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The microbial composition of Pacific oysters  (Crassostrea gigas) 

subjected to UV-treated seawater was determined by quantitative and 

qualitative means.    A total of 2, 779 microorganisms were identified 

from seawater and oysters during a 72 hour sampling period employing 

a computer assisted replica-plating technique.    UV treatment effec^ 

tively eliminated coliforms and Pseudomonas  Type I from seawater 

but other gram-negative asporogenous rods were more resistant.     The 

microogranisms commonly found in oysters,   whether subjected to UV- 

treated seawater or not, were,   in the order of predominance,   Pseudo- 

monas  Type III or IV,   Vibrio/Pseudomonas  Type II,   Flavobacterium / 

Cytophaga and Acinetobacter /Moraxella.     The composition of 

microbial flora in oysters remained relatively stable irrespective of 

the microorganisms present in the seawater.    A total of 18 pre- 

sumptive hemolytic vibrios were found in oysters but further confirma- 

tion revealed two isolates to be Vibrio parahaemolyticas and the 



remainder Aeromonas Species.    Approximately 10 percent of the 

microorganisms isolated from seawater and oysters were gram- 

positive cocci and 14 to Z3 percent of these were coagulase positive, 

DNase positive,   and (J-hemolytic on human blood agar. 
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MICROBIAL FLORA OF PACIFIC OYSTERS 
(CRASSOSTREA GIGAS) SUBJECTED 

TO UV-IRRADIATED SEAWATER 

INTRODUCTION 

In the Pacific Northwest as in other coastal regions of the U.S. , 

shellfish grow abundantly providing an important national resource. 

But the increased demand on estuaries for recreational,   domestic and 

industrial uses has brought pollution ever closer to the shellfish 

producing areas.    Elimination of pollution is the ideal solution,  but 

as the population density increases so do the demands on our estuaries. 

Realizing the limitation,   shellfish growers have turned to natural and 

artificial methods of cleaning shellfish of unwanted and potentially 

dangerous microorganisms. 

Two purification methods,   based on the self-cleaning ability of 

shellfish,   have gained popularity over the years.     The first and oldest 

method simply involves the transplantation of shellfish from a polluted 

area to an area free of pollution.     The second method,   artificial 

purification,   involves exposure of contaminated shellfish to seawater 

which has been "sterilized" by filtration,   chlorination,   ozone or ultra- 

violet light.     Because of the shortage of clean,   natural seawater,   the 

latter method is gaining more popularity. 

Unfortunately,   most earlier works that dealt with purification 

have been confined to uptake and elimination of human pathogenic 
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bacteria and virus,  with little regard to the total microbial popula- 

tion.    Consequently,   we lack information whether the microbial 

population in shellfish is transitory or more permanently associated 

with shellfisho     The number and identity of bacteria surviving this 

process can be important in terms of spoilage and shelf-life of the 

fresh packed product.    Moreover,   recent isolations of hemolytic 

vibrios in Northwest waters have further emphasized the importance 

of marine bacteria and how they relate to shellfish during purification. 

This study was undertaken to further elucidate the microbial 

dynamics of shellfish purification,   employing ultraviolet treated sea- 

water.    Knowledge of the quantities and types of saprophytic marine 

bacteria retained by shellfish during  this process is an important 

factor in predicting the storage life and safety of this food product. 



HISTORICAL, REVIEW 

The natural self-cleansing ability of oysters and other bivalve 

mollusks to rid themselves of microorganisms in the gut and mantle 

fluids has been recognized for many years.    Krumweide et al.   (32) in 

1928,   and Herdman and Boyce (25) in 18 99 reported that oysters 

contaminated with Salmonella typhi could become "non-infectious " if 

allowed to actively "drink" in a clean,   natural habitat.    Similarily, 

Wells (70) in 1929 found that polluted oysters could be freed of sewage 

bacteria if suspended in seawater tanks containing 10 percent calcium 

hypochlorite. 

Most of the early literature on the microbiological study of 

shellfish dwelt extensively on means of eliminating bacteria of public 

health significance (15,   16).    At the same time,   the use of chlorine 

sterilized seawater in cleansing shellfish was actively promoted (17, 

53,   69,   70).    Coastal countries such as France,   Spain,   England and 

Portugal have been prominent in the use of chlorine for many years. 

Later studies by Galtsoff (21) and Sandholzer (54) as cited by Arcisz 

and Kelly (2),   however,   showed that shellfish were sensitive to chlorine 

and at high concentrations it could inhibit certain vital,   physiological 

functions. 

With the advent of modern technology,   traditional sterilization 

techniques such as chlorination and ozonation have given way to 



irradiation with ultraviolet light. This method was advocated as the 

most desirable means of seawater "sterilization" without adversely 

affecting the respiration and normal feeding habits of shellfish. 

Japanese workers (31) reported a 99.9 percent kill of Escherica coli 

2 
when exposed to a UV intensity of 90 microwatts per minute per cm 

3 
(4. 5x10    ultrads).    In the United States,   Kelly (34) designed a large 

capacity UV unit which emitted 960 microwatts per minute per cm 

4 
(5.8 x 10    ultrads).     The unit inactivated 99.9 percent of coliform 

bacteria suspended in seawater.    Modern UV purification systems 

available today employ high energy lamps inserted in a clear quartz 

jacket,   which in turn are inserted in large pyrex cylinders  (63).     With 

such an arrangement,   the fluid to be sterilized is allowed to flow 

completely around the germicidal lamps for maximum surface 

exposure.    Most of the units,   however,   are expensive,   difficult to 

clean,   and easily corroded by seawater.     The efficient larger units 

also inactivate certain marine protozoans and algae which serve as 

food for shellfish. 

A considerable portion of the work concerned with shellfish 

purification has centered around the elimination of the indicator 

microorganisms (62,   65,   66) and enteric pathogens  (2,   33).     Little 

information is available on the effect of UV treatment on micro- 

organisms residing permanently or temporarily in the gills,   mantle 

fluids and digestive diverticulum of shellfish.    Colwell and Liston (10, 
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11,   12) investigated the bacterial flora of Pacific oysters held in their 

natural environment and they claimed the existence of the "commensal" 

flora made up of mostly asporogenous gram-negative rods,,     They 

were, in the order of predominance,   Pseudomonas,   "Vibrio,   Flavo- 

bacterium and Achromobacter species.    Surprisingly,   the coliform 

bacteria never comprised more than 0. 5 percent of the total aerobic 

population- 

Studying the natural flora of the Eastern oyster in Chesapeake 

Bay,   Lovelace,   Tubiash and Colwell (42) found no significant 

difference in microbial numbers in oysters taken from two areas. 

However,   the microbial flora composition differed markedly.     The 

oysters from one area contained Vibrio,   Pseudomonas and Achromo- 

bacter in 85 percent of the flora.     The oysters from another area 

showed a more diversified microbial flora which was dominated by 

Flavobacterium/Cytophaga.     The oyster microbial flora described 

from the latter area is similar in composition to that found in Pacific 

oysters    (10).   ,  A   similar study by Murchalano and Brown (47) on 

the microbial flora of the east coast oyster,   Crassostrea virginica, 

is in general agreement with that described by Colwell (11) and Love- 

lace (42),   with the noted exception that no gram-positive bacteria were 

found. 

Information on bivalve filter-feeders from other areas in the 

world show similarities in the make-up of their bacterial flora. 
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Studies by Castellvi (9) in Spain revealed that 83 percent of bacteria 

found in mussels (Mytelus edulis) were gram-negative halophilic 

species belonging to the genera Achromobacter,   Acinetobacter and 

Flavobacterium.    The fourth most numerous species belonged to the 

genus Vibrio. 

