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INTRODUCTION 

While a considerable number of scientists have investigated 

pollution problems in relation to sea water, oysters, mussels, 

and other shellfish, a review of the literature reveals a 

decided paucity of information regarding the bacterial flora 

of the soft shell clam, Mya arenaria. The importance of the 

soft shell clam fishing industry in the Atlantic Maritime 

Provinces of Canada is considerable, and a comprehensive 

assessment of the bacterial flora of Mya arenaria on the Canadian 

Atlantic seaboard was therefore deemed essential before poss-

ible public health hazards connected with the industry could 

be properly evaluated, and control measures and significant 

bacteriological Standards for the product could be established. 

The Soft Shell Clamf Mya arenaria. 

Soft shell clams (Mya arenaria)f which are also known as 

"soft clams11, "long-necked clams", "long clams", and "sand clams", 

are found along the Atlantic coast from South Carolina to the 

Arctic Ocean. They are very abundant along the coast of Nova 

Scotia, New Brunswick, and New England, but are rare south of 

Cape Hatteras. The soft clam was introduced in the middle of 

the last Century to the Pacific coast, where it is now found 

in large numbers in some areas* 

Mya arenaria lives on tidal flats and beaches of inlets, 

bays, harbours, and river estuaries, and is not to be found on 

open sea beaches. Weymouth (1930) states in explanation that, 
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as it increases in size, Mya loses the ability to move quickly, 

and hence the ability to care for itself wben exposed; storms 

are thus fatal to the larger specimens. Moreover, it is in-

capable of renewing communication with the surface of the ground 

when its siphons have been choked by shifting sand; it needs 

protection, and a firm sub-stratum in which a hole is semi

permanent. Thus the best soil for clams is a mixture of fine 

sand and mud, although these animals will live in every type 

of bottom soil ranging from gravel to mud, except very soft 

mud or shifting sand. At the same time the water from which 

it strains its food must not be stagnant but moving, and contain 

a supply of microorganisms sufficient for the needs of the anima] 

Provided the above conditions are fulfilled, Mya will thrive 

in water that is brackish, even though the temperature falls 

below 0 C. 

It is obvious that these ideal conditions will be found 

in the tidal mud of a river estuary, and it is here that % a 

occurs as one of the characteristic members of the brackish 

water fauna. 

During adult life, the clam lies entirely buried, anterior 

end downward, in the mud, with only the tip of the siphons 

level with the surface. Alder and Hancock (1851) have described 

this as it occurs at the mouth of the River Tyne. "Mya buries 

itself to a depth of six to eight inches in a stiffish clay 

mixed with shingle; in shallow pools left by the tide the 

siphonal tubes may be seen just level with the surface of the 
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muddy bottom in füll action. The mud lies closely packed 

against the walls of the tubes, so that nothing is to be seen 

but the internal surface of the expanded lips of the siphonal 

orifices fringed with numerous tentacles. When it happens that 

the surface of the water is only a little above the orifices, 

a strong current can be distinctly seen to boil up from the 

anal siphon, and another, with a constant steady flow, to set 

into the branchial one." 

The growth of clams depends upon the temperature of the 

water, the character of the bottom soil, and the abundance of 

food available. Circulation of water over the clam bed is 

necessary to provide food organisms and dissolved oxygen. 

Products of decomposition are carried away by tidal currents; 

this prevents the fouling of thickly populated beds. Clams 

are usually very tolerant of changes in the salt content of 

sea water, and will grow in water ranging from eight to twenty-

eight parts of salt per thousand. 

Higher temperatures promote more rapid growth along the 

coasts of New Jersey and southern New England than north of 

Boston, but even in the latter zone the animals may reach the 

marketable size of more than two and one-half inches in one 

and one-half to two years. In some warm localities clams grow 

during the entire year, but usually the most rapid increase in 

size is noted in July, August, and September. The normal life*-

span of a clam is estimated to be at least ten to twelve years. 
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In adult clams the sexes are separate and occur in 

approximately equal numbers. Most of the young clams mature 

for their first spawning when they are about one year old, 

but some individuals, usually males living in favourable 

surroundings, may contain spawn at the age of four months. 

Soft shell clams begin spawning in the spring and early summer 

after the water temperature reaches 55 to 60°F. This occurs 

late in July in the Eastern Maritime provinces of Canada. 

Spawning may continue for about three months; the soft shell 

clam is very prolific, discharging millions of eggs each summer. 

Insemination of the egg takes place in the water outside the 

clamrs body. Within ten to twelve hours after insemination 

the egg develops into a free-swimming larva, and in ten to 

fourteen days, depending on the temperature of the surrounding 

water, the larva changes into a young clam, which settles to 

the bottom and attaches itself to various objects, such as 

broken Shells, rocks, and sea grass, with a byssus. It loses 

this organ of attachment when about three-quarters of an inch 

in length, and is capable of burrowing into the bottom soil, 

which becomes its new habitat. 

In Mya arenaria the two shell valves are practically equal 

in size. When the valves are adducted to the utmost extent 

there is still a large gape at the posterior end in which lie 

the retracted siphons. When fully extended the siphons may 

reach a length of 50 cms., according to Vles (1908). The mantle 

edges are fused except for a short extent on the antero-ventral 
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surface, where the pedal opening is found. The small, wedge-

shaped foot, which can be protruded through the opening, is 

situated, as in all burrowing forms, on the anterior edge of 

the visceral mass. (Yonge, 1923). 

The stomach Contents consist of very finely divided 

particles of organic debris, sand, and microorganisms, e.g., 

diatoms, singly and in chains; Joraminifera; minute, probably 

larval, bivalves; ostracods, and other microscopic Crustacea, 

with parts of larger specimens; spores and eggs of various 

kinds; sponge spicules, and spines of all sizes. The great 

mass of material consists of small sand grains. The largest 

particles present are thin, filamentous strips of alga up to 

one mm. in length; the largest solid particles are not more 

than one-fifth mm. in diameter. This fine division is the 

result of the very excellent sorting mechanism present on the 

palps. 

Pollution of Soft Shell Clams. 

Soft shell clams, in common with other molluscan shellfish, 

are liable to pollution with sewage. If such polluted shellfish 

be eaten, in an uncooked or partially cooked condition, 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 that of the general public, 
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amongst whom the disease may indirectly be spread, possibly 

on a large scale. 

A mass of epidemiological evidence has been accumulated, 

especially during the last fifty-seven years (1893-1949), which 

places the causal relationship between polluted shellfish and 

the incidence of certain outbreaks of disease beyond reasonable 

doubt. The disease predominantly associated with the consumption 

of polluted shellfish is typhoid or enteric fever, (including 

the group of allied diseases, e.g. paratyphoid fever, etc.). It 

must be borne 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. The only essential factor necessary for the conversion 

of this potential power into an actual danger is the capacity 

of the organism, responsible for a given infection, of living 

for a comparatively short time, under the conditions to which 

it is subjected during its travels from the original source of 

infection to the consumer of the shellfish. As a rule, this 

means that the infective agent must be able to survive, firstly, 

immersion in sewage, secondly, the effects of sea or brackish 

water, and thirdly, the conditions to which it is exposed while 

within the shell of the mollusc. It may so happen, however, 

that the organism may not have to face all or any of these 

conditions. Infective material need not necessarily get into 

the water via a sewer; it may be exposed only to fresh or almost 



7. 

fresh water, e.g., in the case of shellfish taken from river 

estuaries, at low tide, or, in the case of those "washed" after 

collection, in polluted streams; and finally, it may be directly 

conveyed to the consumer in the mud which may be adhering to 

the outside of the Shells. 

Probably the most important group of infective bacteria, 

other than the typhoid bacillus, transmissible by shellfish, 

comprises those which are responsible for various gastro-

intestinal disturbances, ranging from the true dysenteries, to 

more or less ill-defined conditions characterised by sickness 

and diarrhoea of varying severity; this group also includes the 

bacteria responsible for various forms of food poisoning. Among 

other diseases in this category may be mentioned asiatic cholera 

dissemination of which by shellfish, was demonstrated in 1893 

in England. 

Entirely apart from the dangers of contracting serious 

disease from the consumption of polluted shellfish, it is not 

particularly pleasant, from a purely aesthetic point of view, 

to contemplate the fact that, when eating shellfish from a 

sewage-polluted area, we may be sampling the filth of all sorts 

which goes to make up the sewage of towns or villages. Shellfish 

may be, and frequently are, a dangerous food. The importance of 

limiting the fishing of clams and other shellfish to areas shown, 

by bacteriological and sanitary engineering surveys, to be free 

from sewage contamination cannot be over-emphasized. 
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REVIEW of LITIRATUEE 

Yiability of Adventitious Pathogens in Sea Water. 

It is the concensus of opinion that there are no autochthonous 

marine bacteria capable of infecting man, but the literature is 

replete with contradictory accounts of the viability of adven

titious pathogens in sea water. Some workers claim that sea water 

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 sea water must be taken 

into consideration in order to effect a reconciliation of these 

divergent views. The biological properties of sea water may 

vary widely; the synthetic, diluted, or autoclaved sea water 

used in many of the experiments may not have simulated natural 

sea water. 

De Giaxia (1889) observed that enteric bacteria perish quickly 

in the sea. He found more than 100,000 bacteria per ml. of sea 

water 50 meters from a sewage out fall in the Gulf of Naples, 

26,000 at a distance of 350 meters, and fewer than 100 per ml. 

3,000 meters from the sewage outfall. Controlled experiments 

showed that Bacillus anthracis and Vibrip comma were unable to 

compete with saprophytes in polluted sea water; 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« 
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In a summary of the experiments of various authors, Frankland 

and Frankland (1894) concluded that, in general, human pathogens 

do not survive as long in sea water as in fresh water. Soper 

(1909), however, found that the virulence of Salmonella typhosa 

was not reduced by sea water in two or three weeks. 

Beard and Meadowcroft (1935) designed experiments to simulate 

natural conditions in polluted sea water, and noted a rapid 

diminution 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 sea 

water, 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 sea water within 

thirty minutes. 

Krassilnikov (1938) found that water from the Black Sea 

was germicidal for terrestrial bacteria until boiled. Passage 

of the water through a Seitz filter rendered it less bactericidal 

for adventitious organisms. Krassilnikov stressed the importance 

of the organic content of water as a factor affecting the 
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survival of bacteria. 

ZoBell (1946) considers that the sanitary significance of 

Escherichia coli, Aerobacter aerogenesf and other coliform 

bacteria in sea water depends upon two important considerations. 

First, do the intestinal tracts of marine animals normally 

harbour coliform organisms, and secondly, how long do coliform 

bacteria of fecal origin survive in the sea? 

Browne (1917) reported the absence of E. coli from Buzzards 

Bay and Vineyard Sound near Woods Hole, Mass. E. coli was 

found in only 39.8 per cent of 93 scup which he examined; the 

presence of these bacteria in the fishes1 intestines seemed 

to be a function of the amount and type of food present. 

Gibbons (1934) noted that the bacteria in fewer than half 

of the offshore fish which he examined produced gas in 

lactose broth, and concluded that E. coli and A. aerogenes are 

present only in fish from contaminated waters. 

Griffiths and Füller (1936) detected only a few E. coli in 

commercial fish, and concluded that E. coli is not a normal in

testinal inhabitant of marine fishes. 

ZoBell (1941) failed to find coliform bacteria in any of 

961 sampies of sea water collected at stations remote from any 

possibility of terrigenous contamination. Large numbers were 

found in polluted bays and estuaries. Positive presumptive 

tests were obtained from the intestinal Contents of 203 of the 

387 marine fishes examined; the coliform bacteria isolated 

from the fishes were classified as follows using the "I M V I C" 

tests: 
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Escherichia coli 6 per cent 

Aerobacter species 73 per cent 

Citrobacter species 21 per cent 

lu coli was found only in feedy fishes taken relatively 

near shore. ZoBell concluded that E. coli or other bacteria 

which ferment lactose with the production of gas do not constitute 

part of the normal intestinal flora of marine fishes, although 

such bacteria may survive for considerable periods of time if 

ingested. 

ZoBell (1946) reports that the intestinal contents of sea 

birds are generally free from coliform bacteria, except in 

certain cases where the fowls have been feeding in polluted 

waters. Very little is known about the intestinal flora of 

marine mammals. E. coli does not appear to be a normal inhabitant 

of the intestines of seals in captivity. 

Land drainage and raw and partially treated sewage contributes 

huge numbers 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 over a hundred for every liter of water 

in the North Pacific Ocean, if evenly distributed. Comparable 

sanitary conditions were found on the east coast of the United 

States by Weston (1938). Such organisms, however, are found 

only in harbours, bays, and tide water, which are often heavily 

nolluted. 

Data obtained during extensive surveys around the Hyperion 
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outfall, summarized by Knowlton (1929), show the rapidity with 

which coliform bacteria succumb in the sea. The Hyperion 

out fall 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. Even during onshore winds and 

currents, the count is often less than ten coliform bacteria 

per ml. of surf; as many or more E. coli could easily be intro-

duced by bathers on the beach. Coliform bacteria were never 

traced more than a mile or two from sewer out falls in the open 

ocean. A commission appointed by the California State Bureau 

of Sanitary Engineering (1943) considered the effect of air 

currents, water movements, composition of sewage, and other 

factors which influence the distribution of E. coli; they con

cluded that only in solids and greases were coliform bacteria 

able to survive for long periods of time in the sea. 

Dienert and Guillerd (1940) conducted similar experiments 

in Europe; they concluded that, while sea water is neither 

antiseptic nor inimical to E. colif sewage discharged into the 

sea is rapidly purified by predatory organisms, Sedimentation, 

and dilution. Lloyd (1930) found that Clyde sea water was 

virtually free from coliform bacteria of fecal origin. 

Multiplication of coliform bacteria in sea water or living 

shellfish has not been definitely proven, but several observers 

have recorded great and rapid increase of coliform organisms in 
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ordinary tap water, and fresh water from other sources. Savage 

and Wood (1918) and Platt (1935) recorded multiplication in 

tap water sterilized by heat; Harold (1934) noted rapid multi

plication and survival for some months of an aerogenes strain 

in Thames River water sterilized by boiling, while a very 

comprehensive research by Bigger (1937), in connection with the 

multiplication and survival of E. colit indicated that this 

organism increased enormously in Dublin tap water, the numbers 

waxing and waning from day to day over periods of weeks or months. 

He found that autoclaving, filtration, or exposure to adsorbents 

or to a vacuum, greatly enhanced the value of the water as a 

culture medium. A striking parallelism, in many respects, is 

to be noted between Biggerfs results and those obtained by 

Dodgson (1928) at Conway, England. 

The Coliform Index as a Measure of the Pollution of Shellfish» 

and Shellfish Growing Waters. 

Considerable difference of opinion has arisen over the 

validity of the Standard Methods test for the presence of members . 

of the coli-aerogenes group as an index of true fecal pollution. 

Many of those who have studied shellfish pollution problems in 

more southern waters (20) (35) (59) (60) have long been convinced 

that high scojes based on coli-aerogenes bacteria may have little 

value as indicators of fecal pollution, especially where water 

temperatures rise rapidly to a high level during the summer months 

Hunter (1939) states that, while "the coliform bacteria have long 

been considered the only bacterial group which can be used with 
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even a reasonable degree of accuracy as a measure of pollution", 

it must be remembered that the presence of coliform bacteria in 

water and in or on other foods depends on many environmental 

factors, each of which must be determined for each item of food 

in question. Hunter considers that only when a correlation is 

found to exist between unsanitary methods of food production and 

the presence of coliform organisms in the finished product can 

the presence of confirmed fecal strains of coliform organisms be 

interpreted as having sanitary significance; if environmental 

factors tend to permit or promote multiplication of the normal 

flora of organisms, together with the coliform contaminants, an 

interpretation of the sanitary significance of the coliform 

group becomes involved. 

