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(ABSTRACT) 

Live holding systems are used as temporary storage 

facilities for shellfish. The potential for mishandling of 

shellfish stored in these systems is high. The objective of 

the project was to examine the effects of storing oysters in 

a spray and an immersion systems on the survival of 

Escherichia coli and Vibrio vulnificus within the oysters. 

The effects of physiological stress imposed on oysters, as a 

result of interstate shipping, were examined by monitoring 

the level of E. coli in these oysters during storage ina 

spray tank. The survival rates of naturally-present E. coli 
  

and V. vulnificus in oysters were also observed. The 

research examined the distribution of artificially- and 

naturally-present V. vulnificus in oyster tissues during 

storage in an immersion system. There was no significant 

difference (p = 0.12) in the artificially-inoculated 

bacterial population of oysters after 120 hr of storage ina 

spray live holding tank. The level of E. coli in oysters



which were subject to physiological stress did not change 

significantly (p = 0.30) after 96 hr in the spray tank. 

Naturally-present E. coli and V. vulnificus in oysters at 

harvest persisted during the 72 hr storage in the spray 

tank. V. vulnificus was loosely associated with mucus on 

the surfaces of the adductor and the mantle tissues in 

artificially-inoculated oysters. As a result, the bacterial 

level was reduced on these surfaces during the 72 hr of 

depuration. V. vulnificus on the gills and the digestive 

system of artificially-inoculated oysters may become 

entrapped in cilia and mucus. There was no significant 

reduction in the bacterial population on the gills (p = 

0.11) and on the digestive system (p =0.21). There was no 

significant difference in the population of V. vulnificus in 

the adductor muscle (p = 0.37), the mantle (p = 0.16), the 

gills (p = 0.5), and the digestive system (p = 0.5) of 

summer oysters naturally-infected with the bacterium. It 

seems unlikely that depuration of V. vulnificus from oysters 

naturally harboring the bacterium may be effective.
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INTRODUCTION 

Live holding systems are used as temporary storage 

facilities for displaying shellfish for retail sales. These 

systems may hold shellfish either submerged in water or 

above the water level. Stress imposed on oysters, a result 

of product handling during transportation, water temperature 

fluctuations, and/or starvation, may be an important factor 

in the dynamics of human pathogenic microorganism survival 

and growth during wet storage (Colburn, 1989; Cook and 

Ellender, 1986; Eyles and Davey, 1984; Mitchell et al., 

1966; Power and Collins, 1989). 

No reports have been published on the physiological 

state of oysters prior to their introduction in a spray 

holding system. Therefore, the first part of this study 

examined the implications of holding oysters in a spray 

system. The survival of Escherichia coli in the oysters was 

monitored as an indicator of the effect of stress on the 

total microbial population in oysters. 

One of the dominant genera of the bacterial flora of 

oysters is Vibrio (Colburn et al., 1989; Colwell and Liston, 

1960). v. vulnificus is commonly associated with causing 

primary sepsis through the consumption of oysters by 

individuals with underlying chronic diseases (Bachman et 

al., 1983; Oliver, 1989). The ability of V. vulnificus to 
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survive and multiply in oysters stored in live holding 

systems for retail sales may be a potential health problen. 

Oysters naturally harboring the bacterium were placed in the 

spray live holding tank to examine the population dynamics 

of V. vulnificus during storage. 

Differences in the rate of depuration of V. vulnificus 

between artificially-inoculated oysters and oysters 

naturally harboring the organism have been reported by 

several investigators (Eyles and Davey, 1984; Kelly and 

Dinuzzo, 1985; Richards, 1991). The second part of the 

study concerned the monitoring of V. vulnificus in selected 

oyster tissues during storage in an immersion live holding 

tank. Oysters were dissected to separate the exterior 

tissues (adductor, mantle, gills) from the digestive systen. 

The objectives of this study were: 

(1) to examine the level of E. coli in oysters stored ina 

spray live holding system; 

(2) to examine the effect of physiological stress on the 

level of E. coli in oysters stored in a spray live holding 

  

system; 

(3) to examine the effect of storing stressed and unstressed 

oysters on the level of E. coli in oysters during storage in 

the same spray live holding system; 

(4) to observe the levels of E. coli and V. vulnificus 
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naturally present at harvest in oysters during storage of 

these oysters in a spray live holding system; 

(5) to compare a spray and an immersion spray systems on the 

level of V. vulnificus in oysters during the storage period; 

(6) to determine the distribution of V. vulnificus in 

oysters tissues during depuration in an immersion live 

holding systen; 

(7) to compare oysters naturally containing V. vulnificus 

and artificially-inoculated oysters to determine whether 

there is a difference in the distribution of the organism in 

oyster tissues during depuration in an immersion system; 

(8) to observe the relationship between ciliated and non- 

ciliated surfaces of oyster tissues on the efficiency of 

depuration of V. vulnificus from these surfaces.



SECTION I: LITERATURE REVIEW 

A. Oysters 

1. General characteristics 

Oysters are bivalve mollusks, found in tidal levels or 

in shallow brackish water along the coasts of temperate and 

tropical areas. Oysters have dissimilar lower and upper 

shells or valves, hinged together by an elastic ligament. 

The upper shell is generally flat, while the lower shell is 

concave and these shells can close to form a water tight 

cavity. This is controlled by the adductor muscle, which is 

attached to both the valves (Wheeler and Hebard, 1981). 

Spats or baby oysters swim freely in their first three 

weeks of life (White and Dewey, 1972). They attach 

themselves to any support by a slimy secretion near the 

hinge. A pigment-producing marine bacterium, designated as 

LST, may also promote the settlement of oyster larvae. LST 

adheres to surfaces through the synthesis of an acetic 

polysaccharide exopolymer. This bacterium also produces L- 

DOPA (Dihydroxyphenylalanine), other melanin precursors, and 

melanin. Eastern oysters (Crassostrea virginica) larvae 

become attracted to L-DOPA and its polymers. The larvae 

settle on films of LST formed on surfaces and metamorphose 

into adults (Weiner et al., 1985). Once anchored, oysters 

never voluntarily move.



Eastern oysters are found in the bays and inlets along 

the Atlantic and Gulf Coasts. Commercially, this species 

accounts for the majority of the total oyster production in 

the U.S. Oyster harvesting is decreasing in Virginia, where 

over a million bushels annually were harvested 40 years ago. 

In 1990, only 135,000 bushels, worth 4.7 million dollars, 

were landed in Virginia (Cohn, 1991). 

The decrease in oyster production may be due to over- 

harvesting, environmental deterioration and diseases, and 

parasites such as MSX (Haplosporidium nelsoni) and Dermo 

(Perkinsus marinus). These two parasites can cause high 

oyster mortalities under high salinity (15 parts per 

thousand, ppt) and warm water temperatures (Oestrling, 

1987). Damage to oyster populations may also come from 

marine Cytophaga species, which colonize and destroy hinge 

ligaments during bacterial proliferation (Dungan et al., 

1989). 

2. Microbial flora 

Oysters maintain a steady flow of water through their 

gills for feeding, respiration, and removal of metabolic 

products. The volume of water transported depends on shell 

movements and the width of the opening of the two valves. A 

Similar control of the volume of water can be produced by 

the edges of the mantle, a soft membrane covering the body 
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of the oyster. The tentacles on the edge of the opposing 

mantles interlock while the valves remain open. In this 

arrangement, no water will pass through the gills. During 

ideal external conditions, a steady flow of water over the 

gills can continue for hours without interruption or 

significant changes in the rate of transport of water. This 

condition is called steady state and occurs when the 

temperature, salinity, and food content of the water remain 

constant. 

Oysters obtain their food by pumping large volumes of 

water (10 L/hr) by ciliary action over the gills, which 

function as a sieve to remove particulate material including 

microorganisms (Fleet, 1978). The filtered particles become 

entrapped in mucus, which is continually secreted by the 

oyster during the pumping action. The mucus-coated material 

is directed by the cilia of the gills toward the mouth of 

the oyster, where it is ingested or directed to the exterior 

and eliminated as pseudo-feces. Waste material from the 

alimentary tract is discharged as feces in the form of a 

fine, mucous thread (Fleet, 1978). Some ingested 

microorganisms become trapped in the discharged feces. 