Within the past two years much attention has been drawn to the 

occurrence of marine vibrios,   particularly Vibrio parahaemolyticus, 

in fish and shellfish harvested from coastal waters of the United States 

(3,   4,   18,   51,   67).    Baross (3) was the first to isolate V.   parahaemo- 

lyticus from seawater and oysters (C.   gigas) collected from inshore 

marine areas of Washington state.    Recent reports (4) have shown 

counts of this organism in excess of 1, 000 per g of shellfish meats. 

Furthermore,   a positive correlation was noted between the V. 

parahaemolyticus counts and temperature   of the overlying water. 

In England (5),   the sporadic outbreaks of food poisoning from eating 

purified but uncooked oysters was linked to the presence of hemolytic, 

marine bacteria.   The high incidence of enteropathogenesis in Japan is 

attributed to marine vibrios associated with seafoods.    It is not known 

whether UV treatment will reduce the risk from marine vibrios. 

The taxonomic identification of marine bacteria has been the 

subject of much investigation over the years,   particularly those species 

responsible for spoilage of fish and fish products (23,   37,   40,   41, 

56).     Of the morphological groups encountered in fish,   the gram 



7 

negative non-sporeforming rods present the most difficulty during 

systematic classification.    The matter is further complicated by 

inconsistencies between proposed dichotomous schemes (27,   39). 

A major contribution to the identification of marine,   gram- 

negative bacteria was made by Shewan,   Hobbs and Hodgkiss (57).    In 

seeking a expedient method in identifying large numbers of bacteria 

the authors broadly separated the gram-negative genera into four 

major groups.    Each group was differentiated on the basis of motility, 

pigmentation,   oxidase production and type of flagellation.    Other 

pertinent criteria included the separation of Pseudomonas into four 

types based on their reaction in Hugh-Leifson's tnedia and the 

production of fluorescent diffusible pigment.    Vibrio was character- 

ized by the absence of diffusible pigment,   the anaerogenous fermenta- 

tion of glucose and sensitivity to pteridine compound (0/129).    The 

nonmotile,   pigmented forms were designated as Flavobacterium or 

Cytophaga species and were characterized by the formation of yellow 

to orange translucent colonies.    Weeks (68) differentiated flavobacteria 

from cytophagas by the classic swarming or gliding action of the latter 

and nucleoside base ratio content.    However,   he concluded that the 

separation of the two was of taxonomic interest only.    Returning to 

the scheme of Shewan et al. ,   the nonmotile Achromobacter was 

differentiated from flavobacteria and cytophagas by the absence of 

pigmentation,   formation of coccoid rods,   sensitivity to penicillin and 
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general biochemical inactivity.    More recent investigations by Shaw 

and Shewan (56) refer to the achromobacters as Moraxella-like 

organisms.     Thornley (61),   after an extensive taxonomic study, 

reclassified Achromobacter into a genus Acinetobacter,   which was 

proposed earlier by Brisou and Prevot (7). 

In a study of the Moraxella group Baumann,   Doudoroff and 

Stanier (6) distinguished Acinetobacter from Moraxella by cytochrome 

oxidase production and penicillin sensitivity; the former being oxidase 

negative and resistant to penicillin G.    Harrison and Lee (23) question- 

ed the taxonomic validity of this differentiation because of conflicting 

results obtained during their application of the Baumann et al. 

scheme. 

By adapting the scheme of Shewan _et al.   to solid media, 

Corlett,   Lee and Sinnhuber (14) attempted to increase numerical 

identification without a subsequent increase in man-hours.     The 

procedure employed a modified version of the replicate plating of 

Lederberg and Lederberg (35) and was restricted to growth responses 

on differential and selective media.     The media used were SS agar, 

Staph 110,   potato dextrose,   and a host of antibiotic media. 

Additional criteria included observation of colony pigmentation, 

cellular morphology and gram reaction.     The data were then encoded 

and analyzed by a digital computer (38). 



MATERIALS AND METHODS 

Experimental Design 

Facilities 

The UV treatment facilities of the Northwest Water Hygiene 

Laboratory in Purdy,  Washington were used for this study.    Seawater 

for the "wet" laboratory was pumped to a head-tank and passed by 

gravity through a UV-treatment unit designed by Kelly (34).     The unit 

consisted of thirteen 30-watt bulbs with UV wave length of 2537.ang- 

stroms.     A second stream was diverted from the head-tank directly 

to one aquarium.     This served as the non-irradiated control.     The 

system allowed seawater to flow through each aquarium uniformly 

in a horizontal plane.     Once passed through the system the seawater 

was discharged back to its estuarine source. 

During the first experiment the flow rate through the UV unit 

was adjusted to ca.   150 liters per minute providing a UV intensity of 

2 
960 microwatts per minute per cm  .    However,   only a portion of the 

water was utilized for purification purposes.     The volume of water 

entering the aquarium was adjusted and maintained at 12 liters per 

minute.     This flow rate was in excess of that suggested by Furfari 

(19) and adequately met the dissolved oxygen (DO), turbidity and 

temperature requirements for Pacific oysters  (Table 8). 
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During the second experiment an attempt was made to increase 

the germicidal efficiency by decreasing the flow  rate through the UV 

unit,   thus increasing the effective retention time.    Reducing the rate 

from 150 to 12 liters per minute lengthened the retention time from 15 

to 188 seconds,   thereby increasing the UV exposure to approximately 

12, 000 microwatts per minute per cm  . 

One day prior to each experiment the UV unit was partially 

dismantled and cleaned with a chlorine solution,   as were the PVC 

lines leading to and out of the unit.     The wood aquaria were also 

subjected to the same rigorous cleaning. 

Hydrographic Data 

The turbidity and DO content of seawater were determined 

concurrently with sample collection.    Measurements were made 

instrumentally using a polargraphic oxygen analyzer for DO and a 

Hack Laboratory Turbidimeter for turbidity.     Dissolved oxygen was 

expressed in ppm and turbidity in Jackson turbidity units  (JTU).     The 

salinity and temperature of the influent water were also measured 

continuously using Foxboro recorders. 

Experimental Procedure 

Oysters 

Pacific oysters measuring 20 to 30 cm in length were harvested 
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at low tide from a commercial oyster bed in a tidal estuary two hours 

before the experiment.     The oysters were freed of fouling organisms 

and washed several times to remove mud and debris adhering to the 

outershelL    After thorough cleaning the shellstock was divided into 

two lots of 25 each and placed into the test aquaria. 

Five oysters retained from the original batch were sacrificed 

immediately.     These oysters constituted the zero hour or base line 

samples. 

Sampling of oysters and accompanying seawater was on a 

protracted basis at intervals of 12,   24,   48 and 72 hours.    Five non- 

gaping oysters were randomly selected from each aquarium at the 

above mentioned intervals and immediately subject to bacteriological 

analysis.    In addition,   samples of influent seawater,   one irradiated 

and the other non-irradiated,   were obtained at the time of oyster 

sampling. 

Microbial Isolation 

Microorganisms from oyster samples were isolated by the 

following procedure.     Oysters were shucked aseptically according to 

the procedure recommended for shellfish by the American Public 

Health Association (1).     The contents from five oysters were then 

pooled and weighed aseptically.    After the addition   of   an equal weight 

of Butterfield's phosphate buffer (60)ythe mixture was homogenized for 
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90 seconds in a Waring blendor.    Serial dilutions were made of the 

homogenate and 0. 1 ml portions of each dilution were spread plated 

in triplicate on TPN agar.     The TPN medium containing 0. 5 percent 

peptone,   0.5 percent tryptone,   0.25 percent yeast extract,   0.5 per- 

cent NaCl,    0. 1 percent glucose and 2. 0 percent agar was used as the 

primary isolation medium. 