Eliot (1926) reports that B. cloacae was often found in 

oysters when B. coli and A. aerogenes were absent, and considers 

that its presence in market shellfish can be disregarded. The 

investigations of Perry (1939) indicate that many coliform bacteria, 

particularly of the B. cloacae types, are present in shucked 

market oysters or shell oysters when the temperature exceeds 

15.6 C. (60 F.); Perry concludes that these bacteria are without 

significance as indicating pollution. 

On the other hand, studies by other investigators (3) (22) 

(56) (57) indicate that any content of coliform bacteria, however 

atypioal, in a water or food sample must be taken as an indication 

of fecal contamination. Investigations by Parr (1938) indicate 

that E. coli is the most characteristic and constant coliform 
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bacterium of the human intestine and of fresh human feces, but is 

shortly replaced by A.aerogenes and intermediates, particularly in 

cold stored material. Fecal specimens did occur, however, in 

which no viable A.aerogenes or intermediates are found, and in such 

no succession of forms takes place; less frequently A.aerogenes 

may also be found in large numbers, and at times it may become 

the predominant, and rarely, the only type. The work of Bardsley 

(1934) confirms these observations; Bardsley found that most virgin 

soils were free from coliform bacilli, but that these organisms 

were contained in enormous numbers in feces. The dominant type 

in feces was E.coli, but by preliminary incubation in Koser's 

citrate medium it was found possible to demonstrate the presence 

of small numbers of A.aerogenes and intermediate types, which, by 

the ordinary methods of isolation, were usually overgrown by 

E.coli. Bardsley concluded that the occurrence of A.aerogenes 

and the intermediates in food and water may be due to fecal 

pollution. 

In a study of the coliform group in market oysters, Eliot 

(1926) found that the E.coli score of shell oysters may increase 

enormously during storage. E.coli and A.aerogenes were invariably 

found together when either of them was present in market oysters; 

Eliot considered that the inclusion of both in scoring oysters 

and other shellfish is therefore probably justified. 

Gard and Nilsson (1942) consider that, in studies of the 

Classification of coliform organisms, too little attention has 

been paid to the variations in the fermentative qualities of the 
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individual strains. Through studies on strains of coliform 

organisms derived from feces, urine, and sewage, it was found 

that the power of lactose fermentation and the ability to grow 

in Koserfs citräte medium often wears off rather quickly when 

bacteria are growing outside the intestine, and that other bio-

chemical activities may also decrease. These authors conclude 

that any content of coliform bacteria, however atypical, in a 

water or food sample must be taken as a sign of fecal contajnin-

ation. 

It may be concluded that the general absence of coliform 

bacteria in the sea except in areas known to be polluted with 

sewage confirms the validity of the test for coliform bacteria 

as an indicator of sewage pollution. It is possible that in 

some areas high water temperatures may promote multiplication 

of coliform organisms in sea water and shellfish; in such instan-

ces it is probable that coliform numbers will not accurately 

reflect the extent of sewage contamination in the area. Under 

normal conditions, however, it is believed that the Standard 

Methods test for the presence of members of the coli-aerogenes 

group serves as a reliable index of sewage contamination of sea 

water, and of clams and other shellfish. 

Enteric Pathogens in Water. Sewage. and Shellfish. 

During the period of establishment of the coliform group as 

an indicator of unsafe waters and shellfish, considerable effort 

was devoted to the isolation of enteric pathogens, particularly 

Salmonella typhosa. and to the relative rates of decrease of 



17. 

coliforms and enteric pathogens under various conditions. The 

introduction, in 1927, of Wilson and Blairfs bismuth sulphite 

agar resulted in much more work being done on the isolation of 

certain enteric pathogens during the next ten or twelve years by 

a number of investigators. These workers were successful in iso-

lating Salmonella typhosa from sewage and polluted waters, using 

Wilson and Blair*s media, or various modifications. 

The work of the London Metropolitan Board Laboratories (1927-

1938) is perhaps the most complete and carefully controlled; each 

annual report from 1927 to 1938 carries some reference to isola-

tions of enteric pathogens. Wilson (1928), and Wilson and Blair 

(1931) have reported numerous isolations of S. typhosa from 

polluted waters, sewage, and shellfish. Green and Beard (1938) 

have reported the isolation of S.typhosa from Palo Alto sewage in 

nine of fifty-one one ml. samples; Ruchhoft (1934) has reported 

isolations in two 0.1 ml. samples of Chicago activated Sludge, 

while Heukelekian and Schuloff (1935) reported failure to isolate 

S.typhosa from the sewages of fifteen municipalities in 0.1 ml. 

amounts. Hajna (1935) isolated S.typhosa from six of twenty-two 

samples of crude sewage from Baltimore and vicinity. Mom and 

Schaeffer (1940) reported an extensive series of isolations from 

sewage, Sludge, and river water at Bandoeng, Dutch East Indies, 

where the morbidity rates for typhoid are around thirty cases per 

thousand per year. Mom and Schaeffer, and Wilson (1933) stress 

the relationship between the typhoid morbidity rate and the con-

centration of S#typhosa found in the sewage of the Community. 
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Dodgson (1938) c i t e s several epidemiological instances of the 

prolonged survival of virulent typhoid b a c i l l i in mussels and 

oys te rs . His experimental evidence indicates that S.typhosa sur

vived in oysters , mussels, and other shel l f i sh in sea water for 

more than three weeks. Hunter and Harrison (1928) related several 

instances of the demonstration of typhoid bac i l l i in she l l f i sh . 

They record evidence for the survival of the typhoid b a c i l l i 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 shel l liquor of both shucked and 

she l l oysters in storage varies with the temperature at which they 

are kept . In general, the temperature best suited for the preserv-

ation of the she l l f i sh tends to prolong the l i f e of the typhoid 

b a c i l l i in the oyster . Under the conditions of the trade, v i z . , 

at icing temperature (45C?F.), S.typhosa survived for twenty-two 

days in shucked oysters , and for sixty days in shel l oysters . 

Shell oysters a r t i f i c i a l l y contaminated with typhoid b a c i l l i 

by floating for one hour in sea water to which typhoid b a c i l l i had 

been added, and then placed at ice-box temperature were found to 

contain l iving typhoid b a c i l l i for as long as twenty-four days by 

Jordan (1925). There was no evidence of mul t ip l icat ion, and after 

the f i r s t few days a diminution in numbers was plainly apparent. 

Of the three s t r a in s used, one was found to survive to the twenty-

f i r s t day, one to the twenty-second, and one to the twenty-fourth 

day. 

Since fresh clams have been incriminated in typhoid fever 
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outbreaks, it is obvious that they are subject to the same type of 

contamination as other shellfish. 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 

Connecticut State Board of Health for 1927 (ll). 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 (l). 

The following cases of typhoid fever from 1933 to the end of 

1948 were investigated by the New York City Department of Health 

(47) and finally judged as having had their sources of infection in 

shellfish originating from condemned areas within the City of New 

York* In most cases, Jamaica Bay was involved, but some cases were 

also reported from Eastehester, Pelham, Raritan, and Princess Bays. 

Year Typhoid Cases Type of Shellfish 

Clams Mussels Oysters 

Not available 
7 1 1 

35 
2 
9 

17 2 -
6 

19 
2 - -
2 - -
2 2 -

3 - -

1 - -
1 

These figures do not include typhoid fever cases from shell

fish which were obtained from peddlers or other persons whose 

sources of supply could not be traced, or investigations that could 

1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 

81 
9 
35 
2 
9 
19 
6 
19 
2 
2 
4 
0 
3 
0 
1 
1 



20. 

not be thoroughly completed. An unestimated number of food 

poisonings and other gastro-intestinal illnesses traceable to 

shellfish from uncertified 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 autho-

ities. 

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 indicator of the possible presence of 

pathogens and indicate that a very real danger may exist when 

coliforms are present in even moderately high concentrations. 

The factor of safety provided by the ratio of a million or so 

coliforms present 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 coliforms in ingested media 

be kept low er eliminated entirely by methods which reduce the 

general bacterial population. 

Fecal Streptococci as an Index of Pollution. 

For a number of years the fishing industry has been dis-

satisfied with the bacteriological methods for detecting domestic 

pollution; the present methods frequently indicate that an area 

is unfit for shellfish produetion or that a fishery produet is 

not suitable for human consumption even though there is no other 

evidence to indicate that this may be so. As a result many 

investigators have been engaged in a search for a more reliable 

criterion of pollution than the coliform bacteria. 
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Some authors consider that the fecal Streptococci may prove 

to be the Solution to the problem of a more certain index of 

fecal pollution. This group of organisms, commonly known as 

the enterococci, was first reported by Lawes and Andrews (1894). 

Six years later, Houston (1900) began to lay stress upon the 

fact that these organisms were readily found in polluted waters 

and seemingly absent in non-polluted samples. 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 in pure waters, virgin soil, and 

sites out of contact with human and animal life. 

3. They do not multiply 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 a selective medium which would permit these 

organisms to grow without competition 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 45°C. 

In 1945, White and Sherman indicated that a medium con~ 

taining penicillin was highly selective for this group of 
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organisms. The possibilities of this medium for routine use 

in sanitation bacteriology led Winter and Sandholzer (1946) to 

investigate it in detail; they found that fecal Streptococci 

were present in all of the samples of human, domestic-animal 

and wild animal feces that were tested, and that soils of 

virgin wooded areas do not show the presence of enterococci, 

whereas, the soil of pasture land does. In fecal samples, the 

fecal Streptococci were outnumbered approximately a hundred 

times by the coliform organisms. It is of interest, however, 

that samples of polluted waters taken right at the source of 

pollution show the average enterococci count to be twenty times 

that of the coliforms. Then, as the distance from the point 

of pollution increased, the numbers of enterococci decreased 

more rapidly than the numbers of coliforms, so that beyond a 

hundred yards or more, the coliforms are greater in number. 

These workers concluded that the enterococci may serve as a 

more specific and reliable index of fecal pollution than the 

coliform bacteria, even though the former may be present in 

fewer numbers than the latter in polluted areas. 

Data obtained from food-producing establishments by 

Ostrolenk, Kramer, and Cleverdon (1947) show excellent correla-

tion to exist between sanitation and recovery of both E.coli 

and enterococci. Enterococci in artificially contaminated soils 

and in normal feces appear to survive longer than E.colj. und er 

identical conditions. 

Investigations by Ostrolenk and Hunter (1946) demonstrated 
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that fecal Streptococci are common in the excreta of ten animal 

species, and that they occur in significant numbers. These 

authors consider that, although the fecal Streptococci are 

generally outnumbered by E.coli, their resistance to chemical 

agents and possibly to other environmental factors makes them 

of sanitary significance as indices of fecal contamination and 

pollution. 

Brown and Gibbons (1949) report that the 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, These authors conclude that, in 

egg powder, enterococci seem to furnish a better index of the 

number of organisms of fecal origin in the liquid egg than 

E.coli or the coliforms. 

Several outbreaks of food poisoning of a mild type in which 

enterococci were the predominant organisms isolated from the 

suspected foods are described in a paper by Buchbinder, et al 

(1948). The literature on food poisoning is also dis'cussed, and 

it is pointed out that, in several instances in which the incul-

pated organisms were closely identified, they were found to be 

enterococci. 

The relatively small numbers of outbreaks reported as 

caused by Streptococcus faecalis is in sharp contrast to the 

widespread occurrence of this organism in nature. Some success 

in producing experimental Streptococcus faecalis food poisoning 
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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 volun-

teers who ate foods in which strains of Streptococcus faecalis 

had grown for five hours. These workers concluded that the 

experimental production of acute mild intestinal or gastric 

disturbance or both in man tends to confirm the etiological 

role of Streptococcus faecalis in naturally occurring outbreaks 

of food poisoning. Dangier and Steffen (1948) consider that the 

enterococci may be as important as the staphylococci as causal 

organisms in outbreaks of food poisoning. 

OBJECT OF INVESTIGATIONS 

While a considerable number of scientists have investigated 

pollution problems in relation to sea water, oysters, mussels, 

and other shellfish, a review of the literature reveals a 

decided paucity of information regarding the bacterial flora 

of the soft shell clam, Mya arenaria. The importance of the 

soft shell clam fishing industry in the Atlantic Maritime Prov-

inces of Canada is considerable, and a large proportion of the 

pack is consigned to the markets in the United States; a comp-

rehensive assessment of the bacterial flora of Mya arenaria on 

the Canadian Atlantic seaboard was therefore deemed essential 

before possible public health hazards connected with the industry 

could be properly evaluated, and control measures and significant 

bacteriological Standards for the product could be established. 
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2. Temperature of the water. 

3. Depth of the water, and depth at which the sample was 

collected. 

4. Notes on any unusual conditions which might effect the 

sanitary quality of the water. 

5. Record of rainfall in the immediate past. 

C Examination for Sgl,iform Bacteria-

Examination for coliform bacteria was made according to the 

methods outlined in Standard Methods for the Bacteriological 

Examination of Shellfish and Shellfish Waters (1942). 

D. Expression of Results. 

The numbers of coliform bacteria were expressed as the most 

probable numbers (M.P.N.) per 100 ml. of sample. M.P.N. fs were 

determined from the table of most probable numbers given by 

Hoskins (1934). 

Bacteriological Examination of Mud and Silt. 

A. Collection of Samples. 

Samples of clams, mud, and silt were taken from the same 

general location for bacteriological examination during the early 

phases of the 1947 investigations in Charlotte County, N.B. 

Samples of mud were obtained at a depth of six to eight inches, 

while the top quarter-inch of soil surface was sampled as silt. 

Samples were transferred to sterile sampling bottles by means 

of sterile spatulas, and taken to the laboratory for immediate 

examination. In no instance were samples held for longer than 

four hours before testing. 
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B» Preparation of Sample for Examination. 

Ten grams of the sample were weighed aseptically into a 

sterile SO ml. one percent saline dilution blank, and shaken 

by hand until a homogeneous Suspension was obtained. 

0» Examination for Coliform Bacteria. 

Examination of the prepared dilution of the sample of mud 

or silt was made in a manner similar to that described for the 

examination of water samples in Standard Methods for the 

Bacteriological Examination of Shellfish and Shellfish Waters 

(1942). Results were expressed as most probable numbers of 

coliform bacteria per 100 grams of mud or silt (1934). 

Bacteriological Examination of Clams. 

A• Collection and Transportation of Samples. 

Individual Containers of clam samples were marked for 

identification, and the samples were preferably tested within 

four hours from the time of collect ion; in no case were samples 

held for longer than eight hours before testing. 

1. Shellstock. 

Ten or more clams judged to be representative of the lot 

under examination were selected for transportation to the lab

oratory. The quantity procured had to be sufficient to produce 

not less than 200 ml. of shell liquor and ground meats. The 

shellfish were placed in a suitable sterilized Container and 

handled aseptically during the period before examination. 

2. Shucked Stock. 

Samples of not less than 200 ml. of shucked clam meats 
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were collected with a sterilized spatula. Special glass 

sample bottles, suitably sterilized, were found to be satis-

factory for transporting samples of shucked shellfish. 

B. Field Record. 

A record of environmental conditions made at the time of 

collection of the sample accompanied all clam samples taken 

directly from growing areas. The record included the exact 

location from which the samples were collected, and the date 

and hour of collection. Where possible the following sup-

plementary data was obtained: 

1. The state of the tide. 

2. Temperature of the water. 

3. Whether there was heavy, moderate, or very little 

rain during or immediately preceding the period of 

collection. 

