters from fixed stations on each of threé oyster beds in each of
the test areas were sampled periodically during the study period.

Six soil sampling stations ( A - F inclusive) were established on

the Vernon River watershed (see Fig. I).



PIGURE I - VERNON RIVER AREA, QUEENS COUNTY, PRINCE EDWARD ISLAND

@ SEAWATER SAMFLING STATIONS 1-72
OYSTER SAMPLING STATIONS 48, 66, 68

SEAWATER SAMPLING STATIONS
(SALINITY DETERMINATIONS) 18, 25, 31, 41, 54, 71

SCALE (APPROXIMATE) - 1,000 feet to 3/8 inch
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FIGURE II - PINETTE RIVER AREA, QUEENS COUNTY, PRINCE EDWARD ISLAND

@ SEAWATER SAMPLING STATIONS 1-37
OYSTER SAMPLING STATIONS 7, 8, 16

SEAVWATER SAMPLING STATIONS
(SALINITY DETERMINATIONS) 7, 9, 19, 25, 37

SCALE (APPROXIMATE) - 1,000 feet to 7/16 inch
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FIGURE II (a) =

MAP OF PRINCE EDWARD ISIAND
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Bacteriological Examination of Shellfish Growing Waters
a. QCollection and Transportation of Samples

Samples of seawater from fixed sampling stations in the study
areas were collected at low tide in sterile glass bottles, Sampleslwere
kept at a temperature of 10° C, or lower, and were examined bacteriolog-
ically as soon as possible after collection. All samples were tested
within six hours of the time of collection.

be Determination of Most Probable Numbers of Coliform Bacteria

Water samples were taken from each of the fixed sampling stations
in the two study areas periodically during the investigation. Examina-
tion for coliform bacteria was made according to the Confirmed Test
Procedure presented in the American Public Health Association Standard
Methods for the Bacteriological Examination of Shellfish and Shellfish
Waters (l9h7), with five-tube series of Bacto-Lactose Broth in at least
three dilutions, and confirmation in Bacto-Brilliant Green Lactose Bile
(2%) Broths The mumbers of coiiform bacteria were expressed is the most
probable numbers (M.P.N.!'s) per 100 ml. of sample. M.P.N.!'s were deter-
mined from the table of most probable numbers given by Hoskins (1934).
Thirteen surveys were made in the Vernon - Orwell area, and ten in
Pinette River (for results, see Tables III to VI inclusive),

¢. Salinity and Rainfall Determinations

Water samples were taken periodically during the study from six
sampling stations in the Vernon -~ Orwell area, and from five sampling

stations in Pinette River, for salinity tests.
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Salinities were determined with a standard salinometer, and the
readings were corrected for temperature., Corrected salinity values
are reported in Table II (a and b).

Daily rainfall data for Queens County, Prince Edward Island, as
recorded by the Experimental Farm Service at Gharlottetown, are re-

ported in Table I.

d. Determination of Most Probable Numbers of Enterococci

The test developed by Winter and Sandholzer (1946) for the
emumeration of enterococci was used during the present investigation.
The test iécludes: |

1. A presumptive test in which the production of acid, and growth
turbidity, in a sodium azide enrichment medium after incubation at h5° C.
vas interpreted as the presence of enterococci.

2. The pesitive presumptive tests were confirmed by inoculating a
slant-broth preparation of a penicillin-sodium azide confirmation medium,
Pin point colonies on the slant, and growth sediment in the broth, were
interpreted as confirmed positive evidence of the presence of
enterococcei,

Preparation of Media: Dehydrated prepared media supplied by Difco

Laboratories, Detroit, U.S.A., was used.
1. Bacto-Enterococci Presumptive Broth (normal strength).
0.5% Dextrose
0.5% Tryptone

0.5% Yeast Extract
0.04% Sodium Azide
0.0032% Brom Thymol Blue
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The mediun was tubed in 7 ml., amounts, and autoclaved at 15 pounds
pressure for 15 mimtes,

2. Bacto-Enterococci Presumptive Broth (double strength).

A concentrated medium, containing the same ingredients as the
normal strength medium, was prepared by increasing the percentage of
each ingredient twofold., The concentrated medium was tubed in 10 ml.
amounts, and autoclaved at 15 pounds pressure for 15 mimtes,

3. Bacto-Enterococci Confirmatory Agar and Broth.

(i) Agar slants
0.5% Dextrose
0.5% Tryptone
0.5% Yeast Extract
0.04% Sodium Azide
0.001% Methylene Blue
1,5% Agar

The mddium was tubed in amounts forlong-surfaced slants, auto-
claved at 15 pounds for 15 minutes, and slanted.

(11) Broth

The broth medium differs from the slant medium in having no agar,
and in having 6.5 per cent s odium chloride added. The medium was auto-
claved at 15 pounds for 15 mimutes in flasks, and cooled to room temper-
ature. 650 units of penicillin per liter of medium were added, Suf-
ficient broth to cover one-half of the slant was added aseptically to
each slant preparation.

Procedure: Replicate water samples taken from a number of the

fixed sampling stations in the study areas (twenty-three in the Vernon -
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Orwell area, nineteen in Pinette River) during each survey were examined
for enterococci. Tubes of the presumptive enrichment broth were inocu-
lated with the same sample dilutions in the same manner as in the Stand-
ard Methods Presumptive Tests for coliform bacteria (177). The inocu~
lated tubes were incubated at 45° C. in a water bath, and observed
periodically after eight hours for the production of acid, as shown by

a yellow colour in the broth, and for growth, as indicated by turbidity.
Negative tubes were discarded after incubation for 24 hours. The produc-
tion of acid and turbidity was interpreted as a positive presumptive
test,

As soon as a positive reaction was noted, a loopful of the sediment
at the bottom of the tube was transferred to the broth of the slant-
broth preparation and the loop zig-zagged on the surface of the slant as
the loop was withdrawn. The inoculated Confirmatory cultures were then
incubated at 37° C., and examined after incubation for 24 hours for pin
point colonies on the slant and for sediment growth in the broth. The
numbers of enterococci were expressed as most probable numbers (M.P.N.'s)
per 100 ml, of sample. M.P.N.'s were determined from the table of most
probable numbers given by Hoskins (1934). Enterococci M.P.N.'s are
recorded in Table VI,

e, Determination of Coliform Numbers by Membrane Filtration

The membrane filter method for the enumeration of coliform bacteria
in water, developed at the United States Public Health Service Environ=-
mental Health Service (EHC), Cincinnati, was used during the present

investigation. The procedure has been described by Clark and Kabler

(1952).
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The stainless steel filter apparatus used during the study was
manufactured by the Leslie R, Burt Company, Arcadia, California. It
consisted of a funnel and a receptacle.

Filter membranes manufactured by the Lovell Chemical Company,
Watertown, Massachusetts (Millipore Filters, Hydrosol Assay Type,

48 mm,, grid marked), and absorbent pads made by Schleicher and Schuell,
Keene, New Hampshire (No. 470, 48 mm.), were used during the
investigation.

Medias The examination of water for coliform bacteria by the
membrane filter method was performed in two steps with two media. Double-
strength medium with 0.5 per cent lactose was used for enrichment. The
formmla for this nutrient is:

Bacto-Pepton® sesecesseccscossescosssscsccosceses LO gme

Bacto-Yeast AUbOlySate ceeececessvavescssesesncens O g

Dipotassium hydrogen phosphate seseecccscescccees 3 gnie

Sodium Chloride secsceseessscssccsscsscsccossccsns 5 gnm.

LactoSe secescessvecssssscsannsoasnnsenascsoncanne 5 gm.

Distilled water seeescssscccccesasscosescnsses 1,000 ml,

The pH was adjusted to 7,0 with potassium hydroxide, and the
medium was tubed in 30 ml. quantities and sterilized in the autoclave
for 15 minutes at 121° Ce

The Endo broth used during the present study consisted of a basal
medium and two solutions (Clark et al., 1951), The basal medium

contained:
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BactO—La.Ctose 0.00..0".00...0!0.0000.000000000.. 20 @.
BaCtO-NeOpeptone O00se0c0000000CCIRIORIRORROEOERNSEDNITOES 20 gnl
POt&BSium dihYdrogen phOSphate e0 00000 s00000000 7gn10

Distilled water «.sceeeececcssscescserescssnesse 1,000 ml,

The pH was adjusted to 7.0 with potassium hydroxide, and the
medium was tubed in 30 ml, quantities and sterilized in the autoclave
for 15 minutes at 121° C,

The Endo medium was prepared by mixing 30 ml. of basal broth,

1 ml, of sterile 9 per cent sodium sulphite solution, and a sufficient
quantity of fuchsin solution. Basic fuchsin solution was prepared by
dissolving 3 grams of basic fuchsin in 50 ml. of alcohol and adding
sufficient water to make 100 ml. The fuehsin-sulphite ratic is emitical
in the finished medium. Each new lot of dye sclution was titrated to
determine the exact quantity to be used. This titration consisted of
adding 1 ml, of sulphite to each of a series of the basal broth tubes,
Starting with 0.7 ml. of the fuchsin solution in the first tube, the
quantity added was increased by 0,1 ml, in each tube of the series until
2 ml. were added to the last tube., Membranes having a constant number
of coliform and non—-coliform organisms were cultivated on medium from
each tube, The optimum dye concentration was based on maximum recovery
of coliform bacteria with best differentiation,

Procedure: All material and equipment used in the membrane filter
technique was sterilized. Membranes were sterilized by gentle boiling
in water, All other equipment was sterilized in an autoclave for 15
mimites at 121° C, Thé filtration apparatus was wrapped in heavy kraft

paper and sterilized at the end of each day; Clark and Kabler (1952)
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have shown that it is sufficient to rinse the funnel with 30 te 50 ml,
of sterile dilution water between individual filtrations, leaving the
membrane in place., Sterilization of the funnel between filtrations
was therefore not necessary,

The size of the seawater sample examined depended on the expected
bacterial density and on the amount of silt present in the water. The
volumes examined ranged from 25 ml., to 100 ml,

The stetile funnel base was mounted on a filter flask connected
to a water tap aspirator. The sterile MF membrane was placed, grid side
up, on the porous carbon disk, The funnel was then assembled by means
of a bayonet locking device.

The sample of water to be tested was poured into the funnel, and
a vacuum was applied to the system. The sample filtered very rapidly
unless it contained a high concentration of suspended solids, When the
membrane appeared dry, the funnel was removed, and the membrane was
picked up with sterile forceps and placed on a previously prepared
mitrient pad,

Sterile absorbent pads were placed in the sterile bottom half of
a 60 x 15 mm, Petri dish. 2.2 ml. of the Albimi M enrichment medium
was pipetted into each dish, so that the pad became completely saturated
with medium, and a ®light excea® of the liquid was visible around the
periphery of the pad. The membrane was carefully removed from the
funnel base with sterile forceps and placed, with the grid side up, on
the wet nutrient pad. Care was taken to ensure that no air was trapped
between the membrane and the pad., The sterile Petri dish top was placed

over the bottom of the dish, and the assembly was incubated for two hours
at 37° C, in an atmosphere of saturated humidity.
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At the end of the two-hour enrichment period, the membrane was
transferred to a sterile Petri dish containing an absorbent pad satur-
ated with 2,2 ml. of Endo broth. Incmbation was contimued for 12 to
15 hours in the same incubator. Coliform colonies appeared on the
purplish-red membrane as dark red colonies with a golden metallic re-
flection (sheen). Colonies of other organisms that were not completely
inhibited by the fuchsin-sulphite medium appeared without sheen,

Water samples taken on various dates between August, 1952 and
July, 1953, from the same fixed sampling stations (twenty-three in the
Vernon-Orwell area, nineteen in Pinette River) selected for enterococci
determinations, were examined for coliform bacteria by the membrane
filtration method. All colonies with a typical metallic sheen were
counted as coliform bacteria. Colony counts are reported, as MF coli-
form counts per 100 ml., of sample, in Table VIII (a and b).

f. Confirmation of Positive Lactose Broth Cultures in Eijkman Broth

Positive lactose broth cultures obtained from Standard Methods
Presumptive Coliform Tests made on water samples from selected sampling
stations in the Vernon-Orwell area during the 1953 study were transferred
to Bacto-Eijkman Broth, Inoculated Eijkman broth fermentation tube cul-
tures were incubated at 44° C. for 24 hours, Fermentation with the pro-
duction of gas was recorded. Most probable numbers of Eijkman-positive
coliform bacteria were determined for each sample, for comparison with
coliform most probable numbers obtained by Standard Methods confirmation
of the same positive lactose broth cultures in Bacto-Brillian Green Bile

(2%) Broth. Eijkman most probable numbers appear in Table XXVI (a and b),
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Bacteriological Examination of Oyster Specimens

a. Collection and Transportation of Specimens

Specimens of oysters from Stations 48, 66, and 68 in the Vernon-
Orwell area, and from Stations 7, 8, and 16 in Pinette River, were
collected at low tide. Eight to ten oysters constituted a sample. The
oysters were fished from the oyster bed with an oyster rake, and immed-
iately placed in heavy kraft paper, wax-lined bags for transportation
to the laboratory, All specimens were tested within six hours of the
time of collection.

b. Preparation of Qyster Samples

A1l oysters were thoroughly scrubbed with stiff-bristled brushes
under a stream of water of known bacteriological purity. The brushes
were sterilized in an autoclave, or by immersion for at least five
mimites in boiling water. Cleaned oysters were placed on clean paper
towels and allowed to dry in the air of the laboratory,

Oysters were shucked directly into a tared sterilized Waring
Blendor jar; sufficient oysters were shucked to provide 200 grams of
oyster meats and shell liguor for each sample. Commercial oyster
shucking knives sterilized in the autoclave were used to open the
oysters, 200 grams of sterilized one per cent saline solﬁtion were
weighed into the Blendor jar to make & 1 to 2 dilution. The jar was
placed on the Waring Blendor, and the contents ground for one mimute
at the standard motor speed. The resulting homogeneous mixture, and
decimal diluticns in one per cent saline, were used to inoculate the

test medis.
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c. Determination of Coliform Most Probable numbers

Examination for coliform bacteria was made according to the
Confirmed Test Procedure presented in the American Public Health
Associati on, "Standard Methods for the Bacteriological Examination
of Shellfish and Shellfish Waters" (1947), with five-tube series of
Bacto-Lactose Broth in at least three dilutions, and confirmation in
Bacto~Brilliant Green Lactose Bile (2%) Brothe The numbers of coli-
form bacteria were expressed as the most probable mumbers (M.P.N.!'S)
per 100 grams of sample, M.P.N.'s were determined from the table of
most probable numbers given by Hoskins (1934). M.P.N.'s are recorded
in Tables X and XI,

d. Determination of Enterococci Most Probable Numbers

Oyster:.samples were tested for enterococci by the Winter-Sandholzer
procedure outlined in Bacteriological Examination of Shellfish Growing
Waters (D). The numbers of enterococci were expressed as M.P.N.'s per
100 grams of sample; these are recorded in Tables X and XI,.

e, Determination of Coliform Plate Counts

Duplicate 2 ml. porticns of a lrto 2 dilution of the oyster sample
were plated in sterile Petri dishes with sterile Violet Red Bile Agar
(Difco). The agar was thoroughly mixed with the sample by gently tilting
and rotating the plates. The mixture was allowed to solidify at room
temperature, A thin layer of the same agar medium was then poured over
the surface and allowed to solidify. The plates were then inverted, and
incubated at 37° C, for 24 hours, Typical dark-red subsurface colonies
were counted under a Quebec colony counter. Results were expressed as

coliform bacteria per gram of sample. Coliform plate counts obtained

from oyster specimens appear in Tables X and XI,
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f. Confirmation of Positive Lactose Broth Cultures in Eijkman Broth

Positive lactose broth cultures obtained from Standard Methods
Presumptive Coliform Tests made on oyster specimens during the 1953
study were confirmed in Eijkman Broth (Difco), as described in Bacter-
io}ogical Examination of Shellfish Growing Waters (F). Most probable
rumbers of Eijkman-positive coliform bacteris were determined for each
sample; M.P.N, values appear in Table XI.

Bacteriological Examination of Soil Specimens

Soil specimens were collected periodically from six fixed sampling
stations (A - F inclusive) on the Vernon River watershed, Specimens
were taken from the top one-inch of the soil surface with sterile spoons,
and were transferred to sterile wide-mouth glass jars for transportation
to the laboratory.

Ten-gram samples of soil were weighed into tared dilution bottles
containing 90 ml. of sterile water, and thoroughly shaken. A series of
decimal dilutions of the initial 1 to 10 dilution was prepared, and
duplicate 1 ml. portions of each dilution were plated in sterile Petri
dishes with sterile Violet Red Bile Agar (Difco). The ager was thoroughly
mixed with the inoculum by gently tilting and rotating the plates. The
mixture was allowed to solidify at room temperature, A thin layer of the
same agar medium was then poured over the surface andadlowed to solidify.
The plates were then inverted, and incubated at 37° C, for 24 hours,
Typical dark-red subsurface colonies were counted under a Quebec eoiony
counter; results were expressed as coliform bacteria per gram of sample,

Twenty-gram portions of the same soil specimens were weighed on

tared metal wighing dishes, dried to constant weight in an oven; and
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reweighed, The moisture content of each sample was determined, The
observed coliform plate counts were corrected for the per cent moisture
content of the soil samples, and are reported, on a dry weight basis,
in Table XIII, |

Bacteriological Examination of Faeces Specimens

Specimens of seagull, chicken, horse, swine, cattle, and human
faeces were collected from the Vernon River watershed. A total of forty
faeces samples, and one sample of sewer sludge, were collected and ex~
amined during the investigation.

Specimens were transferred from the collection site to sterile
glass bottles by means of sterile spoons.

Ten-gram samples of faecal material were weighed into tared dilu-
tion bottles containing 90 ml. of sterile water, and thoroughly shaken,
A series of decimal dilutions of the initial 1 to 10 dilution was pre-
pared, and duplicate 1 ml. portions of each dilution were planted in
sterile Petri dishes with Violet Red Bile Agar (Difco). The agar was
thoroughly mixed with the inoculum by gently tilting and rotating the
plates, The mixture was allowed to solidify at room temperature. A
thin layer of the s ame agar medium was then poured over the surface and
allowed to solidify. The plates were then inverted, and incubated at
37° Co for 24 hours, Typical dark-red subsurface colonies were counted
under a Quebec colony counter; results were expressed as coliform
bacteria per gram of sample.

Twenty=-gram portions of the same faeces specimens were weighed on
tared metal weighing dishes, dried to constant weight in an oven, and re-

weighed. The moisture content of each sample was determined, The



75

observed coliform plate counts were corrected for the per cent moisture\
content of the faeces samples, and are reported, on a dry weight basis,
in Table XIV,
Isolation and Classification of Coliform Bacteria

Coliform bacteria isolated from water, oyster, scil, and faeces
specimens by the procedures outlined above were classified according
to their biochemical reactions. All strains were subjected to the
following tests:
a. Indole Test (Kovacs)

Bacto-Tryptone Broth in a 1 per cent concentration was tubed in
5 ml, quantities and sterilized in the autoclave for 15 mimtes at
121° C, Inoculated tubes were incubated at 35° to 37° C, for 24 *

2 hours,

The Kovacs test reagent was prepared by dissolving 5 grams of
paradimethyl-amino benzaldehyde in 75 ml. of amyl alcohol, and adding
25 ml, of concentrated hydrochlofic acid. 0.3 ml. of the reagent was
added toeach tryptone broth culture, and the tube allowed to stand for
ten minutes.- A dark red colour in the amyl alcohol surface layer con-
stituted a positive indole test; retention of the original colour of
the amyl alcohol reagent constituted a negative test.
be Methyl Red Test

M.R. - V.P, Medium was prépared by dissolving 17 grams of dehy-
drated Bacto=M.Re -~ V.P, Medium in 1,000 ml. of distilled water. The
medium was tubed in 6 ml, quantities and sterilized in the autoclave
for 15 minutes at 121° C, Inoculated tubes were incubated for 5 days

at 30° ¢,
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Five drops of methyl red solution (prepared by dissolving O,1
gram of Bacto-Methyl Red in 300 ml. of 95 per cent methyl alcohol and
diluting to 500 ml. with distilled water) was added to 5 ml. of culture.
A positive (acid) reaction was indicated by a distinct red colour, while
a negative reaction was indicated by a yellow colour.

c. Voges-Proskauer Test

One ml. of the M,R. - V.P, Medium culture prepared in (B) above
was transferred aseptically with a sterile one ml. pipette after the
culture had been incubated for 48 hours. To 1 ml. of culture were added
0.6 ml, of 5 per cent a-naphthol in absolute ethyl alcohol, and 0.2 ml.
of LO per cent potassium hydroxide. The development of a crimson to ruby
colour in the mixture from 2 to 4 hours after the addition of the reagents
constituted a positive test for acetyl-methyl-carbinol. Results were read
not later than four hours after the addition of the reagents.

d. Citrate Test

Bacto-Simmons Citrate Agar was prepared by dissolving 24.2 grams
of the dehydrated medium in 1,000 mi. of distilled water. The medium was
tubed in 7 ml. quantities, sterilized in the autoclave for 15 minutes at
121° C., and allowed to cool in a slanting position. The agar slopes
were Jghtlyinoculated with the test cultures by means of a standard loop,
and incubated at 35° to 37° C. for 72 hours. Growth was indicated by
eolony formation and a change in the colour of the medium from its
initial green to a deep blue,

e, Gelatin Liqufaction Test

Bacto-Nutrient Gelatin was prepared by dissolving 128 grams of

the dehydrated medium in 1,000 ml. of distilled water. The medium was
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tubed in 5 ml., quantities and sterilized in the auntoclave for 15
minutes at 121° C, Stab inoculations with the test organisms were
made, and the inoculated tubes were incubated at 35° —~ 37°C, for seven
days. After incubation the tubes were placed in a refrigerator to de-
termine whether or not the gelatin was still capable of solidifying.

f. MacConkey Broth 44° C, Test

Bacto-MacConkey Broth was prepared by dissolving 35 grams of the
dehydrated medium in 1,000 ml, of distilled water. The medium was dis-
pensed in fermentation tubes in 7 ml. quantities and sterilized in the
autoclave for 15 minutes at 121© C. A fermentation tube of the medium
was inoculated with a pure coliform culture and incubated in a care-
fully regulated water bath maintained at a temperature of 44 * 0.5° for
48 hours, Production of gas constituted a positive result, Production
of acid was demonstrated by the adour of the medium changing to yellow,

Before the coliform strains were subjected to any of the abéve
tests they were purified by re-plating on Bacto-Tryptone Glucose Extract
Agar, Single, discrete colonies were picked to Tryptone Glucose Extract
Agar (Difco) slopes before transfer to the test media.