Microorganisms from seawater were isolated by the Millipore 

filter technique,   using gridded membranes with a pore size of 0. 45 

microns.     Three volumes of each sample were filtered in duplicate 

through a sterile filter apparatus.    After filtration the membrane was 

removed with sterile forceps and carefully rolled onto the surface of 

a small TPN agar plate.    Care was taken to prevent entrapment of air 

bubbles between the filter and the agar surface.    All isolation media 

were incubated inverted at 25    C for three days. 

As additional parameters,  bacteriological analysis included the 

standard multitube (MPN) test for coliform and fecal coliform bacteria 

and the 35    C standard plate count.    Except for the choice of diluents, 

(Butterfield's vs phosphate buffer) all tests were performed according 

to recommended procedures  (1). 

Microbial Identification 

At the end of each 72 hour experiment,   all plates incubated at 

25    C were packed in a insulated container and transported back to 
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Oregon State University.    Upon return,   the plates were reincubated 

at 25    C.    After three days incubation,   the plates containing 100 to 

300 isolated colonies were counted and retained.    All isolated colonies 

were aseptically transferred by sterile toothpicks to   TPN agar master 

plates.    Each microbial colony appearing on the master plate was 

identified by the replica plating method of Corlett ej: al.   (14) and 

analyzed with the aid of a CDC 3300 computer.     The daughter plates, 

however,   were incubated at 25    C rather than at 29    C as originally 

proposed. 

Those isolates identified as gram-positive rods were further 

classified as either Bacillus, Lactobacillus, or "Coryneforms " by 

the scheme of Shiflett et al.   (58). 

Microorganisms identified as gram-positive cocci by micro- 

scopic observation and growth on Staph 110   were examined further 

for potential pathogenicity.    The cocci were restreaked on Brain 

Heart Infusion agar (BHI) and incubated for three days at 25   C.    One 

isolated colony from each BHI plate was tested for coagulase 

production on polymyxin-coagulase-mannitol-agar (50),   ji-hemolysis 

on human blood agar,   and DNase activity on DNase agar (Difco). 

Hemolytic Vibrios 

The methods suggested by Baross (4) were employed for the 

initial isolation and presumptive confirmation of hemolytic vibrios. 
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The procedure involved the spread plating of Oo 1 ml portions of 

oyster homogenates or seawater on the surface of salt water starch 

agar„     The plates were incubated anaerobically at 35    C for 72 hours. 

All white,   non-spreading and discrete colonies which showed starch 

hydrolysis were transferred to triple sugar iron agar (TSI,   Difco), 

Baross seawater broth,   trypticase soy agar,   human blood agar and 

motility agar.     The gram-negative,   motile,   pleomorphic,   hemolytic 

and H S negative isolates which gave acid butts and alkaline  slants 

on TSI were considered presumptive positive for hemolytic vibrios. 

For final confirmation,   they were examined further on selective, 

differential,   biochemical and antibiotic media,   according to the 

outlines of Olson (48) and Gibbs  (22). 
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RESULTS AND DISCUSSION 

Seawater Purification 

Figure 1 illustrates the degree of microbial reduction realized 

by the passage of raw seawater through the UV unit at its optimum 

flow capacity of 150 liters per minute.     The coliform MPN,   used often 

as an index of sanitary quality,   was effectively reduced to  < 0. 18 

organisms per 100 ml and remained at this indeterminately low level 

throughout the experiment.    Coliform MPN's in the non-irradiated 

seawater ranged from 0. 8 to 17 organisms per 100 ml and was 

considered within the normal summer variation (65,   66).    The UV 

inactivation of aerobic mesophilic bacteria,   as enumerated by standard 

plate count agar and incubation at 35    C,   was less apparent. 

The highest microbial counts in both irradiated and non- 

irradiated seawater were obtained on TPN agar incubated at 25    C. 

It is also noted that the effect of UV on the microbial population 

recoverable by this method was the least,   showing a reduction of only 

1 log unit.     The difference between 25 and 35    C counts,   however,   was 

not solely due to difference in incubation temperature.     The 25    C 

counts were made using spread-plating while the 35    C counts 

employed pour plates.    Comparisions made of surface streak and 

pour plate methods  (8) showed that the counts by the former method 

are usually 70 to 80 percent higher than the latter.    Nevertheless,   the 
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Figure 1.    Microbial counts in seawater. 

o 



17 

most significant finding was that coliform bacteria appear to be more 

sensitive to UV than other bacterial populations found in seawater. 

The identities of microorganisms recovered from irradiated 

seawater are presented in Table 1„    Since the microbial population 

change at different sampling intervals reflected hydrographic varia- 

tions,   the data were examined together.     Of the total 46 1 micro- 

organisms identified,   the majority belonged to the Acinetobacter / 

Moraxella group.     The second most numerous was Vibrio/Pseudo- 

monas II,   which comprised more than 10 percent of the total popu- 

lation in experiment one.     The third most prevalent species belonged 

to the Flavobacterium/Cytophaga and Pseudomonas III or IV groups, 

followed in order of predominance by gram-positive cocci and Bacillus. 

Surprisingly,   decreasing the flow rate through the UV unit did 

not substantially reduce the microbial load or select against 

any given group of microorganisms.     Perhaps the benefit derived 

from increasing retention time was negated by a resultant change in 

flow characteristic through the unit.    Reducing the volume level might 

have widened the optimum distance between the lamps and surface of 

the water or decreased the degree of turbulence necessary for proper 

mixing. 

A comparison of microbial flora before and after UV treatment 

is presented in Table 2.     The percent survival of each group or 

genera is based on averages obtained from Table  1.     These survival 



Table  1.     Distribution   of microbial genera and groups isolated from UV-irradiated seawater. 

Percent distribution 
Microorganisms Flow at 150 l/i min thru unit* Flow at 12 1/min thru unit^ 

12 hr 24 hr 48 hr 72 hr 0 hr 12 hr 24 hr 48 hr 72 hr 

Pseudomonas 
Type I 9.4 0 0 0 3.8 0 2.4 0 2.7 

Vibrio/Pseudomonas 
Type II 15.6 26. 1 10.3 16.7 19.2 9.5 4.9 0 6.8 

Pseudomonas Type 
III or IV 0 8.7 3.4 0 7.7 28.6 26.8 12.5 9.6 

Acinetobacter / 
Moraxella 40.6 35.7 65.5 61. 1 52.6 11.9 26.8 67.-'9 64.4 

Flavobacterium / 
Cytophaga 12.5 0 0 11. 1 9.0 28.6 9.8 0 4. 1 

Bacillus 6.3 0 3.4 0 1.3 4.8 4.9 1.8 1.4 

Lactobacillus 0 1. 1 0 0 0 0 12.2 0 0 

"Corynef orms " 0 0 0 0 0 4.8 7.3 0 0 

Gram-positive cocci 3. 1 6.5 6.8 0 0 2.3 2.4 17.9 11.0 

Coliforms 0 0 0 0 1.3 9.5 0 0 0 

Yeast 0 0 0 0 0 0 0 0 0 

Unclassified 12.5 21.7 10.3 11. 1 5. 1 0 4.9 0 0 

Total microbial count 0.7/ml 1. 1 /ml 1. 4 /ml 30/ml 4. 5 /ml 2. 5/ml 1.4/ml 10/ml 6. 7/ml 

1 
Experiment I. Experiment II. oo 



Table 2.    Survival characteristics of microorganisms found in seawater. 