However, many microorganisms may become concentrated in the 

gut or other tissues as a consequence of the filter-feeding 

systen. 

The microflora of an actively-feeding oyster reflects 
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the flora of the surrounding water. The bacterial 

population of oysters include the genera Alcaligenes, 

Bacillus, Cornybacterium, Cytophaga, Flavobacterium, 

Micrococcus, Pseudomonas, and Vibrio (Vasconcelos and Lee, 

1972). The dominant genera are the Pseudomonas and Vibrio 

spp. (Colburn et al., 1989; Colwell and Liston, 1960; 

Murchelano and Brown, 1968; Weiner et al., 1985). In 

another study, Pseudomonas spp. were the dominant organisms, 

comprising over one third of 321 strains characterized after 

isolation from the bivalves and seawater (Kueh and Chan, 

1985). Gram-positive organisms constitute less than 20% of 

the isolates. 

In addition to these organisms, oysters may be 

contaminated with microorganisms that transmit human 

diseases. Infectious bacterial diseases have been 

transmitted by oysters, such as typhoid from Salmonella 

typhi, paratyphoid from Salmonella paratyphi, cholera from 

Vibrio cholerae, and dysentery from Shigella dysenteriae to 

gastroenteritis caused by Vibrio parahaemolyticus and 

Salmonella spp. (Fleet, 1978). The number of salmonellae 

present in sampled west coast oysters was 2.2 organisms/100 

g of oyster meats (Fraiser and Koburger, 1984). 

Viruses have been isolated from estuary waters, and 

filter-feeding oysters have been shown to accumulate viruses 

from these waters. Human pathogenic viruses implicated with 

7



oysters are hepatitis A and Norwalk-type (Speirs et al., 

1987; Tierney et al., 1985). 

3. Clearance mechanism 

The gills play an important role in feeding and 

filtration processes. Oysters retain suspended particulate 

material on their gills, which are lamellar and composed of 

rows of filaments. The cilia on the filaments pump water 

through the small interfilamentary openings (ostia). The 

particles are entrapped in mucus and are limited in passage 

through the gills by the size of the interfilamentary ostia 

and the action of the large latero-frontal cilia. Oysters 

filter naturally-occurring particles in the range of 1.0 to 

3.0 um with one-third the efficiency with which large 

particles are removed (Haven and Morales-Alamo, 1970). 

When particles or microorganisms by-pass the filtration 

process and enter the oyster, cellular responses remove the 

foreign materials. Particles become clumped in efferent 

vessels and large number of phagocytes accumulate around 

them. Most particles are engulfed, removed from 

circulation, and transported through epithelial layers to 

the exterior. Once the cells reach the exterior they are 

carried away in mucus as pseudo-feces by the pumping action 

of the gills (Hartland and Timoney, 1979). 

This process may be supplemented by intracellular



and/or extracellular destruction. Study by Tripp (1960) 

showed that yeast cells are phagocytized in blood vessels by 

hemocytes which migrate into the surrounding tissues and 

later through the epithelial layers to the exterior. A 

small proportion of the yeast cells that remain in the 

tissues are digested intracellularly. Bacteria are rapidly 

destroyed both intra- and extracellularly before the host 

hemocytes migrate to the exterior. A small number of 

bacteria may persist in the oyster tissues for several days. 

Bacterial spores are removed at a slower rate than 

vegetative cells. 

The defense system against foreign particulates is 

mediated by hemocytes which circulate in the hemolymph. 

Phagocytosis occurs quickly after contact between the 

hemocytes and particles (Alvarez et al., 1989). There are 

two general classes of hemocytes, granular and agranular. 

Granular cells seem to be more highly phagocytic (Rodrick 

and Ulrich, 1984). Maximum phagocytic activity by hemocytes 

is around 10°C to 37°C. There is an inhibition of activity 

1., 1989). Lysozyme in the below 8°C (Alvarez et 

hemolymph, as well as in the mantle mucus, is also involved 

with the mechanisms of internal host defense and digestion 

(Chu and Peyre, 1989). There is higher lysozyme levels in 

winter than in summer (Chu and Peyre, 1989).



4. Microbiological standards for harvesting sites 

Indicator organisms are used to test the presence of 

pathogens from possible sewage contamination in water. 

Coliforms have been most widely used as indicators of 

sewage. Coliforms are defined as all aerobic or facultative 

anaerobic, Gram-negative nonsporeforming rods that ferment 

lactose with the production of gas within 48 hr at 35°C. 

Organisms in this category include the genera Escherichia, 

Enterobacter, Erwinia, Citrobacter, and Klebsiella. The 

National Shellfish Sanitation Program (NSSP) states that the 

coliform standard for "approved" shellfish water as the 

total coliform median or geometric mean Most Probable Number 

(MPN) count of the water does not exceed 70/100 mL and 10% 

of the samples does not exceed an MPN of 230/100 mL for a 5- 

tube decimal dilution test (or 330/100 mL for the 3-tube 

decimal dilution test) (NSSP, 1989). 

The use of the coliform group as a fecal indicator 

has been subject to criticism because they are ubiquitous in 

nature and are not limited to fecal origin. As an 

alternative, fecal coliforms have been used as an indicator 

under the NSSP. Fecal coliforms are defined as Gram- 

negative facultative anaerobic nonsporeforming rods that 

produce gas from lactose within 24+2 hr at 44.5+0.2°C. The 

fecal coliform standard for shellfish harvesting waters is 

14/100 mL of water and not more than 10% of the sample can 
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exceed an MPN of 43/100 mL for a 5-tube decimal test (NSSP, 

1989). 

Shellfish growing areas are classified as approved, 

conditionally approved, restricted, or prohibited (further 

discussed in Section C.3). This classification is based on 

sanitary or marine biotoxin survey information, 

radioactivity, metals, chemical pollutants, and potential 

environmental pollution. All areas not surveyed are 

designated as prohibited. In approved sites, fecal 

material, pathogenic microorganisms, and poisonous and 

deleterious substances have been shown not to be present in 

dangerous concentrations. These areas meet either the 

coliform or fecal coliform standards. Areas subject to 

intermittent microbiological pollution are classified as 

conditionally approved. Areas that have a limited degree of 

pollution are classified as restricted areas. Shellfish 

harvested from these areas must go through a purification 

process (Hunt, 1980). 

5. Escherichia coli as indicator of fecal coliform 

Fecal coliform counts do not correlate well with 

enteric viruses and some bacteria and potentially pathogenic 

bacteria which are naturally present in the aquatic 

environment (Paille et al., 1987). Due to this lack of 

relationship, the use of fecal coliform as an indicator of 
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water quality has been questioned. One organism that is 

suggested as a better indicator of water quality is 

Escherichia coli. E. coli generally comprises 95 to 99% of 

the fecal coliform population (Tardio et al., 1988). Hood 

et al. (1983a) found E. coli to correlated strongly with 

fecal coliform levels in both fresh and stored oysters and 

clams. 

There is a lack of correlation of occurrence of Vibrio 

spp. and sewage contamination and coliform isolation 

(Colwell et al., 1977; Hood et al., 1983b; Tilton and Ryan, 

1987). The classification of seawater for shellfish 

harvesting is based on bacteriological standards relying 

primarily on fecal coliform test. Approved sites have a 

fecal coliform MPN that does not exceed 14/100 mL of 

seawater in more than 10% of the samples tested. Oyster 

meat is not to exceed a fecal coliform MPN of 230/100 g of 

wet weight (NSSP, 1989). 

B. Vibrio vulnificus 

1. General background 

Vibrio vulnificus is a gram-negative curved rod, 0.5 to 

0.8 wm in width and 1.4 to 2.6 wm in length (Baumann and 

Schubert, 1984). WV. vulnificus was first reported in 1976 

as the "lactose-positive vibrio" by the Centers for Disease 

Control (Hollis et al., 1976). Biochemically, V. vulnificus 
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closely resembles V. parahaemolyticus, another halophilic 

marine vibrio. Before the 1970s, the more serious 

infections attributed to V. parahaemolyticus may have 

actually been due to V. vulnificus infections (Morris, Jr., 

1988). WV. vulnificus was identified as a species different 

from V. parahaemolyticus, V. alginolyticus, or V. cholerae 

by DNA/DNA hybridization studies (Oliver, 1989). 