Survival of Coliform Types in Synthetic Seawater

Synthetic seawater was prepared as follows (ZoBell, 1946):

Distilled water (H0) 1,000.00 grams
Sodium chloride (NaCl) 232 M
Magnesium chloride (MgCl,.6H30) 10,99
Sodium sulphate (NaQSOh) L,06
Calcium chloride (CaCly.6éH,0) 2,25 "

Potassium chloride (KC1) 0,69
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Sodium bicarbonate (NaHCO3) 0420 grams
Potassium bromide (KBr) 0,10
Strontium chloride (SrCl,.6Hy0) 0.042 "
Boric acid (33303) 0,027 "

The distilled water was sterilized in the autoclave for 15 minutes
at 120 C. and cooled to room temperature before the addition of the
reagent grade chemicals. After the chemicals had been dissolved by
gentle heating and thorough mixing, the synthetic seawater was dispensed
aseptically in sterile 500 ml, Erlemmeyer flasks (250 ml. per flask).
Sterile foil-covered rubber stoppers were used to seal the flasks., Con=
trol tests indicated that coliform bacteria were absent in 100 ml. of
the synthetic seawater,

Each flask was inoculated with 1 ml. of a 24 hour nutrient broth
culture of a purified coliform strain isolated during field studies in
Prince Edward Island. One ml. quantities of each synthetic seawater
culture, and decimal dilutions, were plated in duplicate on Bacto-Violet
Red Bile Agar., All plates were incubated at 35.5° to 37° C, for 24 hours
and examined by transmitted light. Purplish red coliform colonies were
counted from the dilution giving 30 to 300 colonies per plate, where
possible. The coliform counts from duplicate plates were averaged, and
the results were expressed as coliform bactéria per ml. of synthetic
seawater,

The flasks were placed on a machine shaker in a cold room (temper-
ature 38° to 40° C.); mechanical shaking provided an undetermined

amount of aeration of the cultures,
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Portions of culture were removed aseptically from each flask
periodically during the duration of the experiment, and tested in the
manner outlined above; tests were continued until coliform bacteria
were absent in 4 ml. of synthetic seawater for two consecutive tests.
The mean percentage survival of coliform types were calculated for
each test interval., Two separate experiments, in which a total of
16 strains were tested, were conducted; results are reported in Tables

XXVIII to XXXI inclusive, and in Figures V (a) and V (b).



B. Observations and Results
1. Rainfall

Rainfall in Queen's County, Prince Edward Island, as recorded
by the Dominion Experimental Farm Service at Charlottetown, is tabu-
lated in Table I. Heavy local precipitation on the Vernon River water-
shed on May 20, 1953, was not recorded at the Charlottetown station.

So little rain fell during July, August, and September, 1952,
that land-wash pollution from farmlands to the study areas was
negligible. A considerable amount of precipitation occurred in all
Queents County, P.E.I., areas in April, 1953, but during May and June,
1953, very little rain fell., The soil remained moist during May, how-
ever, and a local rainstorm over the Vernon River watershed on May 20,
1953, caused moderate land-wash pollution in the Vernon River system.

2. Salinity Determinations

Salinity values determined for Vernon River and Pinette River sea-
water specimens during the investigations are recorded in Tables II (a)
and II (b).

3. Coliform Most Probable Number (MPN) Determinations
from Seawater Specimens

a, Vernon River (including Orwell River)

For purposes of discussion, t he Vernon River system was divided into
four sectors, A, B, C, D, (Table III). Tables IV (a) and IV (b) reveal
that, during the July 24 to October 9, 1952, period, a considerable vari-
ation in low-tide coliform M.P.N.!s occurred in water samples, Only
negligible numbers of coliform bacteria could be isolated from water

samples taken from all sectors of the river system on July 24 and July 29,
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TABLE I - RAINFALL, CHARLOTTETOWN, PRINCE EDWARD ISIAND, PORTIONS OF 1951, 1952, AND 195%. RAINFALL IN INCHES

DATE RAINFALL DATE RAINFALL TDATE RAINFALL DATE RAINFALL DATE RAINFALL DATE RAINFALL DATE RAINFALL DATE RAINFALL

June, 1951 July, 1951 Sept., 1951 June, 1953 July, 1952 Sept., 1952 May, 1953 June, 1953
1 «17 20 1,60 1 +83 2 « 60 13 «16 5 «15 5 .01 14 « 25
3 « 31 29 «02 3 +30 3 92 15 «06 8 16 6 +05 15 17
4 .14 30 «02 4 +21 4 «02 19 01 11 14 12 209 22 223
7 « 38 5 .01 7 o 64 20 «04 12 201 13 18 26 « 06
8 23 August, 1951 7 + 33 8 «18 21 « 03 13 + 02 14 « 10
9 13 16 o477 9 +01 29 + 83 15 »35 15 51

15 «12 1 «82 17 +10 10 «39 16 «19 17 16
16 «26 2 46 23 «30 11 .06 August, 1952 17 o 14 18 «76
17 « 02 6 «02 24 +«16 13 +01 20 37 13 05
24 «20 9 « 62 26 «25 15 +26 1l «05 22 +08 ¥20 03
25 « 78 14 «48 28 «07 16 07 3 +15 22 02
26 «31 15 « 03 29 02 18 41 6 +20 October, 1952 23 43
AR/ 218 21 .04 7 «07 24 26
July, 1951 18 35 October, 1951 22 «05 8 + 03 3 57 29 13
19 +03 23 01 13 « 28 4 17
1 « 65 22 2.40 5] .01 25 «03 17 «15 8 47 June, 1953
2 1.53 23 « 12 8 + 30 26 .02 18 1.96 14 02
3 » 04 28 38 9 07 27 14 22 «0L1 16 61 2 +05
5 49 30 18 12 14 23 13 19 +03 7 «43
6 1.20 31 21 13 .06 July, 1952 24 «13 20 41 8 03
12 +27 20 .04 30 18 21 +10 11 «04
13 «45 25 47 5 16
14 «01 il 1,19
TOTALS: 1951 1952 1953 ¥ Heavy local precipitation in the Vernon
- River Area on May 20, 1953
May 278
June Be 05 3.86 1026
July £.28 2.48
August 6.28 3¢ 34
September 3. 05 1.6l

Cctober 1.09 2.38




TABLE II (a) - VERNON RIVER SALINITY DATA
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Salinities (Grams per kilogram of Seawater)

Sampling
date Sampling Station

18 25 31 41 54 i Average
16952
July 24 2642 2642 27,7  26.3 2645 19.6 25.4
July 29 27.9 27.9 29,1  26.3 25.2  18.4 25.8
Aug. 5 27.3 27.18 2844 2443 21.7 10.9 2343
Aug, 21 26.3 2643 2745 2642 26,0 15.4 246
Sept. 9 25.9 27.0 26.8 25.7 21.8 16,7 24.0
Sept.25 26.6 27.8 27.7 2645 25.7 .8 2&.9
Oct. ¢ 2Tk 2746 277 249  23.7 13.0 2h.1
Mean 1952
Salinities 26,8  27.1  27.8 25,7 el 1545 206
1953
‘May 15 26,7 26,8 277 2643 27.0 12.3 2he 5
May 18 261 26,8 28,1 @ 26.2 2545 155 2he7
May ' 21 2547 26,2 28,3 25.7 243 12.4 23.8
June 4 27.1 26.8 27.0 2643 25.5 15.7 2.7
June 9 25.0 27.0 16.3 2he9  20.7 9.5 2046
Mean 1953
Salinities 26.1 26,7 _ 25,5  25.9 24,6 13.1 23.7
Area Sector B D D C C A -




TABLE II (b) - PINETTE RIVER SALINITY DATA

Salinities (Grams per kilogram of Seawater

Sampling Sampling Station
date
7 9 19 25 37 Average

1952

July 26 23.3 25.8 19.2 27.1 27.2 2he5
July 31 19.1 23.0 16,5 25.8 27.1 22.3
Aug, 6 Rle2 2545 21.5 26,8 28,0 25.2
Aug. 14 19.6 24,7 17.9 25.9 273 23.1
Aug, 27 14.0 23.4 14.0 23.4 26,0 20.2
Sept. 10 17.0 23ehy 16.8 27 25.9 21.6
Sept. 24 15.8 22.3 15.8 2347 2645 20.8
Oct. 14 A7 26.1 18.3 274 275 24.8
g:i?nizzgs 19.7 24.3 17.5 25.6 26.9 22.8
1953

June 16 22.8 25.9 22.1 26.0 2647 2.7
July 1 2542 2644 23.0 2644 28.4 26,0
g:i?nizgzs 24.0 26,2 22.6 2642 27.6 25.5




TABLE III - VERNON RIVER AREA

Section Water Sampling
Stations

Description

l - 5 incl.
A 67 - 72 incl.,
(11)

Vernon River, upstream from
a straight line drawn between
Oyster Monuments 6 and 7.

6 - 21 incl.
37 - 39 incl.
6‘} - 66 iHClc

Remainder of Vernon River,
upstream from a straight line
drawn between Oyster Monuments
1l and 3, and not including
Orwell River upstream from a
straight line drawn between
Oyster Mormument 4 and Brush
Wharf,

B (22)
LO - 63 incl.
c (24)

Orwell River, upstream from
a straight line drawn between
Oyster Monument 4 and Brush
Wharf.

22 - 36 incl.
D (15)

Orwell Bay, to the seaward
side of a straight line drawn
between Oyster Monuments

1l and 3.
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TABLE IV (a) - SEAWATER SPECIMENS, SECTORS A AND B, VERNON RIVER AREA. COLIFORM DATA

MOST PROBABIE NUMBER OF COLIFORM BACTERIA FER 100 ML. SEAWATER

SECTOR | STA.

June July July Auge Avg. Sept. Sept. Oct. Mean May May May June June June Mean

21, 24, 29, 5, 21, 9, 25, 9, MPNs, 15, 18, 21, 3, 4, 9, MENs,

1951 1952 1952 1952 1952 1952 1952 19852 1952 1953 1953 1953 1953 1953 1953 1953

A 1 920 26 <l.8 240 79 33 25 49 6443 95 220 79 350 14 170 154,77
2 240 17 14 540 79 49 17 70 107.9 33 33 79 220 7.8 130 8348
3 250 13 17 240 49 23 17 130 69, 7 24 33 33 540 22 70 22240
4 540 17 13 49 21 33 17 70 31l.4 26 110 46 22 7.8 33 40.8
5 170 14 4.5 280 49 33 22 46 6441 23 7.8 240 70 4.5 22 61.2
67 350 7.8 17 170 110 49 33 540 122.5 1600 350 350 130 4,5 350 464.1
68 280 14 4,5 350 130 110 33 220 123,1 1600 110 540 110 11 130 488,5
69 920 49 11 350 140 110 33 120 116.4 540 110 240 920 23 350 36348
70 350 5.8 2 350 170 110 139 170 135.4 350 220 1600 350 33 170 453.8
71 1600 33 33 540 170 110 95 170 164.4 180 540 140 170 79 1600 451.5
72 540 130 46 920 240 79 79 240 247.7 540 240 350 350 70 920 411, 6
6 350 11l <l.8 49 11 13 4.5 110 28.4 23 15 240 14 2 33 5445
B 7 140 4 2 17 23 13 2 49 1547 11 35 220 17 2 13 49,3
8 130 4,5 <l.8 110 7.8 33 11 79 35.0 11 23 130 23 4,5 110 50.3
9 110 2 <l.8 23 2 13 11 130 25,9 31 22 350 17 2 33 75.8
10 110 4.5 2 13 4 13 4 130 24.4 13 14 240 22 4 49 57.0
11 64 4,5 <l.8 33 7.8 11 4,5 46 15.3 17 4.5 130 13 <1l.8 13 29. 6
12 140 4 <l.8 70 1.8 12 7.8 70 234 7 33 11 120 17 2 23 3640
12 49 2 2 26 13 7.8 4.5 23 1l.2 33 4,5 540 - <1,8 7.8 11%7,1
14 170 4 <1l.8 46 7.8 6e 8 2 23 12.8 1.8 1l 240 - <1.8 14 53.4
16 170 2 <1,8 33 2 6.8 4,5 53 1l.6 13 17 220 - <l.8 7.8 51.6
17 79 <l.8 1.8 33 13 4.5 1.8 17 10,2 4,5 22 170 - <1.8 13 41,9
18 23 <108 <1|8 4.5 2 11 4.5 905 4.5 '7.8 7.8 3% - 2 0 B ]_115
19 17 <l.8 <l.8 7.8 4.5 4,5 4.5 748 442 17 23 170 - <l.8 11 44,2
21 ll <108 9.5 <lt8 4.5 2 <l.8 4 208 7-8 7.8 110 el 2 4;5 26.4
37 70 <l.8 <l.8 4 4,5 4 1.8 4,5 247 2 7.8 33 - 4 4.5 10.3
38 33 2 <l.8 4.5 2 <l.8 2 748 246 7.8 2 11 - <1,8 4,5 5.1
65 240 <l,.8 1.8 4,5 4 4.5 2 7.8 3¢5 Dab 33 49 - 2 33 2445
66 920 <L.8 <l.8 33 7.8 3o 7 <l.8 7.8 745 2 2 49 - 2 1L 1342
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TABLE IV (b) ~

SEAVWATER SPECIMENS, SECTORS C AND D, VERNCN RIVER AREA. COLIFORM DATA

MOST PROBABLE NUMBER OF COLIFORM BACTERIA FER 100 ML. SEAWATER
SECTOR] STATION

June July July Aug. AUgZ. Sept. Sept. Oct. Mean May May May June June Mean

o1, o4, 29, 5, o1, 9, 25, 9, MPVs, 15, 18, 21, 4, 9, MPNs,

1951 1952 1952 1952 1952 1952 1952 1952 1952 1953 1953 1953 1953 1953 1953

C 40 79 <l.8 <l,.8 4,5 2 93 4,5 33 746 23 11l 79 <l1l.8 2 2340
C 41 49 2 <1l.8 13 2 2 1,8 110 18.7 17 14 79 2 <1.8 224
C 42 70 2 2 27 1.8 4.5 Se 28 948 748 4,5 13 <l.8 2 5¢5
C 43 49 2 2 130 13 14 6.8 22 27.1 17 4.5 17 2 17 11,5
C 44 110 2 4,5 240 942 49 26 130 6548 13 <1l.8 13 4.5 4.5 7.0
c 45 49 2 12 130 Qe 3 70 49 41 44,8 22 11 46 2 17 19.6
C 46 46 4,5 2 47 11 79 4,5 41 27,0 7.8 17 49 <1l.8 - 18,5
C 47 79 <1l.8 2 - 11 130 14 49 38.4 13 35 46 2 - 23¢5
c 48 170 2 4,5 - 11 170 445 - 320 13 11 23 4,5 - 12.9
C 49 33 2 4.5 - 68 - 2 - 3.8 - 21 150 4.5 - 51-8
C 50 49 11 648 - 4,5 - 13 - 8.8 - 13 140 2 - 51.7
C 51 130 4,3 33 - 13 - 33 - 20.9 - 23 240 46 - 10340
C 52 95 49 6.8 - 4,5 26 4,5 - 18.2 - 31 110 <l.8 - 47,6
c 53 130 <1l.8 648 - 13 46 11 - 15.4 11 11 170 <1.8 - 48,0
c 54 170 <l.8 7.8 - 7.8 17 648 110 24.9 11 9.3 23 2 - 11.3
C 55 240 2 6.8 350 4,5 95 17 49 74.9 7.8 49 79 1.8 - Bhed
C 56 110 2 <l.,8 350 4,5 33 21 22 61.8 17 33 13 <1,8 - 15.8
C 58 33 4,5 <l.8 140 2 7.8 648 33 27.7 2 17 17 2 17 11.0
c 59 33 2 <l.8 350 7.8 13 11 33 5945 4,5 33 49 <1.8 7.8 18.9
c 60 13 4,5 <l.8 240 4,5 14 4,5 27 42,1 17 49 46 4,5 2 234 7
G 6l 140 78 <l.8 o4 <1l,8 4.5 a8 &9 19,0 33 23 945 2 78 1040
c 62 23 648 2 49 2 748 Bal 33 15,2 943 13 13 1.8 2 7.8
C 63 49 <1.8 2 49 2 64 8 648 17 11,9 6.8 7.8 23 2 4.5 8.8
D 22 33 4.5 <1.8 2 <1.8 4.5 <148 Bel 24 548 14 280 <l.8 13 624 8
D 23 23 2 <l.8 4.5 4,5 2 <l.8 4 2.4 4 6s1 130 1,8 11 306
D 24 33 <l.8 <l.8 2 14 2 <1,8 2 2.9 4,5 7.8 240 4,5 <1,8 5le4d
b 25 13 <l.8 <l.8 2 1.8 2 2 445 1.8 <1l.8 1.8 170 <l.8 445 5043
D 26 12 <l.8 4 7.8 4.5 <l.8 2 2 249 6.8 6eB 49 2 2 1343
D 27 17 2 2 2 4.5 2 <l.8 601 2e7 4 4,5 170 2 <1.8 3641
D 28 2 <1,8 <l.8 <l.8 <l,8 4 <1l.8 2 0.9 2 <l.8 2 <148 <18 <l.8
D 29 2 <l.8 <Ll.8 <l.8 <1l.8 2 2 1.8 Qa8 <l.8 <1.8 4,5 <l.8 <l.8 <l.8
D 30 78 2 <le8 1.8 1.8 2 <1,8 4,5 le? <l.8 2 <l1l,.8 <l.8 <l.8 <l.8
D 31 6+ 8 <l.8 <l.8 <1,8 445 <l,8 4 4,5 1.9 33 <l.8 4,5 <1l,8 2 7.9
D 32 7.8 <l.8 <1l.8 <l.8 <l.8 2 <l.8 6.8 1.3 7.8 4.5 1.8 <l1.8 <l.8 2.8
D 33 70 <l.8 <l.8 2 <l.8 <l.8 <l.8 4.5 0.9 17 <l.8 13 <l.8 <l.8 6.0
D 34 13 4,5 <1l.8 2 4,5 2 2 4 2¢7 11 <1l.8 7.8 <l.8 2 4,2
D 35 49 <1l,8 <l.8 4,5 4 <l.8 445 1l 3.4 2 Bel 49 2 <1.8 11.8
D 36 13 <l.8 <l.8 4,5 1.8 3¢ 7 1.8 7.8 248 7.8 7.8 27 <l1l.8 <l.8 Be 5
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The coliform content of samples taken from Sectors A and C during periods
of spring tides on August 5 and October 9, 1952, however, reached a
significantly high level; on these dates the coliform M.P.N.!s of sea-
water samples from these two sectors approximated those obtained during
the survey of June 21, 1951, when moderate land-wash pollution occurred.
Coliform M,P,N.'s from water samples taken on three other dates (August
21, September 9, and September 25, 1952) are between these extremes; re-
sults obtained on August 21 approximate & mean value which would appear
to substantiate the sanitary engineering evaluation of the area,.

During 1953, there was a considerable variaticn in coliform M.P.N.!s
from seawater specimens taken at low tide in all sectors of the Vernon
River system, On June 4, seawater from all four sectors contained neg-
ligible mumbers of coliform bacteria; coliform M.P.N.'s ranged from less
than 1.8 to 79, and only two samples had M.P.N. values of more than 50,
M.P.N.'s from water samples taken in Sector A on May 15, May 18, June 3,
and June 9 ranged from 7.8 to 1,600, and 30 of L4 specimens gave M.P.N.'s
of more than 50; of 174 seawater specimens taken from Sectors B, C, and
D on these same dates, one specimen gave a coliform M.P.N. of 110, while
the remaining 173 samples gave M.P.N.'s ranging from less than l.8 to 49.
Heavy local rainfall on May 20, 1953, caused considerable land-wash on
the Vernon River watershed on May 21; water samples taken in all four
sectors on that date had coliform M.P.N.!s ranging from 9.3 to 1,600,.
and 38 of 72 specimens had coliform M.P.N.!'s of more than 50,

Twelve water samples were taken during the 1953 study from the
Vernon River at or above tidewater, and from streams flowing from 22
to more than 1,600, and only three samples had coliform M.P.N.!'s of

less than 50 (Table V),



88

b. Pinette River

| The coliform M.P.N.'s obtained from low-tide seawater samples
taken from 37 Stations in Pinette River during twelve sampling surveys
made in 1951, 1952, and 1953, appear in Tables VI (a) and VI (b).

Samples taken on September 24, 1952, had coliform M.P.N.'s ranging
from less than 1.8 to 280, and included ten samples with coliform M.P.N.'s
of more than 50; these results were similar to those obtained during the
routine sufvey of July 2, 1951, when moderate land-wash pollution occurred.
In contrast, coliform M.P.N.'s obtained from water samples taken during
seven other surveys made during the 1952 study period ranged from less
than 1.8 to 79, and only five (of 259) samples gave M.P.N.!'s of more than
50. Mean coliform M.P.N.'s calculated for the 37 sampling stations ranged
from less than 1.8 to 51.5, and in only one instance was the mean coliform
M.P.N. value more than 50.

Coliform M.P.N.'s from specimens taken on June 16 and July 1, 1953,
ranged from less than 1.8 to 170, and only L4 of 74 seawater specimens
gave coliform M.P.N.!'s of more than 50, Mean coliform M.P.N. values
calculated for the 37 sampling stations ranged from 1.0 to 93.5; enly two
stations had mean coliform M.P.N. values greater than 50,

L. Enterococci Most Probable Number (MPN) Determinations
from Seawater

The results obtained from the examination of s pecimens of seawater
for their enterococci content appear in Table VII (a and b),

Very low enterococci M.P.N.ts were obtained from seawater samples
taken in 1952 during eight surveys of 19 sampling stations in Pinette

River and seven surveys of 23 stations in the Vernon River system; no
close relationship with the coliform M.P.N.!'s obtained from the same

samples is evident.
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TABLE V - STREAM WATER SAMPLES, VERNON RIVER, 1953

Date Coliform Enterococci
Specimen of Source M.P.N. per M.P.N,
Number Sampling (Vernon River) 100 ml. per 100 ml,
1l May 11 "Above Road Bridge 49 Le5
2 May 11 Below Road Bridge 1,600 110
3 May 12 At Vernon Mill 22 <1l.8
L May 12 At waterfall, head
of Tidewater L6 <1.8
5 May 12 Mill pond, below
waterfall 21,600 130
6 May 12 Below Road Bridge 140 L4e5
7 May 29 At Waterfall, head -
of Tidewater 540 Le5
8 May 29 Below Road Bridge 540 L
9 May 29 Mouth of first
tributary Creek,
Vernon Tidewater 350 4L
10 May 29 Mill pond, below
waterfall 540 2
1 May 29 Tributary Creek
entering Vermon
River 1 mile above
Vernon Bridge 540 {1.8
12 May 29 Seal River, at

Source > 1,600 2
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TABLE VI (a) -

PINETTE RIVER COLIFORM DATA.