High fli ow rate (150 1/: min) Low fli DW rate (12 1/min) 
Microorganisms Non- % Non- % 

irradiated Irradiated survival irradiated Irradiated survival 

Pseudomonas Type I 57.0 0.22 0.3 7.8 0.08 1.0 

Vibrio/Pseudomonas  Type II 69.0 2. 1 3.0 8.7 0.33 3.8 

Pseudomonas  Type III or IV 6.0 0.02 0.2 1.8 0. 68 37.8 

Acinetobacter /Moraxella 50.0 7.2 14.4 12.0 2.8 23.3 

Flavobacterium/Cytophaga 38.0 1.4 3.6 4.6 0.31 6.7 

Bacillus 3.0 0. 16 5.4 2.9 0. 10 3.4 

Lactobacillus 0 0 0.5 0.05 8.3 

"Corynef orms " 0 0 0.5 0.04 9.2 

Gram-positive cocci 12.0 0. 11 0.9 5. 1 0.56 11.0 

Coliforms 23.0 0 0 1.4 0 0 

Yeast 0 0 0. 1 0 0 

Unclassified 5.3 1.4 26.0 4.6 0.06 1.3 

Total microbial count 250/ml 13 /ml 5.2 50/ml 5.0 /ml 10.0 

Number colonies identified 126 171 382 2 90 

vO 
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rates were calculated to illustrate the relative UV sensitivities of 

microorganisms found in seawater-    With the exception of coliforms, 

the gram-negative bacteria were the most commonly encountered 

microorganisms in UV irradiated seawater.     These bacteria 

included Acinetobacter /Moraxella,   Pseudomonas III or IV,   Vibrio/ 

Pseudomonas II and Flavobacterium/Cytophaga species.     The high 

survival rates of these organisms is attributed to a combination of 

their prevalence in seawater and resistance to UV.     The microbial 

groups most sensitive to UV appeared to be the fluorescent Pseudo- 

monas I and the coliform bacteria. 

These findings explain the earlier observations made by Kelly 

(34).     Using the same UV treatment unit,   he obtained a greater than 

99. 9 percent reduction of coliforms from sewage polluted seawater 

but was unable to show a corresponding reduction in ZO    C plate counts 

using MacLeods  seawater agar (43).    He examined 30 colonies from 

the plating medium and found 1 9 of them were Pseudomonas,   two were 

Achromobacter and the rest consisted of Flavobacterium,   Micrococcus 

and Cytophaga.     The Acinetobacter /Moraxella and the Achromobacter 

reported by Kelly are probably the same genus.     The taxonomic 

status of the genus Achromobacter described by Shewan et_ ah   (57) 

has undergone revision by Thornley (60) and Shaw et^ aL   (55).    Some 

workers prefer Acinetobacter as a revised genus name while others 

prefer Moraxella.    Until the nomenclature is resolved we will 
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designate this group as Acinetobacter /Moraxella. 

Shellfish Purification 

The microbial counts of oysters subjected to irradiated and non- 

irradiated (control) seawater are shown in Figures 2a and 2b.    Oysters 

in irradiated and non-irradiated water are henceforth referred to as 

treated and control oysters respectively.     During the first experiment 

(Figure 2a) the coliforms rapidly disappeared from the oyster to < 18 

organisms per 100 g within 12 hours and remained at this level 

throughout the 72 hour period.     On the other hand,   coliform counts of 

the control oysters were higher,   ranging from 50 to 120 organisms per 

100 g.     It may be assumed that this difference was a direct reflection 

of corresponding numbers of coliforms in the water (Table Z). 

Unlike coliforms,   the 25 and 35    C plate counts remained 

relatively unchanged during the 72 hour experimento     The 25    C counts 

4 5 
in both treated and control oysters remained within 10    and 10 

microorganisms per g,   while the 35    C counts in both samples 

3 
remained nearer the 10    level.     This is surprising in view of the 

difference in the microbial load of the treated and control seawater 

(Figure  1). 

The second experiment using a greater UV intensity resulted in 

o 4 
similar findings  (Figure 2b).     The 25    C count remained above 10 

and the 35     C counts were closer to 10    throughout the 72 hours. 
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Oysters in Non-Irradiated Seawater    - 
(control) 

9 25   C plate count 

■ 350C plate count 

coliform MPN 
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Oysters in UV-Irradiated Seawater 

12        24 
Time (hours) 

O 25   C plate count 

□ 35   C plate count 

A coliform MPN 

| less than 

48 72 

Figure 2ao    Microbial counts of oysters sampled periodically from seawater (flow rate 
through UV unit set at 150 l/min)o 
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Figure 2b„    Microbial counts of oysters sampled periodically from seawater (flow 
rate through UV unit set at 12 l/min)„ 
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In fact,   the 25   C count of treated oysters was higher than that of the 

control.    Containing lower numbers of 25 and 35   C plate count 

organisms did not appear to induce a greater reduction of these organ- 

isms from the oyster.     This suggests that the oyster may continuously 

accumulate and retain certain microorganisms in the water.    How- 

ever,   another possibility may be that the oyster contains a stable 

commensal flora which remains stable irrespective of the influx of 

microorganisms from the environment. 

In order to answer this question all isolated colonies on TPN 

agar (25     plate count) were identified by the replica-plating technique. 

The microbial flora in oysters thus analyzed are presented in Tables 

3,   4,   5 and 6.     Tables 3 and 4 show the microbial flora of oysters 

subjected to high flow irradiated seawater and data from the low flow 

experiment are presented in Tables 5 and 6.    In each case,   the initial 

flora was dominated by Acinetobacter /Moraxella,   Flavobacterium / 

Cytophaga and Pseudomonas III or IV groups.     Other organisms form- 

ing a smaller proportion of the population were Vibrio/Pseudomonas 

II,   Bacillus,   and yeast.    Coliforms and fecal coliforms occupied only a 

minor portion of the total flora,   smaller than the 0. 5 percent reported 

by Colwell (11).     The composition of gram-negative rods in the Pacific 

oysters is comparable to that found in Eastern oysters  (42) and 

European mussels (9).     Both reported Achromobacter,   Flavobacterium 

and Cytophaga to be the most abundant genera present.     It is perhaps 



Table 3.    Microbial flora of oysters continuously subjected to UV-irradiated seawater (flow rate of 
150   1 /min through UV unit). ! 

Microorganisms 
Number microorganisms /g oyster 

0 hr 12 hr 24 hr 48 hr 72 hr 

Ps eudomonas  Type I 

Vibrio/Pseudomonas 
Type II 

Pseudomonas Type III or IV 

Acinetobacter /Moraxella 

Flavobacterium/Cytophaga 

Bacillus 

Lactobacillus 

"Corynef orms " 

Gram-positive cocci 

Yeast 
^   ,.* 2 Coluorms 

2 
Fecal coliforms 

Unclassified 

Total microbial count 

Number colonies identified 

740 14,000 23, 000 

310 6, 100 27, 000 

2, 700 2,400 14, 000 

1, 100 6, 100 47, 000 

620 1, 500 3, 000 

64 0 0 

0 0 0 

1, 100 0 11, 000 

370 0 3, 000 

3. 3 <    0. 2 0.2 

0. 2 <    0. 2 < 0.2 

64 6, 100 

58, 000 
— 

4, 500 

7, 100 150, 000 

115 76 68 

3, 400 2, 200 

3, 300 120 

4, 200 2, 700 

3, 600 1. 100 

240 120 

0 0 

0 0 

1,400 2, 800 

0 120 

<    0. 2 0.2 

<   0. 2 0.2 

240 240 

16,000 9, 400 

137 153 

De methi ods. 
en 

1. 
Experiment I Determined by conventional multitube methods 



Table 4.    Microbial flora of  oysters continuously subjected to non-irradiated seawater (control). 

lLr.    .                                                                     Number microorganisms /g oyster 
e                                                   0 hr                    12 hr                    24 hr                        48 hr 72 hr 

Pseudomonas  Type I 

Vibrio /Pseudomonas  Type II 

Pseudomonas  Type III or IV 

Acinetobacter /Moraxella 

Flavobacter ium /Cytophaga 

Bacillus 

Lactobacillus 
1lCorynef orms " 