2. Virulence factors 

There is a massive edema (swelling) following 

subcutaneous injections of V. vulnificus in mice. VY. 

vulnificus produces hemoconcentration within 3 to 6 hr after 

subcutaneous or intraperitoneal injection into mice. There 

is about 1 mL of edema fluid which accumulates at the site 

of injection. This is equal to two-thirds of the total 

plasma volume of a mouse. With sublethal injections, the 

edematous area becomes necrotic. V. vulnificus can cross 

the intestinal mucosa in rabbits and rats, causing 

bacteremia and death. This suggests that the organism may 

gain access to the circulatory system from the alimentary 

tract in humans. Strains that showed virulence when 

injected in mice intraperitoneally also demonstrated 

virulence when administered by the oral route (Reyes et al., 

1987). 

Environmental V. vulnificus strains are phenotypically 
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�i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �f�r�o�m� �c�l�i�n�i�c�a�l� �i�s�o�l�a�t�e�s� �a�n�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�9�0�%� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�t�r�a�i�n�s� �t�e�s�t�e�d� �p�r�o�d�u�c�e�d� �i�n� �v�i�t�r�o� 

�v�i�r�u�l�e�n�c�e� �f�a�c�t�o�r�s� �a�n�d� �i�n� �v�i�v�o� �p�a�t�h�o�g�e�n�i�c�i�t�y� �f�o�r� �m�i�c�e� 

�c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�o�s�e� �p�r�o�d�u�c�e�d� �b�y� �c�l�i�n�i�c�a�l� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�i�s�o�l�a�t�e�s� �(�R�e�y�e�s� �e�t� �a�l�.�,� �1�9�8�7�;� �T�i�s�o�n� �a�n�d� �K�e�l�l�y�,� �1�9�8�6�)�.� 

�W�e�a�k�l�y� �v�i�r�u�l�e�n�t� �i�s�o�l�a�t�e�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �d�o� �n�o�t� �c�a�u�s�e� 

�s�e�p�t�i�c�e�m�i�a� �a�n�d� �d�e�a�t�h� �i�n� �r�a�b�b�i�t�s�.� �T�h�e�y� �c�a�u�s�e� �f�l�u�i�d� 

�a�c�c�u�m�u�l�a�t�i�o�n� �i�n� �t�h�e� �r�a�b�b�i�t� �i�l�e�a�l� �l�o�o�p�s�,� �i�n�d�i�c�a�t�i�n�g� �t�h�e� 

�e�x�i�s�t�e�n�c�e� �o�f� �a�n� �e�n�t�e�r�o�t�o�x�i�n� �(�S�t�e�l�m�a� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �p�r�o�d�u�c�e�s� �h�e�m�o�l�y�s�i�n�-�c�y�t�o�l�y�s�i�n�,� �a� �h�e�a�t�-� 

�l�a�b�i�l�e�,� �a�n�t�i�g�e�n�i�c�,� �e�x�t�r�a�c�e�l�l�u�l�a�r� �t�o�x�i�n� �(�K�r�e�g�e�r� �a�n�d� �L�o�c�k�w�o�o�d�,� 

�1�9�8�1�)�.� �H�e�m�o�l�y�s�i�n�-�c�y�t�o�l�y�s�i�n� �i�s� �c�y�t�o�l�y�t�i�c� �a�g�a�i�n�s�t� �m�a�m�m�a�l�i�a�n� 

�e�r�y�t�h�r�o�c�y�t�e�s�,� �c�y�t�o�t�o�x�i�c� �a�g�a�i�n�s�t� �C�h�i�n�e�s�e� �h�a�m�s�t�e�r� �o�v�a�r�y� �c�e�l�l�s�,� 

�p�o�s�s�e�s�s�e�s� �v�a�s�c�u�l�a�r� �p�e�r�m�e�a�b�i�l�i�t�y� �f�a�c�t�o�r� �a�c�t�i�v�i�t�y� �i�n� �g�u�i�n�e�a� 

�p�i�g� �s�k�i�n�,� �a�n�d� �h�a�s� �l�e�t�h�a�l� �a�c�t�i�v�i�t�y� �i�n� �m�i�c�e�.� �T�h�e� �t�o�x�i�n� 

�p�r�e�p�a�r�e�d� �f�r�o�m� �c�u�l�t�u�r�e�s� �o�f� �a� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�u�m� 

�w�a�s� �2�5� �t�i�m�e�s� �m�o�r�e� �t�o�x�i�c� �t�h�a�n� �t�o�x�i�n� �p�r�e�p�a�r�a�t�i�o�n�s� �f�r�o�m� �w�e�a�k�l�y�-� 

�v�i�r�u�l�e�n�t� �s�t�r�a�i�n� �(�K�r�e�g�e�r� �a�n�d� �L�o�c�k�w�o�o�d�,� �1�9�8�1�)�.� �T�h�e� �c�l�i�n�i�c�a�l� 

�a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�s�o�l�a�t�e�s� �h�a�v�e� �i�d�e�n�t�i�c�a�l� �c�y�t�o�t�o�x�i�c� 

�a�c�t�i�v�i�t�y�.� 

�H�e�m�o�l�y�s�i�n�-�c�y�t�o�l�y�s�i�n� �i�s� �a� �h�y�d�r�o�p�h�o�b�i�c� �p�r�o�t�e�i�n� �w�i�t�h� �a� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �a�b�o�u�t� �5�6� �k�i�l�o�d�a�l�t�o�n�s� �(�G�r�a�y� �a�n�d� �K�r�e�g�e�r�,� 

�1�9�8�5�;� �K�r�e�g�e�r� �a�n�d� �L�o�c�k�w�o�o�d�,� �1�9�8�1�;� �W�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�8�5�)�.� 

�P�u�r�i�f�i�e�d� �c�y�t�o�l�y�s�i�n� �p�r�e�p�a�r�a�t�i�o�n� �w�a�s� �l�e�t�h�a�l� �f�o�r� �m�i�c�e� �a�t� �3� 

�u�g�/�k�g� �(�i�n�t�r�a�v�e�n�o�u�s� �5�0�%� �l�e�t�h�a�l� �d�o�s�e�)�.� �T�h�e� �v�v�w�h�A� �g�e�n�e� �i�s� �t�h�e� 

�1�4



�s�t�r�u�c�t�u�r�a�l� �g�e�n�e� �f�o�r� �t�h�e� �V�.� �v�u�l�n�i�f�i�c�u�s� �h�e�m�o�l�y�s�i�n�-�c�y�t�o�l�y�s�i�n�.� 

�R�e�g�i�o�n�s� �o�f� �t�h�e� �v�v�h�A� �g�e�n�e� �s�h�o�w�e�d� �h�o�m�o�l�o�g�y� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�a�l� 

�g�e�n�e� �f�o�r� �t�h�e� �V�i�b�r�i�o� �c�h�o�l�e�r�a�e� �E�l� �T�o�r�r� �h�e�m�o�l�y�s�i�n� �(�Y�a�m�a�m�o�t�o� �e�t� 

�a�l�.�,� �1�9�9�0�;� �Y�a�m�a�n�a�k�a� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�O�t�h�e�r� �v�i�r�u�l�e�n�c�e� �f�a�c�t�o�r�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�r�e� �p�r�o�t�e�a�s�e�,� 

�e�l�a�s�t�a�s�e�,� �c�o�l�l�a�g�e�n�a�s�e�,� �D�N�A�s�e�,� �l�i�p�a�s�e�,� �p�h�o�s�p�h�o�l�i�p�a�s�e�,� 

�m�u�c�i�n�a�s�e�,� �c�h�o�n�d�r�o�i�t�i�n� �s�u�l�f�a�t�e�,� �h�y�a�l�u�r�o�n�i�d�a�s�e�,� �f�i�b�r�i�n�o�l�y�s�i�n�,� 