SEAWATER SPECIMENS, STATICNS 1-19

MOST PROBABLE NUMBER OF COLIFORM BACTERIA FER 100 ML. SEAWATER

St July July July Aug. Aug. Auge Sept. Sept. Oct. Mean June July Mean
23 26, 31, 6, 14, 27, 10, 24, 14, MFNgs, 16, 1, MFPNs,
1951 1952 1952 19562 1952 1952 1952 1952 1952 1952 1953 1953 1953
1 25 6.8 <1l.8 7.8 23 2 4.5 23 <1.8 8.4 23 23 23
2 70 748 1.8 6.8 2 1.8 7.8 13 <l.8 5.1 2 13 745
3 i 2 7.8 6.8 17 7.8 7.8 23 4 9.5 13 49 31
4 2l 4,5 4,5 7.3 14 7.8 4,5 79 7.8 16.2 13 33 23
5 49 2 4 79 14 11 4.5 49 <l.8 20.4 22 21 21.5
6 70 4 23 8.8 14 11 9.3 79 4,5 19.0 22 22 22
7 49 7.8 33 17 11 46 4.5 280 13 51,5 23 17 20
8 13 4,5 2 4,5 2 6.8 6.8 17 <l.8 545 7.8 7.8 7.8
9 7 2 2 13 1.8 2 4,5 13 4,5 5.4 23 7.8 15.4
10 49 <1l.8 4,5 7.8 4,5 7.8 11 13 4,5 6.6 4,5 33 18,8
n 140 2 13 13 13 6.8 4 33 4,5 15,1 23 23 23
12 33 4.5 7.8 14 B.8 4,5 2 46 <1l.8 10,7 13 23 18
13 46 7.8 14 13 14 70 4 140 7.8 3348 23 13 18
14 180 2 17 12 49 4,5 22 130 13 31.2 33 27 30
15 49 748 17 7¢8 17 33 7.8 170 4,5 3341 17 95 56
lé 110 4,5 33 49 27 33 49 79 23 372 11 170 90,5
17 33 23 33 7 17 21 23 70 13 27.1 748 17 12.4
18 79 4 17 46 31 17 17 110 23 33a 1 170 17 9345
19 110 7.8 1 79 17 70 33 79 70 45,9 70 22 46
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TABLE VI

(v) -

PINETTE RIVER COLIFORM DATA.

SEAWATER SPECIMENS, STATIONS 20-37

MOST PROBABLE NUMBER OF COLIFORM BACTERIA PER 100 ML. SEAWATER
STA.

July July July Aug. AUZ. Avg. Sept. Sept. Oct. Mean June July Mean

2 26, 31, 6, 14, 27, 10, 24, 14, MPNs, is, 1, MFNs,

1951 1952 1952 1952 1952 1952 1952 1952 1952 1952 1953 1953 1953

20 26 4,5 2 13 9.3 6.8 4,5 33 2 7.9 11 17 14,0
21 110 13 2 13 <l.8 4 2 13 2 Be1 7.8 11 9.4
22 23 2 2 7.8 2 2 4.5 7.8 4,5 4,1 4,5 2l 12.8
23 23 4.5 2 648 2 <l.8 <l.8 7.8 <l.8 2¢9 4 17 10,5
24 46 2 4,5 <l.8 11 1.8 4 4,5 <1.8 3¢5 4,5 13 B.8
25 8 7.8 2 13 <1l.8 2 <1.8 7.8 2 249 2 23 12.5
26 23 4,5 <l.8 2 <l.8 4,5 23 2 4,5 4,5 <l.8 23 11.5
27 11 <1l.8 <1.8 4,5 4,5 <1l.8 2 7.8 2 2.6 4,5 13 8.8
28 23 4.5 <l.8 2 2 <l.8 4 23 <1l.8 4,4 2 2 2.0
29 14 4,5 2 <l1.8 7.8 <1.8 2 4,5 <1.8 2.6 2 13 7.5
30 7 11 <l.8 4,5 <l.8 <1.8 <1l.8 2 4 2e7 2 7.8 4,9
3l 13 <1,8 11 2 4,5 1.8 2 2 4,5 %e5 4,5 4,5 4,5
32 2 2 2 2 2 2 <1.8 4,5 <l.8 1.8 2 2 2.0
33 13 4,5 <l..8 1.8 <l.8 <l.8 2 Bal 2 2el 2 7.8 4.9
4 8 4,5 <l.8 <1l.8 <l.8 <1l.8 4,5 4.5 Ba8 245 4,5 2 3e3
35 13 <l.8 2 33 <1,8 <1.8 2 <l.8 2 4,9 4,5 4 4,3
36 4,5 7.8 <l.8 49 <l.8 2 <1l.8 <l.8 2 7.6 7.8 <l.8 3.9
37 4.5 <l.8 4,5 2 <l.8 <l.8 2 4,5 <l.8 <l.8 2 <1l.8 1.0
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TABLE VII (a) -

VERNON RIVER ENTEROCOCCI DATA. SEAWATER SPECIMENS, STATICNS 1-71

MOST FROBABLE NUMBER OF ENTEROCOCCI PER 100 ML. SEAWATER

ST July July Aug. Auvg. Sept. Sept. Oct. May May May June June June Mean
24, 29, 5, 21, 9, 25, 9, 15, 18, 21, 3, 4, 9,
1952 1982 1952 1952 1952 1952 1952 1953 1953 1953 1953 1953 1953 MFNs
1 4,5 445 <l1.8 445 14 4,5 17 15 11 4 2 <1l.8 <1l,8 642
4 4.5 2 <l.8 2 17 7.8 33 4 3¢7 4.5 <1l.8 2 1.8 642
7 <1l.8 <l.8 <1l.8 2 6.8 1.8 2 2 4.5 2 <l.8 <1l.8 <1.8 <1.8
9 <l.8 <l.8 <l.8 2 4,5 <1.8 4.5 <l.8 <l.8 <l.8 <l.8 <l.8 <l.8 <1.8
12 2 <1,8 <l.8 <1.8 22 <1l.8 <l.8 <1.8 <l.8 l.8 2 <1.8 <1.8 240
15 <l.8 <l.8 <1.8 <l.8 4.5 <l.8 4,5 <1l.8 <l.8 <1l.8 <l.8 <1,8 <l.8 <1.8
18 <l.8 <l,.,8 <1.8 <l.8 6.8 2 2 <l.8 <l.8 <1.8 - <1l.8 <l.8 <1l,8
21 <1,.8 <1l.8 <1l.8 <1,8 <1,8 <1.8 <1l.8 <l.8 <l.8 <1l..,8 - <l.8 <l.8 <1.8
25 <l.8 <1l.8 <1.8 <1.8 2 <1.8 <1l.8 <1.8 <1.8 1.8 - <1l.8 <l.8 <1l.8
28 <l.8 <l.8 <l.8 <l.8 1.8 <1.8 <l.8 <1l.8 <l.8 <1,8 - <1.8 <1.8 <l.8
31 <1,.8 <l.8 <l.8 <1,8 2 1.8 <1l.8 <1.8 <1.8 <l.8 - <1.8 <1.8 <1l.8
35 22 <1.8 <l.8 <1l.8 2 1.8 <l,8 <1l.8 <l.8 <l.8 - <l.8 <l.8 <1.8
37 <l.8 2 <1.8 <l.8 9.2 1.8 <l.8 <l.8 <l.8 <1.8 - <l.8 <l.8 <1.8
41 <1.8 <l.8v <1.8 <1l.8 4,5 <l.8 <l.8 <1.8 <l.8 1.8 - <1.8 <1.8 <1l.8
44 4 2 <l.8 <l.8 848 <l.8 <1l.8 <1.8 <l.8 <l.8 - <1l.8 <1.8 <1l.8
47 4.5 4,5 <l.8 <l.8 748 2 1.8 <1.8 <1,.,8 <l.8 - <1.8 - 1.9
51 <l.8 <1.8 <l.8 <l.8 - - - <1,8 <le8 <l.8 - <l.8 - <l1.8
54 <1.8 <1.8 <1l.8 2 14 2 <18 <1.8 <1.8 <18 - <lew - <l.8
80 <l.8 <l.8 <l.8 <1.8 4 4.5 <l.8 <1.8 <1l.8 <1l.8 - <l.8 <l.& <l.8
64 <l.8 <1.8 <1.,8 2 2 <l.8 <l.8 <l.8 <l.8 <l.8 - <l.8 1.8 <1.8
66 <l,& 2 <l.8 <1l.8 2 <l.8 <1l.8 <l.8 <l.8 <l.8 - <l.8 <1.8 <l.8
68 4.5 7.8 <1l.8 6.8 17 1.8 92 4.5 2 <l1.8 4 4.5 2 4.9
7 7.8 4,5 2 14 11 11 4.5 4,5 Bsl 4 6.8 6.8 648 7+5
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TABLE VII (b) -

PINETTE RIVER ENTEROCOCCI DATA. SEAWATER SPECIMENS, STATIONS 1-37

MOST PROBABLE NUMBER OF ENTEROCOCCI PER 100 ML. SEAWATER

St July Aug. Aug. Aug. Sept. Sept. Oct. June July Mean
31, 6, 14, 27, 10, 24, 14, 16, 1, MPNs

1952 1952 1952 1952 1952 1952 1952 1953 1953
1 <l.8 2 <l.8 2 4 6.8 <1.8 <1.8 <l.8 <l.8
3 <l.8 <1.8 <l.8 <1.8 1.8 4,5 <l.8 <l.8 <1.8 <1l.8
5 <l.8 <1l.8 <1l.8 <1.8 11 27 <l.8 <l.8 240 4,5
7 <l.8 2 <l.8 <l.8 7.8 7.8 2 <1l.8 <1.8 22
9 <1l.8 2 <l.8 <1l.8 <l.8 4,5 <l.8 <l.8 <1.8 <1.8
1 <1l.8 2 2 <l.8 2 <l.8 <l.8 <l.8 4,5 <l.8
12 <1.8 2 2 23 <l.8 7.8 2 <l.8 <1.8 4,1
15 <1.8 11 <1l.8 23 22 22 <l.8 <l.8 1.8 8.8
17 <1.8 1.8 <l.8 13 13 6.8 <l.8 2 2 4,3
19 <l.8 2 1.8 2 13 11 4 <1l.8 2 3.8
21 <1.8 <1l.8 <1.8 <l.8 2 <l.8 <1.8 <l.8 <l.8 <l.8
23 2 <l.8 <1,8 <1.8 <l1l.8 2 <l.8 1.8 <l.8 <l.8
25 <1l.8 2 <l.8 2 2 4 <l.8 <l.8 <l.8 <1.8
a7 <1,8 2 <1.8 <1l.8 2 2 <l.8 <l.8 <l.8 <l.8
29 <l.8 <1l.8 <1.8 <l.8 <l.8 2 <l.8 <1.8 <1l.8 <l.8
31 <l.8 <l.8 <1l.8 <l1l.8 <1l.8 2 <l.8 <1,.8 2 <1.8
33 <1,.8 <l.8 <1.8 2 <1l.8 <l.8 <l.8 <1.8 <l.8 <l.8
35 <l.8 <1.8 <l.8 <1l.8 <1.8 <1.8 <1l.8 <l.8 <l.8 <1l.8
37 <l.8 <1l.8 <l.8 2 <l.8 <l.8 <1l.8 <l.8 <1.8 <l.8
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One hundred and four of 148 seawater samples taken during 1952
from all Vernon River sectors had enterococci M.P.N.t's of less than
1,8, while the remainder had M.P.N.!'s ranging from 1.8 to 22; mean
enterococci M.P.N, values for samples from the 23 stations ranged from
less than 1.8 to 9.5. Similarly, 87 of 119 seawater samples taken
from the same stat;ions during six sampling surveys in 1953 had entero-
cocci M,P.N.!'s of less than 1.8. The remainder gave enterococci M.P.N.'s
ranging from 1.8 to 15; mean M.P.N, values for samples from the 23 sta-
tions ranged from less than 1.8 to 5.5. The land-wash following heavy
rainfall on May 20, 1953, did not result in higher enterococci M.P.N.!'s
in seawater samples taken on May 21, 1953.

Ninety-five of 152 seawater samples taken during 1952 from
Pinette River gave enterococci M.P.N.'s of less than 1.8, while the re-
mainder gave M.P.N.'s ranging from 1.8 to 27; mean enterococci M.P.N.
values for seawater samples from the 19 sampling stations ranged from
less than 1.8 to 1l.l. Thirty of 38 seawater samples taken from the
same stations during two sampling surveys in 1953 gave enterococci
M.P.N.!'s of less than 1.8, while the remainder gave M.P.N.!s ranging
from 1.8 to Le5.

The very low (spring) tides of August 5 and October 9 had no
apparent effect on the enterococci content of seawater samples taken
on those dates,

5, Membrane Filter (MF) Coliform Counts from Seawater

Tables VIII (a and b) show the results obtained from membrane

filter (MF) coliform counts- from seawater specimens.
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TABLE VIII (a) -

MEMBRANE FILTER (MF) COLIFORM COUNTS.

SEAJATER SFECIMENS, VERNON RIVER AREA

COLIFORM MF COUNT PER 100 ML. SEAVATER
STA. Aug, Sept. Sept. Octe. May May May June June June Mean MF
21, 9, 25 9, 15, 1g, 21, 3, 4, 9, Counts,
1952 1952 1952 1952 1953 1953 1953 1953 1953 1953 1953
1 110 15 20 - 63 180 180 130 30 125 118.0
4 20 14 12 11 63 62 255 50 15 80 87.5
7 10 4 5 4 53 67 120 26 12 60 £6e3
9 0 7 8 10 21 28 96 i4 9 36 34.0
12 3 10 - - 12 29 95 20 7 37 33e 3
15 0 1 0 4 5 28 76 - 6 17 26s%
18 2 4 1 0 7 20 29 - ] 4 12.6
21 1 0 0 0 5 6 49 - 4 4 13.6
31 1 0 1 0 8 0 0 - 1 0 1.8
25 1 1 2 1 8 6 16 - 3 5 7.6
37 1 0 0 0 8 14 28 - 6 6 12.4
41 0 0 2 3 30 45 17 - 4 14 2240
44 0 15 2 1 20 54 29 - 8 40 3042
47 10 10 14 17 18 26 11 - 6 - 14,8
51 10 - - - - 95 24 - 70 - 63.0
54 10 12 7 - 8 25 15 - 2 - 12.5
60 0 7 5 4 13 59 23 - 4 14 2246
64 3 0 1 0 35 13 46 - 5 0 19.8
66 1 0 2 1 4 11 56 - 8 8 17,4
68 60 11 18 10 13 126 1590 190 80 175 36243
71 160 200 22 58 29 250 1310 270 200 370 404.8




TABLE VIII (b) - MEMBRANE FILTER (MF) COUNTS, WATER SAMPLES,
PINETTE RIVER

Coliform MF Coiint per 100 ml. Seawater

Aug. Aug., Aug. Septs Sept. Oct. June July
Sta- 6, 14, 27, 10, 2, 9, 16, 1,
tion 1952 1952 1952 1952 1952 1952 1953 1953

1 1 1 2 2 17 - 19 27

3 b 3 3 - 9 1 23 6l

5 0 0 8 0 28 0 30 73

7 7 2 8 0 8 1 25 9%

9 0 1 6 0 9 1 1 35
1 0 2 11 3 3 1 10 42
13 0 3 7 0 18 1 1 7L
15 11 A 10 0 L5 6 28 78
17 6 2 6 b 6 7 6l 98
19 11 3 21 8 7 120 145
21 - - - - - - 3 30
23 3 0 3 5 5 1 3 2L
25 0 0 3 0 11 1 1 10
27 0 0 0 0 2 0 2 10
29 0 0 1 16 A 0 2 7
31 0 0 1 0 0 0 2 6
33 0 0 0 0 2 0 1 8
35 0 0 0 0 2 0 2 1
37 - - 0 0 0 0 3 0
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It became evident, after preliminary membrane filtrations had been
made in July, 1952, that modifications of the Environmental Health
Center Endo's Broth Medium would be necessary before the procedure could
be used for the estimation of coliform bacteria from seawater specimens
because heavy concentrations of silt suspended in the seawater were de-
posited on the membrane filters during filtration. When a two-hour
matrient broth enrichment period preceded transfer of the membranes to
Endo's Broth, non-lactose-fermenting bacteria developed profusely; coli-
form bacteria did not always develop their characteristic "sheen." On
the other hand, if preliminary enrichment of the membranes was eliminated
or if the enrichment period was reduced, the incidence of non-lactose-
fermenting bacteria was reduced and coliform bacteria developed their
characteristic "sheen", but the recovery of coliform bacteria was
materially reduced,

A suitable modification of the Endo!s Broth sulphite-~fuchsin com-
plex was discovered late in July, 1952, It was found necessary to
increase the basic fuchsin content of the E.H.C. Endots Broth six-fold,
The recovery and differentiation of coliform bacteria on this modified
Endo's Broth was much improved, and MF coliform counts agreed more
c¢losely with the coliform M.P.N. determinations on replicate water
samples, SaEisfactory results could not be obtained with dehydrated
Endo's Broth prepared by Difco Laboratories, even when additional basic
fuchsin was added,

The modified Endo*s Broth developed in 1952 was used with considerw
able succdss during the 1953 study, although the adsorption of basic
fuchsin by silt deposits remained a problem, It was found to be preferable

to filter 25 ml., of the seawater specimen through each of four membranes teo
filtering 100 ml, through a single membrane,




99

Mean coliform MF counts and M.P.N. values from seawater speci-
ments are compared in Tables IX (a) and IX (b)e The ratios of coliform
M.P.N.!'s to MF counts for specimens of seawater f rom Vernon River and
from Pinette River were 1 to O.43 and 1 to 0,25 respectively in 1952,
and 1 to 0.85 and 1 to 1.8l in 1953. The mean ratio of coliform
M.P.Net's to MF counts for all seawater samples examined in 1953 was
1 to 1.13.

6e Bacteriological Examination of Oysters

Coliform M.P.N. values, coliform plate coumts (Violet Red Bile
Agar), and enterococci M.P.N. values obtained from the analysis of
oyster specimens from producing beds in Vernon River and Pinette
River are recorded in Tables X (a and b) and XI (a and b).

During the 1952 study, only 4 of 14 oystér specimens taken from
three sampling stations in Vernon River had coliform M.P.N.!'s of 230
or less; mean coliform M.P.N. values, (omitting the very high values
recorded for specimens taken on September 25, 1952), were 850, 358,
and 893 respeftively for specimens from Stations 48, 66, and 68,
Oyster specimens taken from these same stations on May 21, 1953, had
coliform M.P.Ne's of 330, 5,400, and 3,500 respectively. Of 10 oyster
specimens taken on other dates in 1953 from the same stations, 5 had
coliform M.P.N.!'s of less than 230, and the mean values for specimens
from stations 48, 66, and 68 were 179.3, 69.9, and 920 respectively.,

The enterococci M,P.N.ts obtained in 1952 frﬁm 14 oyster speci-
mens from Vernon River ranged from less than 18 to 91; 6 specimens had
enteroéocci M.P.N.'s of more than 20, In 1953, enterococci M.P.N.!s
obtained from 13 oyster specimens from the same stations ranged from

less than 18 to 78; only 1 specimen gave an enterococci M.P.N, of

more than 20,
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TABLE IX (a) - COMPARISON OF MEAN COLIFORM MOST PROBABLE NUMBERS AND
MF. COUNTS, VERNON RIVER AREA, P.E.I.

1952 1953

Mean Coliform Mean Coliform Mean Coliform Mean Coliform
Sam- M.P.N.'s per MF Counts for M.P.N.!s per MF Counts per
pling 100 ml, sea~ 100 ml, sea= 100 ml, sea 100 ml. sea-
Sta= water (L De-  water (4 De- water (4 De-  water (6 De-
tion terminations) terminations) terminations) terminations)

1l 46,0 48,3 169.8 118.0
L 35.3 14.3 40,8 875
7 21.8 5.8 493 5643
9 39.0 643 75.8 340
12 22.9 6.5 36.0 33.3
15 10.7 1.3 - 2162 2644
18 6.7 1.8 11.5 12.6
2 2,6 0.2 26444 13.6
31 303 005 709 108
35 Le9 ' 1.3 Le2 7.6
37 37 0.2 10.3 12.4
41 1.9 1.3 2244 22.0
L 28.6 Le5 7.0 3062
47 51.0 12,8 23e5 14.8
54 354 9.7 1.3 12,5
60 12.5 4.0 237 22.6
6l 845 1.0 1.4 19.8
66 L.8 1.0 13.2 : 17.4
68 123.5 25.0 48845 362.3
71 13643 110.0 45145 404.8
Average 29.6 12,7 76.7 654

No,
Samples &l 8l 126 126
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TABLE IX (b) = COMPARISON OF MEAN COLIFORM MOST PROBABLE NUMBERS AND
MF COUNTS, PINETTE RIVER, P.E.I.

1952 1953

Mean Coliform Mean Coliform Mean Coliform Mean Coliform

Sam- M.P.N.!'s per MF Counts per M.P.N.'s per MF Counts per

pling 100 ml. sea- 100 ml, sea- 100 ml. sea=- 100 ml., sea~-

Sta- water (6 De- water (6 De- water (2 De- water (2 De~

tion terminations) terminations) terminations) terminations)
1l 10.5 6.6 23.0 23.0
3 11.8 L.0 31.0 L35
5 2643 6.0 21.5 515
7 18.3 Lol 20,0 59.5
9 6.5 2.8 15.4 2.5
11 12.4 3.3 23.0 27.0
13 41.5 L8 18.0 L2.5
15 40,0 11.8 56.0 53.0
17 27.0 5.1 12.4 81.0
19 58.0 9¢5 46.0 132.5
23 2.8 2.8 10.5 13.5
25 4.1 2.5 12.5 545
27 3.5 0.5 8.8 6.0
29 2.4 3.5 7.5 Leb
31 2.8 0.2 4.5 4.0
33 2.0 0.3 4.9 L5
35 1.0 0.3 L3 1.5
Average 15.9 L.0 18.8 34.0

Samples 102 102 34 34
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TABIE X (a) — OYSTER SPECIMENS, VERNON RIVER AREA, 1952

103

Coliform MPN Enterococci MPN Coliform Plate
per 100 mi, per 100 ml, Count per ml,
Sampling Station Number

Dates of
Sampling L8 66 68 L8 66 68 L8 66 68
dJuly 29 1300 20 - <18 «18 -~ 10 1l -
Avge 5 - 130 1100 - K18 (18 - 2 10
Aug. 21 790 110 1790 18 <18 45 3 2 b
Septs 9 460 230 790 20 20 78 5 1l 7
Sept.25 24000 13000 3500 91 78 91 160 160 50
Octe 9 - 1300 = - <18 - - 2 -
Mean
Values* 850 1358 893 £18 <18 41 6 1.6 7

*Omitting Sept. 25 data.
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TABIE X (b) -

OYSTER SPECIMENS, VERNCON RIVER AREA, 1953,

SAMPLING STATIONS 48, 66, 68

COLIFORM M.P.N. ENTEROCOCCI M.P.N. COLIFORM PIATE COUNT BEIJKMAN M.P.N,
FER 100 ML. PER 100 NML. PERR ML. PER 100 ML.
DATE OF
SAMPLING
STA. STA. STA. STA. STA. STA. STA. STA. STA. STA. STA. ST4.
48 66 68 48 66 68 48 66 68 48 66 68
May 156 - - 1,300 - - <18 - - 76 - - 20
May 18 130 110 490 <18 <18 78 27 11 8l 78 45 170
May 21 330 5,400 3,500 20 20 20 25 173 400 78 130 330
June 4 78 20 - 20 <18 - 42 7 - 45 20 -
June 9 330 78 1,100 <18 <18 20 21 9 74 68 20 460
June 23 - - 790 - - <18 - - 24 - - 790
Mean
Values 217 1,400 1,400 <18 <l8 23 29 50 133 67 54 354




TABLE XI (a) - OYSTER SPECIMENS, PINETTE RIVER, 1952
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Coliform MPN Enterococci MPN Coliform Plate
per 100 ml, per 100 ml, Count per ml,
Sampling Station Number

Dates of
Sampling 7 8 16 7 8 16 7 8 16
duly 31 16000 230 230 20 <18 20 TNC 2 2
Aug, 6 - 490 700 - 20 20 - A 10
Aug., 1, 1700 1300 580 20 20 18 15 12 2
Aug. 27 490 330 2400 £18 <18 18 2 L1 TNC
Sept.10 110 L5 78 20 <18 (18 £l 3 <1
Septe2} 1300 170 490 68 <18 20 1 <1l <1l
Oct. 14 1300 - 230 130 - <18 8 - 2
Mean
Values 34,83 428 673 L3 <18 K18 - 3¢5 -




TABLE XI (b) - OYSTER SPECIMENS, PINETTE RIVER, 1953

Coliform MPN Enterococci MPN Coliform Plate Ei jkman MPN
per 100 ml. per 100 ml. Count per ml. per 100 ml.,

Sampling Station Number

Dates of

Sampling 7 8 16 7 8 16 7 8 16 7 8 16
June 23 2,400 130 1,700 <18 <18 20 14 23 30 330 20 310
dJuly 1 230 = 1,300 <18 - 40 68 - 52 78 - 230
Mean

Values 1,315 = 1,500 <18 - 30 1 - 41 204 - 270

90T
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Of 19 oyster specimens taken from Pinette River during the 1952
study, 12 had coliform M.P.N.'!'s of more than 230; the mean coliform
M.P.N. values for oyster specimens from sempling stations 7, 8, and
16 were 3, 483, 428, and 673 respectively. There was a marked week—
to-week~variation in the coliform M.P.N. of oysters taken from these
stations, Three of 5 oyster specimens taken from these same stations
in 1953 had coliform M.P.N.!'s of more than 230, Of the 24 oyster
specimens taken from Pinette River during the investigstion, only 3
had enterococci M.P.N.'s of more than 20.