Gram-positive cocci 

Yeast 
2 

Coliforms 
2 

Fecal coliforms 

Unclassified 

Total microbial count 

Number colonies identified 

0 0 0 

740 18,000 0 

310 3, 400 0 

2, 700 14,000 7,200 

1, 100 5,000 14,000 

620 6,700 0 

64 1,700 3, 600 

0 0 0 

1, 100 0 0 

370 0 0 

3. 3 0. 8 0.5 

0. 2 <       0. 2 0.2 

64 1,700 

50,000 
— 0 

7, 100 25,000 

115 30 7 

0 0 

42,000 1, 500 

8, 000 1. 100 

7, 000 2,200 

36,000 1,200 

0 380 

0 0 

0 0 

1, 000 2,600 

0 0 

2. 3 2. 3 

0. 2 <    0.2 

4, 000 610 

100,000 9, 600 

108 125 

1 
Control,   Experiment I. 

Determined by conventional multitube methods. 
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significant that neither of the two studies showed more than 1 percent 

gram-positive   cocci.     On the other hand,   Colwell's data showed a 

greater than 10 percent occurrence of gram-positive cocci in Pacific 

oysters maintained in their natural environment.     The high number 

of cocci encountered was thought to be of terrestrial origin,   reflect- 

ing contamination via runoff. 

During the first experiment (Tables 3 and 4) certain groups 

such as Flavobacterium/Cytophaga and Pseudomonas III or IV 

increased 40 fold or more within 24 hours but subsequently returned to 

their original levels at the end of 72 hours.     The genus Bacillus 

steadily declined in number during the experimental period.    Notice- 

ably absent from both treated and control oysters were Pseudomonas 

I and "Coryneforms. " 

With some exceptions,   the microbial flora change during this 

experiment was remarkably similar in both treated and control 

oysters.     This is noteworthy because the microbial number and 

microbial flora of the seawater they were subjected to were different 

(Figure  1 and Table 2). 

Table 5 shows the microbial flora of oysters purified in seawater 

which was slowly passed through the UV unit.     The initial flora, 

although higher in count,   showed less diversification in distribution 

than in the first experiment.     Once again the gram-negative 

asporogenous rods predominated the flora with Pseudomonas III or 



Table 5„    Micxobial flora of oysters continuously subjected to UV-irradiated seawater     (flow rate of 
12   1 /min through UV unit). 

Microorganisms 
Number microorganisms /g oyster 

0 hr 12 hr 24 hr 48 hr 72 hr 

Pseudomonas Type I 

Vibrio/Pseudomonas  Type II 

Pseudomonas  Type III or IV 

Acinetobacter /Moraxella 

Flavobacter ium /Cytophaga 

Bacillus 

Lactobacillus 

"Corynef orms " 

Gram-positive cocci 

Yeast 
2 

Coliforms 
2 

Fecal coliforms 

Unclassified 

Total microbial count 

Number colonies identified 

0 0 0 

6, 100 62,000 12, 000 

32,000 48, 000 5, 000 

16,000 36,000 2, 500 

9, 100 28,000 5, 700 

0 0 1, 100 

0 0 0 

0 0 0 

450 16,000 3, 900 

0 0 0 

4. 9 0. 8 < 0.2 

0. 45 0. 2 < 0.2 

450 10,000 

200,000 

5, 

35, 

000 

64,000 000 

148 113 85 

0 0 

3, 600 0 

5, 600 4, 100 

3, 000 8, 300 

200 460 

200 460 

0 0 

400 0 

3,400 4,600 

a 0 

<   0. 2 0.2 

<   0. 2 <   0.2 

600 1, 100 

17,000 19, 000 

85 84 

Experiment II. 
2 N) 

Determined by conventional multitube methods. oo 



Table 6„     Microbial flora of oysters continuously subjected to non-irradiated seawater (control). 

w.             _                                                                                     Number microorganisms /g oyster 
0 hr                   12 hr                    24 hr                        48 hr 72 hr 

Pseudomonas Type I 

Vibrio/Pseudomonas  Type II 

Pseudomonas   Type III or IV 

Acinetobacter /Moraxella 

Flavobacterium/Cytophaga 

Bacillus 

Lactobacillus 

"Corynef orms " 

Gram-positive cocci 

Yeast 
2 

Coliforms 
2 

Fecal coliforms 

Unclassified 

Total microbial count 

Number colonies identified 

0 48 

6, 100 480 

32,000 410 

16,000 990 

9, 100 340 

0 68 

0 0 

0 0 

450 780 

0 48 

4o 9 0.8 

0. 5 0.2 

450 210 

64,000 3,400 

148 148 

0 

4, 800 

3, 800 

9, 900 

200 

0 

0 

0 

370 

0 

< 0.2 

< 0.2 

2, 900 

22, 000 

115 

0 0 

4, 900 340 

2, 000 2, 300 

1,700 1,900 

670 280 

850 66 

160 0 

340 140 

6, 900 1, 600 

100 0 

0. 4 0.2 

<         0. 2 <       0.2 

340 620 

18,000 7, 300 

107 106 

Control,   Experiment II 
2 

Determined by conventional multitube methods. 
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IV and Acintobacter/Moraxella constituting the major portion.    After 

72 hours purification the gram-negative flora was reduced by half 

while the gram-positive microorganisms increased in number. 

The change   in   microbial flora in corresponding control oysters 

is shown in Table 6.    Surprisingly, the microbial counts were lower 

than those obtained from treated oysters  (Table 5).    However,   the 

predominant flora still consisted of Pseudomonas III or IV with one 

occurrence of Pseudomonas I.    Members of the genus Bacillus and 

yeast appeared intermittently during the 72 hours,   but never consti- 

tuted a major portion of the flora.     Gram-positive cocci were found 

in disproportionate numbers in both treated and control oysters. 

The failure to significantly reduce the numbers of proteolytic 

Fteeudomonas  from oysters by UV treatment may be a serious limitation 

of this process.    Colwell and Sparks  (13) investigated dead and dying 

Pacific oysters and found that oysters near death (gapers) contained 

disproportionately  large  numbers   of   Pseudomonas   and   Micro- 

coccus.     The authors speculated that proteolytic Pseudomonas could 

easily invade tissues weakened by sudden changes in the normal 

environment.     The retention of high numbers of Pseudomonas and 

Micrococcus found in treated oysters could present a problem when the 

oysters are removed from seawater for processing.    Unchecked 

proliferation of these microorganisms could shorten the storage life 

of the shellstock during the interims of harvesting,   purification and 



31 

shucking.    Since refrigeration and icing are the only means of pre- 

servation now employed,   the high number of psychrophilic Pseudo- 

nionas might shorten the shelf-life of the final product. 

The presence of potentially pathogenic gram-positive cocci in 

large numbers is also a matter of concern.     Table 7 shows the 

responses of gram-positive cocci to tests generally considered 

indicative of pathogenicity.    It is noteworthy that from 38 to 8 1 

percent of the isolates were DNase positive,   15 to 26 percent coagu- 

lase positive,   and 28 to 40 percent showed fi-hemolysis on human 

blood agar.    More remarkable,   however,   was that 14 to 23 percent 

of the isolates were positive to all three tests.     The highest percent 

positive,   observed in oysters,   undoubtedly was transmitted by the 

water route.     Their origin,   however,   is not yet known.    Subjecting 

oysters to purification reduced the total number,   but only slightly. 

The finding of small numbers of micrococci in a seafood  item 

is not necessarily significant even if some of them are coagulase 

positive and f$-hemolytic.    But the finding of large numbers  (10 

percent or more) can be of public health significance,   especially if a 

major portion of them possess potential food-poisoning characteristics. 