4. Careful notes on any unusual sources of pollution, 

such as boats, privies, sewers, pasture lands, or 

animals, which might affect bacteriological results. 

When samples were collected from packing plants, records 

were made of: 

1. Date and hour of collection. 

2. Name and address of the place from which the samples 

were collected. 

3. Exact location of the growing area from which the 

shellfish were obtained. 

4. Conditions of storage prior to collection of the sample« 
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5. Sanitary conditions in the packing plant. 

C* Procedure. 

1• Preparation of sample for examination. 

(a) Washing Shells: Excessive growth and loose material 

was scraped off, and the shellfish scrubbed with a stiff brush 

in running water of known purity until the Shells were free of 

all mud, especially in crevices at the junction of the Shells. 

The hands of the examiner were thoroughly washed with soap and 

water, and the brush used for scrubbing the Shells was steril

ized by boiling or autoclaving. The cleaned shellfish were 

placed on clean paper towels and dried in the air. 

(b) Removal of shell content: Clams were held in the left 

hand, and the point of the sterilized oyster knife inserted be-

tween the Shells on the dorsal side (at the right of the exam

iner), just to the right of the hinge. The adductor muscle was 

cut, and the Shells pried wide enough apart to drain the shell 

liquor into the sterile Waring Blendor jar. The upper shell was 

then pried loose at the hinge by using the knife as a lever; the 

removal of shell is the most difficult part of the procedure, 

and called for careful technique to avoid contact of shell, meats, 

or liquor with the hands. The entire shell contents were thus 

aseptically collected in a sterilized Waring Blendor jar grad-

uated at 200 and 400 ml. levels. A sufficient number of clams 

were opened to obtain 200 ml. of shell liquor and whole meats. 

(c) Grinding: An equal amount of sterile 1% salt Solution 

was added to the meats and liquor contained in the Blendor jar. 
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Grinding for two minutes was found to produce an homogenous 

mixture. The sample was then tested immediately. The examin

ation of shucked shellfish was made in an analogous manner, that 

is, 200 ml. of the sample was added to 200 ml. of \% salt Solu

tion, and ground as above. 

D« Examination for Coliform Bacteria. 

Examination of clams was made according to the methods out-

lined in Standard Methods for the Bacteriological Examination of 

Shellfish and Shellfish Waters (1942). 

E. Expression of Results. 

The number of coliform bacteria was expressed as the most 

probable number (M.P.N.) per 100 ml. of sample, determined from 

the table of most probable numbers given by Hoskins (1934). 

For the purpose of examination of shellfish and shellfish 

growing waters undertaken during these investigations, the coli

form group was considered as including all bacteria which, upon 

transfer from a positive presumptive test (gas positive in lactose 

broth), show fermentation with gas formation in lactose medium 

containing 0.00133 per cent of brilliant green, and 2.0 per cent 

of bile (brilliant green lactose bile Broth). 

Classification of Coliform Bacteria. 

A. Isolation of Coliform Bacteria. 

During the 1947 investigations, isolations of coliform 

bacteria were made from positive presumptive lactose broth tubes; 

culture material was streaked on Bacto Endo's agar plates, which 

were then incubated for 24 hours at 37°C. Discrete colonies 
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as well as in the presence of 6.5$ NaCl, and by failing to pro-

duce catalase. They will grow in the presence of 0.04$ sodium 

azide and 650 Oxford units of penicillin per liter. 

The test developed by Winter and Sandholzer (1946) and used 

during these investigations for the enumeration of fecal Strepto

cocci in water and clam samples consists of two parts: 

1. A presumptive test in which the production of acid and 

growth turbidity in a sodium azide enrichment medium after incu-

bation at 45°C. is interpreted as evidence of the presence of 

enterococci. 

2. The positive presumptive tests are then confirmed by 

inoculating a slant-broth preparation of a penicillin-sodium 

azide medium. Pin point colonies on the slant, growth sediment 

in the broth, the presence of Gram-positive ovoid Streptococci 

in the broth, and a negative catalase test is interpreted as 

confirmed positive evidence of the presence of enterococci. 

PrepfrraUoia of Media» 

1. Presumptive Enrichment Medium (normal strength). 

0,5$ Dextrose 

0.5$ Tryptone 

0.5$ Yeast Extract 

0.04$ Sodium Azide 

0.0032$ Brom thymol blue 

To save weighing of small amounts, the sodium azide was 

prepared in a 1$ aqueous Solution and 40 ml. added to each l i t e r 

of medium. For the same reason, a 1#6$ alcohol Solution of brom 
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were transferred from the plates in the same ratio as colony 

types appearing thereon, to Tryptone Glucose Extract agar slopes. 

In 1948, clam and water samples were plated directly on 

Bacto Violet Red Bile agar for incubation at 37 C. for 24 hours. 

Discrete colonies were then transferred from these plates, in 

the same ratio as colony types appearing thereon, to Tryptone 

Glucose Extract agar slopes. 

B. Differentiation of Coliform Bacteria. 

For a satisfactory differentiation of these bacteria into 

the Escherichia coli, Aerobacter aerogenesf and intermediate 

types, it has been shown (43) (48) (49) (65) that four tests 

(indol, methyl red, Voges-Proskauer, and sodium citrate) are 

required. These four tests were used for such differential 

determinations, as outlined in Standard Methods for the Exam

ination of Water and Sewage (1946). 

Tests for the Enumeration of Fecal Streptococci from Water 

M d Clam Sampleg. 

The enterococci comprise a group of Streptococci that have 

as their normal habitat the intestinal tract of man and other 

warm blooded animals. They are large, ovoid, Gram-positive 

Streptococci appearing usually in chains of two to seven cells. 

The group consists of four species, Streptococcus faecalisT 

Streptococcus liquifaciens. Streptococcus zymogenesT and 

Streptococcus durans. all of which belong to Lancefield's group D. 

They are characterized by the fermentation of dextrose with 

the production of acid, ability to grow at both 10 C. and 45 C# 
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thymol blue was prepared and 2 ml. of this used in each liter 

of medium. The medium was then adjusted to a pH of 8.0, tubed 

in 8 ml. amounts, and autoclaved at 15 pounds pressure for 15 

minutes. 

2. Presumptive Enrichment Medium (concentrated). 

A concentrated medium, using the same ingredients as the 

normal strength medium, was prepared by increasing the percent-

age of each ingredient five fold. The medium was adjusted to 

a pH of 8.5, tubed in large tubes in 2 ml. amounts, and auto

claved at 15 pounds pressure for 15 minutes. 

3. Slant-broth Confirmation Medium. 

A. Slants. 

0.5$ Dextrose 

0.5$ Tryptone 

0.5$ Yeast Extract 

0.04$ Sodium Azide 

0.001$ Methylene blue 

1.5$ Agar 

The methylene blue was added by using 1 ml. of a 1$ aqueous 

Solution. The medium was adjusted to pH 8.0, tubed in amounts 

for long surfaced slants, autoclaved at 15 pounds pressure for 

15 minutes, and slanted. 

B. Broth. 

The broth medium differs from that of the slants in having 

no agar, and by having 6.5$ NaCl added after the adjustment to 

pH 8.0. It was autoclaved in flasks at 15 pounds pressure for 
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15 minutes. After cooling to room temperature, 650 Oxford 

Units of penicillin per liter were added. A sterile distilled 

water dilution of penicillin was added by means of a sterile 1 ml. 

syringe. Enough of this broth was then added aseptically to each 

slant to cover approximately one half of the surface of the slant. 

Procedure for Water and Clam Examination. 

Tubes of the presumptive enrichment medium were inoculated 

in the same dilutions and in the same manner as in the presumpt

ive test for coliform bacteria (71). The inoculated tubes were 
o 

then incubated in a water bath at 45 C. and observed periodic-

ally after eight hours for the production of acid, as shown by 

the indicator, and for growth, as indicated by turbidity. The 

production of acid and turbidity was interpreted as a positive 

presumptive test. 

As soon as a positive presumptive reaction appeared, a 

loopful of the material 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, These tubes were then 

incubated at 37°C. and observed after 12 hours for pin point 

colonies on the slant surface and for a growth sediment in the 

broth. After Observation, a Gram stain was made. Pin point 

colonies on the slant, a sediment growth in the broth, and large 

Gram-positive ovoid Streptococci were interpreted as confirmatory 

evidence of the presence of enterococci. Numbers of fecal Strep

tococci were expressed as the most probable numbers (M.P.N.) per 

100 ml. of sample, from the table given by Hoskins (1934). 
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Table I (a) 

Coliform and Fecal Streptococci Most Probable Numbers 

from Clam and Water Samples from Oak Bay, N.B. and 

Waweig E., N.B. 

Date Specimen Area 
Fecal 

Coliform Streptococci 
M.P.N. M.P.N. 

June 11 Water Öak Bay Creek , 4 

Water Oak Bay, West Cove 110 

June 26 

Oct. 13 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Oak Bay, West Cove 

Oak Bay, East Cove 

Waweig E. at bridge 

Oak Bay, West Cove 

Oak Bay, East Cove 

Cookson's Island 

Waweig E., at bridg 

23 

>16,000 

23 

>16,000 

79 

16,000 

0 

2,400 

0 

1,700 

0 

1,300 

7.8 

1,700 

-

*-

*"* 

0 

1,400 

0 

1,300 

0 

1,300 

0 

490 
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Johnsons Cove: Small clam-flats are located in a small 

bay on the St . Croix Eiver, about three miles north-west of 

St. Andrews, and about three hundred yards from the St. John 

Highway. As there are no homes in the immediate vicinity, 

there i s very l i t t l e danger of direct sewage pollution. Bun-

off from surrounding farmlands, and contamination from the 

river might affect the clam flats to some extent. 

Table I (b) - Johnson's Cove, N.B. 
_ _ _ _ _ 

Coliform Streptococci 
Date Specimen Area M.P.W. M.P.N. 

Water 49 
June 26 Johnson's Cove 

Clams 5,400 

Water 2 0 
Oct. 13 Johnson's Cove 

Clams 700 330 

St. Andrews Earbour: fleavy pollution is contributed by 

the town sewage System, which dumps raw sewage at four locations 

in the harbour; these sewer outlets are closely adjacent to the 

clam flats, which extend the length of the harbour. Besides 

these out falls, there are private sewage Systems in the summer 

homes at Niger Point, and at the south end of the Harbour. 

Another major source of contamination is the town garbage dump 

located at Pag an Point. The washings from Conley's Lobster 

plant enter the Harbour beside the C.P.E. lharf. 

Because of the obvious danger of heavy contamination, flats 
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in the harbour have been closed to the taking of clams. The 

"Pottery" flats at Niger Point were not closed, although they 

are adjacent to the Harbour flats, and probably would receive 

contamination from the Harbour. 

Eight stations, from the Pottery flats to the Garbage 

Dump, were selected and sampled periodically through June and 

July, and on October 10. Eesults appear in Table.JL. 

Table I (c) - St. Andrews Hbr., N.B. Stations 2-8. 

WATEB CLAMS 

Total No. of Samples 40 42 

Coliform M.P.N. Bange 7.8 -> 1,600 490 ->16,000 

% Samples showing Max. M.P.N. 
(2pj ; I2li 

. " M.P.N. 350 or less , % 50$ , x 50$ 
(20) (0) 

% " M.P.N. 2,400 or - , . 21.43$ 

Table I (d) - Station 1, Pottery flats, Niger Pt. (Open area) 
Coliform M.P.N.'s. 

Specimen June June July July July Oct. 
V 12 24 1 17 23 10 

Water 0 49 13 >1600 40 1.8 

Clams 330 1100 >16,000 9200 5400 130 
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Chamcook Bay: A large bay on the west shore of 

Passamaquoddy Bay, to the north of St. Andrews, N.B. The 

area is sparsely settled, well wooded, and somewhat rural 

in character. The plants of St* Andrews Sardine Packers, 

Capfn John Seafoods, and Chamcook Packers, contribute the 

only direct contamination. Minister's Island is located in 

the centre of the Bay; pollution from houses and farmlands 

on the Island should be neglibible. A small stream flows 

into Chamcook Cove, at the head of the Bay, and may carry 

surface run*-cff from adjacent farmlands to the flats. 

Clams are found at Bar Read (to Ministerfs Island), 

Chamcook Cove, and in McCann's Cove. 

Table I (e) - Chamcook Bay, N.B. 

Date 

June 26 

Specimen Area 
Fecal 

Coliform Streptococci 
M.P.N. fcP.N. 

Water Bar Eoad to Minister fs 46 
Island 

Clams 1,700 

July 16 

Oct. 13 

Oct. 13 

Oct. 15 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Chamcook Cove 

Chamcook Cove 

Bar Road to l i n i s 
Island 

McCann's Cove 

te r ' 

920 

2,400 

7.8 

1,100 

's 0 

0 

13 

790 

-

2 

700 

0 

45 

2 

330 
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Bpcabec Bay; Bocabec Bay is a large inlet in the north-

west section of Passamaquoddy Bay. The surrounding area is 

very rocky, heavily wooded, and sparsely settled; the few 

farms and houses are well back from the shoreline, and the 

clam flats at Birch Cove, and at Big Bay (at the he ad of 

Bocabec Bay) should be safe from direct pollution. 1 small 

stream flowing into Big Bay may contribute surface run-cff 

from farmlands just north of Big Bay. 

Table I (f) - Bacabec Bay, N.B. 

Date Specimen Area Coliform 
M.P.N. 

Fecal 
Streptococci 

M.P.N. 

June 27 Water Bii 

Clams 

Bay Cove 240 
Head of Bocabec Bay) 

>16,000 

July 21 Water Birch Cove 

Clams 

46 

230 

July 28 Water Big Bay Cove 240 

Oct. 15 Water Big Bay Cove 

Clams 

4.5 

78 

30 

45 

Bocabec Eiver: The Bocabec River flows into Passamaquoddy 

Bay east of Bocabec Bay and about two miles west of the 

Digdequash River Estuary. The river flows through an area 

which is somewhat rural in character, although rocky and 
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heavily wooded. Any pollution reaching the small claic flats 

at the mouth of the river would be from surface run-off carried 

down by the r iver ; there are no houses near the f la t s . 

Table I (g) ~ Bocabec River, N.B. 

Fecal 
Date Specimen Area Coliform Streptococci 

M.P.N. iL P.M. 

June 28 Water Bocabec E., estuary. 240 

Clams >16f000 

July 28 Water Bocabec B. at bridge.>lf6C0 

Oct* 15 Water Bocabec B. at bridge. 33 
o 

Digdequash Eiver : The Digdequash River enters the 

north-eastern end of Passamaquoddy Bay through a wide estuary, 

where extensive clam flats are found. There are a few homes 

on the high banks of the river, and the country through which 

the river flows is somewhat rural in character, although 

rocky and heavily wooded. There would seem to be little 

danger of direct sewage pollution, but surface run-off from 

farmlands bordering the river may be a potential source of 

coliform contamination. 

Magaguadavic River : The Magaguadavic River enters 

Passamaquoddy Bay on the eastern shore, just north of the 

Mascarene Shore. The area is rocky and wooded, with some 

farmlands to the north and east« Sewage from the town of 
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St. George, situated on the river above the clam flats, would 

probably affect the clam flats to some extent. 

I*fEtete : Clams are present in the small flats along 

L'Etete Creek. The area is heavily wooded and sparsely settled, 

but some sewage may reach the flats from a few homes near the 

creek* 

Back Bay : Small clam flats are located along the shore 

of Back Bay, just below the town. Sewage from the town and 

from the sardine cannery may constitute a pollution hazard. 

Seagulls are numerous in this area. 

Table I (h) - Digdequash R., N.B., and Magaguadavic R., N.B. 