While the direct isolation of coliform bacteria for classification
was the primary reason for plating all oyster specimens on Violet Red
Bile Agar (Difco), coliform plate counts were recorded. A fairly close
correlation between coliform (V,R.B. Agar) plate counts and coliform
M.P.N.!'s was observed during the 1952 study, but the ratio of coliform
M.P.N.ts to coliform (V.R.B. Agar) plate counts for all oyster specimens
examined during the 1953 study wes 1 to 5.7,

7. Coliform Bacteria in Soil

Coliform plate counts (Violet Red Bile Agar) were made on 65 speci-
ments of soil from 6 sampling stations on the Vernon River watershed
(Fig.I). A description of the soil sampling sites is given in Teble XII,
Coliform plate counts are recorded in Table XIII,

Coliform plate counts for soil specimens ranged from less than 10
to 34,000 per gram; no coliform bacteria were isolated in 14 of 65 soil
specimens, while 23 other soil specimens had coliform plate counts of
less than 100 per gram. Soil specimens from Stations A, B, and F yielded

more coliform bacteria than did speciments from Stations C, D, and E,
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although there was a considerable variation in the mumbers of coliform
bacteri isolated from soil specimens from the same stations on the
different sampling dates,

8+ Coliform Bacteria and Enterococci in Faeces

Coliform plate counts (Violet Red Bile Agar, Difco) were made on
LO specimens of fasces (cattle, horse, swine, chicken, seagull, and
human) collected on the Vernon River watershed. One specimen of sewer
sludge from a sewer at Vernon Bridge on the Vernon River was also tested
for coliform bacteria. Enterococci M.P.N.!s were determined for 23 of
the faeces specimens. Results are tabulated in Table XIV (a and B).

Coliform plate counts from faeces specimens ranged from 170 to
2,400,000,000 per gram of faeces. No coliform bacteria could be isolated
from 4 faeces specimens in the dilutions used. The coliform content of
dried faeces was markedly Jower than that of fresh faeces.

More coliform bacteria than enterococci were isolated from speci=
mens of fresh faeces, The coliform to enterococci ratiocs, for faeces
specimens with definitive coliform counts and enterococei M.P.N.!'s, were
1 to 0,52 for human faeces (5 specimens), and 1 to 0,03 for animal and
bird faeces (9 specimens); for 3 specimens of dried animal faeces, how-

ever, the coliform to enterococci ratio was 1 to 5eke
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TABLE XII - SOIL SAMPLING STATIONS VERNON RIVER AREA

Station

Description

West shore Vernon River, Near Vernon Bridge;
hayfield, sloping to river; sampling site
approximately 250 ft. from water; never
pastured during study period.

West shore Orwell River; potato field, slop-
ing to river, sampling site approximately
500 ft. fromwater; surrounded by pasture
lands,

West shore Vernon River, at Vernon Bridge;
bridge causeway; sampling site approximately
25 ft. from water.

West shore Seal River, at Sea River Bridge;
pasture land; sampling site approximately
100 ft. from water; direct drainage to
river,

West shore, China Point; 500 ft. upstream
from wharf; on shore, below hayfield.

West side China Point Road; pasture land,
draining directly to stream; sampling site
approximately 1,000 ft. from stream.
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TABLE XIIT —~ SOIL SPECIMENS, VERNON RIVER AREA, COLIFORM
PLATE COUNTS (V.R.B. AGAR)

Coliform Plate Count per gram of soil

Soil Sampling Station

Date of

Sampling A B C D E F
1952

July 25 <10 34,000 <10 10 - <10 LO
Aug. 19 5 120 70 50 <10 80
Sept. 4 <10 100 <10 <10 20 10
Sept.l7 20 <10 20 <10 <10 1,200
Oct. 3 500 800 20 30 <10 70
Oct., 16 15 700 10 L0 <10 8,000
1953

May 10 185 60 225 1, <10 1,350
May 16 6,700 480 230 L5 - -
May 20 1,300 7,500 80 320 170 -
May 27 2,100 790 LLO 1,000 - -
June 12 290 1,300 260 LO - -

June 18 110 200 54 85 <10 300




TABLE XIV (a) - FAECES SPECIMENS, 1952 COLIFORM PLATE
COUNTS (V.R.B. AGAR)

Coliform Plate
Count per gram

Faeces Specimen Condition (Thousands)
Cattle # 1 Fresh 10,000
Cattle # 2 Dry <10
Cattle # 3 Dry <10
Cattle # 4 Dry 0.2
Cattle # 5 Fresh 38,000
Cattle # 6 Dry 0455
Seagull # 1 Fresh 12,000
Seagull # 2 Fresh 270,000
Seagull # 3 Dry <10
Horse Fresh 100,000
Swine Fresh 6,000
Chicken Fresh 75,000

Sewer Sludge Fresh 20,000
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TABLE XIV (b) -

COLIFCRM FIATE COUNTS AND ENTEROCQGCI

MOST PROBABIE NUMBERS FRQM FARCES, 1953

FAECES COLIFORM PILATE ENTERCCCCCI
CONDITION COUNT IER GRAM MFN TER GRAM
SPECIMEN ( Thousands) ( Thousands)
Cattle # 1 Fresh 200 2
Cattle # 2 Fresh 1,800 <1.8
Cattle # 3 Fresh 18,000 <1.8
Cattle # 4 Fresh 100 <l.8
Cattle # 5 Fresh 400 2
Cattle # 6 Dry 7 -
Cattle # 7 Fresh 7,800 -
Cattle # 8 Fresh 3,800 -
Cattle # 9 Dry <10 4,5
Cattle # 10 Fresh 18,000 0.9
Cattle # 11 Dry o 22
Horse # 1 Dry 6 2¢3
Horse # 2 Dry 10 7.8
Horse # 3 Fresh 980 160
Horse # 4 Fresh 2,500 160
Horse # 5 Fresh 580 9.2
Chicken # 1 Fresh 10,000 1,600
Chicken # 2 Fresh 9,000 >160
Chicken # 3 Fresh 23,000 >160
Seagull # 1 Fresh 450,000 1,600
Seagull # 2 Fresh 410,000 1,600
Seagull # 3 Fresh 15,000 -
Seagull # 4 Fresh 50,000 -
Human # 1 Fresh 160,000 920
Human # 2 Fresh 360,000 1,600
Human # 3 Fresh 140,000 240,000
Human # 4 Fresh 780, 000 160,000
Human # 5 Fresh 2,400,000 1, 600,000
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9. Classification of Coliform Bacteria Isolated from
Water, Oysters, Soil, and Faeces

One thousand, eight hundred and ninety-one coliform bacteria
isolated from specimens of seawater, stream water, oysters, soil, and
faeces from the study areas were classified according to their bio-
chemical reactions (Table XV). Data obtained from the classification
of these bacteria appear in Tables XVI to XX inclusive. Thirteen
distinct coliform types were isolated; these were grouped into three
major categories, "coli", Mintermediate", and Maerogenes" types (see
Table XXI).

During the 1952 study, coliform bacteria of the "coli type were
predominant in specimens of seawater, soil, and faeces. Three hundred
and ninety-nine (80,1 per cent) of the 498 coliform bacteria isolated
from seawater were "coli" types, while only 34 (6.8 per cent) and 65
(13.1 per cent) of the isolated strains proved to be "intermediate" and
"éerogenes" types respectively; similarly, 80 (86.0 per cent) of 93
coliform strains isolated from f aeces specimens were "coli" types, as
were 60 (66.7 per cent) of 90 coliform bacteria isolated from soil speci-
mens, It is evident that "coli" types constituted the major coliform
bacterial flora present on the watersheds and in the seawater of the
study areas during the 1952 portion of the investigation. It is there-
fore surprising to note that only 33 (3.1 per cent) of 106 coliform
strains isolated from 33 oyster specimens from the study areas were
Mcoli" types; 3 (2.8 per cent) were "intermediate" types, and 70

(66.1 per cent) were "aerogenes" types.



TABLE XV = CLASSIFICATION OF COLIFORM BACTERIA

Type 4,° Co Indol M.R. V.P. Cit. Gel.
B. coli Type I + + + - - -
E, coli Type Il - - + - - -
Irregular 1 - + + - - -
Irregular II + - + - - -
Irregular III - - + - - +
Intermediate Type I - - + - + -
Intermediate Type II - + + - + -
Irregular IV - - + - + +
A. asrogenes Type I - - - + + -
A. aerogenes Type 1I - + - + + -
A, cloacae - - - + + +

- - + - -

Irregular V
Irregular VI
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TABLE XVI (a) ~ CLASSIFICATION OF COLIFORM BACTERIA ISOLATED FROM
SEAWATER, VERNON RIVER AREA, STATIONS 1-71, 1952

Sector Sector Sector Sector

Coliform types A B C D

isolated

1952 No. % No. % No. % No. %
E. coli Type I 122 (75.8) 39 (72.2) 62 (69.7) 6 (100)
E. coli Type 11 1 ( 0.6) 1 (1.85) - -
Irregular I 2 (1.2) 1 (1.85) - -
Irregular II L (2.5) 1 (L85) 4 ( L.5) -
Intermediate Type I 9 ( 5.6) 1 (1.85) 7 (79 -
Intermediate Type II - 1 (1.85) - -
Irregular IV - - 1 (1l.1) -
A, aerogenes Type I 13 (81) 6 (11.1) 12 (13.5) -
A, aerogenes Type II 8 (50 &4 (74) 1 (1) -
A. cloacae 1. ( 0.6) - 1 (1.1) -
Irregular VI 1 ( 0.6) - 1 (1.1) -
Totals 161 54 89 6




116

TABLE XVI (b) - CLASSIFICATION OF COLIFORM BACTERIA ISOLATED FROM

SEAWATER, VERNON RIVER AREA, STATIONS 1-71, 1953

Sector Sector Sector Sector

Coi.i.i‘i;:legypes A B c D

1953 No. % No. % No. % No. %
E. coli Type I 32 (28.,3) 16 (10.3) 6 (7.9) 2 (11.8)
E. coli Type II 9 (80) 27 (17.4) 16 (21.1) 2 (11.8)
Irregular I 4L ( 3.5) = 1 (1.3) =
A1l Weoli" Types 45 (39.8) 43 (27.7) 23 (30.3) & (23.5)
Intermediate Type I 23 (20.4) 27 (17.4) 8 (10.5) 2 (11.8)
Intermediate Type II 2 (1.8) 3 (1.9) - -
Irregular IV 1 (0,9 1 (06) 1 (1,3) =
A1l "intermediate" Types 26 (23.0) 31 (20,0) 9 (11.8) 2 (11.8)
A. aerogenes Type I 25 (22.1) 53 (34e2) 22 (28.,9) 8 (47.1)
A, asrogenes Type II 9 (80) 9 (58 9 (11.8) 1 (5.9)
A, cloacae 7 (6e2) 1 (9.0 7 (9.2) -
Irregular V 1 (0,9) 5 (3.2) 6 .(7.9 2 (11.8)
A1l "aerogenes Types 42 (37.2) 81 (52.3) 44 (57.9) 11 (6Le7)
Totals 113 155 76 17
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TABLE XVII (a) - CLASSIFICATION OF COLIFORM BACTERIA ISOLATED FROM SEA-

WATER AND OYSTERS, PINETTE RIVER, STATIONS 1-37, 1952

Seawater, QOysters, Oysters, Oysters,

Stations Station Station Station
Caliform types l-37 7 8 16

isolated
1952

No. % No. % No. % No. %
E. coli Type I 135 (71.8) 2 (18.2) 7 (38.9) 3 (25.0)
Irregular I 3 ( 1.6) - - 1 € 8.3)
Irregular II 17 ( 9.1) - - -
Irregular III 1 ( 0.5) - - -
Intermediate I 11 ( 5.9) - - -
Intermediate II 3 ( 1.6) - - ~
Irregular IV 1 ( 0.5) - - -
A, 2erogenes I 10 ( 543) 6. (54.5) 9 (50,0) 7 (58.4)
A, aerogenes II 6 (3.2) 3 (27.3) 1 ( 5.55) -
A. cloacae - - - 1 ( 8.3)
Irregular VI 1 ( 0.5) - 1 (5.55) -
Totals 188 11 18 12
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TABLE XVII (b) — CLASSIFICATION OF COLIFORM BACTERIA ISOLATED FROM SEA-
WATER AND OYSTERS, PINETTE RIVER, STATIONS 1-37, 1953

Seawater, Oysters, Oysters, Oysters
Stations Station Station Statien
Coliform types l-37 7 8 16
isolated
1953 No. % No. & No. % No. %
E. coli Type I 18 (20.9) - - -
E. coli Type II b ( 4e7) - - -
Irregular I 3 ( 3.5) - - -
Irregular II 1 (1.2) - - -
A1l %"coli" Types 26 (30.2) - - -
Intermediate Type I 11 (12.8) 6 (100,0) 1 (33.3) 2 (66.7)
Intermediate Type II 6 (7.0 = = -
All "intermediate® Typesl?7 (19.8) 6 (100,0) 1 (33.3) 2 (6647)
A, aerogrenes Type I 16 (18.6) - - -
A. aerogenes Type II 19 (22,1) - - -
A. cloacae 3 ( 3.5) - - 1 (33.3)
Irregular V 2 (2.3) - - -
Irregular VI 3 (3.5) - 2 (66.7) -
A1l "aerogenes" Types 43 (50,0) - 2 (66.7) 1 (33.3)
Totals 86 6 3 3
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TABLE XVIII - CLASSIFICATION OF COLIFORM BACTERIA ISOLATED
FROM OYSTERS, VERNON RIVER AREA

Station
Coliform types 48 66 68
isolated, 1952
and 1953 No. y 4 No. % No. %
(a) 1952
E, coli Type I L (25,0) 7 (31.8) 7 (25.9)
Irregular I - 1 (4e55) 1 (3.7)
Intermediate Type I 1 (6.25) 1 (Le55) 1 (3.7)
A. aerogenes Type 1 11 (68.75) 13 (59.1) 12 (Lhe5)
A. aerogenes Type II - - L (14e8)
A+ cloacae - - 2 ( 7.4)
Totals 16 22 27
(b) 1953
E. coli Type I - - 7 (23.3)
Intermediate Type I - 2 (20.0) 7T (23.3)
A. aerogenes Type I - 7 (70,0) 12 (40,0)
A, aerogenes Type II - 1 (10.0) 1 (3:3)
A. cloacae 1 (100.0) - 3  (10.0)
A1l "aserogenes Types 1 (100,0) 8 (80.0) 16 (5343)
Totals 1l 10 30
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TABLE XIX =~

CLASSIFICATICON OF COLIFORM BACTERIA ISOLATED FROM SOIL SPRCIMENS, VERNON RIVER AREA, 1952 AND 1953

NUMBERS AND FERCENTAGES OF GOLIFORM TYFES ISOLATED

STigigNS E. coli BE. coli Irregular Intermed. Irregular | A. aerogenes | A. aerogenes | A. cloacae Irregular | Totals
I 1T i I v I II v
No. % No. % | No. % No. % No. % | No. % No. % No. % No. %
(a) 1952
A - - - - - - - - - - 5 55.6 1 11.1 3 33.3 - - 9
B 16 5542 - - 2 649 - - - - 9 31.0 2 6.9 - - - - 29
C 11 7846 - - - - - - - - 1 7.1 2 14,3 - - - - 14
D 2 28.5 - - - - 1 14.3 1 14,3 3 42.9 - - - - - - 7
E - - - - - - - - - - 1 100.,0 - - - - - - 1
F 24 80.0 2 6.7 3 10,0 - - 1 3.3 - - - - - - - - 20
TOTALS 53 58.9 2 2.2] 5 5,6 1 1.1 2 2.2 19 2l.1 5 5.6 3 363 - - 90
(p) 1953
A - - 1 2.0] = - 21  42.0 - - 125 50,0 - - 3 640 - - 50
B - - - - - - 19 33.9 2 3.6 32 57,1 - - 1 1.8 2 366 56
c 11 19,0 - - - - 11 19.0 1 1.7] 25 43,3 2 el 7 12,1 1 1.7 58
D 1 643 - - - - 1 6.3 - - 5 31.5 - - 9 5643 - - 16
E - - 4 57.1] - - 2 28.6 - - 1 14.3 - - - - - - 7
F - - - - - - - - - - |20 90.0 - - 1 5,0 1 5.0 22
TOTALS 12 5.7 5 24| - - 54 25.8 3 l.4] 108 51.7 2 0.91 21 1040 4 1.9 209
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TABLE XX - CLASSIFICATION OF COLIFORM BACTERIA ISCLATED FRQM FAECES SPECIMENS, VERNON RIVER AREA, 1952 AND 1953

NUMBERS AND PERCENTAGES OF COLIFORM TYPES ISOLATED

oS E. coli E. coli Irregular | Irregular Intermed. Intermed., | A« aerogenes| A« aerogenes} A. cloacae | Irregular { Totals
I 1T I IT1 I 1T I IT VI
No. % No. % | No. % | No. % No. % No. % | No. % No. % | No. % | No. %

(a) 1952

CATTIE (4) 28 87.5 - - 1 3el - - - - 3 9.4 - - - - - - - - 32
SWINE (1)} 10 100.0| -~ -1 - - | - - - - - - | - - - -1 - -] - - 10
HORSE (1) 8 83.9 1 11.1| - - | - - - - - - - - - - - - | - - 9
SHAGULL (2)]| 19 86.5 - - - - 1 4,5 - - - - - - - - - - 2 9.0 22
CHICKEN (1)| 10 100.0} - -1 - - | - - - - - -} - - - - - - | - - 10
2§S%SE | 2 0| - - - - | - -l - - 1 10.0] - - | v 0.0| - - - - 10
TOTALS 77 8247 1 1.1 1 1.1 1 1.1 - - 4 4,3 - - 7 745 - - 2 22 93
(b) 1953

CATTLE (11)| 82 100.0| - - | - - | - - - - - -1 - - - - ~ -1 - - 82
HORSE (5)]| 52 98,1 - - - - - - - - - - - - - - 1 1.9] =~ - 53
MANURE (1) & 100,0 - - - - - - - - - - - - - - - - - - 6
CHICKEN (3)]| 38 100.0 - - - - - - - - - - - - - - - - - - 38
SEAGULL (4) 28 35,0 1 1.3} 20 25.0] 3 348 8 10,0 3 3.8 6 75 8 10.0 3 3.8 - - 80
HmaN  (5)]| 60 89,6 - - - - - - 2 3.0 - - 4 6.0 1 1.5 -~ - - - 67
TOTALS 266 8l.6 1 0a3] 20 6.1 3 0.9] 10 3.1 3 0.9 10 el 9 2.8 4 l.2] = - 326




TABLE XXI (a) - CLASSIFICATION OF ALL COLIFORM BACTERIA
ISOLATED IN 1952

All All A1l
feoli® "Intermed." Maerogenes"
Types Types Types
Source Totals No. % No. % No. %
Al}) Faeces
Specimens 93 80 86,0 L Le3 9 9¢7
All Soil
Specimens 90 60 660 7 3 3 ° 3 27 30. 0
Seawater, Vernon
River Area 310 243 784 19 6.1 48 15,5

Seawater,
Pinette River 188 156 83.0 15 8.0 17 9.0

A1l Seawater

Specimens 498 399 80,1 3L 6.8 65 13.1
Oysters, Vernon

River Area 65 20 30,8 3 Le6 42 6L.6
Oysters,

Pinette River AN 13 31.7 0 - 28 6843
All Oyster

Specimens 106 33 31.1 3 2.8 70 66.1

Totals 787 572 727 bh 546 171 21.7
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TABLE XXI (b) - CLASSIFICATION OF ALL COLIFORM BACTERIA
ISOLATED IN 1953

All A1l All

feolit "Intermed," Yaerogenes"

Types Types __Types
Source Totals No. % No. )4 No. %
All Faeces
Specimens 326 290 89,0 13 4.0 23 7.0
All Scil
Specimens 209 17 8.1 57 27.3 135 646
Seawater, Vernon ,
River Area 361 115 31.9 68 18.8 178 49.3
Seawater,
Pinette River 86 26 30.2 17 19.8 43 5040
Al]l Seawater
Specimens L7 iTAN 31.5 85 19.0 221 L9.L
Oysters, Vernon
River Area 41 7 17.1 9 22,0 25 60.9
Oysters,
Pinette River 12 0 - 9 75.0 3 25.0
All Oyster
Specimens 53 7 13.2 18  34.0 28 52.8
Vernon Stream
Samples 69 30 43.5 ) 847 33 47.8

Totals 1,104 485 43.9 179 16.2 L40 39.9
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Escherichia coli type I was the dominant "coli" type isolated
during the 1952 studyj;Aerobacter aerogenes type I was the dominant
"aerogenes" type., Six (L8 per cent) of 124 A. aerogenes type I
strains produced gas in MacConkey's Broth at 44° C., and were
classified as Irregular VI,

During the 1953 study, coliform bacteria of the "coli" type were
the dominant coliform type in specimens of faeces; in specimens of soil,
water, and oysters, however, "aerogenes'" types were predominant, Two
hundred and twenty-one (49.4 per cent) of 447 coliform bacteria isolated
from seawater during the 1953 study were "aerogenes" types, while 85
(19.0 per cent)~and 141 (31.5 per cent) of the coliforms were "inter-
mediate" and "aerogenes" types respectively. Similarly, 135 (64.6 per
cent) of 209 coliform bacteria isolated from soii specimens were
"aerogenes" types, as were 28 (52.8 per cent) of 53 coliform bacteria
isolated from oyster specimens, Two hundred and ninety (89.0 per cent)
of 326 coliform bacteria isolated from faeces specimens were “coli"
types.