�a�n�d� �a�l�k�y�l� �s�u�l�f�a�t�a�s�e�.� �P�r�o�t�e�a�s�e� �e�x�o�t�o�x�i�n� �p�r�o�m�o�t�e�s� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �s�k�i�n� �l�e�s�i�o�n�s� �b�y� �d�e�g�r�a�d�i�n�g� �c�o�l�l�a�g�e�n�,� �e�l�a�s�t�i�n� 

�a�n�d� �c�a�s�e�i�n� �a�n�d� �e�n�h�a�n�c�e�s� �v�a�s�c�u�l�a�r� �p�e�r�m�e�a�b�i�l�i�t�y�.� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �a�d�h�e�r�e�s� �t�o� �h�u�m�a�n� �b�u�c�c�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �a�n�d� 

�p�o�s�s�e�s�s�e�s� �h�e�m�a�g�g�l�u�t�i�n�a�t�i�n�g� �a�c�t�i�v�i�t�y� �(�R�e�y�e�s� �e�t� �a�l�.�,� �1�9�8�5�)�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�l�a�s�m�i�d�s� �d�o� �n�o�t� �c�o�r�r�e�l�a�t�e� �w�i�t�h� �e�x�t�r�a�c�e�l�l�u�l�a�r� 

�h�e�m�o�l�y�s�i�n�-�c�y�t�o�l�y�s�i�n� �p�r�o�d�u�c�t�i�o�n�,� �c�y�t�o�t�o�x�i�c�i�t�y� �f�o�r� �C�h�i�n�e�s�e� 

�h�a�m�s�t�e�r� �o�v�a�r�y� �c�e�l�l�s�,� �o�r� �v�i�r�u�l�e�n�c�e� �(�O�l�i�v�e�r�,� �1�9�8�9�)�.� 

�I�r�o�n� �p�l�a�y�s� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �t�h�e� �p�a�t�h�o�g�e�n�e�s�i�s� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�.� �I�n� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� �i�n�v�o�l�v�i�n�g� 

�s�e�p�t�i�c�e�m�i�a�,� �m�o�s�t� �p�a�t�i�e�n�t�s� �h�a�v�e� �a�n� �u�n�d�e�r�l�y�i�n�g� �d�i�s�e�a�s�e�.� �I�n� 

�c�a�s�e�s� �o�f� �p�a�t�i�e�n�t�s� �w�i�t�h� �s�e�p�t�i�c�e�m�i�a�,� �8�0�%� �h�a�d� �l�i�v�e�r� �d�y�s�f�u�n�c�t�i�o�n� 

�(�O�l�i�v�e�r�,� �1�9�8�9�)�.� �D�u�r�i�n�g� �l�i�v�e�r� �d�a�m�a�g�e� �t�h�e�r�e� �i�s� �a� �r�e�l�e�a�s�e� �o�f� 

�s�t�o�r�e�d� �i�r�o�n� �i�n�t�o� �t�h�e� �c�i�r�c�u�l�a�t�o�r�y� �s�y�s�t�e�m�.� �T�r�a�n�s�f�e�r�r�i�n�,� �t�h�e� 

�m�a�j�o�r� �i�r�o�n�-�b�i�n�d�i�n�g� �p�r�o�t�e�i�n� �i�n� �s�e�r�u�m�,� �n�o�r�m�a�l�l�y� �b�i�n�d�s� �r�e�l�e�a�s�e�d� 

�i�r�o�n�.� �T�h�e� �l�e�v�e�l� �o�f� �f�r�e�e� �i�r�o�n� �i�n� �s�e�r�u�m� �i�s� �n�o�r�m�a�l�l�y� �1�0�°�!� �m�M�.� 

�B�a�c�t�e�r�i�a�l� �c�e�l�l� �g�r�o�w�t�h� �r�e�q�u�i�r�e�s� �a�b�o�u�t� �1�0�°� �M�.� �D�u�r�i�n�g� �c�h�r�o�n�i�c� 

�l�i�v�e�r� �d�a�m�a�g�e� �t�h�e�r�e� �m�a�y� �b�e� �a�n� �o�v�e�r�l�o�a�d� �o�f� �t�h�e� �s�e�r�u�m� �i�r�o�n� 
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�b�i�n�d�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�r�a�n�s�f�e�r�r�i�n�.� 

�T�h�e�r�e� �i�s� �a� �s�t�r�o�n�g� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �s�e�r�u�m� �i�r�o�n� �l�e�v�e�l�s� 

�a�n�d� �t�h�e� �s�i�z�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�o�c�u�l�u�m� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� 

�d�e�a�t�h� �i�n� �m�i�c�e�.� �I�r�o�n� �i�s� �t�h�e� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r� �i�n� �t�h�e� �s�u�r�v�i�v�a�l� 

�a�n�d� �g�r�o�w�t�h� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �s�e�r�u�m� �o�f� �h�e�a�l�t�h�y� �i�n�d�i�v�i�d�u�a�l�s�.� 

�N�o�r�m�a�l� �h�u�m�a�n� �s�e�r�u�m� �i�s� �b�a�c�t�e�r�i�c�i�d�a�l� �f�o�r� �V�.� �v�u�l�n�i�f�i�c�u�s�.� �T�h�e� 

�b�a�c�t�e�r�i�u�m� �c�a�n�n�o�t� �c�o�m�p�e�t�e� �w�i�t�h� �t�r�a�n�s�f�e�r�r�i�n� �o�r� �o�t�h�e�r� �i�r�o�n�-� 

�b�i�n�d�i�n�g� �p�r�o�t�e�i�n�s� �(�l�a�c�t�o�f�e�r�r�i�n�,� �f�e�r�r�i�t�i�n�)� �f�o�r� �i�r�o�n� �f�o�r� �c�e�l�l� 

�g�r�o�w�t�h� �a�n�d� �p�a�t�h�o�g�e�n�e�s�i�s�.� �I�n� �s�e�r�u�m� �o�f� �h�e�a�l�t�h�y� �i�n�d�i�v�i�d�u�a�l�s� 

�a�v�i�r�u�l�e�n�t� �a�n�d� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �c�o�u�l�d� �n�o�t� �c�o�m�p�e�t�e� �w�i�t�h� 

�t�r�a�n�s�f�e�r�r�i�n� �f�o�r� �i�r�o�n� �w�h�e�n� �t�r�a�n�s�f�e�r�r�i�n� �w�a�s� �n�o�t� �s�a�t�u�r�a�t�e�d�.� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �i�s� �u�n�a�b�l�e� �t�o� �o�b�t�a�i�n� �i�r�o�n� �f�r�o�m� �t�r�a�n�s�f�e�r�r�i�n� �w�h�e�n� �i�t� 

�i�s� �o�n�l�y� �3�0�%� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �i�r�o�n�.� �S�o�m�e� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �c�a�n� 

�u�s�e� �t�r�a�n�s�f�e�r�r�i�n�-�b�o�u�n�d� �i�r�o�n� �w�h�e�n� �i�t� �i�s� �1�0�0�%� �s�a�t�u�r�a�t�e�d� �b�e�c�a�u�s�e� 

�t�h�e�y� �p�r�o�d�u�c�e� �b�o�t�h� �t�h�e� �h�y�d�r�o�x�a�m�a�t�e� �a�n�d� �p�h�e�n�o�l�a�t�e� �t�y�p�e�s� �o�f� 

�s�i�d�e�r�o�p�h�o�r�e�s�.� �T�h�e� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �5�0�%� �l�e�t�h�a�l� �d�o�s�e� �(�L�D�,�,�)� �i�n� 

�m�i�c�e� �i�s� �1�0�°� �t�o� �1�0�°� �o�r�g�a�n�i�s�m�s� �b�u�t� �i�f� �m�i�c�e� �a�r�e� �i�n�j�e�c�t�e�d� �w�i�t�h� 

�i�r�o�n� �b�e�f�o�r�e� �b�a�c�t�e�r�i�a�l� �c�h�a�l�l�e�n�g�e�,� �t�h�e� �i�n�t�r�a�p�e�r�i�t�o�n�e�a�l� �L�D�,� �i�s� 