Date Specimen Area Coliform 
M.P.N. 

Fecal 
Streptococci 

M.P.N. 

June 27 Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Oct. 14 Water 

Clams 

Digdequash River 

Magaguadavic River 

L'Etete Creek 

Back Bay, west shore 

17 

>16,ÖGQ 

140 

>16,000 

70 

9,200 

0 

>16,000 

Digdequash River 
7.8 

330 

4.5 

490 
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yEtang R i m (Craigfs Cove) : This is a long, narrow cove 

with high rock and gravel banks on either side; clams are found 

along a small creek in the centre. There are about ten acres of 

clam flats along the half mile of creek. There would be no 

danger of direct sewage pollution here, but surface run-cff 

from farmlands may affect the flats. 

Beaver Harbour : (a) Woodlandfs Cove is situated in the 

north-east portion of Beaver Harbour. At the head of the cove 

is a flat about twenty acres in size; the clam population is 

very scattered over this area, and is of little commercial 

importance. A shallow, wide creek flowing into the cove may 

contribute contamination drained from the pasture lands at the 

head of the cove. 

(b) Beaver Harbour Basin is an almost landlocked basin, 

with a small outlet to the main harbour to the south at high 

tide, containing eight acres of clam flats. Sewage contamination 

may enter the basin from the village of Beaver Harbour situated 

to the east, and from homes along the road approaching the basin. 

(c) fo^kn^'s Creek is a narrow inlet, about one mile long, 

in the northern portion of Beaver Harbour. There are about ten 

acres of high, rocky flats in this area; the only possible source 

of pollution is drainage from farmlands around the creek* 

(d) Sturgeon's Cove lies in the southern portion of LfEtang 

Harbour. Clams are present in good quantities on a gravel-mud 

bar of about four acres at the mouth of the cove. Some pollution 

could be expected from the buildings near the cove. 
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Deadmanfs Harbour : Extensive flats from a gravel cause-

way to the low water level. The clam population is scattered 

over about forty acres of bottom; the clams are slow-growing, 

and consequently are of little commercial importance. There 

is little danger of pollution from any source. 

Table I (i) - LfEtang E.f N.B., and Beaver Hbr., N.B. 

Date Specimen Area Coliform 
M.P.N. 

Fecal 
Streptococci 
' MtP.N. 

June 28 Water 40 
LfEtang B.(Craig's 

Clams Cove >16,000 

July 24 Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Woodland's Cove 

Beaver Hbr. Basin 

Buckman's Creek 

Sturgeon fs Cove 

Deadman's Harbour 

>1,600 

9,200 

79 

>16,000 

540 

16,000 

220 

9,200 

1.8 

1,800 

Liftlfi Lepreau Basin : (a) The Red Ledge Fiat 

n, 

i s 

230 

,000 

430 

930 

640 

s i tua ted 

at the west end of Lepreau Basin, near the mouth of Lepreau 

Harbour. The clam flats border the Channel, and are about three 

acres in size. There is little danger of pollution here. 

(b) The Brickyard Fiat is situated on the north side of the 
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Channel, and extends from the mouth of Lepreau Harbour to the 

cannery. Only about fifteen acres contain clams; the upper 

reaches are barren. Some sewage contamination could be expected 

from the cannery, and from the dwellings around the basin. 

Lepreau Harbour : (a) Old House Fiat Stretches about one 

quarter of a mile along the north shore of the Harbour, and is 

about five hundred feet in width. The flat is steeply sloped, 

and is dug only during spring tides. 

(b) The Jewish Fiat lies in the north-east portion of the 

Harbour, and includes about three acres of producing bottom. 

(c) The Rocks Fiat is situated in the eastern end of the 

Harbour, opposite the mouth. It extends from the Mud Fiat to 

the narrows. and includes about twenty-five acres of clam flats. 

(d) The Mud Fiats are situated on the south side of the 

Harbour, and extend from the Ledge flats to the Rocks. The flats 

slope gradually from high to low-water levels; they are good 

producers, and are dug steadily every season. 

The country surrounding Lepreau Harbour is sparsely settled. 

rocky, and well wooded; there is little danger of direct sewage 

pollution reaching any flat in the area. 

Wayd's Creek : The only flats in this area are found along 

the creek, a Channel about one half mile long. The mouth of the 

inlet is very narrow, and is cut up by high, rocky bars; this 

limits di^ging to an extremely small area along the creek, and 

the flats are therefore of small commercial importance. There 

would appear to be little danger of sewage contamination; the 
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surrounding heavily-wooded country Supports few habitations. 

Crpy HartQUr : This is a ?ery small inlet , much cut up by 

high rock ledges. Clams are found along the edge of the Channel 

in scattered areas. Some contamination from a few homes may 

reach the Harbour« 

Table I ( j ) - Lepreau, N.B. 

Date 

July 

July 

June 

24 

16 

30 

Specimen 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Area 

Red Ledge Fiat, 
Little Lepreau 
Bas in 

Brickyard Fiat, 
Little Lepreau 
Bas in 

Old House Fiat, 
Lepreau Harbour 

Jewish Fiat, 
Lepreau Harbour 

The Rocks Fiat, 
Lepreau Harbour 

The Mud Fiat, 
Lepreau Harbour 

Ward's Creek 

Crow Harbour 

Coliform 
M.P.N. 

23 

5,400 

350 

2,400 

23 

1,700 

6 

1,100 

6 

3,500 

7.8 

3,500 

140 

>16,000 

130 

>16,000 

Fecal 
Streptococci 

CP.N. 

390 

390 

-

-

MM 

-

-
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Refl Head Harbpur : The Landslida Fiat, located at the 

head of the Harbour, includes about ten acres of clam flats. 

A narrow Channel running through the Harbour probably carries 

sewage from numerous cottages over the flats. 

Pocologan Harbour : The Slag Fiat is the largest and most 

productive flat in the Harbour; it lies along the north side 

of the Harbour for an estimated distance of one-half mile, and 

would include about one hundred acres of producing bottom. 

There may be some danger of pollution from sewage contributed 

by a cannery and other buildings in Pocologan village. 

Table I (k) - Pocologan Hbr., N.B., and Red Eead Hbr., N.B. 

Date 

June 

July 

Oct* 

30 

28 

16 

Specimen 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Area 

Landslide F ia t , 
Eed Eead Harbour 

Slag Fiat , 
Pocologan 

Slag f l a t , 
Pocologan 

Slag Fiat , 
Pocologan 

Slag Fiat , 
Pocologan 

Harbour 

Harbour 

, west, 
Harbour 

Harbour 

Landslide F ia t , 
Eed Head Harfcour 

Coliform 
M.P.N. 

>1,600 

>16,000 

>1,600 

>16,000 

540 

200 

XL, 600 

180 

23 

1,100 

46 

1,700 

Fecal 
Streptococci 

MTP.N. 

IM* 

« M i 

40 

2,400 

430 

2,400 

4.5 

700 

13 

1,300 
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Dipper Harbour : Here are located extensive, sheltered flats, 

mostly sand-mud, with patchy clam populations. There would seem 

to be some danger of contamination from the village, and a small 

stream flowing through the flats. 

Ljttle Lipper Harbour : There are about fifty acres of flats 

with scattered clam populations in this harbour. There would seem 

to be little danger of pollution here. 

Chance HarbQuj : The small sandy flats here are open only at 

extreme low tide, and very few clams are present. There is some 

possibility of sewage pollution from Chance Harbour village, and 

from cottages at the head of the Harbour. 

Table I (l) - Dipper Hbr., N.B. and Chance Hbr., N.B. 
_ _ _ _ _ 

Date Specimen Area Coliform Streptococci 
M.P.N. KP.N. 

July 24 Water 23 
Dipper Harbour 

Clams 790 1,500 

Wat er 46 
Little Lipper Harbour 

Clams 1,300 430 

Water 49 
Chance Harbour 

Clams 1,700 430 

St, Andrews Harbour : (Stations 2 - 8 incl.) Sewage pollu

tion here is very heavy; the area was closed for the taking of 

clams by the Department of National Health and Weifare Engineering 

Division. Samples of water, clams, mud, and silt were taken from 

each of the seven flats for analysis periodically during June and 
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July, and similarly on October 10, hoping to be able to correlate 

the coliform M.P.N. values for water, clams, mud, and s i l t taken 

at the same time from the same sampling stat ions, and to see 

what effect the changing meteorological conditions would have 

on the coliform flora of the clams. Eesults from these studies 

appear in Table I I . 

Qbservationsf Charlotte Countyr N.B.f 1947. 

Coliform M.P.N. values obtained during the survey of clam 

producing areas in Charlotte County in June and July, 1947, 

indicated the presence of extremely large numbers of coliform 

organisms in the meats of clams dug in nearly a l l of the areas; 

of ninety samples analysed, only twenty-six (28.9$) showed a 

coliform M.P.N. of 2,400 or less , forty-six (71.9$) of the 

remaining sixty four specimens showed a M.P.N. of more than 

16,000. 

Coliform M.P.N.'s for clams dug during a second sampling 

of some of the same areas in October, 1947, were consistently 

lower; of twenty-five samples analysed, twenty (80$) showed a 

coliform M.P.N. of 2,400 or lower, and none of the other five 

samples showed a ,,maximumM M.P.N. furthermore, these five 

samples were a l l from St. Andrews Harbour, a centre of known 

heavy pollution. 

There would appear to be l i t t l e direct relationship between 

coliform M.P.N. values of water, clams,mud, and s i l t . A low 

M.P.N. in water was not always indicative of a low M.P.N. in 

clams, and water sampling as a basis for determining the 

possibi l i ty or extent of coliform contamination in clams does 







TABLE II (a) 

REIATIONSHIP BETWElßN COLIFORM MOST PROBABLE NUMBERS FOR 

WATER» CLAMS. MUD. AND SILT FROM CHARLOTTE COUNTY. N.B. 

1947. 

Summary of Results for St. Andrews Hbr., Stations 1 - 8 . 

MUD 
Total # of Samples 

Coliform M.P.N. Range 

% of Samples with 
Maximum M.P.N. 
c/o of Samples with 
2.400 M.P.N. or less 

WATER 

40 

CLAMS 

7.8 ->1.600 

50 

42 

490 ->16.000 

50 

21.4 

18 

68 ->16.000 

16.6 

50 

SILT 

18 

250 ->16.006 

27.7 

44.4 
% of Samples with 
350 M.P.N. or less 

__ 
50 0 27.7 5.5 

Summary of Results for the Remainder of Charlotte Co., N.B. 

WATER CLAMS MUD SILT 

Total # of Samples 

Coliform M.P.N. Range 

io of Samples with 
Maximum M.P.N. 

fo of Samples with 
2.400 M.P.N. or less 

% of Samples with 
350 M.P.N. or less 

53 50 26 26 

0 ->1.600 180 ->16.000 0 ->16.000 170 ->16.000 

9.4 42 7.7 7.7 

26 88.5 

83 8 53.8 

46.2 

19.2 
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not seem to be adequate or reliable. In many cases, high count 

clams were taken from areas showing low M.P.N.'s in the water. 

In general, the M.P.N. of the clam meats is usually higher than 

the M.P.N. fs of the silt, mud, or water taken from the same area. 

Silt usually shows a higher coliform content than mud found 

just heneath it. 

An attempt was made to correlate the coliform M.P.N. values 

obtained for clams with total count values found by plating on 

Tryptone-Glucose Extract agar. 

M.P.N. values and total counts were obtained for fifty-six 

specimens of clams from Charlotte County flats. 

There was no obvious correlation between coliform M.P.N. 

values and total counts. An M.P.N. value of more than 16,000 

per 100 ml. was accompanied by total count values ranging from 

7,000 to more than 120,000 per ml. As a result, specimens 

collected during the remainder of the summer survey were not 

plated for total bacterial count. 

The results indicate a marked seasonal effect; the M.P.N. 

values for wat er, clams, mud, and silt taken periodically from 

St. Andrews Harbour increased rapidly through June, and reached 

a maximum in nearly every case in July. A later sampling in 

October showed a marked reduction in M.P.N. values (See Table I). 

The rapid rise in coliform numbers experienced during the 

summer months may be due to several factors: 

1. The greatly increased temperatures on the flats• 

2. An increase in sewage pollution due to the influx of 
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tourists and summer vis i tors to the area, and a resultant 

increase in the amount of sewage reaching the f l a t s . 

3. Changes in hydrographic conditions. 

4. The clams may estahlish an intestinal coliform flora 

of their own; they would thus continue to give high M.P.N. 

values regardless of the presence or absence of further sewage 

pollution. 

Because of the extreme seasonal fluctuations of coliform 

values ohtained for clams, i t was difficult to estahlish the 

real sanitary significance of a high coliform value from clams 

dug in a specific area. 

Periodic Survey of Twelve Clam-Producing fflats in Charlotte 

County, N.B,. 1948. 

From the results of the survey conducted in Charlotte County, 

N.B. during the summer of 1947, it was apparent that seasonal 

conditions influence the coliform and fecal Streptococci content 

of Mya arenaria to a marked extent. During the 1948 survey, an 

attempt was made to demonstrate this seasonal effect by periodic 

analysis of water and clam samples from twelve key stations in 

Charlotte County. Results obtained from this survey appear in 

Tables IV(a), IV(b), and IV(c). Tables V(a) and ?(b) show 

averages for twice-daily water temperature readings made for the 

months of May to November inclusive for 194? and 1948 at the 

Atlantic Biological Station, St. Andrews, N.B. and a graph pre

pared from this data appears on page 52. 