E, coli type I was the dominant "coli" type, and A. aerogenes type I
was the dominant "aerogenes" type. Five (1.9 per cent) of 266 A.aerogenes
type I strains produced acid and gas in MacConkey!s Broth at 44° C., and
were classified as Irregular VI,

The distribution of the coliform types in the various sources is

shown in Figure IV,
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FIGURE IV -~ THE INCILENCE OF COLIFORM BACTERIAL
TYPES IN SPECIMENS OF FAECES, SOIL,
WATER, AND OYSTERS, VERNCON RIVER AND

PINETTE RIVER, P.HE.I., 1952 AND 1953

CLASSIFICATION OF COLIFORM BACTERIA
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10, Isolation and Classification of Slow-Lactose-
Fermenting Bacteria

In addition to the 1,891 coliform bacteria isolated from speci~
ments of water, soil, oysters, and faeces by the Membrane Filter and
Violet Red Bile Agar Plate Count techniques, 1,229 other Gram negative
bacteria were isolated from the same membranes and plates,. One hundred
and thirty of these strains were isolated during the 1952 study, and
1,099 were isolated in 1953. All of the 1,229 strains were isolated from
colonies which were identical in appearance with. colonies formed by typi-
cal coliform strains, and they were counted as coliform bacteria when
plate and MF counts were determined; all, however, failed to ferment
lactose with the production of acid and gas within 48 hours at 37° C.
Seventeen of the 130 cultures isolated during the 1952 study produced
slight amounts of gas from standard lactose broth after incubation at
37° C. for 3 to 21 days. Eight-five of the 1,099 strains isolated in
1953 fermented lactose with the production of acid and gas in 3 - 7
days at 37° Ce, 274 produced acid and gas from lactose broth after
incubation at 37° C. for 8 - 21 days, and 373 strains fermented lactose,
with the production of acid only, within the 2l-day incubation period;
the remaining 367 strains failed to ferment lactose in 21 days incubation
at 37° C,

Since the 1,229 non-lactose—ferﬁenting strains closely resembled
coliform bacteria in morphology and biochemical reactions, they were
classified in the same manner as the coliform bacteria previously

identified. Results of the classification of all Gram negative bacteria
which fermented standard lactose broth slowly or not at all appear in

Tables XXII to XXV inclusive,
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TABLE XXII (a) - CLASSIFICATION OF COLIFORM BACTERIA WHICH FAIL
TO FERMENT LACTOSE WITH THE PRODUCTION OF GAS

AT 37° C., IN 48 HOURS, 1952

Source
A1l
Sources Soil . Seawater Oysters

Coliform

Type No. % No. % No. % No, %
E, coli I 1 0.8 - 1 1.0 -

E. coli II 1 0.8 - 1 1.0 -
Irregular I 3 23 - 3 3.1 -
Intermediate I 13 10.0 L 19.0 7 Te3 2 15.4
Intermediate II 7 53 - 7 7.3 -

A, aerogenes I 56 43.1 16 7642 36 37.6 I 30.8
A. aerogenes II 21 16.2 - 17 17.7 L  30.8
A, cloacae 28 21.5 1 4.8 24 25,0 3 23.0
Totals 130 2 96 13




TABLE XXII (b) - CLASSIFICATION OF COLIFORM BACTERIA WHICH FAIL
TO FERMENT LACTOSE WITH THE PRODUCTION OF GAS
AT 37° C., IN 48 HOURS, 1952

128

All All All

All "eoliM "Intermed.," "aerogenes'

Types Types Types Types
Source Totals No. % No. % No. %
All Faeces
Specimens 1 - - 1 100,0
All Soil
Specimens 2 - A 19.0 17 81.0
Seawater, Vernon
River Area 70 4 5.7 9 12.8 57 . 8l.,5
Seawater,
Pinette River 26 1l 3.8 5 19.2 20 77.0
All Seawater
Oysters, Vernon
River Area 7 - - 7 100.0
Oysters,
Pinette River 6 - 2 33.3 L 66.7
A1l Oyster
Specimens 13 2 15.4 11 84.6
Total
Isolations 131 5 3.8 20 15.3 106 80.9
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TABLE XXIII (a)-CLASSIFICATION OF QOLIFORM BACTERIA WHICH FAIL TO

FERMENT LACTOSE WITH THE PRODUCTION OF GAS AT 37° C.,
IN 48 HOURS, ISOLATED FROM.SEAWATER SPECIMENS, VERNON
RIVER AREA, STATLONS 1-71, 1953

Sector Sector Sector Sector
A B c D
Type

Classification No, % No. % No. % No. 4
E. coli Type II L (2.8) 6 (2.5) 1 (0.6) -
Irregular I 16 (11.1) 1 ( O.4) 8 ( 4.8) 1 ( 3.3)
Irregular II 3 ( 2.0) 5 ( 2.1) - -
A1l "coli" Types 23 (16.0) 12 ( 5.1) 9 (5¢5) 1 (3.3)
Intermediate Type I 10 ( 7.6) 10 (Le2) 11 ( 647) 1 (3.3)
Intermediate Type II 5 ( 3.5) 2 ( 0.8) - -

| Irregular IV - 2 ( 0.8) - -
A1l "intermediate" Types 16 (11.1) 1 ( 5.9) 11 ( 6.7) 1 ( 3.3)
A. aerogenes Type I 2, (16.7) 53 (22.4) 47 (28.5) 7 (23.3)
A, aerogenes Type II 33 (22.9) 49 (20.7) 38 (23.0) 8 (26.7)
A, cloacae 25 (17.4) 61 (25.7) 35 (21.2) 9 (30.0)
Irregular V 23 (16.,0) 48 (20.3) 25 (15.2) L (13.3)
All "aerogenes" Types 105 (72.9) 211 (89.0) 145 (87.9) 28 (93.3)
Totals 4 237 165 30
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TABLE XXIII (b) = CLASSIFICATION OF COLIFORM BACTERIA WHICH FAIL

TO FERMENT LACTOSE WITH THE PRODUCTION OF GAS
AT 37° C., IN 48 HOURS, ISOLATED FROM SEAWATER
AND OYSTER SPECIMENS, PINETTE RIVER, STATIONS

1 -37, 1953

Seawater Oysters, Oysters, Oysters,

Stations Station Station Station
1 - 37 7 8 16
Type
Classification No. % No. % No. & No. %
E. coli Type II 1 ( 0.5) 1 (7.1) 6 (54e5) 2(7 k)
Irregular I 3 ( 1.6) - - -

A1l "coli" Types

L (2.3) 1 (7.1) 6 (54.5) 2 (7.4)

Intermediate Type I 6 ( 3.2) - - 1 (3.7)
Intermediate Type II 8 ( 4e2) - - -

A1l "intermediate" Types 14 ( 7.4) - - 1 (3.7)
A. aerogenes Type I 18 ( 9.5) 3 (k) 5 (W5.5) 1 (3.7)
A, aerogenes Type II 121 (64.0) 9 (6443) - 17 (63.0)
A. cloacge 29 (15.3) 1 (7.1) - 6 (3543)
Irregular V 3 ( 1.6) - - -

All "aerogenes" Types 171 (90.5) 13 (92.9) 5 (45.5) 24 (88.9)

Totals

189 14 11 27
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TABLE XXITI(c) = CLASSIFICATION OF COLIFORM BACTERIA WHICH FAIL TO
FERMENT LACTOSE WITH THE PRODUCTION OF GAS AT 37° C.,
IN 48 HOURS, ISOLATED FROM OYSTER SPECIMENS, VERNON
RIVER AREA, 1953

Station Station Station
L8 66 68
Type

Classification No. % Noe % Noo %
E. coli Type II 2 ( 4e2) 18 (45.0) 13 (22.8)
Irregular II - - 1 ( 1.8)
All "coli" Types 2 ( 4e2) 18 (45.0) 14 (24.6)
Intermediate Type I 3 ( 6.3) L (10.0) 5 ( 8.8)
Intermediate Type II - - 1(1.8)
A1l "intermediate" Types 3 ( 6.3) L (10.0) 6 (10.5)
A, aerogenes Type I 27 (5643) 10 (25.0) 6 (10.5)
A. aerogenes Type II 3 ( 6.3) 5 (12.5) 15 (24.6)
Irregular V 1 ( 2.1) 1 ( 2.5) 10 (17.5)
A. cloacae 12 (25.,0) 2 ( 5.0) 7 (12.3)
All "aerogenes" Types L3 (89.6) 18 (45.0) 37 (64.9)
Totals L8 40 57
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TABLE XXIV -~

CLASSIFICATION OF COLIFORM BACTERIA WHICH FAIL TO FERMENT IACTOSE WITH THE PRODUCTION OF GAS
AT 37°C. IN 48 HOURS, ISOLATED FR(M SOIL SPECIMENS, VERNON RIVER AREA, 1953

NUMBERS AND PERCENTAGES OF COLIFORM TYPES ISOLATED (LACTOSE-NEGATIVE, 37°C., 48 HOURS)
SOIL
STATICNS E. coli Irregular Intermed. Intermed. Irresgular 4. aerogenes A. aerogenes Ae cloacas Irregular| Totals
II II I II v I II v
No. % No. % No. % No. % No. % No. % No. % No. % | No. %
A 8.0 - - 1 4,0 - - - - 19 76,0 1 4,0 1 4.0 1 4,0 25
B - - - - 5 15- 6 - - - ol lO 31-5 - ol 17 53.1 - - 32
c - - 2 1305 2 1505 l 607 - - '7 46.7 2 1505 bad b l 6.7 15
D 5 25,0 - - 3 15.0 - - 1 5.0 6 30.0 - - 4 20.0| 1 5.0 20
E 14,3 - - 1 14.3 1 14,3 - - 1 14.3 - - 3 42,9 =~ - 7
TOTALS 8.1 2 2.0 12 12.1 2 2,0 1 1l.0| 43 43,4 3 3.0 25 25.3{ 3 3.0 99
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TABLE XXV =~ CLASSIFICATION OF COLIFORM BACTERIA WHICH FAIL TO FERMENT
LACTOSE WITH THE PRODUCTION OF GAS AT 37° C., IN 48 HOURS,

1953
All All All

"eoli" "Intermed.," "aerogenes®"

Types Types Types
Source Totals No. % No. % No. %
Al]l Faeces
Specimens 17 2 1.8 11 64.7 IA 2345
All Soil
Spe(:imens 99 10 10.1 15 1502 71" 711»07
Seawater,
Vernon River 576 45 7.8 IN] 7.3 489 8449
Seawater,
Pinette River 189 L 2.1 1L Teh 171 9045
All Seawater
Specimens 765 l|.9 6.‘} 56 7.3 660 86;3
Oysters,
Vernon River 145 34 23,4 13 9.0 98 676
Oysters,
Pinette River 52 9 17.3 1 1.9 L2 80.8
A1l Oyster
Specimens 197 43 21.8 14 7.1 1,0 71l.1
Stream Samples,
Vernon River 21 2 9.5 2 9.5 17 81,0
Totals 1099 106 9.6 98 8.9 895 8l.5
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The incidence of slow~ or non~lactose~fermenting strains in

the various test specimens is given in Table XXVI.

TABLE XXVI - INCIDENCE OF COLIFORM BACTERIA WHICH FAIL TO
FERMENT LACTOSE WITH THE PRODUCTION OF GAS
AT 37° C. IN L8 HOURS

Non=Lactose-Fermenters
(48 Hours, 37° C.)
Percentage of All Isolations

Source 1952 1953
Faeces 0.0 5.0
Stream Water ~ 23.3
Soil 19.0 32,1
Seawater ' 1642 63.1

Oysters 10.9 78.8
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11, Confirmation of Positive Presumptive Lactose Broth
Cultures in Eijkman Lactose Medium (Difco), with
Incubation at 44° C. for 48 Hours

During the 1953 study, all positive presumptive standard lactose
broth cultures from Standard Methods tests for coliform bacteria in
selected seawater and oyster specimens were confirmed by transfer to
Eijkman Lactose Medium (Difco) tubes. The Eijkman Broth cultures were
then incubated for 48 hours at 44° C., and the production of gas record-
ed as a positive test. Eijkman Most Probable Numbers (M.P.N.'s) were
determined, for comparison with the coliform M.P.N.'s obtained from the
Standard Methods Gonfirmed Test. Results are reported in Tables XXVI
(a) and XXVI (b).

The mean Eijlkanan M.P.N. values for (1) Pinette River seawater
specimens, (2) Vernon River seawater specimens, and (3) all oyster speci-
mens,, were 4.1, 9.0, and 178.6 per 100 ml, respectively. Expressed as
percentages of the mean coliform M.P.N.!'s for the same specimens, the
incidence of Ei jkman-positive coliform strains was 21,8 per cent, 11.7
per cent, and 16.4 per cent, for (1), (2), and (3) respectively. There
was a close correlation between the per cent incidence of Ei jkman-
positive coliform bacteria and the observed incidence of Escherichia
coli type I and Irregular types II and VI strains as determined by the
direct: isolation and identification of coliform bacteria from the same

apecimens (Table XXVII),
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TABLE XXVI (&) -~ VERNON RIVER EIJKMAN DATA, WATER SAMPLES,
STATIONS 1 - 71

E. coli Type I M.P.N.'s per 100 ml.
(Confirmation in Eijkman Broth, 44° C.)

Sta. Mean
May May May June June June 1953

15 18 21 3 L 9 MPNs

1 33 17 79 17 he5 70 36.8
L 17 9¢3 21 7.8 2 23 13.4
7 2 17 17 2 <1.8 Le5 7.1
12 <1.8 Leb 13 <1l.8 <1l.8 13 5¢44
15 <108 1}35 13 had ‘108 7.8 5.1
18 2 2 Le5 - <l.8 A 2.5
21 £1.8 Leb 11 - <l.8 <1l.8 3.1
25 - 1.8 2 - <1l.8 1.8 1.0
28 - - 2 - - (108 1.0
31 <108 - Z&-os - - <108 1.5
35 <1.8 1.8 1.8 - <1,8 <1.8 Ol
37 <108 2 AQB - <108 1{-05 2.2
41 2 2 6.8 - 41,8 <1.8 2.2
l.‘l; <108 - 13 - <108 L}cs 14..[}
L7 Le5 Leb L - 2 - 3.8
51 - 708 <108 - 1}05 - Ll-ol
Sk <1.8 <l.8 <1.8 - <l.8 - <1.8
60 <1.8 <1.8 1.8 - <1l.8 <1l.8 Oy
6l <1.8 <1.8 2 - <1.8 2 0.8
66 <l.8 <1.8 6.8 - <1.8 2 1.8
68 110 33 79 23 L5 27 46.1
71 16 70 79 23 49 70 5641
Average...... 9.0




TABLE XXVI (b) -~ PINETTE RIVER EIJKMAN DATA,WATER SAMPLES,

STATIONS 1 - 37

E. coli type I

M.PQN.'S per 100 Inlo

(ConTITmation in Eijkman Broth, 44° C.)

June July Mean
Sta. 16 1l 1953
MPNs
1 2 7.8 Lhe9
3 2 7.8 L9
5 1.8 13 Tobs
7 7.8 6.8 703
9 7.8 2 Le9
11 2 7.8 Le9
13 £1.8 2 1.0
15 11 14 12.5
17 2 7.8 Le9
19 2 14 8.0
21 £1.8 2 1.0
23 1.8 2 1.9
25 <{1.8 L5 23
27 2 2 2.0
29 2 2 2,0
31 2 he5 33
33 <1,8 7.8 3.9
35 £1.8 1.8 0.9
37 <1.8 1.8 <1.8
Average sees Lol
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TABLE XXVII ~ INCIDENCE OF E. COLI TYPE I AND IRREGULAR II AND VI IN SEAWATER AND
OYSTER SPECIMENS AS DETERMINED BY (1) EIJKMAN CONFIRMATION, AND (2)
DIRECT ISOLATION OF COLIFCEM BACTERIA (IMViC TEST)

Mean Ei jkman Mean Coliform Incidence of Incidence of E. coli I
M.P.N.t's per M,P.N.'s per Ei jkman-~-Positive and Irregular II and VI
Source 100 ml. 100 ml. Coliform Bacteria (Direct Isolation)
Pinette
Seawater 4.1 18.8 21.8% 2L .L%
Vernon River
Seawater 9.0 7646 11.7% 15.5%
All Oyster
Specimens 178.6 1,089.8 16.4% 17.0%

LET
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12. Survival of Coliform Strains in Synthetic Seawater

The survival time and the death rate of various coliform strains
in synthetic seawater (ZoBell, 1946) were determined in two separate
experiments; results are given in Tables XXVIII to XXXI inclusive, and
are reported graphically in Figures V (a) and V (b),

Twelve coliform strains (5 "coli! types, 3 "intermediate" types,
and 4 "aerogenes" types), all isolated during the 1952 field investi-
gations, were tested in the first experiment., The temperature of incu-
bation was 40° F.  "Coli" types survived for a much longer period than
the "intermediate" and "aerogenes" types; "coli" types were isolated
from the synthetic seawater after 168 hours, while only one of the other
coliform types survived tonger than 80 hours.

Eleven of the twelve coliform strains were re-tested in the second
experiment; five other coliform strains were tested at the same time.
The temperature of incubation was 38° F, One Mcoli" strain survived
for 204 hours, one survived for 216 hours, and the remaining five "coli®
strains survived for 228 hours in the synthetic seawater. In comparison,
the mean survival times for "intermediate" and "aerogenes" coliform
strains were 180 hours and 14J, hours respectively.

In both experiments the rate of death was much less rapid for
"coli! types than for "intermediate!" and "aerogenes" coliform types.

When less than ten colonies aﬁpeared on the Violet Red Bile Agar
plates prepared from synthetic seawater at the various test times in the
latter portion of the expeiiments, all of the colonies growing on the

plates were isolated and their pertinent biochemical characteristics
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determined, One hundred and ninety-six cultures were tested in this
mammer., All such isolations gave blochemical reactions identical with

those given by the original strain used to inoculate the symthetic

seawater.
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TABLE XXVIII -

NUMBERS OF COLIFORM BACTERIA IN SYNTHETIC SEAWATER AT 40°F.

COLIFORM CULTURE

COLIFORM BACTERIA:

FPLATE COUNTS PER ML. OF SYNTHETIC SEAVWATER

0 4 8 16 24 32 48 56 64 72 80 96 104 120 144 168 176 192
Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours " Hours Hours Hours Hours Hours
407 E. coli I 62,000 45,000 31,000 33,000 26,000 24,000 22,700‘ 22,500 19,600 19,000 10,400 4,600 2,800 260 140 15 *0 *0
707 Hs coli T 19,900 17,200 14,200 17,000 12,000 10,000 '7;900 9,100 6,800 5,100 4,000 2,500 1,800 180 93 13 *0 *0
248 R. coli II 52,000 26,600 16,500 21,000 13,000 11,000 7,400 8,300 7,200 7,200 2,000 1,950 760 270 104 8 *Q %0
384 Irregular I 44,000 23,700 13,100 17,000 11,000 10,000 6,700 6,900 5,500 6,100 3,200 2,500 560 50 24 1 *0 *0
917 Irregular II 49,000 41,000 34,000 32,000 14,600 14,000 12,600 14,000 8,600 8,200 2,800 3,300 660 100 27 2 *0 *0
392 Intermediate I 15,000 7,000 590 1,700 2,000 460 260 110 96 63 8 *0 *Q
117 Intermediate I 24,500 12,400 3,900 8,600 4,200 1,800 %30 240 200 68 16 *0 *0
404 Intermedigte 11 4,200 1,600 $40 520 340 150 20 8 3 1 *0 *0 -
375 A. aerogenes I 24,400 5,600 3,100 5,300 2,500 410 g0 71 45 25 7 2 *0
857 A. aerogeneg I ;3,000 2,600 1,300 3,000 1,700 460 400 140 82 32 7 *0 *0
961 A. aerdpgenes II 32,000 3,900 1,160 2,100 800 580 150 87 20 16 2 *0 *0
995 A. cloacae 17,900 3,900 270 1,100 600 145 40 27 18 9 2 *0 *0

*0 = Absent in 4.0 ml.
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TABLE XXIX -

PERCENTAGE SURVIVAL

OF COLIFOMM BACTERIA IN SYNTHETIC SEAWATER AT 40 °F.

COLIFORM CULTURE

PERCENTAGE SURVIVAL OF COLIFORM BACTERIA IN SYNTHETIC SEAWATER

4 8 18 24 32 48 56 64 72 80 96 104 120 144 168 176

Hrs. Hrs. Hrs. Hrs, Hrs. Hrs. Hrs. Hrs. Hrs. Hrs, Hrs. Hrs. Hrs., Hrs. Hrs. Hrs,
407 Es coli I 726 50,0 53,3 41,9 38,7 36,6 36,3 3l.6 30,6 16.8 7.4 4,5 0.4 02 0,002 0]
707 B. coli I 86,4 71l.4 B85.4 60,3 50,3 39,7 45.7 34,2 25,6 20,1 12.6 9.0 0.9 0.5 0.06 0
348 E. coli II 51,2 3l1l.7 40.,4 25.0 21.2 14,2 16,0 13.8 13.8 3.9 3.8 1.5 0.5 Ce2 0.02 0
384 Irregular I 53.9 30,0 38.6 25.0 22,7 15.2 15,7 12.5 13.9 7.3 5.7 1.3 0.1 0.05 0,002 0]
917 Irregular IT B83.7 69.4 65,3 30,0 28,6 25,7 28.6 17.6 16.7 5.7 6.7 1.4 0.2 0,06 0,004 0
392 Intermediate I 46,7 3.9 11.3 13.3 3,1 1,7 0.8 0.6 0.4 0.05 O - - - - -
117 Intermediate I 50.86 15.9 35,1 17,1 7.3 1.3 1.3 1.0 0.8 0,3 0,07 0 - - - -
404 Intermediate IIX 37.1 8,1 12,4 8.1 3.6 0,5 0.2 0,07 0,02 © - - - - - -
375 A. aerogenes I 23,0 12,5 21,7 10.2 1.7 0.4 0.4 0.3 0.2 0.1 0,03 0,006 0 - - -
857 A. aerogenesg I 20,0 10.0 23,1 13,1 3.5 3,1 1.0 0.6 0.2 0,005 0 - - - - -
961 A. aerégenes 1T 12.2 3¢ 6 6.6 2.5 l.8 0.5 0.3 0.1 0,05 0.006 0 - - - - -
995 A. cloacae 21.8 1.5 6,1 3,4 0.8 0.2 0,15 0.1 0.05 0,01 0 - - - - -
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TABLE XXX -

NUMBERS OF COLIFORM BAGTERIA IN SYNTHETIC SEAWATER AT 38°F.