The ability to produce enterotoxin is not limited to cocci that are 

coagulase positive,   but most cocci that produce enterotoxins are also 

coagulase positive (49).    In other shellfish (23) the presence of large 

numbers of gram-positive cocci cast suspicion on plant sanitation or 
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Table 7.    Potential pathogenicity exhibited by gram-positive cocci. 

Source 
Total no. 
(% of total 

flora) 

Percent positive 
p- To 

Coagulase    DNase     hemolytic   all three 

Unirradiated 
seawater 

Irradiated 
seawater 

Control 
oysters 

Treated 
oysters 

42    (   8) 

32    (   6) 

155    (12) 

140    (10) 

26 

15 

23 

18 

38 

81 

62 

47 

40 

28 

40 

36 

19 

18 

23 

14 

Table 8.    Hydrographic and physical data of incoming seawater during 
experiments. 

Parameters 
Range of determinations 

Exp.   I 1 Exp. II 

Turbidity (JTU) 

Dissolved oxygen (ppm) 

Salinity (%o) 

Temperature (  C) 

0.7-   1.4 

8.4-10.0 

25.0-26.4 

12.7-16.5 

0.6-   1.0 

5.5-   7. 3 

24.0-26.8 

16.0-20.8 

1 Exp.   I conducted in June,   1970. 
> 
'Exp.   II conducted in August,   1970. 
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human handling of the product.    Isolates found may or may not be 

potentially pathogenic.    In this instance,   however,   the origin is not 

from processing or handling but from the oyster's natural environ- 

ment.    Since oysters are sessile creatures whose normal habitat is 

inshore estuaries,   they are continuously exposed to terrigenous 

contamination from nearby streams.    It is quite probable,   therefore, 

to assume that the primary source of these microorganisms was 

terrestrial in origin.     This hypothesis is supported by others  (10,   12) 

whose ecological studies have revealed similar findings. 

The microbial flora of oysters differs from finfish in gram- 

positive composition,   especially in total cocci.    In motile,   vertebrate 

finfish,   such as  Dover sole (14),   Ocean perch (36) and hake  (37) 

gram-positive cocci represent from 0 to   < 4 percent of the total flora. 

Oysters,   on the other hand,   range from 8 to 11 percent.    Even higher 

percentages were found by Colwell (11). 

Hemolytic Vibrios 

Recent reports by Baross  (4) on the isolation of Vibrio 

parahaemolyticus from oysters and seawater in the immediate area 

of this study prompted a search for this organism.   Both experiments 

were conducted during warm summer months when the incidence of 

hemolytic vibrios is reported to be high (4,   Table 8). 

Twenty seawater and equal number of oyster samples were 
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examined and the results are summarized in Table 9.    Among 18 pre- 

sumptive positives,   two isolates from oysters were identified as V. 

parahaemolyticus,   one from treated oysters and the other from the 

control.    Both organisms were methyl red positive,   sucrose positive, 

indole positive and cellobiose negative;   fermentative in Hugh Leif son's 

glucose medium;   liquified gelatin and were arginine decarboxylase 

negative and lysine decarboxylase positive.     They grew well in 3 and 

7 percent NaCl but not at 0 and 10 percent.     Both were cytochrome 

oxidase positive and sensitive to vibriostatic agent 0/129 (2,4- 

diamino-6, 7-di-isopropyl pteridine).    Four other Vibrio species were 

found from seawater samples and two were identified as V.   alginoly- 

ticus.     They produced acetylmethylcarbinol and were fermentative 

in sucrose and cellobiose broths.    Both grew well in the presence of 

3,   7,   and 10 percent but not in 0 percent NaCl. 

Other isolates,   particularly those from oysters were identified 

as p -hemolytic Aeromonas species,   which were oxidase positive, 

inositol negative,   non-luminescent and insensitive to vibriostatic 

agent 0/129.     Those isolates which were cytochrome oxidase negative 

and oxidative in Hugh Leifson's medium were ruled unclassified. 

Although the number found was small,   the isolation of _V. 

parahaemolyticus coupled with the high incidence of Vibrio/Pseudo- 

monas II found in treated oysters suggest the possibility that 

pathogenic vibrios may be retained in the oysters after purification. 



Table 9.    Identity of presumptive positive hemolytic vibrios. 

Number Confirmation 
Sample              presumptive                  Vibrio                           Vibrio               Vibrio      Aeromonas 
 positive parahaemolyticus        alginolyticus sp. sp.  Unclassified 

Seawater 

Irradiated 
seawater 

Control 
oysters 

Treated 
oysters 

13 0 

0 

Gram-negative,   pleomorphic,   hemolytic,   H^S negative rods which hydrolyzed starch agar and were 
alk/acid on TSL 
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Unlike coliforms or other Enterobacteriaceae,   Vibrio and Pseudo- 

monas species are normally found in the marine environment and 

therefore may be more adaptable to the microenvironment of the 

oyster.     If this is the case, then a purification system based on the 

self-cleansing ability of shellfish may require re-evaluation in regard 

to these organisms.    Barrow and Miller (5) have reported the presence 

of high numbers of hemolytic vibrios in coliform-free oysters 

purified by UV-irradiated seawater.    Investigations of one suspected 

plant yielded high numbers of hemolytic vibrios from oysters before 

and after treatment!    However,   none were found in seawater imme- 

diately after UV-irradiation,    The authors concluded that the hemolytic 

vibrios were either V.   alginolyticus or V^.  anguillarum.       This and 

the data we obtained suggest that the vibrios either had multiplied in 

the cleansing tank or in the oysters,   or simply had not been removed 

from the oyster. 

The values in each experiment were combined in order to 

compare the two experiments and to summarize the data (Table 10). 

The majority of microorganisms isolated were gram-negative rods 

dominated by Pseudomonas III or IV and Vibrio/Pseudomonas II in 

one experiment and by Flavobacterium/Cytophaga and Vibrio/ 

Pseudomonas II in another experiment.     The gram-positive organisms 

occupied approximately 10 percent of the population; the majority of 

which -were gram-positive cocci.    Noticeably absent or comprising 
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Table 10.    Microbial flora distribution in oysters subjected to various 
conditions. 

Microbial fl ora Cft)1 

Microorganisms High flow 
(150 1/min) 

Low 
(12 1/: 

flow 
min) 

Treated Control Treated Control 

Pseudomonas Type I 0 0 0. 1 0 

Vibrio /Pseudomonas 
Type II 21.4 31.0 25.0 15.0 

Pseudomonas  Type 
III or IV 18.4 7.0 28.0 36.0 

Acinetobacter / 
Moraxella 12.8 17.3 19.0 27.0 

Flavobacterium/ 
Cytophaga 29.5 27.0 12.8 9.5 

Bacillus 2.7 4.0 0.5 0.9 

Lactobacillus 0 3.0 0 0. 1 

"Coryneforms " 0 0 0. 1 0.4 

Gram-positive cocci 8. 1 8.0 9.5 11.0 

Yeast 1.7 0.2 0 0.2 

Coliforms <   0. 1 <   0. 1 <   0. 1 <   0. 1 

Fecal coliforms <   0. 1 <   0. 1 <   0. 1 <   0. 1 

Unclassified 5.4 3.0 5. 1 5.6 

Average microbial 
4.8 x 104 3.8 x 104 6.7 x 104 2.3 x 104 count 

Number colonies 
identified 549 385 515 624 

1 
Average percent of five determinations. 
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< 0. 1 of the total flora in treated oysters were coliformsi   fecal 

coliforms and Pseudomonas I.     Yeast and "Coryneforms" were 

encountered occasionally but never in significant numbers. 
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CONCLUSIONS 

The changes in microbial flora of purified oysters compared to 

its companions held in untreated seawater have revealed the following. 