TABLK V (a) 

WATER TEMFERATURES AT ATLANTIC BIOLOGICAL STATION - ST.ANDREWS, N.B. - 1947 

DATE 

1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

15 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MAY 

4.1 

4.4 

4.0 

4.7 

5.5 

5.8 

6.8 

6.7 

5.7 

5.7 

6.3 

6.1 

8.3 

6.7 

6.5 

6.6 

7.2 

7.6 

6.5 

7.3 

7.0 

7.1 

7.5 

7.8 

8.0 

8.4 

8.3 

8.9 

8.8 

8.9 

JUNE 

8.9 

8.6 

8.0 

8.3 

8.9 

10.5 

9.9 

9.8 

8.9 

10.0 

10.0 

10.6 

10.8 

8.9 

10.8 

10.9 

10.8 

9.6 

9.0 

9.9 

10.1 

9.9 

10.5 

10.3 

9.7 

11.8 

11.3 

11.3 

12.6 

12.9 

JULY 

12.9 

12.8 

14.2 

12.2 

11.9 

11.1 

11.4 

12.5 

11.8 

13.4 

14.2 

14.1 

14.5 

14.9 

15.7 

15.0 

15.2 

14.5 

14.0 

13.4 

12.3 

12.8 

12.9 

14.3 

14.9 

16.3 

14.5 

13.8 

13.8 

15.1 

15.2 

AUGUST 

14.1 

13.7 

13.1 

13.4 

14.2 

14.8 

14.2 

14.9 

14.3 

14.8 

15.6 

16.2 

16.1 

15.3 

15.4 

15.2 

14.8 

14.5 

14.5 

14.2 

14.6 

15.3 

16.8 

14.8 

14.7 

15.0 

15.4 

15.5 

14.6 

14.2 

14.6 

SEPTEMBER 

14.1 

14.2 

14.4 

14.8 

14.9 

14.5 

14.9 

15.1 

14.5 

15.9 

15.8 

16.3 

15.6 

15.1 

15.1 

14.9 

14.7 

14.4 

13.7 

13.7 

13.6 

14.1 

13.5 

13.3 

13.4 

13.0 

12.5 

12.4 

12.6 

12.3 

OCTOBER 

11.7 

11.7 

11.7 

11.8 

12.1 

12.3 

12.8 

12.6 

12.3 

12.1 

12.4 

12.4 

12.3 

12.5 

12.6 

12.3 

12.7 

12.7 

12.9 

12.4 

11.8 

12.2 

11.7 

10.9 

11.3 

11.5 

11.7 

11.5 

11.1 

10.8 

NOVEMBER 

10.6 

10.5 

10.7 

10.6 

10.5 

10.4 

10.2 

10.3 

10.1 

9.6 

9.5 

9.7 

9.2 

8.7 

8.7 

8.5 

8.6 

8.7 

8.8 

8.1 

7.8 

8.0 

8.2 

7.8 

7.9 

7.3 

7.0 

7.1 

6.9 

6.9 



TABLE V ( b ) 

DATE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MAY 

3.7 

4.8 

4.7 

5.1 

4.9 

5.5 

5.4 

o . 3 

5.8 

5.6 

5.5 

5.3 

5.5 

5.3 

4.9 

4.9 

4.6 

4.9 

6.6 

7.3 

7.4 

6.6 

6.4 

7.7 

7.8 

8.4 

8.0 

8.6 

10.3 

10.5 

10.2 

JUNh] 

10.0 

10.0 

10.3 

10.1 

8.4 

7.7 

7.2 

6.7 

6.7 

6.6 

7.0 

6.5 

6.7 

6.9 

7.0 

9.1 

8.8 

9.0 

8.1 

8.7 

8.2 

8.4 

9.0 

8.4 

9.0 

9.7 

9.5 

8.2 

8.5 

8.7 

JULY 

10.6 

11.2 

11.2 

10.4 

10.2 

9.2 

9.4 

9.8 

10.0 

9.5 

10.5 

11.2 

10.2 

11.4 

11.6 

11.3 

11.7 

11.9 

12.9 

13.2 

12.5 

11.9 

11.9 

10.8 

11.6 

13.1 

11.9 

11.4 

11.9 

13.8 

13.3 

AUGUST 

13.5 

12.6 

13.1 

12.4 

12.5 

11.8 

12.2 

12.3 

11.9 

11.8 

12.0 

11.7 

11.9 

12.9 

13.5 

13.5 

12.9 

13.3 

12.9 

12.9 

13.1 

13.4 

12.5 

13.1 

13.5 

14.0 

13.9 

13.0 

14.0 

13.3 

13.1 

SEPTEMBER 

12.55 

12.45 

12.45 

12.40 

12.35 

12.60 

12.60 

12.40 

12.55 

12.45 

13.40 

12.90 

13.20 

12.95 

12.35 

11.80 

11.65 

11.50 

11.80 

11.48 

11.53 

11.73 

11.15 

11.05 

11.15 

11.65 

11.90 

11.70 

11.50 

11.60 

OCTOBER 

11.5 

11.6 

11.3 

10.8 

10.9 

11.0 

11.0 

11.0 

11-1 

11.2 

11.2 

11.3 

11.4 

11.0 

10.9 

10.7 

10.9 

10.5 

9.5 

9.7 

9.5 

9.2 

9.3 

9.5 

9.4 

9.5 

9.5 

9.5 

9.5 

8.8 

9.4 

NOVEMBER 

9.0 

8.9 

8.9 

9.2 

9.5 

9.3 

9.9 

9.3 

9.4 

9.6 

9.7 

9.1 

9.3 

8.7 

8.6 

8.4 

8.4 

8.2 

8.3 

8.2 

8.1 

7.9 

8.1 

8.1 

8.2 

7.7 

8.0 

7.6 

7.4 

7.3 
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Ohservations 

Besults obtained during the 1948 survey differ very 

markedly from those recorded during the summer of 1947. Yery 

few of the clams produced in these areas during the June-August 

1947 period could meet the requirements suggested by the 

Ü.S.P.H.S. (viz: an l.P.N. of no more than 2,400 coliforms 

bacteria per 100 ml.); when repeat tests were conducted in 

some of these areas in October 1947, a general improvement in 

quality, as measured by bacteriological tests, was observed. 

In 1948, however, M.P.N. values remained relatively low through« 

out the entire survey period, although a slight general rise 

was observed in the middle of August; unfortunately, it was 

impossible to continue the survey through the latter part of 

August, and September. It is considered likely that a further 

rise in M.P.N. values would have been noted during this period. 

M.P.N. values obtained during a final survey on October 21 

approximated the low M.P.N. values noted in June. 

Water temperatures recorded at St. Andrews during May to 

November, 1948, were consistently lower than those for the same 

period in 1947. It has been shown that the swarmings of the 

dinoflagellate, Gonyaulax. strongly suspected as being the 

ultimate source of shellfish toxicity in the Fundy area, are 

apparently controlled by water temperature, and that the 

toxicity develops suddenly, and succeeds a sharp rise in water 

temperature to or near the season's maximum. It is considered 

probable that a similar relationship exists between water 
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temperature and the coliform content of soft-shelled clams. As 

long as water temperatures remain low, M.P.N. values will be 

significant, but when the temperature of water over the clam 

flats reaches a critical "threshold" level, multiplication of 

fecal bacteria within the clam may occur; the resultant increase 

in M.P.N. values would not be of sanitary significance, since 

it could occur in the absence of further sewage pollution. 

In 1947, peak toxicities recorded for clams came nearly 

two months earlier than in 1948; the water temperature maximum 

was correspondingly higher and earlier. Similarly, coliform 

M.P.N. values recorded during the 1947 survey reached a maximum 

early in July and remained at a high level throughout the 

summer; in 1948, however, coliform M.P.N. values remained rel

atively low throughout the entire survey, although indications 

were that a general increase in the coliform content of clams 

occurred in late August, at approximately the same time as the 

sudden rise in toxicity. 

Hachey and McLellan (1948) in a study of trends and cycles 

in surface temperatures of the Canadian Atlantic prepared from 

data compiled at the Atlantic Biological Station, St. Andrews, 

N.B., indicate the possibility that there is a cycle including 

approximately four years of sub~normal temperatures and four 

years of supra*-normal temperatures; supra-normal temperatures 

prevailed in the years 1944 to 1947 inclusive, while 1948 was 

the first of four years of sub~normal water temperatures. 
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SURVEY OF CLAM PRODUCING AREAS IN DIGBY 

AND ANNAPOLIS COUNTIBS. N.S.r 1947. 

Digby and Digby Raquette: Clams are found in scattered 

areas along the harbour front, in Digby Basin, and in the Digby 

Raquette flats to the north of the town. Heavy sewage pollution 

could be expected from the town sewage System, and from the 

various fish packing plants« 

The Joggins: The area known as flthe Jogg insw begins at a 

distance of one-half mile to the southward of the Digby wharves, 

and comprises two basins, named, respectively, f,the Little Joggins", 

and "the Grand Joggins". There was no evidence of immediate 

sewage contamination in these areas, but when it is considered 

that Digby, with a winter population of about 1,500 people, 

increased in summer to about 3,000 through the addition of 

summer visitors, discharges sewage into the waterfront through 

some five municipal sewers and many private ones, pollution would, 

with an incoming tide, be carried southwards directly over the 

two Joggins. The Joggins flats are extensive, and some diggers 

do operate there, in spite of the obvious danger of contamination. 

Smith's Cove: Situated six or seven miles eastward from 

Digby, the small Smithfs Cove flats are not exploited to any 

great extent. Two summer hoteis built on the cot tage System 

(Harbour View Inn and Mountain Gap Inn) are in close contiguity 

to the cove, but are provided with cesspools built in sandy soil. 

The contents of these would soak through a sufficiency of soil 

that would purify any effluent that might reach the shoreline. 
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Bear River: The Bear River empties into the Annapolis Basin 

through a Channel in the broad, sand-mud clam flats. Some 

sewage may enter the river above the flats, from summer cott8ges, 

and flow down over the flats, but all such summer homes have 

cesspools or privies, and no sewage is thrown directly into the 

river. The river flows swiftly, has a good scouring action, and, 

with the extreme rise in tide level, should give a thorough 

mixture with very high dilution of any possible contamination. 

Table VI (a) - Digby, N.S. 

Date 

Sept. 8 

Sept. 8 

Sept. 6 

Sept. 6 

Sept. 6 

Goat 

Specimen 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Wat er 

Clams 

Water 

Clams 

Island: 

Area 

Ligby Basin; N. 
Shore at Mouth 

Digby Raquette 

The Joggins, E. 
Bank, aoove Bridge 

Bear River 

Smith's Cove 

Situated just north 

Coliform 
M.P.N. 

17G 

2,200 

3L0 

2,200 

350 

5,400 

23 

330 

49 

230 

of Clement 

St 

— 

sport 

Fecal 
reptococci 
k.r.lv. 

45 

130 

76 

330 

78 

23C 

0 

230 

C 

78 

> | 1» « 0 • , 

the Goat Island flats are heavily dug; the area may be con

sidered perfectly safe from a sanitary Standpoint. There are 
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no dwellings in the immediate vicinity of the flats. Above 

this point no clams are dug. 

The town of Annapolis Royal is situated about seven miles 

further eastward; what small amount of sewage flows into the 

basin at that point is relatively of little import, and should 

be quickly diluted by the great volume of tidal water. 

Thorne Cove: Situated almost directly across Annapolis 

Basin from Clementsport, Thorne Cove flats are extensive and 

heavily worked. A small stream flows through the flats, and 

may carry surface run-off from surrounding farmlands. Except 

for this, there is little chance of direct pollution. 

H.M.C.S. Cornwallis, DeepbrookT N.S. : Patchy clam 

populations are found on the rocky beach immediately behind 

the naval training centre. This area has been closed to the 

taking of clams, since large quantities of sewage reached the 

basin in wartime; now, when only a maintenance staff is re~ 

tained at the Station, the amount of sewage reaching the clam 

flats may be negligible. 

Weymouth North : The village of Weymouth North is situated 

at the mouth of the Sissiboo River; clam flats extend along both 

sides of the river near its emergence into St. lary's Bay, a 

large body of water some five miles in breadth at this point. There 

are few inhabitants in the immediate vicinity. The river flows 

swiftly in a well-defined Channel, and the streng tides afford 

rapid dilution for any raw sewage entering the river from the 

town of Weymouth some two miles to the south. 
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Wevmouth : A small flat on the west bank of the Sissiboo 

Eiver, just below the town of Weymouth, is dug commercially to 

some extent. The close proximity of this flat to the town would 

indicate that dangerous sewage pollution is possible, and indeed 

probable. 

Table VI (b) - Annapolis, N.S., and Weymouth, N.S. 

Date 

Sept. 

Sept. 

Sept. 

4 

9 

11 

Specimen Area 

Water 

Clams 

Wat er 

Clams 

Wat er 

Clams 

Wat er 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Belliveau's 

Goat Island 

(stream) 
Thorne Cove, east 

(sea) 
Thorne Cove, west 

Weymouth North 

Weymouth 

Goat Island 

H.M.C.S. Cornwallis 

Cove: Fiats of about 

Coliform 
M.P.N. 

26 

1,100 

240 

5,400 

7.8 

490 

13 

3,500 

>1,600 

1,700 

0 

490 

11 

270 

one hundred 

Fecal 
Streptococci 

M.P.N. 

0 

2,400 

0 

>16,000 

0 

20 

0 

130 

20 

330 

0 

45 

0 

0 

and fifty 



acres in extent are located at 3el l iveau f s Ccve on S t . Mary's 

Bay. Cls_ populations are patchy and scattered throughout the 

f l s t s . Sanitary condi t ions, in general , should be sccd. 

Grosses Coques : Small cla_ f l a t s are found here on the 

shores of 5 t . Mary's Bay. Sanitary conditions seem to be accve 

reproaeh. »c clams are dug for export between this point and 

the tcwn of Yarmouth. 

Table TI(c) - Bel l iveau 's Cove, K.S., and C-rcsses Coques, K.S. 

-ete Specnen ^rea Coliform Streptococci 
— ^ — . V ** 

Sept. 9 Water 0 0 
Bel l iveau 's Cove 

Clams SIC 45 

Water 4.c C 
Grosses Coques 

Clams ESC 2C 

O b s e r v a t i o n s . l i g b y and Annapol i s C o u n t i e s r N . S . . 1947. 

The coliform and fecal Streptococci LI.P.S. values obtained 

during the survey cf clam producing areas in Ligby and Annapolis 

Counties in September, 1947, ir.dicated several potent ia l ly danger

ous areas . In general , LI.F.N. values for clams and water from 

these areas were considerably lower than similar values obtained 

from the sampling of Charlotte County, K.3 . , during June and July, 

1947; to what extent t h i s could be a t t r ibuted to the effect of 

seasonal hydrographic changes is not known. A similar sampling, 

conducted a t the same time ss the Charlotte County, L,.B. survey, 

fcight possibly have shown higher fecal bac te r ia l loads in clams 

and sea water from these a r ea s . 
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64.3 per cent of the water samples analysed during these 

investigations gave coliform ü.P.N. 's of less than 50, while 

71.4 per cent contained no fecal Streptococci. 78.4 per cent 

of the clam samples tested gave coliform M.P.N.'s of less than 

2,400, while 85.7 per cent gave fecal Streptococci jLP.N. 's of 

350 or less . 

SÜEVBY 0F CLAM PRODUCING AREAS IN HALIFAX COUNTY. N.S.. 1947. 

Musquodoboit Harbour and Ostrea Lake: Ostrea Lake is situated 

about six miles south of the head of Musquodoboit Harbour, and 

represents the extreme lower portion of this harbour. From the 

mouth of the Harbour, the main Channel runs in a north-easterly 

direction, and then turns to the north-west. Clam f ls ts are 

located along the eastern and gestern sides of the main Channel, 

which runs down the north-western side of the harbour. There 

are no clams in the upper four miles of the harbour. Near the 

mouth of the harbour the main Channel runs in a north-easterly 

direction, and here clams are dug only on the western side; the 

eastern shore f la t s would he exposed only during a very low t ide. 

Ostrea Lake settlement is located on the eastern shore; the 

countryside is well wooded, very rocky, and sparsely populated. 

Drainage to the lake would include surface runoff from farms along 

the eastern shore, but there is l i t t l e sewage discharged directly 

to the lake. There are a few dwellings along the Musquodoboit 

Biver four miles above the northern clam f la t s ; the amount of 

sewage entering the harbour would be extremely small, and should 

aot materially affect the clam producing areas. 
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The general character is t ics of a l l of the seven clam flats 

sampled in Musquodoboit Harbour were similar, with no obvious 

sources of pollution visible in any case, except that large 

numbers of seabirds were present, especially on the Fiat Island 

(Birdrock) and Indian Point f l a t s . All samples were taken on 

October 1, 1947. 

Table VII (a) - Musquodoboit Harbour, N.S. 

Specimen 

Water 

Clams 

Wat er 

Clams 

Water 

Clams 

Wat er 

Clams 

Water 

Clams 

Water 

Clams 

Wat er 

Clams 

Area 

Sedge Bank Fiats 

Cheticumchee Fiats 

Fiat Island (Birdrock) Fiats 

Indian Point Fiats 

Francis Nose Fiats 

Coke Fiats 

Baker*s Island Fiats 

Coliform 

0 

5,400 

13 

3,500 

0 

5,400 

2 

16,000 

0 

3,500 

2 

2,400 

4.5 

1,700 

Fecal 
Streptococci 

M.P.N. 

0 

1,700 

0 

1,100 

0 

790 

0 

790 

0 

330 

0 

230 

0 

130 
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Clam Harbour : Clam Harbour i s situated approximately fifty 

miles east of the c i ty of Halifax. The harbour runs north and 

south for a distance of three and one-half miles; clams are found 

along the western and eastern sides of the main Channel, which 

extends down the western shore of the harbour. A secondary gravel 

road extends down the eastern side of the harbour, with houses 

located along the way. A small settlement, Clam Harbour, i s 

situated at the head of the harbour. Mary's River enters here. 