COLIFORM CULTURE

COLIFORM BAGCTERIA:

PLATE COUNTS PER ML. OF SYNTHETIC SEAWATER

0

6

12

28

36

48

54

72

84

96

120

132

144

156

168

180

192 204 216 228 240 248

Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
407 Be coli I 27,500 11,300 9,700 8,300 7,860 7,100 5,100 4,300 4,300 5,300 2,70 1,250 630 270 145 83 64 24 7 2 *Q *Q
707 B. coli I 35,500 33,100 32,800 32,600 31,200 25,700 22,200 17,700 13,400 14,000 9,450 6,700 5,600 3,000 2,600 1,120 680 310 19 1 *0 *Q
351 E. coli I 18,500 14,500 17,900 18,600 17,900 16,400 A83500 7,500 7,100 5,500 3,400 1,300 870 340 294 43 24 6 1 *0 *0 -
699 B. coli I 29,000 14,GOQ 12,600 9,900 9, 600 9,700 4,100 3,500 2,300 1,540 780 490 270 120 59 14 10 2 *0 *Q - -
348 E. coli II 22,000 10,100 13,700 10,800 9,900 9,200 5,600 4,700 5,100  %,800 1,900 1,400 310 250 165 35 30 8 2 1 *0 *0
384 Irregular I 26,500 21,100 23,800 23,000 22,000 22,000 21,400 15,800 13,900 13,100 6,900 4,200 3,100 1,030 530 300 248 144 5 2 *0 ¥Q
917 Irregular II 21,000 16,400 16,300 14,400 14,100 14,400 10,100 8,000 7,000 5,900 5,800 4,600 3,200 1,100 1,050 550 740 560 110 41 2 *0
392 Intermediate I 62,000 16,800 9,100 8,200 7,900 7,100 2,100 680 330 325 246 39 6 1 2 *0 *0 -
117 Intermediate I 69,000 15,000 6,200 5,900 5,600 5,300 5,200 4,500 2,400 2,400 1,900 780 630 260 210 30 *0 *0
153 Inteﬁmediate I 5,000 1,750 420 410 410 380 113 51 28 5 1 *0 *0 *0 - -
330 Intermediate I 5,500 1,700 1,400 1,650 1,560 1,500 740 375 155 87 4 *0 *0 *0 -
375 A. aerogenes I 23,000 1,300 700 620 430 390 57 52 46 24 18 8 7 5 *0
857 A. aerogenes I 32,000 18,500 9,700 6,500 5,200 4,800 5;600 1,140 480 430 180 22 9 1 *0
410 A. aerogenes I 11,300 300 310 320 300 320 75 47 39 10 1 *0 *0 -
961 A. aerogenes II 19,000 1,400 800 710 870 630 510 390 126 59 2 *0 *0 -
995 A. cloacae 17,000 5,600 4,900 890 760 610 106 24 4 3 *0 *0 - -

*0 = sbsent in 4.0 ml.
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TABLE XXXT - PERCENTAGE SURVIVAL OF GOLIFORM BACGTERIA IN SYNTHRTIC SEAWATER AT BECF.

COLIFORM CULTURE

i

PERCENTAGE SURVIVAL OF COLIFORM BAGTERIA IN SYNTHETIC SEAVWATER

6 12 28 36 48 54 72 84 96 120 132 144 156 168 180 192 204 216 228 240 248
Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs, Hrs, Hrs., Hrs. Hrs. Hrs. Hrs. Hrs., Hrs., Hrs. Hrs, Hrs.,

407 E. coli I 41,1 35,3 30,2 28.4 27.6 25.8 18,4 15.6  19.3 10.0 4,5 2.3 1.0 0.5 0.3 ;0.2 0.1 0.03 0,007 O -

707 E. coli I 93,2 92.4 91.8 87.9 72.4 62.5 49,9 37,7  39.4 26,6 1849 15.8 8.4 74 342 1.9 0.9 0.05 0.003 O -

351 B. coli I 78,4 96.8 100.5 96,8 88,6 44,9 40,5 38.4 29,7  18.1 648 4,7 1.8 1.6 0e2 0.1 0.03  0.005 0 - -

699 E. coli I 50.5,, 43,4 34,1 33,1 33.4 14,1 12.1 7.9 543 2.7 1,7 0.9 0u4 0.2 0405 | 0.03 0.007 O - - -

348 R, coli II 45,9 62,3 49,1 45,0 4l.8 2545 2l.4 23,2 17,0 8.6 6e2 1.4 1.1 0.8 0.2 0.14 0.04 0.007 0.005 0 -

384 Irregular I 79.6 89.8 86,8 83,0 83,0 8048 59.4 5245 49,4 2640 15,9 11.7 Be 9 2.0 1,1 0 0.9 0.5 0.02 0.008 O -

i

917 Irregular II 78el 77,6 68,6 67,1 68.6 48,1  37.9 33,3 28,1 26,7 2L.9 15,2 5,2 54 0 2.6 35 2.7 0.5 0.2 0,01 0

392 Intermediate I 27.1 14.7 13,2 12,7 11.5 4,4 1.1 045 0.5 0.4 0,06 0,01 0,002 0,004 0 -

117 Intermediate I 21,7 9.0 846 8.1 7.8 7.5 645 3¢5 Bed 2.8 1.1 0.9 0.4 Cut 0.04 0

153 Intermediate I 35,0 8.4 842 842 746 2.3 1.0 0u5 0.1 0.02 0

330 Intermediate I 3069 25,5 30,0 28,4 27.3 13.5 6.8 2.8 1.6 0407 0

375 A. aerogenes I 5.7 340 247 1.9 1.7 0424 0s22 0,20 0,15 0,08 0,03 0,03 0.02 0

857 A. aerogenes I 57.8 30.3 20.3 16,3 14,8 11.3 3.6 1.5 1.3 0.6 0.07 0,03 0.003 0

410 A. aerogenes I 2.7 27 2.8 247 2.8 0.7 0.4 0.3 0.09 0. 009 0

961 4. aerogenes II 7.4 4.2 3.7 3¢5 3.3 2.7 2.1 0.7 0.3 0.01 0

995 A. cloacae 32.9 28,8 5,2 4,5 3.6 0.6 0.14 0.0235 0,017 0
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GENERAL DISCUSSION

Rainfall in Queens County, Prince Edward Island, during the July
to October, 1952, and May and June 1953, periods was considerably less
than had been anticipated, The farmlands on the watersheds of the
study areas became so dry during the summer of 1952 that even the
heavy rains of August 18 did not result in any significant land-wash
pollution. It would thus appear that serious land-wash pollution does
not occur unless heavy rains fall on soil already saturated by previous
precipitation. Significant land-wash pollution did occur in the Vernon
River system on May 21, 1953, following a heavy rainstorm. On this
date coliform M.P.N. values for water samples taken in all sectors of
the Vernon River area were greatly in excess of the mean coliform values
determined during the remainder of the investigation.

A considerable week to week variation in the coliform content of
seawater from fixed sampling stations was noted. For example, surveys
of the Vernon River system made on July 24, July 29, and September 25,
1952, and June 4, 1953, provided results which indicated that the entire
area was free from serious pollution; on the other hand, surveys made on
June 21, 1951, and on May 21, 1953, indicated that the entire Vernon
River area was subject to significant pollutioh. When the data obtained
from all surveys of seawater sampling stations is considered, however, it
is evident that Sector A seawater contained excessive numbers of coliform
bacteria most of the time, and that Sectors B, C, and D were free from
significant numbers of coliform bacteria except when heavy rainfall

caused increased run-off from farmlands on the watershed.
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The marked effect of very low spring tides on the bacterial
content of narrow tidal river channels has not previously been reported,
In the Vernon River system, where many productive oyster beds are
located in the Vernon and Orwell Rivers, dilution becomes a major factor
in determining the sanitary quality of oysters. If we can assume that
the mumbers of coliform bacteria entering the rivers during periods of
dry weather are relatively constant, the removal of most of the water
from the river channels by spring tides will automatically result in
greatly increased coliform numbers per unit volume. The data reported
in Tables X and XI indicate that oysters, under these conditions, will
filter out and concentrate within their bodies large numbers of coliform
bacteria from the wéter, and that these will persist in the oysters for
some appreciable time,

Where sources of direct human or animal pollution are few in mumber,
or absent, as in the Pinette and Orwell Rivers, most of the coliform
bacteria found in seawater have been washed from farm and pasture lands
~ on the watershed., Essentially, the data obtained from bacteriological
surveys provide & means of measuring the amount of land drainage reaching
the shellfish growing waters, and the capacity of the body of water to
dilute the pollution. In shallow river, estuary, and bay systems, where
the inflow of fresh water results in salinities of less than 20 grams per
kilogram of seawater, the addition of even moderate amounts of land drain-
age, especially during spring tides, may result in coliform M.P.N.'s of
more than 50; in systems containing larger volumes of water, the dilution
factor may be the significant agent in reducing the number of coliform

bacteria per unit volume of seawater.,
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The many complicating factors may make a short~-term assessment
of the bacteriological quality of a shellfish producing area impossible;
provision should be made, where limitations in time and equipment permit,
for bacteriological investigations to extend over a two- or three-month
period in important shellfish areas, It may be possible to establish a
mobile laboratory unit at some central point, and to make periodic bacter-
iological examinations of specimens from as many as six or seven shell-
fish producing areas during the investiggtion. Such a program would pro-
vide information regarding seasonal variations in the coliform content of
seawater, and lead to a greater understanding of the basic problems affect-
ing shellfish sanitation,

A fairly close relationship was found between coliform M.P.N.t!s from
oyster and seawater specimens from the same sampling stations; with one
exception, coliform M.P.N.!'s from oyster specimens were less than 230 when
the mean coliform M.P.N.!'s for seawater specimens from the same sampling
stations were less than 50,

The enterococci M.P.N.!'s obtained from seawater specimens during the
investigation were much lower than the coliform M.P.N.'s obtained from the
same specimens; in 1952 the coliform to enterococci ratio for all specimens
of seawater was approximately 13 to 1, as compered to 87.5 to 1 for speci=
mens from the same s ampling stations in 1953.. The enterococci content of
seawater from the Vernon River system was not increased by the spring tides
of August 5 and October 9, 1952, or by the increased land drainage noted on
May 21, 1953. It may be argued that the small number of enterococeci con-

tinuously present in seawater from the study areas is indicative of direct,
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recent, pollution, and that the marked increase in the numbers of coli-
form bacteria which follows increased land-wash on the watershed indi-
cates remote pollution of minor‘public health significance. On the
other hand, surface washings may be undesirable even though strictly
"faecal" bacteria are not found, and the presence of coliform bacteria
beyond certain limits, irrespective of type, may show the existence of
undesirable conditions. The coliform to ehterococci ratio is so large
that standards for shellfish producing waters, based on the Most
Probable Number of enterccocci per 100 ml. of seawater, would require
almost complete freedom from these organisms. The data obtained during
the present investigation may not justify the inclusion of the enterococei
test in routine shellfish surveys; it is probable, however, that a test
for enterococci will have value under conditions which cause the results
of the Standard Methods coliform test to be inconclusive.

The Membrane Filter method was found to be readily adaptable to the
examination of seawater for coliform bacteria. It was necessary, how=
ever, to reduce the volume of sample to be filtered, and to supply suf-
ficient basic fuchsin in the medium to inhibit non~-coliform bacteria and
to satisfy the dye-adsorption requirements of the silt present in the
seawater. It is unfortunate that preliminary tests could not have been
conducted prior to the initiation of the investigation, because a por-
tion of the 1952 MF coliform count data was obtained with imperfect
media, Modifications of the MF Endo's Broth medium will have to be made,
by trial and error, when the MF technique is first used in each shellfish
producing area; the silt content of seawater may vary widely from area to

area and even from time to time.
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While the coliform M.P.N. to coliform MF count ratio for speci-
mens of seawater taken from the study areas in 1953 was 1 to 1l.13, it
should be noted that only 37.9 per cent of the coliform-like colonies
isolated in pure culture from MF membranes produced gas from standard
lactose broth at 37° C, in 48 hours. Thus the coliform M.P.N. to
lactose~fermenting-bacteria MF count ratio was 1 to 0.43; less than
half of the coliform bacteria enumerated by the Standard Methods Con-
firmed Test were detected by the Membrane Filtration technique. The
seawater specimens tested during the present investigation contained
relatively small numbers of coliform bacteria, and relatively large
amounts of silt, organic matter, and other bacteria; under such con-
ditions, more coliform bacteria will be isolated by the use of the
Standard Methods Confirmed Test than by membrane filtrétion. It is
evident that the Standard Methods Confirmed Test for coliform bacteria
and the MF Endo's Broth technique do not measure precisely the same
organisms. It would therefore appear that the MF technique should not
replace the Standard Methods Confirmed Test in shellfish investigations;
the MF technique will, however, be useful in spécial studies.

Many workers and reviewers have advanced the theory that E.coli,
and related "coli" types, are true indices of faecal pollution, and
that "intermediate" and "aerogenes® coliform strains are indigenous to
soil, grasses, and grains, and at best may be considered as indices of
remote pollution. There is considerable evidencs to show that E. coli
type I is the dominant coliform strain in faeces, but it is doubtful
if it is also true, as is often stated, that A.aerogenes and the inter-

mediate coliform strains are rare or few in mumber in faeces., Data
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obtained during the present investigation, and those reported by other
workers, suggest that ten per cent or more of the coliform strains
isolated from faeces are types other than E, coli. Expressed numeri-
cally, a million or more "intermediate! or "aerogenes" coliform strains
may be present per gram of faeces, and these strains may thereforehave
considerable significance as indices of faecal pollution. If, on the
other hand, "intermediate" and "aerogenes" strains represent only ten
per cent of the coliform bacteria in faeces, nine times as many "coli™
types should be present in seawater and shellfish subject to faecal
pollution,

Where pollution of soil has been recent, coliform bacteria of the
"coli" type have generally been found to be present in greater numbers
than other coliform types; a similar distribution of coliform strains
could be expected in seawater receiving direct drainage from the soil.
During the 1952 study, "coli' types were the dominant coliform strains
in faeces (86.0 per cent), soil (66,7 per cent), and seawater (80.1 per
cent), It is most interesting to note, therefore, that a complete re-
versal of coliform type distribution was found in oyster specimens from
the same areas; 66.1 per cent of coliform bacteria isolated from oyster
specimens during the 1952 study were "aerogenes" types. Thus the "aero-
genes" minority strains in seawater gained ascendency over the '"coli"
strains upon entry into oysters; this may indicate that "aerogenes" coli-
form strains are capable of longer survival than other coliform types in
the oyster, or that the biochemical reactions of some Ycoli" types are
altered upon ingestion and retention by oysters. 1In 1953, despite the
much higher proportional incidence of "intermediate" and "aerogenes!
types in seawater, there was further evidence that these coliform types

are favoured over "coliV types within the body of the oyster.
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In 1953, 89.0 per cent of the coliform bacteria isolated from
faeces were "coli" types, but in soil (8.1 per cent), seawster (3l.5
per cent), and oysters (13.2 per cent) "coli"types were in the minority.
Thus, while coliform M.P.N.!'s from seawater and oyster specimens were
somewhat higher in the early-summer study period of 1953 than in the
late-summer period of 1952, probably because of heavier land drainage,
"aerogenes" and "intermediate" coliform strains accounted for the
increase. It is possible that the increased incidence of "aerogenes"
and "intermediate" coliform strains in soil, seawater, and oyster
specimens may be attributed to alonger survival period in these media.
The present studies, however, of the survival of coliform strains in
synthetic seawater, held at temperatures approximating seawater temper-
atures in the study areas, provided date which indicate that "coliM
types survive approximately twice as long as other coliform strains
under these conditions, Other factors, such as sedimentation and the
antagonistic action of other organisms, which will affect the survival
of coliform bacteria in natural seawater were not considered in these
experiments.

The increased incidence of "intermediate " and "aerogenes" coli-
form types observed in seawater and oyster specimens in the 1953 study
cannot be related to direct faecal puollution as defined by sanitary
engineering studies; Vernon River Sector A is the only portion of the
study areas exposed to direct human faecal pollution. These data there-
fore support the hypothesis stated by many British workers that "inter-

mediate" and "aerogenes" coliform types are indices of remote pollution,
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Three thousand, one hundred and twenty Gram negative bacteria
were isolated from Violet Red Bile Agar plates and MF preparations
during the présent investigation. During the 1952 and 1953 studies,
16.5 and 49.9 per cent respectively failed to ferment lactose, in
pure culture, at 37° C., or fermented lactose slowly or weakly;
these organisms were provisionally classified as paracolon bacteria
(Paracolobactrum, Bergey, 1948), although their serology was not in-
vestigated. Other workers have isolated paracolon bacteria from faeces,
soil, and water, but never, to the author's knowledge, in the numbers
observed during the 1953 study.

Of the paracolon bacteria isolated in 1953, 8l.5 per cent were
classified as "aerogenes" types on the basis of their biochemical re-
actions, and only 9.6 per cent could be classified as "coli" types.

The predominance of Paracolobactrum aerogenoides (Bergey, 1948) strains
is in accordance with the findings of Borman gg al. (1944)s The higher
incidence of paracolon bacteria in specimens examined in 1953 than in
those analysed in 1952 suggests a relationship between paracolon
bacteria in seawater and oysters and increased land-wash.

It must be remembered that these paracolon strains attacked
lactose on primary isolation; colony formation on both Violet Red Bile
Agar and MF Endo's Broth was, in every instance, typical of true coli-
form bacteria, and such colony formation is dependent on the ability of
the bacteria to break down lactose, Evidently these strains had an
insufficient capacity for gas production to give clearly positive

reactions in pure culture,
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It is significant that the incidence of paracolon bacteria
increased in direct proportion with the distance from the primary
pollution source; during the 1953 study, 5.0, 32.1, 63.1, and 78.8
per cent of all isolations from faeces, soil, seawater, and oyster
specimens respectively were paracolon bacteria. These data tend to
support the hypothesis of Stuart et al. (1940) that coliform bacteria
may become attenuated with respect to the fermentation of lactose
after exposure to unfavourable envirommental conditions. This hypoth-
esis would explain the gradual increase in the incidence of paracolon
bacteria as faecal material is washed from the primary source on the
watershed to the seawater and finally to the oyster.

Paracolon bacteria have been implicated as the causative organisms
in enteric disease. Pathogenic paracolon bacteria are generally con-
sidered to be organisms of a slightly lower scale of virulence which
have evolved from the Salmonellae. The paracolon bacteria isolated
during the present investigation appear, however, to be strains of coli-
form bacteria which have become attemuated or "degraded" with respect to
the fermentation of lactose, Stuart et al. (1940)and Taylor (1951) con-
sider that such "degraded!" coliform strains have little hygienic signi-
ficance, although these authors suggest that further study is needed,

Coliform type Irregular VI, a variation of A. aerogenes type I,
is the only "aerogenes” or "intermediate" coliform type which produces
acid and gas inaEijkman Lactose Medium at 44° C,; of the A. aerogenes
type I strains isolated, only 4.8 per cent in 1952 and 1.9 per cent in
1953 were classified as Irregular VI. Thus an Eijkman Test for lactose

fermentation at 44° C, was almost specific for two "coli" types, E. coli
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type I and Irregular II. The routine Eijkman test reguires the inocu-
lation of five~tube series of Eijkman Lactose Medium in at least three
dilutions, in a manner similar to the inoculation of Lactose Broth in
the Standard Methods Presumptive Test for coliform bacteria. The
Eijkman procedure requires a considerable expenditure of time and
materials; it was considered possible that an Z2ijkman Confirmation
Test, in which positive presumptive lactose broth cultures from Stand-
ard Methods coliform d eterminations were "confirmed" by direct trans-
fer to tubes of Eijkman Lactose Medium with incubation at 44° C. might
provide essentially the same information. There was a fairly close
correlation between Most Probable Numbers of Eijkman-positive coliform
bacteria, as determined by this test, and the observed incidence of

E, coli type I and Irregular II and VI coliform strains as determined
by the direct isolation and identification of coliform bacteria from
the same specimens, It was possible, therefore, by an Eijkman Confirm—
ation Test, to obtain a rough approximation of the incidence of E, coli
type I 1n seawater and oyster specimens with a minor expenditure of
time and materials,

The time has come for a reassessment of the criteria used in the
bacteriological control of shellfish and shellfish producing waters,
Where pollution of a producing area is either completely absent, or
heavy and direct, the Standard Methods Confirmed Test for coliform
bacteria may provide a means for the accurate delineation of pollution
limits, It must be recognized, however, that in shallow river and bay
systems the simple determination of coliform bacteria may not be related

at all times to s anitary conditions., Data obtained during the present
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investigation suggest that, under abnormal meteorological and tidal
conditions, tests for E, coli or for enterococci may provide a more
precise measure of the hygienic quality of oysters and other

shellfish,
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SUMMARY OF RESULTS

An investigation of the sanitary bacteriology of two
representative oyster producing areas in Prince Edward Island,
Vernon River and Pinette River, was conducted on June 21, 1951,
and during the July to October, 1952, and May and June, 1953,
periods.

Heavy rainfall caused land-wash pollution in the Vernon
River system on June 21, 1951, and on May 21, 1953; on those
dates, coliform Most Probable Numbers from seawater and oyster
specimens taken from fixed sampling.stations in the study area
were much higher than during the remainder of the study period.

Very low spring tides caused a marked increase in the
mumber of coliform bacteria per unit volume of seawater. In
narrow river channels, where salinities of less than 20 grams
per kilogram of seawater were recorded, the addition of even
moderate amounts of land drainage during spring tides resulted
in coliform M,P.N.!' per 100 ml. of more than 50 in the seawater,

Because of changing weather and tidal conditions, there
was a considerable variation in the coliform content of seawater
and oyster specimens taken from the same sampling stations én
different dates during the investigation. Coliform M.P.N.!'s
from specimens taken from the Vernon River on July 24, July 29,
and September 25, 1952, and June 4, 1953, were so low as to
indicate that all portions of the Vernon River system were free
from significant pollution;‘coliform data obtained from surveys

made on June 21, 1951, and May 21, 1953, indicated that the
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entire Vernon River area was subject to serious pollution,
When all data, from fourteen surveys in Vernon River and
eleven surveys in Pinette River, were considered, howsver,

it was evident that seawater from Sector A of the Vernon
River contained excessive numbers of coliform bacteria most
of the time, and that the remainder of Vernon River (Sectors
B, C, and D) end all of Pinette River were free from signifi-
cant mumbers of coliform bacteria except when heavy rainfall
caused increased run-off from farmlands on the watershed.