3 4 
High microbial counts of 10    to 10    per g in purified oysters lend 

credence to the presence of an indigeneous or "resident" microbial 

flora,   which is not eliminated during purification.     The flora is 

dominated by gram-negative rods which remain stable in the oyster 

irrespective of the conditions of the surrounding water.    The groups 

comprising 12 percent or more of the total isolates in purified oysters 

were Vibrio/Pseudomonas II,   Pseudomonas III or IV,   Flavobacterium / 

Cytophaga and Acinetobacter /Moraxella.    Other microorganisms 

found may be chance contaminants from the water which is continually 

enriched by surface runoff.    Since oysters are filter-feeders it is not 

unusual to find their internal contents reflecting the microscopic life 

forms suspended in the surrounding water.     The occasional occurrence 

of the latter group suggest they are either rapidly eliminated by 

oysters or quickly destroyed and thereby not detected with any degree 

of regularity. 

The persistence of these gram-negative microorganisms 

strongly suggests the presence of a commensal flora which is 

influenced by but not wholly dependent upon the microorganisms in the 

water.     Other microbiologists support this view but suggest that the 
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environment strongly influences the composition of the flora (10,   11, 

12,   42). 

The high incidence of potentially pathogenic gram-positive cocci 

in oysters has not hitherto been reported.    Its implication is not yet 

certain.    Nevertheless,   their sporadic occurrence in both treated and 

control oysters presupposes a  passive response of the oyster to its 

immediate surrounding,   rather than a reflection of its normal flora. 

The unusually large number of gram-negative rods showed 

presumptive positive reactions for hemolytic vibrios.    Most of these 

latter were identified as Aeromotias species.     Only two positive 

isolations of V.   parahaemolyticus were made in this investigation. 



41 

BIBLIOGRAPHY 

1. American Public Health Association,,   1962,,    Recommended 
procedures for the bacteriological examination of seawater and 
shellfish.    3rd ed.    51 p. 

2. Arcisz,   W.   and C.   B.   Kelly.     1955.    Self-purification of the 
soft clam,   Mya arenaria.     Pub.   Health Rep.   70;605-6l4. 

3. Baross,   J.   and J.   Liston.     1968.    Isolation of Vibrio para- 
haemolyticus from the Northwest Pacific.    Nature 2 17; 1263- 
1264. 

4.          1970.     Occurrence of Vibrio parahaemoly- 
ticus and related hemolytic vibrios in marine environments of 
Washington State.    Appl.   Microbiol.   20s 179-186. 

5. Barrow,   G.   I.   and D.   C.   Miller.     1969.    Marine bacteria in 
oysters purified for human consumption.     Lancet 2(76l7)s421- 
423. 

6. Baumann,   P.,   M.   Doudoroff and R.   Y.   Stenier.     1968.    A study 
of the Moraxella group.    II.     Oxidative-negative species  (genus 
Acinetobacter).    J.   Bacteriol.   95:1520-1541. 

7. Brisou,   J.   and A.   R.   Prevot.     1954.    Estudes de systematique 
bacterienue.    X.    Revision des especes reunies dans le genre 
Achromobacter.    Annel.   Inst.   Pasteur 862722-733. 

8. Clark,   D.  S.    1967.    Comparison of pour and surface plate 
methods for determination of bacterial counts.    Can.   J. 
Microbiol.   13:1409-1412. 

9. Castellvi ,    J.     1966.    Flora bacteriana marina acumulada por 
filtracion en Mytilus edulis.    Invest.   Pesq.   30:639-651. 

10. Colwell,   R.   R.   and J.   Liston.     1961.    A bacteriological study 
of the natural flora of Pacific   oysters (Crassostrea gigas) when 
transplanted to various areas in Washington.     Proc   Nat. 
Shellfisheries Assoc.   58:181-187. 

11.           I960.     Microbiology of shellfish.    Appl. 
Microbiol.   8:104-109. 



42 

12. Colwell,   R.  R.   and J.   Listen.     1962.    The natural bacterial 
flora of certain marine invertebrates.    J.   Insect Path.  4s23-33. 

13. Colwell,   R.  R.   and A.   K.   Sparks.     1967.     Properties of 
Pseudomonas enalia a marine bacterium pathogenic for the 
invertebrate Crassostrea gigas  (Thunberg).    Appl.  Microbiol. 
15;980-986. 

14. Corlett,   D.  A.,   Jr.,   J.  S.   Lee and R.   O.   Sinnhuber.    1965. 
Applications of replica plating and computer analysis for rapid 
identification of bacteria.     I.     Identification scheme.    II. 
Analysis of microbial flora in irradiated Dover sole  (Microstomus 
pacificus).    Appl.   Microbiol.   13;808-822. 

15. Dodgson,   R.   W.     1928.    Report on mussel purification.    Min. 
Agric.   and Fisheries,   Series II 10(1). 

16.          1936,    Shellfish and public health.    Brit. 
Med.   J.   2:169-173. 

17. Fabre-Domergue,   M.     1913.     Purifying oysters from disease 
germs.    Schweiz-Wochschr.   51s403-404.    (Abstracted in Chem. 
Abst.   7:4021) 

18. Fishbein,   M. ,   I.   J,   Mehlman and J.   Pitcher.     1970.    Isolation 
of Vibrio parahaemolyticus from the processed meat of 
Chesapeake Bay blue   crabs.    Appl.   Microbiol.   20:176-178. 

19. Furfari,   S.  A.     1966.     Depuration plant design.    U.S.   Dept. 
HEW,   Pub.  Health Ser. ,   Pub.   No.   999-FP-7.     119 p. 

20. Galtsoff,   P.  S.     1964.     The American oyster.    U.S.   Fish and 
Wildlife Ser.   Vol.   64.    480 p. 

21.          1946.    Reaction of oysters to chlorination. 
U.S.   Fish and Wildlife Ser. ,   Res.  Rep.   2:1-28. 

22. Gibbs,   B.   M.   and D.   A.   Shapton.     1968.    Identification methods 
for microbiologists.    Series No.   2,   part B.     London,   New 
York,   Academic Press.     195 p. 

23. Harrison,   J.   M.   and J.  S.   Lee.     1969.    Microbiological evalua- 
tion of Pacific shrimp processing.    Appl.   Microbiol.   18:188-192. 

24. Hendrie,   M.  S. ,   W.  Hodgkiss and J.   W.  Shewan.     1964. 
Considerations on organisms of the Achromobacter-Alcaligenes 



43 

group.    Annel.   Inst.   Pasteur Lille 15:43-59- 

25. Herdman,   W.   A.   and L.   Boyce.     1899.     Oysters and disease. 
Lancashire,   England,   George Phillips and Sons.    230 p. 

26. Ingraham,   J.   L.     1969.     Factors which preclude growth of 
bacteria at low temperature.     Cryobiology 6s 188-193. 

27. Ingram,   M.   and J.   M.   Shewan.     I960.     Introductory reflections 
on Pseudomonas-Achromobacter group.    J.   Appl.   Bacteriol. 
23:373-378. 

28. Jannasch,   H.   W.   and G.   E.   Jones.     195 9.     Bacterial populations 
in seawater as determined by different methods of enumeration. 
Linn.   Ocean.  4:128-139. 

29-       Jayne-Williams,   D.   J.     1968.    Report of a discussion on the 
effect of the diluent on the recovery of bacteria.     J.   Appl. 
Bacteriol.  26:398-404. 

30. Johnson,   R.   M. ,   M.   E.   Katarski and W.   P.   Weisrock.     1968. 
Correlation of taxonomic criteria for a collection of marine 
bacteria.    Appl.   Microbiol.   16:708-713. 

31. Kawabata,   T.   and T.   Harda.     1959.     The disinfection of water 
by germicidal lamps.    J.   Illumination (Japan) 36:89-96. 