�1�0�0� �o�r�g�a�n�i�s�m�s� �(�B�a�c�h�m�a�n� �e�t� �a�l�.�,� �1�9�8�3�;� �M�o�r�r�i�s�,� �J�r�.� �e�t� �a�l�.�,� 

�1�9�8�7�;� �O�l�i�v�e�r�,� �1�9�8�9�;� �W�r�i�g�h�t� �e�t� �a�l�.�,� �1�9�8�1�)� 

�O�t�h�e�r� �f�a�c�t�o�r�s� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �v�i�r�u�l�e�n�c�e� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s�.� �T�h�i�s� �b�a�c�t�e�r�i�u�m� �i�s� �r�e�s�i�s�t�a�n�t� �t�o� �p�h�a�g�o�c�y�t�o�s�i�s� �a�n�d� 

�p�o�s�s�e�s�s�e�s� �a�n� �a�n�t�i�p�h�a�g�o�c�y�t�i�c� �s�u�r�f�a�c�e� �c�o�m�p�o�n�e�n�t�.� �V�i�r�u�l�e�n�c�e� �o�f� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �i�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �a�c�i�d�i�c� 

�p�o�l�y�s�a�c�c�h�a�r�i�d�e�.� �T�h�e�r�e� �a�r�e� �s�o�m�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s� 
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�b�e�t�w�e�e�n� �v�i�r�u�l�e�n�t� �a�n�d� �a�v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s�.� �A�v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� 

�e�x�h�i�b�i�t� �o�n�l�y� �t�r�a�n�s�l�u�c�e�n�t� �c�o�l�o�n�i�e�s�,� �w�h�i�l�e� �v�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� 

�s�h�o�w� �o�p�a�q�u�e� �c�o�l�o�n�i�e�s�.� �T�h�e� �o�p�a�c�i�t�y� �o�f� �a� �s�t�r�a�i�n� �i�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�o�l�y�s�a�c�c�h�a�r�i�d�e� �c�a�p�s�u�l�e� �(�B�a�h�r�a�n�i� �a�n�d� 

�O�l�i�v�e�r�,� �1�9�9�0�)�.� 

�T�h�e� �f�a�c�t�o�r�s� �t�h�a�t� �a�r�e� �l�i�n�k�e�d� �t�o� �v�i�r�u�l�e�n�c�e� �a�r�e� �t�h�e� 

�p�a�t�i�e�n�t�s �� �e�l�e�v�a�t�e�d� �s�e�r�u�m� �i�r�o�n� �l�e�v�e�l�s�,� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�c�y�t�o�t�o�x�i�c� �a�n�d� �c�y�t�o�l�y�t�i�c� �e�x�t�r�a�c�e�l�l�u�l�a�r� �f�a�c�t�o�r�s�,� �s�i�d�e�r�o�p�h�o�r�e�s� 

�a�n�d� �t�h�e� �r�e�s�i�s�t�a�n�c�e� �o�f� �s�t�r�a�i�n�s� �t�o� �a�n�t�i�b�a�c�t�e�r�i�a�l� �a�c�t�i�v�i�t�y� �o�f� 

�h�u�m�a�n� �s�e�r�u�m� �(�T�a�m�p�l�i�n� �e�t� �a�l�.�,� �1�9�8�3�)�.� 

�3�.� �D�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�s�t�u�a�r�y� �a�n�d� �m�a�n�g�r�o�v�e� 

�l�o�c�a�t�i�o�n�s� �(�E�y�l�e�s�,� �1�9�8�6�;� �R�i�v�e�r�a� �e�t� �a�l�.�,� �1�9�8�9�)�.� �T�h�e�r�e� �a�r�e� �a� 

�w�i�d�e� �r�a�n�g�e� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�o�u�r�c�e�s� �i�n�c�l�u�d�i�n�g� �s�e�a�w�a�t�e�r�,� 

�s�e�d�i�m�e�n�t� �a�n�d� �p�l�a�n�k�t�o�n�,� �a�s� �w�e�l�l� �a�s� �s�h�e�l�l�f�i�s�h� �f�r�o�m� �t�h�o�s�e� 

�w�a�t�e�r�s�.� �S�h�e�l�l�f�i�s�h� �i�m�p�l�i�c�a�t�e�d� �w�i�t�h� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�r�e� 

�o�y�s�t�e�r�s�,� �c�l�a�m�s�,� �m�u�s�s�e�l�s�,� �a�n�d� �c�r�a�b�s� �(�K�e�l�l�y� �a�n�d� �D�i�n�u�z�z�o�,� �1�9�8�5�;� 

�T�i�l�t�o�n� �a�n�d� �R�y�a�n�,� �1�9�8�7�)�.� �T�h�e�r�e� �i�s� �a� �d�i�r�e�c�t� �c�o�r�r�e�l�a�t�i�o�n� 

�b�e�t�w�e�e�n� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �i�s�o�l�a�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�f�r�o�m� �b�o�t�h� �s�e�a�w�a�t�e�r� �a�n�d� �s�h�e�l�l�f�i�s�h�.� �V�.� �v�u�l�n�i�f�i�c�u�s� �c�a�n� �b�e� 

�f�o�u�n�d� �i�n� �w�a�t�e�r� �w�h�e�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�7�°�C� 

�(�T�i�l�t�o�n� �a�n�d� �R�y�a�n�,� �1�9�8�7�)�.� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�s� �s�e�n�s�i�t�i�v�e� �t�o� 

�c�o�l�d�,� �e�x�p�e�r�i�e�n�c�i�n�g� �m�e�t�a�b�o�l�i�c� �d�a�m�a�g�e� �a�t� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s� 

�(�O�l�i�v�e�r�,� �1�9�8�9�)�.� �S�a�l�i�n�i�t�i�e�s� �a�l�s�o� �a�f�f�e�c�t� �t�h�e� �p�r�e�v�a�l�e�n�c�e� �o�f� 
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�t�h�e� �o�r�g�a�n�i�s�m�.� �T�h�e�r�e� �i�s� �n�o� �g�r�o�w�t�h� �a�t� �l�e�s�s� �t�h�a�n� �0�.�1�%� �o�r� 

�g�r�e�a�t�e�r� �t�h�a�n� �5�%� �N�a�C�l�.� �T�h�e� �o�r�g�a�n�i�s�m� �c�a�n� �b�e� �r�e�c�o�v�e�r�e�d� �f�r�o�m� 

�w�a�t�e�r� �w�h�e�n� �t�h�e� �s�a�l�i�n�i�t�y� �i�s� �7� �t�o� �1�6� �p�p�t�.� �T�h�e� �o�p�t�i�m�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �i�s� �3�7�°�C� �a�n�d� �t�h�e� �o�p�t�i�m�a�l� �s�a�l�i�n�i�t�y� �i�s� �1�0� �t�o� �2�0� �p�p�t� 

�(�K�e�l�l�y�,� �1�9�8�2�;� �T�a�m�p�l�i�n� �e�t� �a�l�.�,� �1�9�8�2�)�.� 

�T�h�e�r�e� �a�r�e� �h�i�g�h�e�r� �n�u�m�b�e�r�s� �a�n�d� �m�o�r�e� �f�r�e�q�u�e�n�t� �i�s�o�l�a�t�i�o�n� �o�f� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �f�r�o�m� �s�a�m�p�l�e�s� �t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �a�n�d� �f�a�l�l� 

�m�o�n�t�h�s� �(�O�l�i�v�e�r� �e�t� �a�l�.�,� �1�9�8�3�;� �T�a�m�p�l�i�n� �e�t� �a�l�.�,� �1�9�8�2�;� �T�i�l�t�o�n� 

�a�n�d� �R�y�a�n�,� �1�9�8�7�)� �t�h�a�n� �i�n� �t�h�e� �w�i�n�t�e�r� �m�o�n�t�h�s�.� �I�n� �t�h�e� �G�r�e�a�t� �B�a�y� 