A fairly close relation was found between coliform
M.P.N.!'s from oyster and seawater specimens from the same
sampling stations; with one exception, coliform M.P.N.!'s from
oyster specimens were less than 230 when the mean coliform
M.P.N.'s for seawater specimens from the same sampling stations
were less than 50,

The ratio of coliform bacteria to enterococci for all
specimens of seawater tested in 1952 was approximately 13 to 1,
as compared to 87,5 to 1 for all seawater specimens from the
same sampling stations in 1953. The enterococci content of sea=

water and oyster specimens taken from the Vernon River system

‘was not increased by the spring tides of August 5 and October 9,

1952, or by the increased land drainage noted on May 21, 1953.
The Membrane Filter technique for the enumeration of coli-

form bacteria was found to be readily adaptable for the examina-

tion of seawater specimens. It was necessary, however, to re-

duce the volume of sample to be filtered, and to add sufficient
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basic fuchsin to the medium to inhibit non~coliform bacteria
and to satisfy the dye-adsorption requirements of the silt
present in the water,.

The coliform M.P.N, to MF count ratios for specimens of
seawater from Vernon River and from Pinette River were 1lto
O.43 and 1 to 0,25 respectively in 1952, and 1 to 0,85 and 1
to 1.81 respectively in 1953. The meam coliform M.P.N. to MF
count ratio for all seawater specimens tested in 1953 was 1 to
l.13. Only 37.9 per cent, however, of the coliform strains
isolated from the MF preparations during 1953 fermented lactose
broth with the production of acid and gas (37° C., 48 houfs)
when isolated in pure culture. These results indicate that the
two test procedures do not measure precisely the same group of
organisms.

Coliform plate coumts for soil specimens from the Vernon
River watershed ranged from less than 10 to 34,000 per gram;
no coliform bacteria were isolated from 14 of 65 soil specimens,
while 23 specimens had coliform counts of less than 100 per gram.
There was a considerable variation in the numbers of ccliform
bacteria isolated from soil specimens from the six sampling
stations on the different sampling dates,

Coliform plate counts from forty faeces specimens ranged
from 170 to 2,400,000,000 per gram of faeces. Coliform plate
counts from dry faeces specimens were much lower than those from
fresh faeces specimens. More coliform bacteria than enterococci

were isolated from specimens of fresh faeces; ratios of coliform
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bacteria to enterococci were 1 to 0,52 for human faeces speci-
mens, and 1 to 0,03 for animal and bird faeces specimens. For
three specimens of dried animal faeces, however, the ratio of
coliform bacteria to enterococci was 1 to 5.4.

One thousand, eight hundred and ninety-one coliform
bacteria isolated from specimens of seawater, stream water,
oysters, soil, and faeces from the study areas were classified
according to their biochemical reactions.

In 1952, coliform bacteria of the "coli" type were pre-
dominant in specimens of soil, faeces, and seawater; in oyster
specimens, however, only 31l.1 per cent of the coliform strains
isolated were "coli" types. In 1953, Mcoli" types predominated
in specimens of faeces, but in specimens of soil, water, and
oysters "aerogenes" types were predominante Thus, while coli-
form M.,P.N.!'s from seawater and oyster specimens were somewhat
higher in the early-summer study period of 1953 than in the
late-summer period 1952, “aerogenes" and "intermediate" coli-
form strains accounted for the increase.

Inaddition to the 1,891 coliform strains isolated from
specimens of wsater, oysters, soil and faeces during the investi-
gation, 1,229 other Gram negative strains were isolated from the
same specimens; although their primary isolation was dependent
on the fermentation of lactose, these strains, when isolated in
pure culture, had an insufficient capacity for gas production in
lactose broth to give clearly positive reactions at 37° C. within

48 hours, and were tentatively classified as paracolon bacteria.
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Of the 1,099 paracolon strains isolated in 1953, 8l.5
per cent were classified as "aerogenesY types on the basis of
their biochemical reactions; only 9.6 per cent could be classi-
fied as "coli" types. The higher incidence of paracclon bacteria
in specimens examined in 1953 than in those analysed in 1952
suggests a relationship between paracolon bacteria in seawater
and oysters and increased land-wash.

In 1953, the incidence of paracolon bacteria increased in
direct proportion with the theoretical distance from the primary
pollution source; 5.0, 32.1, 63.1, and 78.8 per cent of all
bacteria isolated from faeces, soil, seawater, and oyster speci-
mens respectively were paracolon strains.

An ¥Eijkman Broth Confirmation Test" is described, in which
positive presumptive lactose broth cultures from Standard Methods
coliform determinations were "confirmed" by transfer to tubes of
Eijkman Lactose Medium, with incubation at 44° C. for 48 hours.
There was a fairly close correlation between Most Probable
Numbers of Eijkman-positive coliform bacteria, as determined by
this method, and the incidence of E. coli type I and Irregular II
and VI coliform strains as determined by the direct isolation and
identification of coliform bacteria from the same specimens of
seawater and oysters.

The survival time and the death rate of sixteen coliform
strains "in synthetic seawater at 38° to 4O° F. were determimed
in two separate experiments. Under the experimental conditions,

"eoli" types survived for a much longer time than "intermediate!

and "aerogenes' types, and the rate of deathwas much less rapid

for "coli" types than for other coliform types.
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CONCLUSIONS

Where sources of direct human or animal pollution are few
in number, or absent, most of the mwliform bacteria found in sea-
water, and oyster specimens from oyster growing areas are washed
from farm and pasture lands on the watershed., The data obtained
from bacteriological surveys provide a means. of measuring the
amount of land drainage reaching oyster growing waters, and the
capacity of the body of water to dilute this pollution.

Significant land-wash pollution of oyster producing areas
does not occur unless heavy rains fall on soil already saturated
by previous precipitation.

Very low (spring) tides cause a marked increase, in narrow
river channels, in the numbers of coliform bacteria per unit
volume of seawater and oysters.

The numbers of coliform bacteria in seawater and oyster
specimens are not related at all times to hygienic conditions as
determined by sanitary engineering surveys. Under abnormal
meteorological and tidal conditions, tests for Escherichia coli
or for enterococci may provide a more precise measure of the
sanitary quality of oysters and other shellfish.

An Eijkman Lactose Medium Confirmation Test was shown to be of
practical value for the estimation of Escherichia coli type I in

seawater and oyster specimens. This test should be included in

bacteriological surveys of oyster producing areas,
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The increased incidence of Aerobacter and intermediate
coliform types observed in seawater and oysters during the
1953 study was attributable to increased run-off pollution.
Aerobacter and intermediate coliform types were the dominant
coliform strains in oysters, regardless of coliform type
distribution in seawater specimens taken from the same sampling
stations. The data obtained during the present investigation
support the hypothesis stated by some British workers that
Aerobacter and intermediate coliform t ypes are indices of remote
pollution, and are of only slight hygienic significance.

Escherichia coli type I and other coliform strains of the
"eoli" type survived for a longer period of time in synthetic
seawater at 389 to 40P F, than did Aerobacter and intermediate
coliform types.

The American Publio Health Association Standard Methods
Confirmed Test for coliform bacteria and the Environmental
Health Center Membrane Filter Endo's Broth technique do not
measure precisely the same group of organisms.

Coliform bacteria may become attermated with respect to
the fermentation of lactose after exposure to unfavourable
envirormental conditions. Large numbers of such paracolon
bacteria were present in soil, seawater, and oysters from the
study areas in 1953. There was a direct relationship between
the incidence of paracolon bacteria and increased land-wash
pollution. The incidence of paracolon bacteria increased in

direct proportion with the theoretical distance from the primary
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pollution source; the paracolon group was therefore an index of
remote pollution of only slight hygienic significance.

The many complicating factors may make a short-term assess—
ment of the bacteriological quality of a shellfish producing
area impossible. Bacteriological investigations in important
shellfish producing areas should extend over two-or three-month

periods.



CLAIM OF ORIGINAL WORK OR CONTRIBUTION TO KNOWLEDGE

The present investigation is entirely original in the sense that
the experiments were planned and conducted by the author. This investi-
gation is unique because it is the first comprehensive bacteriological
study to be conducted in Canadian oyster producing areas. To the
author!s knowledge there is no reference in the literature to similar
studies in other countries. A number of contributions to knowledge
have been made:

1, Very low (spring) tides, and land-wash pollution following
heavy rains, cause a marked increase in the numbers of coliform bacteria
per unit volume of seawater and oysters,

2. It has been almosﬁ universally accepted that the bacterial
content of shellfish reflects that of the overlying seawater., It has
been shown, however, in this study that Aerobacter and intermediate coli-
form types are the dominant coliform strains in oysters from the study
areas regardless of the coliform type distribution in seawater from the
same sampling stations,

3« The relative public health significance of the various coli-
form types has been the subject of considerable contention, While the
British favour the hypothesis that Aerobacter and intermediate coliform
strains are indices of remote pollution of only slight sanitary signi-
ficance, workers in Canada and in the northern United States of America
generally consider that all coliform types are of equal hygienic
significance, The data obtained from the present investigation support

the British hypothesis.
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Le A modified Escherichia coli Confirmation Test using Eijkman
Lactose Medium has been shown to have practical value for the assess-
.ment of the sanitary quality of seawater and oysters,

5. Little or nc attention has been paid by governmental control
agencies to the public health significance of coliform bacteria
attenuated with respect to the fermentation of lactose. The incidence
of such paracolon bacteria in soil, seawater, and oysters during the
present investigation was much higher than has previously been reported.
There was a direct relationship between the incidence of paracolon
bacteria and increased land-wash pollution. The incidence of paracolon
bacteria increased in direct proportion with the theoretical distance
from the primary pollution source; it was concluded that the paracolon
group was therefore an index of remote pollution of slight hygienic
significance,

6. The American Public Health Association Standard Methods Con-
firmed Test for coliform bacteria and the Enviromnmental Health Center
Membrane Filter Method do not measure precisely the same group of

organisms,



1.

2.

3.

L

5¢

7

8.

REFERENCES
Allen, L.A, and Harrison, J.
The characters of some coliform bacteria isolated from grass

and grass silage. o
Amn, Appl. Biol, 23: 538-545., 1936.

Anonymous
First typhoid case in Seven Years.
J. Am, Med, Assoc, 139: 317. 1949.
Bardsley, D.A.

B. col:l. as an index of faecal pollution of water supplies.
J. Hygiene 25: 11-25, 1926,

Bardsley, D.A.

The distribution and sanitary significance of B, coli,
B. lactis aerogenes and the intermediate types of—é'c'ﬂiform
Facm water, soil, faeces, and ice cream.

Ba.rdsley, D.A.

A comparison of two methods for assessing the numbers of
different types of coliform organisms in water,
J. Hygiene 38: 309-32L. 1938,

Bardsley, D.A.
A study of the coliform organisms in the Melbourne water supply
and in animal faeces, with observations on their longevity in
faeces and in the soil.
J. Hyglene L6: 269-279. 1948,

Batty-Smith, C.G.
The Eijkman test for faecal coll in the bacteriological examin-
ation of water supplies.
J. Hygiene 42: 55-98, 1942,

Beard, P.J. and Meadowcroft, N,F.

Survival and rate of death of intestinal bacteria in sea water.
Am, J. Pub. Health 25: 1023-1026, 1935.



9.

10.

15.

16.

17.

168

Bergey, D.H.

Manual of determinative bacteriology.
6th, ed, The Williams and Wilkins Co,, Baltimore, 1948,

Bidwell, M.H. and Kelly, C.B.

Ducks and shellﬁ.sh sanitation,
Am, J. Pub, Health 40: 923-928, 1950,

Bigelow, S. and Gemberl:l.ng, A,

Collodion membranes.
Jeo Am, Chem, Soc. 29: 1576-1589, 1907,

Borman, E.K., Stuart, C.A., and Wheeler, K.M.

Taxonomy of the family ]mterobactern.aceae.
Jour. Bact. 48: 351-367, 19Lk.

Brewster, K,C.
Preliminary report on the bacteriology of the waters of the
Columbia Division.
Ammual Reports, Med. Dept. United Fruit Co., Boston,
18th Annual Report. 1929.
Brown, H.C. |

Observations on the use of c¢itrated media.
Lancet 5079: 22-23. 1921,

Brown, H.J. and Gibbons, N.E.

Enterococei as an index of fecal pollution in egg products.
Can, J. Pub. Health 40: 30-38, 1949.

Brown, J.W. and Skimer, C.E.
Is the Eijkman test an aid in the detection of faecal pollu-
tion in water?
Jour. Bact., 20: 139"'1&-90 19300

Browne, W.W.

The presence of the B, coli and B. welchii groups in the
intestinal tracts of fish,
Jour. Bath 2' 14.17-1&22 19170



169

18, Buchbinder, L,, Osler, A.Ge., and Steffen, G.I.

Studies in enterococcal food poisoning.
U.S. Public Health Reports 63: 109-118, 1948,

19. Bu.rke-Gaffney, Hedo 08D,
The classification of the colon—-aerogenes group of bacteria in
relation to their habitat and its application to the sanitary
examination of water supplies in the tropics and in temperate
climates,
J. Hygiene 32: 85-131. 1932,

20. Buttiaux, R., Muachemble, G., Kesteloot, A., and Margerin, M.

Colimetry in the bacteriological control of water.
Amn, Inst. Pasteur Lille 1: 141-159. 1948.

21, California State Bureau of Sanitary Engineering.

Report on a pollution survey of Santa Monica beaches,
Cal, State Printing Office, Sacramento. 1943,

22, Carpenter, L.V., Setter, L.R., and Weinberg, M.

Chloramine treatment of sea water,
Am, J, Pub, Health 28: 929"931#0 19380

23. Ca.rpenter;, P. and Fulton; M.

Escherichis~Aerobacter intermediates from human feces.
Am. Jo Puso HeﬁEﬁ 2,: 822?'827. 19370

2, Castellani, A,
Note on the intestinal bacteriological flora of normal indivi-
duals in the tropics.
Zentralbl, f. Bakt., 54: 123-131, 1910.
25, Chambers, C.W.
Relationship of coliform bacteria to gas production in media
containing lactose,
U.S. Public Health Reports 65: 619-627. 1950,
26, Chen, C.C. and Rettger, L.
A correlation study of the coli-aerogenes group of bacteria,

with special reference to the organisms occurring in soil.
Jour, Bacto 5: 253—2990 19209



27,

29.

30.

31,

32,

33.

34.

35

170

Clarenberg, A.

Para’oypﬁoid in ducks in relation to Public Health
World!s Poultry Congress Proc.,, 7th Meeting 2: 233, 1939.

Clark, H.F., Geldreich, E., and Jeter, H.
Survival of pollution indicator arganisms in stored
sewage specimens,
Environmental Health Center, Cincinnati, Activity Report 2:
34~35. 1949. _
Clark, H.F., Reading, L.M.,‘ and Kabler, P.W.
Significance of Gram-stained smears in the determinatlon of
enterococcus Most Probable Numbers,
Sewage and Indust, Wastes 22: 1126-1127, 1950.
Clark, H.F., Geldreich, E., Jeter, H., and Kabler, P.W.

The membrane filter in sanitary bacteriology.
U.S. Pub, Health Reports 66: 951-977. 1951,

Clark, H.,F. and Kabler, P.W.

The membrane filter in water quality tests.
Am, J, Pub, Health 42: 385-388, 1952,

Clark, H.F.

Environmental Health Center, Cincinnati, Ohio.
Personal communication, 1952,

Clark, W.M. and Lubs, H.A.
The differentiation of bacteria of the colonaerogenes family
by the use of indicators,
J. Infect, Diseases 17: 160-173. 1915,

Clegg, L.F.L. and Sherwood, H.P.

Incubation at 44°C, as a test for faecal coli.
J. Hygiene 39: 361-374., 1939.

Clemesha, W.W.

A criticism of Dr., A.C. Houston's report on the biological
characteristics of B. coli.
Je Hygiene 12: 463467, . 1912,



171

36, Cohn, E.G.
Koliforme bakterier i kogodning og ra maelk,
Nordisk Veterinaermed, 2: 209-236, 1950,
Citation from Biol, Abstr., 25: 21-92, 1951,
37. Connecticut State Board of Health
An account of an outbreak of typhoid fever caused by the
eating of raw clams.
Annual Report Conn. State Bd. of Health., 1927,
38, Creel, R.H.
Vegetables as a possible factor in the dissemination of
typhoid fever.
U.S. Pub, Health Reports 27: 187-193, 1912,
39. Cremer, H.W. and Southgate, B.A.
Report of water pollution.
H.M, Stationery Office (London). 1950,
Citation from Bull. Hygiene 26. 1951,
L0, Dangler, G, and Steffen, G.I.

Studies on enterococcal food poisoning.
Je. Milk and Food Techol, 1l: 242-2,3, 19,48,

L1, Darby, C.W. and Mallmann, W.L.

Studies on media for coliform organisms.
J. Am, Water Works Assoc, 31l: 689-695, 1939,

42, De Giaxia, A.
' Ueber das Verhalten einiger pathogener Micro-organismen
in Meerwasser,
Zeitschr, f. Hyg. 6: 162-225, 1889,
43. De Graaff, H.C,

Einige Bemerkungen uber die bakteriologische Wasseruntersuchung,
Zbl, Bakt. 7h: L45le 1922,

L4y, Dienert, F, and Guillerd, A.
Etude de la pollution de l'eau de mer par le deversement des

eaux dlegouts. .
Ann. d'Hyg. Pub,. Ser. 5: 209-217. 1940.




L5,

L46.

L7.

48,

49.

50.

51,

52.

53.

172

Difco Laboratories

Difco Manual of Dehydrated Culture Media.
Difco Laboratories, Detroit. 9th ed, 1953,

Dodgson, R.W.

Shellfish and the public health.,
Public Health 50: 279-285, 1937.

Dodgson, R.W.

Shellfish and the public health,
Proc. Roy. Soc, Med. 31: 925-93L4. 1938,

Doudoroff, M,

Experiments on the adaption of E. coli to sodium chloride.
J« Gen, Physiol, 23: 585-592., 1940,

Dulaney, A.,D. and Smith, E,F.

Slow lactose fermenters in water analysis.
Am. J, Pub. Health 29: 266-270. 1939,

Dyar, H.G. and Keith, S.C. Jr.
thes on normal intestinal bacilli of the horse and of certain
other domesticated animals,
Zentralbl, f. Bakt, 16: 838, 1894,

Edwards, P,F., Bruner, D,W., and Moran, A.B.

Salmonella infections of fowls,
Cornell Vet. 38: 274. 1948,

Ehrlich, P, and Boehme, A.
Die Anwendung der Ehrlichschen Indolreaktion fur
bakteriologische Zwecke, _
Centr. Bakt. I Abt. Orig. 40: 129-133. 1905.
Ei jkman, C. | A
Dei Garungsprobe bei 46° als Hilfsmittel bei

Trinkwasseruntersuchung, ,
Zentralbl., f. Bakt., I, Orig. 37: 742, 1904.




ok

55.

56.

57.

58,

59.

60,

61,

62,

173

Eijkman, C.
De waarde der gistingsproef bei 46° als Hilfsmittel bei der
Trinkwasseruntersuchung.,
Bull, Inst., Pastewr 10: 64, 1912,

Eliot, C.

Observations on the colon-aerogenes group from the oyster,
Am, Jour Hygiene 6: 777-783., 1926,

Emmel, MW,

Bacterial flora in feces of normal fowl.
J. Infect, Diseases L46: 293-297. 1930,

Escherich, T.

Die Darmbakterien des Neugeborenen und Sauglings.
FortSChro do Medo 3:: 515 and 5L|'70 1885.

Ferry', JeDe

Ultrafilter membranes and ultrafiltration.
Chem, Rev, 18: 373-L455. 1936,

Flu, P.Ce
De gistingsproef van C, Eijkman ter opsporing van faecale
verontreiniging van water.
Zbl, Bakt, 69: 121, 1915,
France, R.L.
Studies of Bacterium coli in privately owned rural

water supplies,
Jour. Bact., 25: 623-635, 1933.

Frankland, P, and Frankland, G.C.

Micro-organisms in water.
London., Longmans Green and Co. 189..

Gainey, P.L. and Lord, T.,H.

Microbiology of water and sewage.
1st ed. Prentice-Hall, Inc, New York, 1952,




63.

65.

66.

67.

68,

69.

70.

1.

174

Gard, S. and Nilsson, H,
The classification of the coliform group with special refer-
ence to the bacteriologlcal analysis of water.
Nordisk Hyg. Tidskr. 23: 199=227. 1942,

Geldreich, E., Reading, L.M., and Malaney, G.W.
Comparison of indicator organisms in Ohio River water,
Environmental Health Center, Cincinnati
Activity Report 3: 21-22, 1950.

Gibbons, NL.E.
Lactose fermenting bacteria from the intestinal contents of
marine fish,
Contr. Can. Bio.lo FiShc N.S. 8: 291—3000 1931&0

Gnezda

Compt, rend. acad, sci, 128: 1584, 1899.
Citation from Difco Laboratories Marmual., 1948,

Goetz, A. and Tsuneishi, N.
Applicatibn of molecular filter membranes to the bacterio-
logical analysis of water,
J. Am. Water Works Assoc, 43: 943-984. 1951,

Gore, S.N.

Indian J, Med. Research 8: 505, 1921.
Citation from Difco Laboratories Manual., 1948,

Gray, J.D.A.

The significance of Bact. aerogenes in water.
J. Hygiene 32: 132-142. 1932,

Green, C.E. and Beard, P.J.

Survival of E. typhi in sewage treatment plant processes.
Am, J. Pub, Health 28: 762-770., 1938,

Griffin, A.M. and Stuart, C.A.

An ecological study of the coliform bacteria.
Jour, Bact, 40: 83-100, 1940,




72.

3.

Th.

75.

76.

7.

78,

79.

80.

175

Griffiths, F.P., and Fuller, J.E.
Detection and significance of E. coli in commercial fish
and fillets.
Am, J. Pub, Health 26: 259-264, 1936.

Hajna, A.A.

Isolating typhoid bacilli in sewage.
Municipal Sanitation 6: 234~2L4. 1935,

Hajna, A.A. and Perry, C.A.

Distribution of Escherichia coli in cold-blooded animals.,
Jour, Bact, 31: 25, 1936.

Hajna, A.A. and Perry, C.A.
Optimum temperature for differentiation of Escherichia coli

from other coliform bacteria,
Jour, Bact, 38: 275-283, 1939,

Hajna, A.A. and Perry, C.A.

A Comparative study of presumptive and confirmative media for
bacteria of the coliform group and for the streptococci,
Am. Jo Pub. HeaJ-trh 33: 550—5560 19h30

Hansen, A.C. |
Die beim Hausgefleugel in Daneemark
festgestellten Salmonellatypen.
Zentralbl, f, Bakt. I Abt. Orige 4: 225. 1942,

Hm‘dj-ng, H'E.

I.ncuBation at L40C, in the examination of water supplies,
Lancet 239: 662, 1940,

Hehewerth, F.H.
Onderroch naar de waarde der gistingsproef by 46°

van Prof. C. Eijkman.
Bull., Inst, Pasteur 9: 746. 1911.