The areas along the western shore from which clams are fished are 

far enoogh removed from the eastern sbore settlement so that any 

surface drainage there would have no effect. Fiats near the head 

of the harbour may be receiving pollution from the cannery and 

the small settlement situated there. 

Petpeswick Harbour : Petpeswick Harbour i s located about 

forty miles east of Halifax, and extends a distance of s ix miles 

north of the harbour mouth. The clam flats are located above and 

below the narrows; those below the narrows are situated along the 

western side of the harbour, and are one-quarter of a mile from 

the eastern shore, while the flats above the narrows are approx

imately two hundred yards from the eastern shore. 

The Li t t l e River, which is fed by Pacey Lake, enters the 

head of the harbour about two miles above the western clam f la t s ; 

there are no Settlements along this r iver . Scattered dwellings are 

located along a secondary gravel road which extends down the 

eastern shore of the harbour. The countryside is rocky and 

heavily wooded in some sections. Drainage to the harbour would 
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include surface run-off from farmlands, but there is l i t t l e , if 

any, sewage discharged directly to the harbour. 

Table VII (b) 

flnrvfiv of Clam Producing F i a t s in Clam Harhnmr, K.Q., Sept . 24f 1947. 

Snecimen Area 

Water 

Clams 
Lower West Cove 

Fecal 
Coliform Streptococci 
M.P.N. . M.P.N. 

49 

2,400 790 

Wat er 

Clams 
Muggy's Cove 

0 

490 490 

Water 

Clams 

Water 

Clams 

Wat er 

Clams 

Wat er 

Clams 

Water 

Clams 

Label's Point 

Indian Cove 

Middle Ground Fiats 

Off the Point Fiats 

Upper West Cove 

14 

>16,000 

33 

5,400 

27 

>16,000 

13 

2,400 

33 

>16,000 

4.5 

220 

0 

93 

0 

270 

0 

270 

4.5 

270 
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Table VII (c) 

giiirnfly 9f Ciain Fia ts , Petpeswick Harbour. N.S.. Sept. 29. 1947. 

Specimen Area 
Fecal 

Coliform Streptococci 
M.P.N. M.P.N. 

Water 

Clams 
The Cove Fiats 

Water 
Upper Cove (The Dyke) Fiats 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Lower Turn Fiats 

Long Cove Fiats 

Upper Turn Fiats 

0 

78 

0 
its 

790 

2 

130 

0 

130 

0 

78 

3.7 

1,100 

68 

1,100 

4.5 

1,400 

2 

45 

4.5 

45 

Chezzetcook Harbour : Chezzetcook Harbour is located about 

thirty miles east of Halifax, and extends about five miles north 

of the harbour mouth. The principal clam flats are located on the 

many islands found in the central portion of the harbour. There 

are small Settlements at Head of Chezzetcook, East Chezzetcook, 

and Grand Desert, but the homes are built well back from the shore, 

and are equipped with outdoor pr ivies; there is l i t t l e danger of 

sewage pollution from these sources reaching the f l a t s . Sanitary 

conditions are generally good. 
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Table VII (d) 

Survey of Clam Fiats. ChezzetnnnV Harhonr, W,S.. Sept. 25, IQ_7, 

Specimen 

Water 

Clams 

Wat er 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Area 

Murphy's Point Fiats 

Indi an Island Fiats 

Conrad Island Fiats 

Gaetz Island Fiats 

Ferguson Island Fiats 

Eed Island Fiats 

Black Point Fiats 

Coliform 
M.P.N. 

7.8 

16,000 

7.8 

16,000 

4.5 

>16,000 

2 

>16,000 

2 

16,000 

4.5 

5,400 

2 

3,500 

Fecal 
Streptococci 

M.P.N. 

0 

790 

0 

1,300 

13 

790 

0 

790 

0 

78 

0 

270 

0 

220 

Cole Harbour : Cole Harbour is located about six miles east 

of Lartmouth, N.S.; clam flats are found in the lower section of 

the harbour, south of the Canadian National Railway trestle, in an 

area that was formerly dykeland. The surrounding county property 
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is heavily wooded and rocky, and there are no dwellings located 

along the shoreline except for twenty small summer cotta^es 

equipped with pr iv ies , situated on a rocky point in the southern 

end of the harbour; i t is feit that l i t t l e raw sewage from 

this source reaches the clam f la t s . 

The Halifax County Home is situated on the upper north-

west side of the harbour, well back from the shoreline, on 

high land. Sewage disposal is by septic tank and t i le disposal 

bed; the amount of sewage discharged into the harbour should 

be negligible. 

Table VII (e) 

Specimen 

Water 

Clams 

Wat er 

Clams 

Water 

Clans 

Water 

Clams 

Area 

South-West Fiats 

Middle-Ground Fiats 

South-East Fiats 

West of C.N.E. Trestle 

Coliform 
M.P.N. 

11 

3,500 

0 

>16,000 

2 

5,400 

2 

5,400 

Fecal 
Streptococci 

M.P.N. 

0 

9,200 

0 

>16,000 

0 

5,400 

0 

5,400 
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Observations. Halifax County. S.S., 1947. 

The clam producing areas of Halifax County are a l l rocky, 

heavily wooded, and sparsely set t led; the danger of heavy sewage 

pollution reaching the f lats in any instance would seem remote. 

It is therefore surprising to note that seventy per cent of the 

clam samples from these areas gave coliform i .F.N. 's of more than 

2,400. Only th i r ty- three per cent gave fecal Streptococci M.P.N.'s 

of more than 790. Water samples taken from a l l the Halifax County 

areas showed low M.P.N. ' s , and in a l l cases met the Standards of 

the United States Public Health Service. 

The high M.P.N. values obtained from clams are difficult to 

explain in terms of direct sewage pollution. The low M.P.N.'s 

obtained from water samples also indicate that sewage contamination 

of the f lats from a distant source is doubtful. 

The Bacterial Flora of Clams frrm "Plann" and Folluted areas. 

A study of the bacterial flora in clams from "clean" and 

polluted areas was proposed. St. Andrews Harbour, N.B., provided 

an area where sewage pollution was known to be heavy (Tables I, 

I I , IV, and Y). Dick Island and Hog Island, two heavily wooded, 

rocky Islands in Bocabec Bay, N.B,. were selected as areas having 

no sources of pollution except seabirds, and were sampied on 

June 17 and July 28, 1947. lalpeque Bay, P.B.I. , an area con

sidered to be free from sewage pollution, was selected as sui t -

able and sampied on July 21 and July 23, 1948. Results obtained 

through bacteriological analysis of clam and water samples from 

these areas appear in Table VIII. 
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Table VIII ( a ) 

Survev of Dick Island and Hno T«n 0 ^. Boc»W K»YI W ? | | 

Jane 17 wd July 28, 1947. 

Specimen Area 

Water 

Clams 

Water 

er 

Dick Island, West shore Fiats 

Coliform 
M.P.N. 

33 

>16,000 

26 
.. Dick Island, North shore Fiats 
Cla*8 16,000 

110 
ni Dick Island, last shore Fiats 
Clams 9,200 
Water 34 
-, Hog Island, North shore Fiats 
Clams 0 » >16,000 
Water 170 
„, flog Island, East shore Fiats 
Clams 6 . >16,000 

Water 11 

Clams H°ß I s l a n d ' S ° U t h S h ° r e P l a t S >16,000 

Water 11 

Clam, H o g I s l s n d * W e S t S h 0 r e F l £ t S 16,000 

Water 240 

Clams D i c k I s l a n d » E a s t s h o r e F l a t S ^ J u l y 28^ 9,200 

Water 3 5 0 

Clams D i c k I s l a t l d ' W e s t s h o r e F l a t S ( J u l y 24,000 

Observation : Dick Island and Hog Island were found to be the 

nesting grounds for large flocks of seagulls; coliform M.P.N.'s 

obtained from clam and water samples were so high as to preclude 



any further sampling of the islands as a coli form-free area 
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Date 

Table VIII (b) 

Clam Survey, Mal P^e_B^y^_PtE^I^J^j_i24g. 

Specimen Area Coliform 
.P.N. 

Fecal 
Streptococci 

M.P.N. 

July 21 

July 23 

Wat er 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Water 

Clams 

Wat er 

Clams 

Bentinck Cove, Fiat 
No,l 

Bentinck Cove, Fiat 
No.2 

i*Iouth of Plat River 

Bumt Point 

Taylor*s Point 
4 

Mouth of Plat River 

Burnt Point 

louth of Grand River 

0 

790 

23 

330 

7.8 

16,000 

2 

220 

1,600 

>16,000 

11 

9,200 

4.5 

790 

0 

16,000 

0 

110 

13 

210 

4.5 

3,500 

2 

45 

4.5 

230 

4.5 

210 

2 

460 

4.5 

130 

ObservaHnnp : Only six clam producing flats were discovered 

in the Malpeque £8y area; apparently, with the disappearance 

of the eelgrass, most of the flats became silted over or washed 
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away, so that the only remaining producing beds are located near 

the mouths of small streams; they cannot be considered entirely 

free of contamination. The clams are small, and their Shells are 

so thin and fragile as to make aseptic shucking difficult . 

All but one of the water samples analysed contained some 

fecsl bacteria; this precluded any possibility of considering 

these areas as ent i re ly pollution-free. M.P.N. values recorded 

for clams were re la t ive ly high; in a l l probability, this was due 

to the seasonal effect induced by the high water temperatures 

recorded in üalpeque Bay at the time of sampling. It is evident 

that Sanitary Engineering surveys alone are inadequate in assess-

ing the sanitary condition of soft shell clams from a producing 

area. 

Classification of Coli-Aerogenes Group Organisms Isolated from 

Clam and Water Samples, 1947 and 1948. 

Considerable controversy has arisen over the validity of 

the Standard Methods tes t for the presence of members of the 

coli-aerogenes group as an index of fecal pollution. An attempt 

was made during the investigations to discover to what extent 

definitely fecal (Sscherichia coli) types were associated with 

high coliform I.P.N. 's in clams, and to what extent these „.P.N. 

values could be at tr ibuted to Aerobacter aerpgenes and intermed-

iate types, which some investigators contend may not be of fecal 

origin. Coliform bacteria isolated from clam and water samples 

'ere classif ied according to their "MVIC" reactions; two hundred 

and three such isolat ions were made from areas in Charlotte 
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County, N.B., one hundred from Digby and Annapolis Counties, N.S., 

and seventy from Halifax County, N.S., in 1947. Two hundred and 

siity-eight cultures isolated from Charlotte County, N.B. samples 

were classified in 1948. (See Tables IX to XV inc l . ) . 

ebsenaUong : In 1947, sixty per cent of the coliform bacteria 

isolated from Charlotte County, fifty-seven per cent from Digby 

and Annapolis Counties, and seventy per cent from Halifax County 

were classified as Aercbficter, types. In some cases, specimens 

isolated from areas judged to be free from all obvious sewage 

pollution, but which s t i l l gave high coliform I.P.N. values, proved 

to be a l l Aerobacter types. There was, however, no consistent 

correlation between the fecal Streptococci M.P.N.fs and the 

incidence of fecal and non-fecal coliform types. 

Charlotte County, N.B.: The St. Andrews Harbour area, which 

was known to be heavily polluted by direct sewage contamination, 

showed a high incidence of E.coli . Clams from Pocologan Harbour, 

an area not obviously heavily contaminated, also showed a majority 

of fecal types, although isolations from two samples of water 

from the same area were a l l Aerobacter types. Dick Island, an 

uninhabited island in Bocabec Bay previously considered as a 

"clean" area, also showed a high incidence of ____Ii, in a l l 

probability due to the tremendous numbers of seabirds that frequent 

the island. Coliform bacteria isolated from Oak Bay and Chamcook 

Harbour clams in October, 1947, were a l l Ajj_3hae_er types. 

Digbv and 4nnanoIis C o u n t j e ^ ^ - : Thorne Cove and Goat 

Island are free from heavy sewage pollution, and both coliform 
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and fecal Streptococci M.P.N.fs were low, yet the incidence of 

E^jjpli was high in both cases . The Siss i too River clam f la ts 

at the town of Weymouth receive direct sewage pollution frcm the 

town, and here the incidence of E.coli was high; down the r iver , 

at Weymouth North, i so la t ions of coliform organisms proved to be 

all Aerobacter aerogenes. Fifteen isolat ions from clams from 

Belliveaufs Cove, where sewage pollut ion is negligible, were a l l 

Aerobacter cloacae. 

Halifax County, N.S. : E.coli was isolated from a sample 

of Cole Harbour clams, and from S8mples of shucked clam meats 

in two shucking plants at Ostrea Lake, but in a l l of these 

instances M.P.N. values were very low. Isolat ions from clams 

dug in Petpeswick and Musquodoboit Harbours, where no sewage 

pollution is apparent, were nearly a l l Aerobacter aerogenes. 

Charlotte County, N.B.f 1948. : Of the two hundred and 

sixty-eight cultures isolated in 1948 fron; Charlotte County clams 

and sea water, and c lass i f ied according to the i r "D.VIC1* reections, 

one hundred and twenty-six (47 per cent) proved to be typicel 

S.coli, ninety-seven (36.2 per cent) were typic^l A.aerogenes, 

and forty-five (16.8 per cent) were classif ied as intermediate 

types. No consistent correla t ion could be demonstrated between 

fecal Streptococci numbers and the incidence of iecal and non-

fecal coliform typos in clams from areas subjected to various 

amounts of pol lut ion, but i t is possible that a more direct 

relationship exis ts between the incidence of S.coli and the 

fecal Streptococci numbers in sea water. 
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Pglfttionship Between Coliform and Fecal Streptococci Most Probable 

NnEi_lf_IfL froin Clam and Water Samples, and Their Relationship to the 

gjmitPry Quality of the Producing Area. 

During September and October, 1947, and during the whole of 

the 1948 investigation, tests for both coliform bacteria and fecal 

Streptococci were carried out on all water and clam samples anal

ysed; comparative M.P.N. values obtained, in relation to the san

itary quality of the producing area as determined by Sanitary 

Engineering methods of evaluation, appear in Tables XVI, X7II, 

XVIII, and XIX. 

Qfrpervations : During the 1947 survey, little correlation between 

coliform and fecal Streptococci M.P.N. values for clams and water 

could be shown. A much closer correlation between coliform and 

fecal Streptococci values and the sanitary quality of the produc

ing area was observed during the 1948 investigations; while the 

fecal Streptococci content of both clams and sea water was mark-

edly lower than their coliform content, in most cases both indices 

gave a fairly accurate evaluation of the sanitary quality of the 

producing areas. Where Sanitary Engineering Surveys have shown 

either absence of sewage pollution, or heavy and direct sewage 

pollution, coliform and fecal Streptococci numbers were, with four 

or five exceptions, in close agreement; in areas where slight 

sewage contamination was known to be present, the two indices 

showed fair agreement. It would seem necessary to investigate 

the few exceptions, because it is possible that one of the two 

indices may be more efficient in assessing the potentiel hasard 
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of a pollution source not noted during Sanitary Engineering Sur-

veys; there was, however, no opportunity of studying these excep

tions to elucidate the value of either index. Both the coliform 

and fecal Streptococci indices would appear to be significant 

only when water temperatures over the clam flats remain relatively 

low. 