32. Krumweide,   C.   et _al.     1928.     The purification of contaminated 
oysters in natural waters.    Am.   J.   Pub.    Health and Nat. 
Health 18:48-52. 

33. Kelly,   C.   B.     1961.     Purification of oysters.    Shellfish Sanit. 
Res.   Conf. ,   Purdy,   Washington. 

34.          1961.     Disinfection of seawater of UV radia- 
tion.    Am.   J.   Pub.  Health 51:1670-1680. 

35. Lederberg,   J.   and E.   Lederberg.     1952.    Replica plating and 
indirect selection of bacterial mutants.    J.   Bacteriol.   63:399- 
406. 

36. Lee,   J.  S.   et al.     1967.     Comparative effects of chlortetracy- 
cline,   freezing and radiation on microbial populations of Ocean 
Perch.    Appl.   Microbiol.   15:368-372. 



44 

37. Lee,   J.  S.  and J.   M.  Harrison.    1968.    Microbial flora of 
Pacific Hake.    Appl.   Microbiol.   16s 1937-1938. 

38. Lee,   J.  S.   and G.   C.   Wolfe.     1967.    Rapid identification of 
bacteria in foods:   Replica plating and computer method.    Food 
Technol.   21:35-39. 

39. Leifson,   E.     1966.    Bacterial taxonomy:    A critique.    Bact. 
Rev.   30:247-266. 

40. Lerke,   P.,  R.  Adams and L.   Farber.     1965.    Bacteriology of 
spoilage of fish muscle.    III.    Characterization of spoilers. 
Appl.   Microbiol.   13:625-630. 

41. Liston,   J. ,   J.   G.   Chapel and J.   A.   Stern,     1961,     The spoilage 
of Pacific coast rockfish.    I.   Spoilage in ice storage.    Food 
Technol,   15:19-22. 

42. Lovelace,   T.   E. ,   H.   Tubiash and R,   R.   Colwell,     1968. 
Quantitative and qualitative commensal bacterial flora of 
Crassostrea virginica in Chesapeake Bay,    Proc.   Nat.  Shell- 
fisheries Assoc.   58:82-87. 

43. MacLeod,   R.   A.,   E.   Onofrey and M.   E.   Norris.     1954. 
Nutrition and metabolism of marine bacteria.    I.  Survey of 
nutritional requirements.    J.   Bacteriol.   68:680-686. 

44. McDade,   J.   E.   and M.   R.   Tripp.     1967.     Lysozymes in oyster 
mantle mucus.    J.   Invert.   Path,   9:581-582. 

45.           1967.     Lysozyme in the hemolymph of the 
oyster.    J.   Invert.   Path.   9:531-535. 

46. Moore,   H.   B.   and M.   J.   Pickett,     I960,    The Pseudomonas- 
Achromobacter group.    Can,   J.   Microbiol.   6:35-42. 

47. Murchelano,   R.   A.   and C.   Brown.     1968.    Bacteriological study 
of the natural flora of the Eastern oyster,   Crassostrea 
virginica.    J.   Invert.   Path.   11:520-521. 

48. Olson,   J.   C.     1969.    Bacteriological analytical manual.    U.S. 
Dept.   HEW,   Food and Drug Admin. ,   Pub.   No.   19690-336-213. 
172 p. 



45 

49. Ordal,   J.   Z.     1970.     Current developments in detection of 
microorganisms in foods;    Influence of environmental factors on 
detection methods.    J.   Milk and Food Technol.   33; 1-5. 

50. Orth,   D.   S.   and A.   W.   Anderson.     1970.     Polymyxin-coagulase- 
mannitol-agar.     I.    A selective isolation medium for coagulase 
positive staphylococci.    Appl.   Microbiol.   19:73-75. 

51. Pacha, R. E. and E. D. Kiehn. 1969. Characterization and 
relatedness of marine vibrios pathogenic to fish: Physiology, 
serology and epidemiology.    J.   Bacteriol.   100; 1Z42- 1247. 

52. Parker,   E.   T. ,   J.   B.   Bernsteinas and J.   H.   Green.     1968. 
Increased recovery of psychrophilic bacteria by use of a new 
medium with lower solidifying temperature.    Appl.   Microbiol. 
16:1794. 

53. Petrilli,   F.   L.     1938.    Ricerche sull autodeicrazione dei mitili. 
L'Igieve Moderna 30:309. 

54. Sandholzer,   L.   A.   and C.   R.   Buckner.     1947.    Bacteriological 
studies of oyster conditioning.     Comm.   Fish.   Rev.   9:7-11. 

55. Seman,   J.   P.,   Jr.     1967.     Improved multipoint inoculating device 
for replica plating.    Appl.   Microbiol.   15:1514-1516. 

56. Shaw,   B.   G.   and J.   M.   Shewan.     1968.     Psychrophilic spoilage 
bacteria of fish.    J.  Appl.   Bacteriol.   31:89-96, 

57. Shewan, J.   M. ,   G.  Hobbs and W.   Hodgkiss.     I960.    A determin- 
ative scheme for the identification of certain genera of gram- 
negative bacteria,   with special reference to the Pseudomona- 
daceae.   J.   Appl.   Bacteriol.   23:379-390. 

58. Shiflett,   M.   A.,   J.   S.   Lee and R.   O.   Sinnhuber.     1966. 
Microbial flora of irradiated Eungeness crabmeat.    Appl. 
Microbiol.   14:411-415. 

59. Simidu,   V.   and K.   Hasuo.     1968.    Salt dependency of the bacterial 
flora of marine fish.     J.   Gen.   Microbiol.   52:347-354. 

60. Surkiewicz,   B.   F.     1966.    Microbiological methods for examina- 
tion of frozen and/or prepared foods.    J.   Offic.   Agric.   Chem. 
49:276-281. 



46 

61. Thornley,   M.   J.     1967.    A taxonomic study of Acinetobacter 
and related genera.    J.   Gen.   Microbiol.  49s2ll-257. 

62. Torpey,   J. _et aJ..     1966.    Experiments wi.th oyster purification 
in Florida.     Proc.   Nat.   Shellfisheries Assoc.   56s43-47o 

63. Ultradynamics Corporation.    Undated.     Ultra-violet water 
purifiers -  commercial industrial models.    5 p. 

64. Vanderzant,   C.   and W.   Matthys.     1965.    Effects of temperature 
of the plating medium on the viable count of psychrophilic 
bacteria.    J.   Milk and Food Technol.   28:383-388. 

65. Vasconcelos,   G.   J.     1967.     The effects of flow rate on the 
elimination of bacteria from Manila   clams (Tapes japonica). 
Proc.   1967 NW Shellfish.   Res.   Conf. 

66.            1968.     The influence of water temperature 
on the bacterial purification of Manila   clams  (Tapes japonica). 
U.S.   Pub.  Health Ser. ,   Tech.   Rep.   No    NWWHL.-69-1.     14 p. 

67. Ward, B. W. 1968. Isolation of organisms related to Vibrio 
parahaemolyticus from American estuarine sediments. Appl. 
Microbiol.     l6;543-546. 

68. Weeks,   O.   B.     1969.     Problems concerning the relationship of 
Cytophagas and Flavobacteria.    J.   Appl.   Bacteriol.   32; 13-18. 

69. Wells, W. F. 1916. Artificial purification of oysters. Pub. 
Health Rep.   31:1848- 1852. 

70.          192 9.     Chlorination as a factor of safety in 
shellfish production.    Am.   J.   Pub.   Health 19:72-79. 

71. Wood,   P.   C.     1961.     The principles of water sterilization by 
ultraviolet light and their application in purification of oysters. 
Brit.   Min.   Agric.   and Food Fisheries.    Series 2,   Vol.   23(6). 