Heukelekian, H., and Schulhoff, H.B.
7 Studies on survival of B. ;t.zphosus in suwrface waters

and sewage.
New Jersey Agr. Exp. Sta. Bull. 589. 1935.



81.

82.

83.

85.

86.

88.

176

Hicks, E.P.
The value of methods for the differentiation of bacilli of the
coli-aerogenes group, when applied in Shanghai,
J. Hygiene 26: 357-361. 1927.

Hilbert, K.F.

Disease problems of Long Island duck raisers.
Worldts Poultry Congress Proc., Tth Meeting. 1939.

Hill, J.H., Seidman, L.R., Stadnichenko, A.M., and Ellis, M,
A sﬁudy of 200 cultures of gram negative bacilli isolated from
cases of genito-urinary infection.
Jour, Bact. 17: 205-246. 1929,
Horwood, M.P. and Webster, R.A.
Is Escherichia coli a derivative of Aerobacter aerogenes in

the human body?
Jour. Bacto 333 210 19370

Hoskins, J.K.

The most probable mmbers of B. coli in water analysis.
J. Am, Water Works Assoc, 25: 867-877. 1933.

Hoskiﬁs, J Ko

Most probable numbers for the evaluation of coli-aerogenes
tests by the fermentation tube method.
U«S. Pub, Health Reports 49: 393-405. 1934.

Houston, A.C.

On the value of examinations of water for streptococci and
staphylococci with a view to detection of its recent contamine-
ation with animal organic matter,

Supplement to the 29th Annual Report of the Local Govt. Bd.
(London). 1900,

Houston, A.C.

Reports,
Medical Officer, Local Govt. Ed. (London). 1902,



90.

91.

92,

93.

e

95.

9.

97.

98.

177

Houston, A.C.

Brit., Med. J. 2: 704, 1912,
Citation from Burke-Gaffney. 1932,

Houston, A.C.

Annual report.
London Metropolitan Board 17th Annual Report. 1923,

Houston, A.C.

Annual report.
London Metropolitan Board 19th Annual Report. 1925,

Hunter, A. and Harrison, C.W.
Bacteriology and chemistry of oysters, with special reference
to regulatory control and production, handling, and shipment.
U.S. Dept, Agr. Tech, Bull, 64: 1-75. 1928,

Hunter, A.
Uses and limitations of the coliform group in sanitary control
of food production.
Food Research 4: 531-538., 1939.

Jordan, E.O.

The kinds of bacteria found in river water.
Je. Hygiene 3: 1. 1903,

Jordan, E.O,

The viability of typhoid bacilli in shell oysters,
Jo Am, Med, Assoc, 84: 1402-1403, 1925,

Kabler, P.W. and Clark, H.F.

The use of differential media with the membrane filter,
An, J. Pub, Health 42: 390-392, 1952,

Kehr, R.W. and Butterfield, C.T.

Notes on the relation between coliforms and enteric pathogens.
U.S. Pub, Health Reports 58: 589~606. 1943,

Klein, E. and Houston, A.C.

Supp. 29th Annual Report Local Govt. Bd. (London) with Report
of the Med, Officer. 1899.



178

99. Kline, E.X.

The colon group of bacteria in milk,
International Assoc. Dairy and Milk Inspectors, 19th Annual
Report., 68-85. 1930,

loo. K]-jne’ E.KQ
Constancy of characteristics differentiating intermediates
in the Escherichia~Aerobacter group and their interpretation.
Am. J. Pub. Health 25: 833-838. 1935.

101l. Knowlton, W.T.

B. coli surveys, Los Angeles ocean outfall,
California Sewage Works J. 2: 150-152, 1929.

102, Kon, P,M,

Coliform organisms in milk and bovine feces,
J« Dairy Research 4: 206~211, 1933,

103. Konrich

Zur Bewertung des Bacterium coli in Wasser.
Zentralbl, f. Bakt. Ref, L8: 186, 1910.

104. Koser, S.A.
The employment of uric acid synthetic medium for differentia-
tion of B. coli and B. aerogenes.
Je Infect, Diseases 23: 377-379. 1918,

105. Koser, S.A.
Utilization of the salts of organic acids by the colon-
aerogenes group.
Jour, Bact., 8: 493-520, 1923,

106, Koser, S.A.
Correlation of citrate utilization by members of the coli-
aerogenes group with other differential characteristics and
with habitat,
Jour, Bact, 9: 59-770 1921}0

107. Koser, S.A.

Cellobiose fermentation by coli-aerogenes group.
J. Infect, Diseases 38: 506~510, 1926,



108.

109.

110,

113.

115.

116,

179

Koser, S.A.

Sanitary significance of differential tests for the coli-~
aerogenes group.
Am, J, Pub, Health 17: 1178-1182, 1927,

Kovaks, N.
Eine vereinfache Methode zum Nachweis der Indolbildung
durch Bakterien.
Zeit, Imnmnitaets f. Exper. Therap. 55: 311-315, 1928,
Krassilnikov, N.A.

The bactericidal action of sea water.
Mikrobiologiia 7: 329-344. 1938,

Kulp, W.C.
A note concerning the effect of a specific enviromment on the
characteristics and viability of several strains of
A, aerogenes and E, coli
Jour, Bact, 24: 317-320. 1932.
Laruelle
Cellule 5: 59. 1899.
Citation from Burke-Gaffney. 1932,
Lattanzi, W.E. and Mood, E.W.

A comparison of enterococci and E. coli as indices of
water pollution,
Sewage and Indust, Wastes 23: 1154~1160. 1951,

Laurent, E.
\
Recherches experimentzles sur les maladies de plantes.
Amn, Inst, Pasteur 13: 1-5. 1899,
Lawes, J.P. and Andrews, F.W.

Report on the results of investigations of the microorganisms
of sewage.

Report to the London County Council., 1894,
Laybourne, R,L.

The fermentation of polysaccharides by B. aerogenes.
J. Infect, Disease 26: L18-423, 1920,




117.

1s,

n9.

120,

123.

125,

180

Leiter, L.W.
The Eijlanan fermentation test as an aid in the detection of
fecal organisms in water,
Am, J, Hygiene 9: 705-724, 1929,

levine, M,

On the significance of the Voges~Proskauer reaction.
Jour, Bact. 1: 153-164. 1916,

Levine, M., Epstein, S.S., and Vaughn, R.H,

Differential reactions of the colon group of bacteria,
Am, J, Pub, Health 24: 505-510. 1934.

LeVine » Mo
Determination and characterization of coliform bacteria from
chlorinated waters.,
Am, J, Pub, Health 31: 351-358. 1941,

Levy, E. and Bruné, He

Arch, f, Hyg. 36: 178, 1899.
Citation from Burke-Gaffney, 1932.

London Metropolitan Water Board.

Annual reports on the results of chemical and bacteriological
examination of the London waters, 1927 to 1938 inclusive,
1938,

Ludewig, E.

City of New York Department of Health,
Personal commnication, 1949, .

MacConkey, A,

Lactose~fermenting bacteria in faeces.,
J. Hygiene 9: 33. 1905,

MacKenzié, EJF.W. and Hilton-Sergeant, F.C.

The coliform bacilli and water supplies.,
Je Roy. Army Med. Cps. 70: 73. 1938.



126,

127.

129.

130.

131,

132,

133,

134.

181

Mair, W,
Experiments on the survival of B. typhosus in sterilized and
unsterilized soil,
J. Hygiene 8: 37-47. 1908,

Mallam, P,C.

Salmonella infections in man conveyed by duckst! eggs.
Lancet 250: 887, 1946.

Mallmann, W.L. and Litsky, W.
Survival of selected enteric organisms in various types
of soil,
Am, J, Pub, Health 41: 38-44, 1951,

Melick, C.O.

The possibility of typhoid infection through vegetables.
Jo Infect, Diseases 2L: 28-38, 1917.

Ministry of Health, Great Britain,

Armual Report, 1939.
Rep. Pub. Health Med. Subj. (London) 71. 1939.

MlinkeWitsch, J el
Uber e:.n:.ge Bodenstamme des B, coli und ihre
sanitare Bedeutung.
Zentralbl, Hyg. Infektkr., 111: 58. 1930,
Minkewitsch, J.E. and Rabinovich, D.Y.

Arch. Sci. Biole UsSeSeRe 43: 349. 1936.
Citation from Raghavachari and Iyer. 1940,

Mom, C.P., and Schaeffer, C.0.

Typhoid bacteria in sewage and in sludge.
Sewage Works J. 12: 715-726, 1940,

Needler, AJMWHe

Oyster farming on the Atlantic Coast of Canada,
Dept. Fisheries Information Bull. 1932,



135.

136,

137.

138,

139.

140,

1,2,

3.

182

Neumann, H.G.

Possibilities of newer bacteriological techniques,
Je Am, Water Works Assoc. 42: 57-63. 1950,

Osler, A,G., Buchbinder, L., and Steffen, G.I.

Experimental enterococcal food poisoning in man,
Proc., Soc. Exp. Biol, and Med., 67: 456-459. 1948,

Ostrolenk, M, and Hunter, A.C.

The distribution of enteric streptococei,
Jour, Bact. 51: 735—7th 19L|-60

Ostrolenk, M., Kramer, N., and Cleverdon, R.C,

Comparative studies of enterococci and E. coli as indices
of pollution,
Jour., Bacto 533 197—2030 1947.

Parr, L.W. and Caldwell, E.L.

Comparison by direct inoculation of brilliant green bile (2%)
and lactose broths including consideration of parallel plant-
ing method in water analysis,

J. Infect, Diseases 53: 12-23, 1933,

Pa.rr; LW,
Lactose=degraded colon-aerogenes organisms in normal faeces,
Proc. Soc, Exper. Biol, and Med, 29: 1019-1021., 1934,
Pa.rr, LWe
Sanitary significance of the succession of coli-aerogenes
organisms in fresh and stored faeces.
Am. J. Pubo Health 26: 39"&5. 19360
Parr, L.W.
Organisms involved in the pollution of water from long
stored faeces.
Am, J, Pub, Health 28: L45-450. 1938.
Pawan, J.L. |

New medium for differentiation of B. colli in water analysis,
Amn, Trop. Med, and Parasitology 19: 319, 1925.



5.

146,

7.

18,

1.9,

150.

151,

152,

183

Perry, C.A.
The significance of aerobic non-sporulating bacteria produc-
ing gas from lactose in oysters and waters.
Am, J, Hygiene 10: 580-613. 1929,

Perry’ C.A. and Ha,jn&, A.A.

A modified Eijkman medium,
Jour, Bact. 26: lp.l9—h-29o 1933.
Perry, C.A. and Bayliss, M.
E. coli as an indicator of fecal pollution in oysters and
oyster waters,
Am, J. Pub, Health 26: 406-411, 1936.
Perry, C.A.

A summary of studies on pollution in shellfish,
Food Research 4: 381-395. 1939.

Perry, C.A. and Hajna, A.A.
Further evaluation of EC medium for the isolation of coliform
bacteria and E. coli.
Am, J, Pub, Health 34: 735-738. 1944,
Perry, M,C. and Monfort, W.F,
Some typical colon—-aerogenes forms isolated from
natural waters,
Peso, O.A., leiguarda, R.H., and Kempny, J.C.
Investigacion de bacterias patogenas bintestinales en €l agua
del rio de la Plata.
Rev, Obras San, de la Nacion 13: 101-107. 1949.
Pierce, H.P.

Nitrocellulose membranes of graded permeability,
J. Biol, Chem, 75: 795-815, 1927,

Poe, C.F.

J. Am. Wabter Works Assoc. 24: 891-894. 1932.
Citation from Carpenter and Fulton. 1937,



153.

154,

155.

156.

157.

158.

159.

160.

161.

184

Poe, C.F.
Jo. Am. Water Warks Assoc, 26: 641-644. 1934,
Citation from Carpenter and Fulton. 1937.
Prescott, S.C.

On the apparent identity of the cultural reactions of B. coli
commnis and certain lactic bacteria.
Science N.S., 15: 363. 1902,

Raghavachari, T.N.S5. and Iyer, P.V.S.
The coli-asrogenes index of pollution used in the bacterio-
logical analysis of water,
Indian J, Med. Research 26: 867. 1939.

Raghavachari, T.N.S. and Iyer, P.V.S.
The occurrence of the aerogenes group of coliform organisms
in faeces and its significance in water analysis,
Indian J., Med. Research 28: 55. 1940.

Raju, V.G.
Certain limitations of the B. coli method in water examina-
tions,
J. Hygiene 21: 130-133, 1922,

Raven, C., Peden, D.,, and Wright, H.D.

The bacteriological examination of water supplies,
J. Path, Bact, 50: 287. 1940,

Reedy, R.J. and Puncochar, J,F,.

The incidence of A. aefo enes in human faecal exereta,
Jour. Bact, 39: 757=762. 1940.

Ruchhoft, C.C., Kallas, J.G., Chinn, B., and Coulter, E.W.

Coli-aerogenes differentiation in water analysis.
Jour, Bact, 22: 125181, 1931,

Ruchhoft, C.C,

Studies on the longevity of B. typhosus in sewage.
Sewage Works J. 6: 1054,-1060., 1934,




185

162, Savage, W.G.

Je. Hygiene 3: 388. 1903,
Citation from Burke-Gaffney., 1932.

163. Savage, W.G.

Bacterial examination of tidal mud as an index of pollution
of the river.
Je Hygiene 5: L46-17L., 1905.

164, Savage, W.G.

The bacteriological examination of surface wells.
J. Hygiene 7: A77-500, 1907,

165, S8chobl, O, and Ramirez, J.
Fallacy of the test for lactose-fermenters as an indicator
of fecal pollution of waters.
Phillipine J. Sci. 27: 317. 1925.

166. Scott, W.M.

Food poisoning due to eggs.
Brit, Medo Je 3: 56-580 19300

167, Sears, H.J., Brownles, I., and Uchiyama, J.K.
Persistence of individual strains of E. coli in the
intestinal tract of man.

Jour., Bact. 59: 293-301l. 1950.

168, Sen, A.K.

Report of the Professor of Public Health Laboratory Practice.
Annual Report, Calcutta School Trop. Med. 1937,

169, Simmons, J.S.

A culture medium for differentiating the organisms of the
typhoid=colon-aerogenes groups and for the isolation of
certain fungi.

J. Infect, Diseases 39: 208-21l4, 1926,

170, Skinner, C.E, and Murray T.J.

The variability of B. coli and B, aerogenes in soils,
J» Infect. Diseases 38: 37=41., 1926,



171.

172,

173.

174,

175,

176,

177.

178.

179.

186

Skinner, C.E. and Brown, J.W.

The failure of.g, coli from human faeces to grow at 46°C, in
the Eijlanan or the Bulir tests,
Jour. Bact, 27: 191-200. 1934.

Skinner, C.E, and Brudnoy, H.G.
The utilization of citrates and the fermentation of cellobiose

by strains of B, coli isolated from human faeces.
Jo Hygiene 32: 529-534. 1932,

Smith, T.
A new method for determining quantitatively the pollution of
water by fecal bacteria,
13th Annual Report, New York State Bd. Health. 1893,
Snapper, I.
Salmonellosis caused by ingestion of ducks! eggs.
Am. J. Digest, Diseases 11l: 8-10. 1944.
Soper, G.A.

The discharge of sewage into tidal waters.
Je Am, Med, Assoc,. 52: 1221-122,, 1909.

Standard Methods Committee.
Suggested Procedures for the bacteriological examination of
shellfish and shellfish waters,
Am. J. Pub . Health 37: 112]-u29 . 1947 .
Stryszak, A. ‘
Behaviour of microorganisms of the Salmonella group in the
sea water of the Gulf of Gdansk.
Bull., Inst, Marine and Trop. Med., Gdansk,
Poland 2: 213-219. 1949.
Stuart, C.A., Mickle, F.L., and Borman, E.K.

Suggested grouping of slow lactose fermenting
coliform organisms.
Am, J. Pub, Health 30: 499-508. 1940,

Stuart, C,A., Zimmerman, A., Baker, M. and Rustigian, R.

Eijkman relationships of the coliforms and related bacteria,
Jour, Bact. 43: 557-572. 1942.




180.

181,

182,

183,

184.

185,

186.

187.

188,

187

Suckling, E.V.

The examination of waters and water supplies,
The Blakiston Co., Philadelphia. 1943,

Taylor, C.B.

Bacteriology of fresh water.
J. Hygiene 41: 17-38. 1941,

Taylor, C.B,
The ecology and significance of the different types of
coliform bacteria found in water.
Je Hygiene 1.].2 H 23—[‘»2 ° l9l|-2 .

Taylor, C.B.

Coli-aerogenes bacteria in soils.
J. Hygiene 49: 162-168, 1951.

Taylor, E.W.
The examination of waters and water supplies,

6th ed, Thresh, Beale and Suckling (London).
Jeo and A. Churchill Co,, London. 1949.

Taylor, J, and Goyle, A.N.

Eijkman's test applied to water supplies in the tropics.
Indian J. Med, Research 18: 1177. 193l.

Taylor, W.
Farm water supplies,
Nature 170: 1107. 1952,
Tennant, A.D.

An investigation of the bacterial flora of the soft shell
clam (Mya arenaria) in New Brunswick and Nova Scotia,
Master of Science Thesis, McGill University. 1949.

Tennant, A.D.

Bacteriological survey of Miramichi Bay and Baie Ste, Anne, N.B.

MS. Report to Dept. N,H. and W. 1948,




189.

190.

191,

192,

193.

194.

195.

196,

197.

198 .

188

Tennant, A,D, and Erdman, I.E.
Bacteriological survey of Vernon, Orwell and Pinstte
Rivers, P.E.I.
MS. Report to Dept. N.H., and W. 1951,

Tennant, A.D. and Erdman, I.E.

Bacteriological survey of the Bras D!Or Lakes, N.S.
MS. Report to Dept. N.H, and W. 1951.

Tittsler, R.P. and Sandholzer, L.A.

Studies on Escherichia-~Aercbacter intermediates.

Jour, Bact, 29: 349-361. 1935.
Tonney, F.0. and White, J.L.

Viability of B. typhosus in oysters during storage.
J. Am, Med, Assoc, 84: 1403-1406, 1925,

Tonney, F.0. and Noble, R.E.

The direct count of colon-aerogenes organisms,
J. Infect, Diseases 48: 413-417. 1931,

Topley, W.W.C. and Wilson, G.S.

The principles of bacteriology and immnity.
1st ed, London, Edward Arnold and Co, 1931,

Topley, W.W.C. and Wilson, G.S.

The principles of bacteriology and inmnmit%.
2nd ed. London, Edward Arnold and Co, 1936.

Vaccaro, R.F., Briggs, M.P., Carey, C.L. and Ketchum, B.H.

Viability of E. coli in sea water;
Am, J. Pub, Health 4O: 1257-1266. 1950,

Vaughn, R.H. and levine, M,

Differentia'bion of the intermediate coli-like bhacteria.
Jour, Bact, L4: 487-505, 1942,

Voges, 0. and Proskauer, B,

Beitrage zur Ernahrungs physiologie und zur differential
diagnose der Bacterien der hamorrhagishen septicamie.
Ztschr., f. Hyg. 28: 20-32, 1894,




189

199. Weoksman, S.A. and Hotchkiss, M,

Viability of bacteria in sea water.
Jour, Bact, 33: 389-400., 1937.

200, Warren, A.K. and Rawn, A.M.
Disposal of sewage into the Pacific Ocean.
Modern Sewage Disposal Symposium, Federation of Sewage Works
ASSOC., New Yorko 202!-2080 19380

201, Wattie, E.

Relative productivity of newer coliform media.
U.S. Pub, Health Reports 63: 269-274. 1948,

202, Wattie, E., Arcisz, W., and Dallas, J.L.

Shellfish pollution studies,
Environmental Health Center, Activity Report 2: 5-14. 1949.

203, Webster, W.J. and Raghavachari, T.N.S.

Eijkman's test on water supplies in Madras.
Indian J. Med. Research 21: 525-538., 1934.

204, Weiss, C.M.

Adsorption of E. coli on river and estuarine silts,
Sewage and Indust., Wastes 23: 227-237. 1951,

205, Weston, A.D.
Disposal of sewage into the Atlantie Ocean,
Modern Sewage Disposal Symposium, Federation of Sewage Works
Assoc,, New York., <209-218, 1938.

206, White, J.C. and Sherman, J.M.

Occurrence of enterococci in Milk.
Jour. Bact. 48: 262, 1944.

207, Williams, W.L., Weaver, R.H. and Scherago, M.

A modified Eijkman test for water analysis,
Am, J. Hygiene 17: 432-L45. 1933.

208, Wilson, G.5., Twigg, R.S., Wright, R.C., Hendry, C.B.,
Cmu, M.P., and M.Bier, I.

The bacteriological grading of milk,
SpGCQ Rep. Sero mdo Res, Coun.
H.M, Stationery Office (London)., 206. 1935,




209,

210,

211,

2.

213,

215,

216,

217,

190

Wilson, WOJ L g

Isolation of B. typhosus from sewage and shellfish,
Brit. Med. J. L1: 10861-1068. 1928,

Wilson, W.J.

Bacteriological and chemical standards in water analysis.
Je State Med, 37: 439. 1929.

Wilson, W.J. and Blair, E.M.
Further experience of the bismuth sulphite media.in the
isolation of B. typhosus and B. paratyphosus from faeces,
sewage and water.
J. Hygiene 31: 138-161. 1931.

Wilson, W,J.

Isolation of enteric bacilli from sewage and water, and its
bearing on epidemiology.
Brit. Med. J. 2: 560—5720 19330
Winslow, C.E.A. and Hunnewell, M,P.
Streptococei characteristic of sewage and sewage
polluted waters,
Science N,S, 15: 827, 1902,
Winslow, C.E.A. and Cohen, B,

The distribution of B. coll and B. aerogenes types in water.
J. Infect, Diseases 23:  90-10l, 1918, ." =

Winter, C.E. and Sandholzer, L.A.

Isolation of enterococci from natural sources,
Jour. BaC‘b. 51: 588. 191‘}6.

Wood, D.R.
Recent advances in the differentiation of lactose fermenting
bacilli with special reference to water and food products.
Je Hygiene 18: A46-58. 1920,

Woodward, R.L.

Results of statistical analysis of data comparing the dilu-
tion method and the membrane filter method for estimating
coliform densities in various waters.

Envirommental Health Center, Cincinnati,




218,

219.

220.

221,

222,

191

Young, C.C. and Greenfield, M,
Observations on the viability of the B. coli group under
natural and artificial conditions.
Am, J, Pub, Health 13: 270-273, 1923,

ZOBell, C .EQ

Bactericiddl . action of sea water.,
Proc. Soc. Exper. Biol. Med. 34: 113-116, 1936,

ZoBell, C.E.

The occurrence of coliform bacteria in oceanie water,
Jour. Bact, 42: 284. 1941,

ZoBell, C.E,

Marine microbiology.
1st ed. Chronica Botanica Co., Waltham, Mass, 1946,

Zsigmondy, R. and Bachman, W,

Ueber neue Filter,
Ztschr, f, Anorg, Chemie, 103: 119-128, 1918,