It is possible that 1. the survival time of the enterococci 

in sea water more closely approximates that of the enteric patho

gens than that of the coliform group, and 2. the enterococci may 

not multiply to as great an extent within the clam as coliforms 

do during seasonal periods of high water temperatures. üntil the 

truth or fallacy of these postulations can be definitely proven, 

however, the test for fecal Streptococci as an index of pollution 

for soft shell clams would seem to have little advantage over the 

coliform index. 

Investigation of Some Aspects of the Commercial Packing 

of Clam Meats. 

During the 1947 and 1948 studies, twelve Dlants packing 

shucked clam meats for export were inspected, and samples of 

shellstock clams, wash water, and clam meats both before and after 

washing and packing, were obtained for bacteriological examination. 

In 1947, when high water temperatures were general, a large per-

centage of the shellstock clams processed by the shucking plants 

gave coliform M.P.N. values far in excess of the 2,400 per 100 ml. 

limit suggested by the ünifed States Public Health Service; in 

most cases, plant practices did nothing to reduce this heavy load 
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of coliform organisms, and, in some cases, increased it. It was 

therefore apparent that some procedure which would effectively 

reduce the fecal bacterial content of shucked soft shell clams 

was necessary before all clams, from areas considered free from 

dangerous pollution, could meet bacteriological export require-

ments, especially during the seasonal period of high water 

temperatures. 

The Bactericidal Effect of Dipping Shellstock Clams in 

Boiling Water for Short Periods of Time. 

Several of the clam shucking plants inspected during the 

surveys followed the practice of dipping the washed shellstock 

clams in cauldrons of boiling or near-boiling water for periods 

up to twenty seconds. Following this treatment, the "shocked" 

clams are cooled by immersion in cold, fresh water, and shucked 

in the usual manner. This treatment causes the adductor muscle 

to relax, and the mantle becomes soft and loose, facilitating 

easy and speedy shucking. 

The process was not carried out with any idea of reducing 

bacterial numbers; it was noticed, however, that meats from clams 

treated in this manner showed a marked reduction in the numbers 

of coliform bacteria and fecal Streptococci. Samples of (l) 

shellstock, and (2) the same shellstock after the heat treatment, 

were obtained wherever possible for testing. (Table XX). 

Experiments were conducted during February, 1948, using 

highly polluted clams from St. Andrews Harbour, N.B., which were 

shipped to the Laboratory of Hygiene, Ottawa, for testing. 

(Table XXI). 



T.vjiLE XX 

K c l u c t i o n i n F e c a l B a c t e r i a l Con ten t 
of Sof t S h e l l Clams Caused by 

Comnercia1 . "Shockim1;" P r o c e s s . 1947 

Source 

Jarvis & Co. 
t. Andrews, 

Chamcook 
Packersi 
Chamcook, 
N.B • 

loe cimen 

Clams 
Cwashed) 
Shucked 
meats 

A.L. Baker 
•': oon, 
Yrrwouth, 
N • 3 • 

ara* 
N o r t h e r n 
Food P r o 
d u c t s , Grand 
D e s e r t , it»-!. 

Baker & C o 0 , 
O s t r e a L a k e , 
1J. 5 • 

Clams 
Cwashed) 
Shucked 
meats 

Treatment 

nil 

"shocked" 30 sec, 
at 180 F, cooled, 
s,^,kftdr 2.̂ .0 

Clams 
Cwashed) 

Shucked 
me at s 

Clams 
Cwashed) 

Shucked 
mea t s 

Clams 
Cwashed) 

Shucked 
mea ts 

nil 

"shocked" 15 sec. 
at 190 F, cool?d, 
shucked. 

•J X 'XV 

nil 

"shockgd11 20 sec 
at 190 F, cooled, 
shucke' 

"shocked" 30 sec. 
at 190 F, cooled, 

Coliform 

1,100 

c-=r 

1,300 

330 
• i 

1,100 

Fecal 
Streptococci 

2,400 

HO 
,700 

260 
330 

G e n e r a l 
S e a f o o d s , 
L t d . , O s t r e a 
L a k e , N . 3 . 

S t . Andrews 
Harbour 
S t a t i o n #4 

S t . andrews 
flarbour 
S t a t i o n $ 

Clam; 
Cv/ashed) 

Shucked 
mea t s 

Clams 
Cwashed) 
Shucked 

mea t s 

Clams 
Cwashed) 
Shucked 

"shocked" 3° sec. 
at 180 F, cooled, 
shucked# 

"shocked" 30 sec. 
at 180 F, cooled, 
shucked. 

nil 

"shocked1 1 20 s e c . 
ClQot) under l a b . 
nnndit icms.o 

n i l 

"shocked1 1 20 s e c . 
C190°F) unde r l a b . 
CONDITIONS. 
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During the 1948 summer investigations, nine similar experi

ments were conducted in the mobile laboratory, using clams from 

areas subjected to varying degrees of sewage pollution. 

(Table XXII (a). 

Two experiments were conducted at the shucking plant of 

Chamcook Packers, Chamcook, N.B. In the first experiment, 

duplicate baskets of shellstock clams from Oak Bay were dipped 

in water held at 99°C. (l) for the usual three second dipping 

period, and (2) for a longer, ten second heat treatment; both 

lots were then shucked, washed, and packed in the usual com-

mercial manner by the plant Operators, duplicate samples of 

each withdrawn for immediate testing, and the remainder refrig-

erated for seven days. Duplicate samples were withdrawn at 

intervals throughout this period for testing. Results obtained 

from this experiment, and those from a second similar experiment, 

in which Oak Bay clams were "dipped" three seconds in water held 

at 99 C. before shucking, washing, packing, and refrigeration, 

appear in Table XXII (b). 

Experiments Conducted at the Laboratory of Hygiene. Ottawa. Ont., 

February, 1948. 

One half-bushel of clams was packed in rockweed and shipped 

to the Laboratory of Hygiene, Ottawa; clams were dug from the 

St. Andrews Harbour, N.B. flats on February 13, and tests were 

conducted on February 17. 

Three samples were analysed in the usual manner, and six 

additional samples were heated in a 99°C. waterbath for periods 

ranging from ten to sixty seconds. 



TABLE XXII (a ) 

R e d u c t i o n i n F e c a l B a c t e r i a l Content 
of Soft S h e l l Clams Caused by 

the "Shocking" Process 
1948 . 

bource 

St. Andrews 
Harbour 
Station #4 

Treatment Coliform 
:*i.P.N. 

S t . Andrews 
Harbour 
S t a t i o n #4 

Bar Road, 
(Chamcook) 

Ni l 
" shocked" 10 seconds a t 99°C 

" 20 " " M 

1,300 
330 
330 
330 

Nil 
" shocked" 10 seconds a t 95 C 

»» PO " " " 
M OQ K n t» 

>16,000 
2,400 
2,400 
1,300 

Nil 
" shocked" 5 seconds a t 99°C 

tl J A II II II 

490 
230 
78 

Fecal 
Streptococci 

la.P.VJ. 

790 
45 
20 
20 

790 
230 
330 
330 
230 
40 
68 

St. Andrews 
Harbour 
Station #4 

Chamcook 
Packers, 
Chamcook, 
N.B. 

S t • __ndrews 
H a r b o u r , 
S t a t i o n #4-

Ni l 
"shocked11 5 seconds a t 99 C 

ti ^ 0 " " " 

Ni l 
"shocked'1 3 seconds a t 99 c 

ti 2.0 " " M 

14,000 
1,300 
1,300 
4,600 
220 
130 

16,000 
1,300 
490 

2,400 
230 
170 

S t . Andrews 
Harbour 
S t a t i o n #2 

Ni l 
" shocked" 3 seconds a t 97 C 

ii i n i» « •• 10 

9,200 
330 
230 

Nil 
" shocked* 3 seconds a t 97 C 

it i n 11 il 1» 10 

2,400 
790 
330 

Bar Road , 
(Chamcook) 

Oak Bay , 
(Cookson* s 
I s l a n d ) 

Ni l 
" shocked" 3 seconds a t 99°C 

n II 11 11 10 

490 
330 
230 

Ni l 
"shocked" 3 seconds a t 99 C 

n 10 " " " 

330 
230 

78 

2,400 
230 
230 
700 
230 

78 

45 
20 
20 

20 
20 

0 



TübLE XXII(b) 

B e f r l f : e r a t l o n of "Shocked" Clam l & n t s . 

Chamcook Packers, Chamcook, N.B. 

3PI.CIi.L2N COLI* ORM 

Shell s t o c k (Oak Bay) - "mea t s " o n l y 4 ,600 

S h e l l s t o c k (Oak Bay) - "mea t s " o n l y 1,700 

Above, "Shocked" 3 seconds a t 99 C. 110 

_ts Above 
it it 

it it 

it ti 

Refrigerated 24 hours 

•• 48 hours 

« 72 hours 

•• 96 hours 

230 

330 

230 

230 

FEC*L 
3,l'h__P±0C0CCI 

hiiP-N. 
2,400 

above , " 

As Above 
II M 

n 11 

tt ti 

tt n 

11 11 

^s Above. 

AS Above; 
11 it « 

it it < 

it it « 

11 tt • 

11 it • 

Sho cke 

: Refr 

d" 

ti 

tt 

it 

11 

it 

3 

: "Shocked" 

: Refr j ge 
it 

tt 

tt 

tt 

tt 

ve 

seconds a t 99° 

i ted 24 h o u r s 

48 h o u r s 

72 h o u r s 
96 h o u r s 

144 h o u r s 
163 h o u r s 

10 seconds a t 

t ed 24 h o u r s 
48 h o u r s 
72 h o u r s 
96 h o u r s 

144 h o u r s 
168 h o u r s 

C. 

9 9 ° C 

1 

1 

220 

790 
,100 

790 
93 

220 
45 

130 

490 
790 

,700 
45 

230 
68 

230 

140 
110 
230 
140 
490 
120 

170 

170 
110 
210 
220 
140 
160 

330 

78 

110 

210 

78 

110 

http://3PI.CIi.L2N
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Tafele XXI (a) 

Specimen 
^ 1. .1 1 IM 1 1 - • - . , , . « 

Shellstock 

Shellstock 

Shellstock 

Clam meats 

Clam meats 

Clam meats 

Clam meats 

Clam meats 

Clam meats 

Treatment 

As on arrival 

As on arrival 

Stored one week in re 

"Shocked" 10 seconds 

"Shocked" 15 seconds 

"Shocked" 20 seconds 

"Shocked" 30 seconds 

"Shocked" 45 seconds 

"Shocked" 60 seconds 

jfrigerator 

at 99°C. 

at 99°C. 

at 99°C. 

at 99°C. 

at 99°C. 

at 99°C. 

Coliform 
ii/: _ i * i\i 
HU f 1—« i|l | 

>16,000 

>16,000 

70,000 

2,400 

2,400 

2,400 

1,700 

2,400 

2,400 

Obviously the reduction in coliform numbers is significant 
o 

in the "shocking" treatment at 99 C. The reduction after th i r ty 

to s ixty seconds heat treatment does not appear to he significantly 
o 

greater than after ten to twenty seconds "shocking" at 99 C. 

The blended clam slurry and decimal dilutions were streaked 

on plates of McConkeyfs agar, Bismuth Sulphite agar, and S.S. 

agar, and inoculated into Tetrathionate broth, for incubation 

at 37°C. After 24 hours incubation, the Tetrathionate enrich-

ment cultures were streaked on the same agar media. All colonies 

thought to be non~lactose-fermenters were picked off the plates 

for inoculation into beef heart infusion broth. After 24 hours 

incubation at 37 C., transfers were made to Tryptone Glucose 
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Sxtract agar plates. After 24 hours incubation at 37°C, discrete 

colonies were picked to Tryptone Glucose Extract agar slopes. The 

resulting cultures were used to inoculate the various "IMVIC" and 

carbohydrate media necessary for classifying the organisms isolated 

No Salmonellae were isolated. Ten cultures proved, culturally 

and biochemically, to be Shigella types, five were Alkaligenes 

faecalis, and two were Proteus morgani. 

One half-bushel of clams from the Pottery Bridge flats, one-

quarter mile west of Niger Reef, St. Andrews, N.B., were shipped 

to Ottawa on February 24, 1948. Tests were conducted on February 

27; two samples were tested immediately, while six additional 

samples were heated in a 99°C. water bath for 10 to 60 seconds. 

Table XXI 

Treatment 

As on arrival) 
] Duplicates 

As on arrival) 

Shocked 10 seconds at 99°C. 

Shocked 15 seconds at 99°C. 

Shocked 20 seconds at 99°C. 

Shocked 30 seconds at 99°C. 

Shocked 45 seconds at 99°C. 

Shocked 60 seconds at 99°C. 

(h) 

Coliform 
M.P.N. 

2,400 

2,400 

230 

78 

130 

130 

130 

45 

Fecal 
Streptococci 

M.P.N. 

230 

230 

45 

78 

20 

20 

0 

45 
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Effect of the, "Shock" Treatment on Sal,Tr.finft"|/U typhosa. 

Duplicate samples of clams were thoroughly washed and dried, 

and each clam inoculated by injection with hypodermic syringe of 

.25 ml. of a twenty-hour culture of Salmonella tvphosa in beef 

heart infusion broth. Twelve inoculated clams were then shucked 

aseptically into a sterile Waring blendor, an equal amount of 

sterile one per cent saline added, and blended. A second sample 

of twelve inoculated clams was dipped for 30 seconds in a 99°C. 

water bath, and tested in the same manner as the unheated sammle. 
_ 

Serial dilutions of the resulting slurries were plated on Bismuth 

Sulphite agar in .5, .1, .01, .001, .0001, .00001, and .000001 

dilutions; incubation was at 37 C , for 48 hours. 

Table XXI (c) 

Treatment Nurobers of Sal. typhosa per ml. 
__ on Bismuth Sulphite agar. 

Inoculated; shucked and tested immediately 2,300,000 
o 

Inoculated; "shocked" 30 seconds at 99 C. 
before shucking and testing. 410,000 

Observations : The "shock" process caused an apparent 82.2 per 

cent reduction of the viable Sal. typhosa organisms injected into 

the clams, Whether this method of inoculation would give the 

same results as normal contamination through the branchial siphon 

is questionable, and further experimentation is certainly 

necessary# 
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In all of the experiments reported, a short-term dipping of 

the shellstock clams in near-boiling water resulted in a reduction 

of coliform and fecal Streptococci numbers. A more marked re

duction was effected when the original fecal bacterial content of 

the clams was high than when the original M.P.N. values was very 

low. A very short period of immersion in the hot water is 

effective; the reduction obtained after three to ten seconds 

immersion does not appear to be significantly less than that 

recorded after longer periods of heat treatment. 

The commercial three second dipping procedure caused a 

significant reduction in fecal bacterial content; the reduction 

in M.P.N. values when clams were dipped in water held at 99 C. 

for ten seconds was not significantly greater than that observed 

after the three second dipping period. There was no significant 

increase in the M.P.N. values in "shocked" clam meats during the 

seven day refrigeration period. 

The short period of immersion in hot water involved in this 

process does not seem to impair the keeping qualities of the 

packed, refrigerated clam meats. Sterilisation of the shells by 

the "shocking" process also reduces the amount of surface contam

ination carried to the shucking tables on the shellstock clams. 

The treatment also facilitates shucking, apparently without 

materially affecting the palatability of the product, and for this 

reason is already in use in some Canadian shucking plants. 
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If a satisfactory procedure, which could in some manner 

express the results of Sanitary Engineering surveys and bacterio

logical tests in terms of potential public health hazard, could 

be devised, the clam problem which we see today would not exist. 