�E�s�t�u�a�r�y� �s�y�s�t�e�m� �o�f� �N�e�w� �H�a�m�p�s�h�i�r�e� �a�n�d� �M�a�i�n�e�,� �V�.� �v�u�l�n�i�f�i�c�u�s� �w�a�s� 

�i�s�o�l�a�t�e�d� �f�r�o�m� �s�h�e�l�l�f�i�s�h� �i�n� �J�u�l�y� �a�t� �l�e�v�e�l�s� �o�f� �>�1�0�°� �M�P�N�/�1�0�0� �g� 

�o�f� �m�e�a�t� �a�n�d� �r�e�m�a�i�n�e�d� �>�1�0�°� �M�P�N�/�1�0�0� �g� �t�h�r�o�u�g�h� �A�u�g�u�s�t�.� �W�a�t�e�r� 

�s�a�m�p�l�e�s� �a�l�s�o� �h�a�d� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� 

�A�u�g�u�s�t� �(�>�1�0�4� �M�P�N�/�1�0�0� �m�L�)� �b�u�t� �d�e�c�l�i�n�e�d� �t�h�r�o�u�g�h� �S�e�p�t�e�m�b�e�r� �i�n�t�o� 

�f�a�l�l�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �c�e�l�l� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �f�a�l�l� �w�a�s� 

�g�r�e�a�t�e�r� �i�n� �w�a�t�e�r� �s�a�m�p�l�e�s� �t�h�a�n� �i�n� �s�h�e�l�l�f�i�s�h� �(�O ��N�e�i�l�l� �e�t� �a�l�.�,� 

�1�9�9�0�)�.� �I�n� �s�e�a�w�a�t�e�r� �s�a�m�p�l�e�d� �a�r�o�u�n�d� �G�a�l�v�e�s�t�o�n� �I�s�l�a�n�d�,� �T�e�x�a�s�,� 

�3�6�%� �o�f� �s�a�m�p�l�e�s� �y�i�e�l�d�e�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �o�f� �u�p� �t�o� �5�0�0� 

�b�a�c�t�e�r�i�a�/�m�L� �o�f� �s�e�a�w�a�t�e�r� �(�K�e�l�l�y� �1�9�8�2�)�.� �C�o�o�k� �a�n�d� �R�u�p�l�e� �(�1�9�8�9�)� 

�f�o�u�n�d� �1�0�°� �t�o� �1�0�%� �V�v�.� �v�u�l�n�i�f�i�c�u�s�/�g� �o�f� �o�y�s�t�e�r�s� �p�r�e�s�e�n�t� �a�t� 

�h�a�r�v�e�s�t� �i�n� �L�o�u�i�s�i�a�n�a�.� 

�4�.� �I�n�c�i�d�e�n�c�e� �o�f� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� �B�e�l�g�i�u�m�,� 

�C�a�n�a�d�a�,� �J�a�p�a�n�,� �S�e�n�e�g�a�l� �(�S�c�h�a�n�d�e�v�y�l� �e�t� �a�l�.�,� �1�9�8�4�)� �a�n�d� �t�h�e� 
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�U�.�S�.� �(�R�o�d�r�i�c�k� �e�t� �a�l�.�,� �1�9�8�9�)�.� �I�n� �t�h�e� �U�.�S�.�,� �a�t� �l�e�a�s�t� �1�6� 

�s�t�a�t�e�s� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�i�n�f�e�c�t�i�o�n�s� �(�R�o�d�r�i�c�k�,� �1�9�9�1�)�.� �F�r�o�m� �1�9�7�5� �t�o� �1�9�8�9�,� �t�h�e�r�e� �h�a�v�e� 

�b�e�e�n� �1�1�5� �r�e�p�o�r�t�e�d� �c�a�s�e�s� �o�f� �s�h�e�l�l�f�i�s�h�-�a�s�s�o�c�i�a�t�e�d� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� �(�O ��N�e�i�l�l� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�O�v�e�r� �8�0�%� �o�f� �t�h�e�s�e� �c�a�s�e�s� �e�i�t�h�e�r� �o�c�c�u�r�r�e�d� �i�n� �s�o�u�t�h�e�r�n� �o�r� 

�G�u�l�f� �c�o�a�s�t� �s�t�a�t�e�s� �o�r� �s�h�e�l�l�f�i�s�h� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �t�h�e�s�e� �a�r�e�a�s� 

�(�K�a�y�s�n�e�r� �e�t� �a�l�.�,� �1�9�8�7�)�.� �B�e�t�w�e�e�n� �1�9�8�1� �a�n�d� �1�9�8�7�,� �6�2� �c�a�s�e�s� �o�f� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n� �w�e�r�e� �r�e�p�o�r�t�e�d� �t�o� �t�h�e� �F�l�o�r�i�d�a� 

�D�e�p�a�r�t�m�e�n�t� �o�f� �H�e�a�l�t�h� �a�n�d� �R�e�h�a�b�i�l�i�t�a�t�i�o�n� �S�e�r�v�i�c�e�s� �(�M�o�r�r�i�s�,� 

�J�r�.�,� �1�9�8�8�)�.� �S�e�v�e�r�a�l� �c�a�s�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�L�o�n�g� �I�s�l�a�n�d� �S�o�u�n�d�,� �i�n� �C�o�n�n�e�c�t�i�c�u�t�,� �a�s� �w�e�l�l� �a�s� �i�n�s�t�a�n�c�e�s� �i�n� 

�n�o�r�t�h�e�r�n� �N�e�w� �E�n�g�l�a�n�d� �w�a�t�e�r� �a�n�d� �s�h�e�l�l�f�i�s�h�.� �T�h�e�r�e� �h�a�s� �a�l�s�o� 

�b�e�e�n� �i�n�c�i�d�e�n�c�e�s� �o�f� �i�n�f�e�c�t�i�o�n� �o�n� �t�h�e� �A�t�l�a�n�t�i�c� �a�n�d� �O�r�e�g�o�n� 

�c�o�a�s�t�s�,� �a�n�d� �i�n� �C�a�l�i�f�o�r�n�i�a� �w�a�t�e�r�s� �(�O�l�i�v�e�r�,� �1�9�8�2�)�.� 

�5�.� �C�l�i�n�i�c�a�l� �m�a�n�i�f�e�s�t�a�t�i�o�n�s� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �c�a�n� �c�a�u�s�e� �p�r�i�m�a�r�y� �s�e�p�t�i�c�e�m�i�a� �o�r� �w�o�u�n�d� 

�i�n�f�e�c�t�i�o�n� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �m�e�a�n�s� �o�f� �e�n�t�r�y� �o�f� �t�h�e� �b�a�c�t�e�r�i�u�m� 

�i�n� �h�u�m�a�n�s�.� �P�r�i�m�a�r�y� �s�e�p�t�i�c�e�m�i�a� �m�a�y� �o�c�c�u�r� �i�n� �i�n�d�i�v�i�d�u�a�l�s� 

�a�f�t�e�r� �i�n�g�e�s�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�u�m�.� �W�o�u�n�d� �i�n�f�e�c�t�i�o�n� �o�c�c�u�r�s� 

�w�h�e�n� �t�h�e� �b�a�c�t�e�r�i�u�m� �e�n�t�e�r�s� �t�h�r�o�u�g�h� �a� �s�k�i�n� �l�e�s�i�o�n� �t�h�a�t� �c�a�n� �b�e� 

�a�s� �s�m�a�l�l� �a�s� �a�n� �i�n�s�e�c�t� �b�i�t�e�.� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� �r�e�s�u�l�t� 

�f�r�o�m� �c�o�n�t�a�c�t� �w�i�t�h� �c�o�n�t�a�m�i�n�a�t�e�d� �s�e�a�w�a�t�e�r� �o�r� �c�o�n�s�u�m�i�n�g� �s�e�a�f�o�o�d� 

�h�a�r�b�o�r�i�n�g� �t�h�e� �b�a�c�t�e�r�i�u�m� �(�R�a�t�n�e�r�,� �1�9�8�7�)�.� �O�t�h�e�r� �c�l�i�n�i�c�a�l� 
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�m�a�n�i�f�e�s�t�a�t�i�o�n�s� �o�f� �a�t�y�p�i�c�a�l� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� �a�r�e� 

�p�n�e�u�m�o�n�i�a� �a�n�d� �s�e�p�s�i�s� �s�e�e�n� �i�n� �a� �d�r�o�w�n�i�n�g� �v�i�c�t�i�m� �(�K�e�l�l�y� �a�n�d� 

�A�v�e�r�y�,� �1�9�8�0�)�,� �c�o�r�n�e�a�l� �u�l�c�e�r� �a�n�d� �e�n�d�o�m�e�t�r�i�t�i�s� �(�T�i�s�o�n� �a�n�d� 

�K�e�l�l�y�,� �1�9�8�4�)�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �p�r�i�m�a�r�y� �s�e�p�t�i�c�e�m�i�a� �i�n� �p�a�t�i�e�n�t�s� �i�s� 

�s�e�e�n� �i�n� �t�h�o�s�e� �i�n�d�i�v�i�d�u�a�l�s� �w�i�t�h� �u�n�d�e�r�l�y�i�n�g� �c�h�r�o�n�i�c� �d�i�s�e�a�s�e�,� 

�s�u�c�h� �a�s� �l�i�v�e�r� �a�n�d� �b�l�o�o�d� �d�y�s�f�u�n�c�t�i�o�n�s�,� �d�i�a�b�e�t�e�s�,� �c�a�n�c�e�r�,� 

�A�I�D�S�,� �b�u�t� �a�l�s�o� �i�n� �h�e�a�l�t�h�y� �p�a�t�i�e�n�t�s�.� �T�h�e� �d�i�s�e�a�s�e�s� �a�r�e� 

�g�e�n�e�r�a�l�l�y� �l�i�v�e�r�-� �o�r� �b�l�o�o�d�-�r�e�l�a�t�e�d� �(�B�a�c�h�m�a�n� �e�t� �a�l�.�,� �1�9�8�3�)�.� 

�T�h�e� �f�a�t�a�l�i�t�y� �r�a�t�e� �i�s� �4�0� �t�o� �6�0�%� �(�B�l�a�k�e� �e�t� �a�l�.�,� �1�9�7�9�;� �F�i�n�e�g�o�l�d� 

�a�n�d� �B�a�r�o�n�,� �1�9�8�6�;� �T�a�m�p�l�i�n� �e�t� �a�l�.�,� �1�9�8�3�)�.� �M�o�s�t� �c�a�s�e�s� �o�c�c�u�r� 

�d�u�r�i�n�g� �w�a�r�m� �m�o�n�t�h�s� �(�M�a�y� �t�o� �O�c�t�o�b�e�r�)� �a�n�d� �i�n� �m�e�n� �(�9�0�%�)� �4�0� �o�r� 

�m�o�r�e� �y�e�a�r�s� �o�f� �a�g�e� �(�9�5�%�)�.� �A�b�o�u�t� �8�5�%� �o�f� �t�h�e� �p�a�t�i�e�n�t�s� �h�a�d� 

�c�o�n�s�u�m�e�d� �r�a�w� �o�y�s�t�e�r�s� �(�O�l�i�v�e�r�,� �1�9�8�9�)�.� 

�T�h�e� �i�n�c�u�b�a�t�i�o�n� �p�e�r�i�o�d� �f�o�r� �t�h�e� �o�n�s�e�t� �o�f� �s�y�m�p�t�o�m�s� �m�a�y� �b�e� 

�f�r�o�m� �7� �h�r� �t�o� �d�a�y�s� �w�i�t�h� �t�h�e� �m�e�d�i�a�n� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e� �b�e�t�w�e�e�n� �1�6� 

�t�o� �3�8� �h�r�.� �T�h�e� �s�y�m�p�t�o�m�s� �o�f� �t�h�e� �i�l�l�n�e�s�s� �a�r�e� �f�e�v�e�r� �(�9�4�%� �o�f� 

�p�a�t�i�e�n�t�s�)�,� �c�h�i�l�l�s� �(�8�6�%�)�,� �n�a�u�s�e�a� �(�6�9�%�)�,� �a�n�d� �h�y�p�o�t�e�n�s�i�o�n� 

�(�4�3�%�)�.� �I�n�t�e�s�t�i�n�a�l� �s�y�m�p�t�o�m�s� �c�o�m�m�o�n�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�f�o�o�d�b�o�r�n�e� �i�n�f�e�c�t�i�o�n�s�,� �s�u�c�h� �a�s� �a�b�d�o�m�i�n�a�l� �p�a�i�n�s�,� �v�o�m�i�t�i�n�g�,� �a�n�d� 

�d�i�a�r�r�h�e�a� �a�r�e� �l�e�s�s� �c�o�m�m�o�n� �w�i�t�h� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s�.� 

�S�e�c�o�n�d�a�r�y� �l�e�s�i�o�n�s� �m�a�y� �o�c�c�u�r� �o�n� �t�h�e� �e�x�t�r�e�m�i�t�i�e�s� �a�n�d� 

�f�r�e�q�u�e�n�t�l�y� �b�e�c�o�m�e� �n�e�c�r�o�t�i�c�.� �I�t� �m�a�y� �b�e�c�o�m�e� �n�e�c�e�s�s�a�r�y� �t�o� 

�a�m�p�u�t�a�t�e� �t�h�e� �l�i�m�b�.� �T�e�t�r�a�c�y�c�l�i�n�e� �t�h�e�r�a�p�y� �m�a�y� �b�e� �a�n� �e�f�f�e�c�t�i�v�e� 

�t�r�e�a�t�m�e�n�t� �(�B�a�c�h�m�a�n� �e�t� �a�l�.�,� �1�9�8�3�;� �B�l�a�k�e� �e�t� �a�l�.�,� �1�9�8�0�)�.� 
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�I�n� �a�t� �l�e�a�s�t� �t�w�o� �c�a�s�e�s�,� �V�.� �v�u�l�n�i�f�i�c�u�s� �c�a�u�s�e�d� �w�o�u�n�d� 

�i�n�f�e�c�t�i�o�n�s� �b�y� �e�n�t�e�r�i�n�g� �t�h�r�o�u�g�h� �a� �s�k�i�n� �l�e�s�i�o�n� �(�B�l�a�k�e� �e�t� �a�l�.�,� 

�1�9�7�9�;� �R�o�d�r�i�c�k�,� �1�9�9�1�)� �d�u�e� �t�o� �e�x�p�o�s�u�r�e� �t�o� �s�e�a�w�a�t�e�r� �a�n�d�/�o�r� 

�s�h�e�l�l�f�i�s�h�.� �A� �w�o�u�n�d� �i�n�f�e�c�t�i�o�n� �r�e�s�u�l�t�e�d� �i�n� �a� �m�a�l�e� �d�u�r�i�n�g� 

�s�h�r�i�m�p� �p�e�e�l�i�n�g� �(�M�e�a�d�o�r�s� �a�n�d� �P�a�n�k�e�y�,� �1�9�9�0�)�.� �I�n� �w�o�u�n�d� 

�i�n�f�e�c�t�i�o�n�,� �t�h�e�r�e� �i�s� �e�x�t�e�n�s�i�v�e� �t�i�s�s�u�e� �d�e�s�t�r�u�c�t�i�o�n�,� �u�s�u�a�l�l�y� 

�r�e�q�u�i�r�i�n�g� �s�u�r�g�i�c�a�l� �d�e�b�r�i�d�e�m�e�n�t� �a�n�d� �s�k�i�n� �g�r�a�f�t�i�n�g�.� �I�n�v�a�s�i�o�n� 

�b�y� �t�h�e� �b�a�c�t�e�r�i�u�m� �o�f� �t�h�e� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e�s� �h�a�s� �b�e�e�n� �d�o�c�u�m�e�n�t�e�d� 

�(�F�e�r�n�a�n�d�e�z� �a�n�d� �J�u�s�t�i�n�i�a�n�i�,� �1�9�9�0�)�.� 

�S�y�m�p�t�o�m�s� �o�c�c�u�r� �m�o�r�e� �r�a�p�i�d�l�y� �w�i�t�h� �w�o�u�n�d� �i�n�f�e�c�t�i�o�n� �t�h�a�n� 