Such is not the case, and it is apparent from our studies that the 

simple determination of the coliform index may not be related at 

all times to real public health Problems for this product. There-

fore it would appear that a treatment somewhat similar to the 

pasteurization of milk, when used for clams taken from areas 

which are deemed safe according to Sanitary Engineering Standards 

of evaluation, would provide additional factors of safety. The 

problem resolves itself into one of how it should be applied, and 

what precautions should be enforced in the shucking plants to 

make this process a practical one. 

Bacteriological Analysis of Clam Meats and Clam Liquors. 

Duplicate samples of clams from various sources were 

(l) shucked and tested in the usual manner, and (2) shucked, and 

the shell liquor drained off aseptically to a sterile bottle; then 

both liquors and drained meats were tested in the usual manner for 

coliform and fecal Streptococci content. Eesults obtained from 

eight such tests appear in Table XXIII. 

Observations : In four cases, the clam liquors proved to be 

entirely free from fecal bacteria, and in all cases M.P.N. values 

obtained for shell liquor were markedly lower than those for whole 

clams and drained meats. k.P.K.fs for drained clam meats were, in 

all cases, considerably higher than for whole clams. It is thus 



TABLE XXIII 

Bacteriological Analysis of Clam Meats and Clam Liquors 

S0URCE 

St. Andrews 

Station # 4. 

Chamcook 

Packers Co. 

(Oak Bay eis 

St. Andrews 

Station # 4, 

Bar Road, 

Chamcook. 

Bar Road, 

Chamcook. 

Pottery Brie 

St. Andrews, 

Oak Bay, 

West Cove. 

Hbr. 

uns) 

Hbr, 

» 

Ige, 

* 

SPECIMEN 

•, Sea Water 

Clams 

Meats only 

Liquors only 

Clams 

Meats only 

Liquors only 

., Sea Water 

Clams 

Meats only 

Liquors only 

Clams 

Meats only 

Liquors only 

Clams 

Meats only 

Liquors only 

Sea Water 

Clams 

Meats only 

Liquors only 

Sea Water 

Clams 

Meats only 

Liquors only 

COLIFORM 
M.P.N. 

9,200 

>16,000 

54,000 

9,200 

2,400 
4,600 

0 

540 

5,400 

^16,000 

1,700 

330 

490 

0 

330 

1,300 

0 

22 

230 

490 

45 

17 

700 

2,400 

20 

FECAL 
STREPTOCOCCI 

M.P.N. 

2, 

9: 

1, 
2, 

3 

16, 

920 

,400 

,200 

330 

,100 
,400 

0 

350 

,500 

,000 

490 

45 

230 

0 

78 

270 

0 

4 

78 

230 

20 

0 

110 

270 

0 



TABLE XXIV 

F i r s t Flushing Experiment. 

3 t . Andrews Harbour ( S t a t i o n #4) Clams Held in Biological S ta t ion Tank. 

(June 14 - June 26, 1948) 

HOURS IN 
TANK 

0 

24 

31 

46 

72 

79 

96 

103 

120 

144 

168 

175 

192 

199 

216 

223 

240 

247 

264 

288 

COLIFORM 
M.P.W. 

3.500 

1,700 

3,500 

1,300 

790 

1,700 

790 

490 

330 

330 

700 

330 

790 

790 

130 

230 

130 

130 

230 

230 

J'ECÄL STREPTOCOCCI 
M.P.N. 

3,500 

1,400 

1,100 

230 

230 

790 

110 

78 

78 

45 

20 

20 

45 

20 

40 

0 

0 

0 

0 

0 
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Samples of sea water flowing through the tank were withdrawn 

at intervals and tested for fecal bacterial content. 

Observation : The clams appeared to be feeding in a normal 

manner during the holding period in the tank; their siphons pro-

truded, and fecal strings were thrown out in large quantities. 

In the first experiment, a considerable reduction in both 

coliform and fecal Streptococci numbers was noted during the hold

ing period; the reduction of fecal Streptococci numbers was more 

decisive. The reduction in coliform M.P.N. fs recorded during the 

second experiment was less significant, probably because the 

"flushing" water was more heavily contaminated with coliform 

organisms during this period. Fecal Streptococci il.P.N. fs 

were markedly reduced, as in the first experiment; no fecal 

Streptococci were isolated from the "flushing" water at any time. 
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DISCÜSSION 

The 1947 study of the bacteriology of Iva arenaria in 

Charlotte County, N.B., indicated that a serious public health 

problem may exist. The fecal bacterial content of soft shell 

clams reached alarming proportions in most of the Charlotte 

County areas in June and July, 1947; this increase in coliform 

numbers was in no way related to the Sanitary Engineering eval

uation of the sanitary quality of the areas concerned, and no 

relationship between the source of water and the bacterial 

contamination of clams could be demonstrated. In October, 1947, 

however, a considerable reduction in coliform numbers was obser

ved; it was evident that the bacterial flora of Mys is subject 

to seasonal fluctuations induced by changing hydrographic or 

meteorological conditions, and that the Standard Methods test 

for coliform bacteria may not accurately evaluate the sanitary 

quality of a producing area at all times. 

Similar investigations carried out in Charlotte County in 

1948 indicate that there is a marked year~to-year Variation in 

the effect of seasonal conditions influencing the fecal bacterial 

content of soft shell clams; coliform and fecal Streptococci 

M.P.N. values remained relatively low during June and July, 

1948, and a general increase in the fecal bacterial content of 

clams did not occur until late August. 
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I t is considered probable that there is a close re la t ion

ship between water temperature and the coliform content of 

soft she l l clams. Water temperatures recorded at St . Andrew fs 

during lay to November, 1948, were consistently lower than those 

for the same period in 1947; as long as the temperature of the 

water over the clam f l a t s remained low, coliform M.P.N. values 

were a s ignif icant index of sewage contamination, but when water 

temperatures reached a c r i t i c a l f,thresholdM level , multiplication 

of coliform bacter ia within the clams occurred. The resultant 

increase in coliform numbers was without sanitary significance, 

since i t could occur in the absence of further sewage pollution. 

Studies by Hachey and McLellan (1948) at St . Andrews, N.B., 

indicate the poss ib i l i ty that there is a cycle including approx

imately four years of sub-normal water temperatures and four 

years of supra-normal water temperatures. During years when 

supra-normal water temperatures are general, i t i s considered 

probable that sn increase in coliform numbers similar to that 

observed in 1947 w i l l occur in soft shel l clams. The coliform 

and fecal Streptococci indices for soft shell clams would appear 

to be s ignif icant only when water temperatures remain re la t ively 

low. 

The value of the fecal streptococcal test is estimated 

variously by different workers. Some regard it as of consider

able value, whereas others are of the opinion that it adds little 

to the Information yielded by the test for coliform bacteria. 
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I t i s not known def in i te ly whether fecal Streptococci survive 

on the average for a shorter or longer time in water than co l i 

form bac te r i a ; u n t i l t h i s is known, the interpretat ion of the 

r e su l t s of the fecal streptococcal t e s t , part icular ly when 

negative, must remain doubtful. 

During the present invest igat ions, l i t t l e advantage was 

seen in the t e s t for fecal Streptococci as an index of pollution, 

although fa i r corre la t ion was obtained in 1948 between coliform 

and fecal Streptococci numbers and the known sanitary condition 

of the wat e r . No corre la t ion was obtained ei ther in 1947 or 

1948 between fecal Streptococci and the incidence of so-called 

fecal and non-fecal coliform types in soft shell clams. 

Attempts were made to study the nature of coliform bacteria 

isolated during the invest igat ions; six hundred and forty co l i 

form cul tures were isolated and classified according to their 
f,IMVICH r eac t ions . While areas known to be heavily polluted by 

fecal mater ia l showed a high incidence of Escherichia co l i , no 

absolute re la t ionship between the source of water and the type 

of coliform contamination of the clajE could be demonstrated. 

There is l i t t l e or no evidence that coliform bacteria multiply 

on fresh grasses or grains , or in s o i l . On the other hand, a l l 

types of coliform bacteria may occur in feces. Since coliform 

bac te r ia are constantly present in the in tes t ine , usually in 

numbers great ly exceeding those of pathogenic in tes t ina l b a c i l l i , 

and since t he i r death rate in sea water is slower than that of 
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organisms of the enteric group, it follows that whenever typhoid 

or paratyphoid bacilli, for example, gain access to a clam pro

ducing area through excretal pollution, they are always accom-

panied by the natural organisms inhabiting the intestine. It 

may be concluded that the finding of coliform bacteria, however 

atypical, in water or clams, shows that more or less recent 

excretal pollution has probably occurred; this, though not con-

stituting in itself conclusive evidence of danger, is nevertheless 

sufficient to indicate that the shellfish may be potentially 

dangerous. It is therefore believed that, when water tempera

tures in the producing areas remain low, the Standard Methods 

test for the presence of coliform bacteria will serve as a 

reliable index of sewage contamination of sea water and soft 

shell clams. Much more study of a qualitative character is 

needed before the nractical value of routine differentiation in 
•4. 

the coli form group can. be demonstrated. 

I t is apparent that some procedure which would effectively 

reduce the fecal bacterial content of shucked soft shell clams 

is necessary before a l l clams from areas considered free from 

a l l dangerous pollution could meet bacteriological export re-

quirements, especially during the seasonal period of high water 

temperatures. Two methods of reducing the bacterial content of 

soft Shell clams were studied during the present investigation. 

Of par t icular interest is the hot dipping process already in 

use in some Canadian shucking plants . l i r e baskets of soft shell 
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clams are immersed in sealding water at a temperature of 180°P. 

or higher for three to ten seconds. The heat causes a Separ

ation of the membranes covering the external surfaces of the 

mantle and siphons, rendering the shucking and cleaning much 

easier; this was the primary intent of the dipping process. 

Control experiments at 99 C. demonstrated a reduction of as 

much as ninety per cent of the coliform M.P.N. of clams. The 

percentage reduction increased as the coliform numbers of the 

shellstock clams increased. 

The mode of action of this reduction in bacterial content 

is difficult to explain, particularly after considering experi

ments which demonsträte that the greatest concentration of 

bacteria lies in the body of the clam, the bacterial concentration 

of the shell liquor being of the same order as the surrounding 

sea water, and that the penetration of heat is not deep into 

the clams, since they are still alive after dipping. The most 

reasonable explanation is that it is a "shocking" process, 

causing sudden discharge of some of the intestinal contents out 

into the hot water. Further work is necessary to establish the 

validity of this theory. 

Many problems of control present themselves. There may be 

some difficulty in maintaining a constant sealding temperature 

in the dipping tanks used by the small shucking plants. It is 

possible that clams from heavily polluted areas might be passed 

through the process; this brings up the question of comparative 
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r a t i o s of coliforms to pathogens at various levels of pollution, 

and, u n t i l further knowledge is obtained on this question, 

the advisabi l i ty of using the process for the cleansing of a l l 

soft she l l clams is cer ta inly open to question. Although the 

hot water in the dipping tanks has always been found to be free 

from bac te r i a l contamination, there is an accumulation of mud 

and other materials which might be defined as f i l t h ; this has 

pa r t i cu l a r significance in the regulations of the United States 

Food and Drug Administration. There is also some evidence which 

i rd ica tes that clams so treated are rendered more susceptible 

to spoilage because of a breakdown in their externa! surfaces. 

In spi te of such possible imperfections, i t is believed 

that the hot water dipping process may be of great value during 

seasonal periods of high water temperatures. If a satisfactory 

procedure, which could in some manner express the resul ts of 

Sanitary Engineering surveys and bacteriological tes ts in terms 

of po ten t i a l public tealth hazard, could be devised, the clam 

problem which we see today would not ex i s t . Such is not the 

case, and i t i s apparent from our studies that the simple deter-

mination of coliform bacter ia may not be related at a l l times 

to r e a l public health problems for this product. Thus i t would 

appear that the f,shock" treatment, when used exclusively for 

clams from areas deemed safe according to Sanitary Engineering 

Standards of evaluation, would provide additional factors of 

sa fe ty . 
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1. A general bacteriological survey of the major soft shell clam 

producing areas in Charlotte County, N.B., and Digby, Annapolis, 

and Halifax Counties, N.S. was conducted during June to October, 

1947. 

2. A periodic bacteriological survey of clams and sea water from 

twelve key stations in Charlotte County, N.B. was conducted during 

the summer of 1948. Results obtained during this period differed 

very markedly from those recorded during the 1947 survey. Coliform 

M.P.N.fs recorded during the 1947 survey reached a maximum early 

in July and remained at a high level throughout the summer; in 

1948, however, coliform M.P.N. values remained relatively low 

throughout the summer survey period, although indications were 

that a general increase in the fecal bacterial content of clams 

occurred in late August. 

It is considered probable that a close relationship exists 

between water temperature and the fecal bacterial content of soft 

shell clams. As long as water temperatures remein low, coliform 

M.P.N. values obtained from clams will be an accurate index of 

pollution reaching the flats, but when the temperature of water 

over these flats reaches a critical threshold level, multiplication 

of fecal bacteria within the clam may occur; the resultant increase 

in coliform numbers would not be of sanitary significance, since 

it could occur in the absence of further sewage pollution. 

3. Studies were conducted to determine whether the bacterial 
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numbers in mud and silt bore any relationship to bacterial numbers 

found in clams. It was impossible to demonstrate any close 

relationship. 

4. During the 1947 survey, little correlation between coliform 

and fecal Streptococci M.P.N. values for clams and water could 

be shown; in 1948, however, better agreement between the two 

indices of sewage pollution and the sanitary quality of the pro

ducing areas was noted. Both the coliform and fecal Streptococci 

indices would appear to be significant only when water tempera

tures remain relatively low. From data presently at hand, the 

test for fecal Streptococci as an index of pollution of soft shell 

clams would seem to have little advantage over the coliform index. 

5. Attempts were made to study the nature of the coliform bacteria 

isolated during the surveys, and to relate them to other indices 

of fecal pollution; 640 isolated colonies were classified accord-

ing to their "IMVIC" reactions. There was, however, no consistent 

correlation between the fecal Streptococci M.P.N.'s and the 

incidence of fecal and non-fecal coliform types in clams. 

6. Malpeque Bay, P.I.I., and the islands of Bocabec Bay, N.B. 

were found to be unsuitable for the study of soft shell clams 

entirely removed from any possibility of direct fecal contamination; 

these supposedly "clean" areas were not entirely free from bacteria 

of fecal origin. It is evident that Sanitary Engineering surveys 

alone are inadequate in assessing the sanitary quality of a pro

ducing area. 

7# It was discovered that a very large proportion of the fecal 
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bacteria found in the soft shell clam are concentrated in the 

meats, and that coliform and fecal Streptococci M.P.N. values 

for clam liquor closely approximate those of the sea water over 

the clam flats. The clam liquor therefore has a diluting effect 

when shell clams are analysed for bacterial content; since no 

shell fluid is present when commercially packed clam meats are 

tested, it might be advisable to test only drained meats in all 

cases where shellstock clams are analysed bacteriologically. 

8. Eesults of experiments carried out during the present invest 

igations would indicate that the "shock" treatment of clams by 

dipping in near-boiling water for 3 to 10 seconds before shucking 

appears to cause a marked reduction in coliform and fecal Strep

tococci numbers. The short period of immersion in hot water 

involved in the process does not seem to impair the keeping 

qualities of the packed refrigerated clam meats. 

It would appear that this treatment, when used for clams 

taken from areas which are deemed safe according to Sanitary 

Engineering Standards of evaluation, would provide additional 

factors of safety. The problem resolves itself into one of how 

it should be applied, and what precautions should be enforced 

in shucking plants to make this process a practical one. 

9. A considerable reduction in the fecal becterial content of 

clams was obtained by flushing in large tanks with a continuous 

flow of sea water. It is possible that a modification of this 

method of self-purification of moderately polluted soft shell 

clams may be of commercial value. 
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