�w�i�t�h� �p�r�i�m�a�r�y� �s�e�p�t�i�c�e�m�i�a�.� �T�h�e� �i�n�c�u�b�a�t�i�o�n� �p�e�r�i�o�d� �m�a�y� �b�e� �a�s� 

�s�h�o�r�t� �a�s� �4� �h�r�,� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �1�2� �h�r�.� �T�h�e� �s�y�m�p�t�o�m�s� �a�r�e� 

�i�n�t�e�n�s�e� �p�a�i�n�,� �e�r�y�t�h�e�m�a� �(�r�e�d�n�e�s�s�)�,� �a�n�d� �e�d�e�m�a� �a�t� �t�h�e� �s�i�t�e� �o�f� 

�i�n�j�u�r�y�.� �T�h�e� �a�r�e�a� �r�a�p�i�d�l�y� �d�e�v�e�l�o�p�s� �l�e�s�i�o�n�s�,� �a�n�d� �v�e�s�i�c�l�e�s� �o�r� 

�b�u�l�l�a�e� �o�n� �t�h�e� �l�e�s�i�o�n�s�.� �T�h�e� �s�k�i�n� �e�r�u�p�t�s� �a�n�d� �t�h�e� �a�d�j�a�c�e�n�t� 

�t�i�s�s�u�e�s� �h�a�v�e� �p�u�r�p�l�e�-�b�l�u�e� �d�i�s�c�o�l�o�r�a�t�i�o�n�,� �w�h�i�c�h� �m�a�y� �s�p�r�e�a�d� �t�o� 

�c�o�v�e�r� �l�a�r�g�e� �a�r�e�a�s� �w�i�t�h�i�n� �a� �f�e�w� �d�a�y�s�.� �P�o�r�t�i�o�n�s� �o�f� �t�h�e� 

�l�e�s�i�o�n�s� �b�e�c�o�m�e� �n�e�c�r�o�t�i�c�.� �S�e�v�e�r�e� �i�n�f�l�a�m�m�a�t�i�o�n� �o�f� �t�h�e� 

�s�u�b�c�u�t�a�n�e�o�u�s� �t�i�s�s�u�e�s� �o�c�c�u�r�s� �t�h�a�t� �c�a�n� �e�x�t�e�n�d� �i�n�t�o� �s�k�e�l�e�t�a�l� 

�m�u�s�c�l�e� �c�a�u�s�i�n�g� �e�x�t�e�n�s�i�v�e� �t�i�s�s�u�e� �d�a�m�a�g�e�.� �S�u�r�g�i�c�a�l� 

�d�e�b�r�i�d�e�m�e�n�t� �o�f� �t�h�e� �i�n�f�e�c�t�e�d� �a�r�e�a� �i�s� �o�f�t�e�n� �n�e�c�e�s�s�a�r�y� �a�n�d� 

�g�e�n�e�r�a�l�l�y� �t�h�e� �a�f�f�e�c�t�e�d� �l�i�m�b� �i�s� �a�m�p�u�t�a�t�e�d�.� �T�h�e� �m�o�r�t�a�l�i�t�y� 

�r�a�t�e� �f�r�o�m� �w�o�u�n�d� �i�n�f�e�c�t�i�o�n� �i�s� �2�2�%�.� �T�w�e�n�t�y�-�o�n�e� �p�e�r�c�e�n�t� �o�f� 

�p�a�t�i�e�n�t�s� �i�n� �w�o�u�n�d� �i�n�f�e�c�t�i�o�n� �c�a�s�e�s� �e�x�p�e�r�i�e�n�c�e�d� �l�i�v�e�r� �o�r� �b�l�o�o�d� 

�d�y�s�f�u�n�c�t�i�o�n� �a�n�d� �5�7�%� �g�e�n�e�r�a�l�l�y� �h�a�d� �s�o�m�e� �u�n�d�e�r�l�y�i�n�g� �d�i�s�e�a�s�e� 
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�(�B�a�c�h�m�a�n� �e�t� �a�l�.�,� �1�9�8�3�)�.� 

�6�.� �F�e�c�a�l� �c�o�l�i�f�o�r�m� �a�s� �a�n� �i�n�d�i�c�a�t�o�r� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�T�h�e�r�e� �i�s� �n�o� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �a�n�d� �t�h�e� �s�t�a�n�d�a�r�d� �f�e�c�a�l� �c�o�l�i�f�o�r�m� �M�P�N� �v�a�l�u�e� �f�o�r� 

�s�e�a�w�a�t�e�r� �(�1�4�/�1�0�0� �m�L�)� �o�r� �o�y�s�t�e�r� �m�e�a�t�s� �(�2�.�3�/�g�)�.� �B�o�t�h� �s�e�a�w�a�t�e�r� 

�a�n�d� �o�y�s�t�e�r�s� �c�a�n� �s�e�r�v�e� �a�s� �a� �v�e�h�i�c�l�e� �f�o�r� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� 

�v�i�b�r�i�o� �i�n�f�e�c�t�i�o�n�s�,� �e�v�e�n� �w�h�e�n� �c�o�n�s�i�d�e�r�e�d� �s�a�f�e� �u�n�d�e�r� �t�h�e� 

�p�r�e�s�e�n�t� �g�o�v�e�r�n�m�e�n�t� �g�u�i�d�e�l�i�n�e�s�.� �T�h�i�r�t�y�-�s�e�v�e�n� �p�e�r�c�e�n�t� �o�f� 

�s�e�a�w�a�t�e�r� �s�a�m�p�l�e�s� �t�a�k�e�n� �f�r�o�m� �a�p�p�r�o�v�e�d� �w�a�t�e�r�s� �(�<�1�4� �M�P�N� �f�e�c�a�l� 

�c�o�l�i�f�o�r�m�/�1�0�0� �m�L�)� �i�n� �A�p�p�a�l�a�c�h�i�c�o�l�a� �B�a�y�,� �F�l�o�r�i�d�a�,� �c�o�n�t�a�i�n�e�d� �V�.� 

�v�u�l�n�i�f�i�c�u�s�,� �w�h�e�r�e�a�s� �1�7�.�6�%� �o�f� �s�e�a�w�a�t�e�r� �s�a�m�p�l�e�s� �t�a�k�e�n� �f�r�o�m� 

�a�r�e�a�s� �w�i�t�h� �2�1�4� �M�P�N� �o�f� �f�e�c�a�l� �c�o�l�i�f�o�r�m�/�1�0�0� �m�L� �c�o�n�t�a�i�n�e�d� �V�.� 

�v�u�l�n�i�f�i�c�u�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �m�e�a�t�s� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �a�r�e�a�s� �w�e�r�e� �S�i�m�i�l�a�r� �w�i�t�h� �4�0�.�9�%� �f�o�r� �t�h�e� 

�a�p�p�r�o�v�e�d� �a�r�e�a�s�,� �a�n�d� �4�2�.�8�%� �f�o�r� �a�r�e�a�s� �h�a�v�i�n�g� �2�1�4� �M�P�N� �f�e�c�a�l� 

�c�o�l�i�f�o�r�m�/�1�0�0� �m�L� �s�e�a�w�a�t�e�r� �(�R�o�d�r�i�c�k� �e�t� �a�l�.�,� �1�9�8�4�)�.� �B�l�a�k�e� �a�n�d� 

�c�o�w�o�r�k�e�r�s� �(�1�9�8�2�)� �a�l�s�o� �s�h�o�w�e�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �t�o� �b�e� �o�v�e�r� �3�3�%� 

�m�o�r�e� �c�o�m�m�o�n� �a�t� �a�p�p�r�o�v�e�d� �s�t�a�t�i�o�n�s� �t�h�a�n� �p�r�o�h�i�b�i�t�e�d� �s�t�a�t�i�o�n�s�.� 

�T�e�s�t�s� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �f�e�c�a�l� �c�o�n�t�a�m�i�n�a�t�i�o�n� �a�r�e� �n�o�t� �g�o�o�d� 

�i�n�d�i�c�a�t�o�r�s� �o�f� �V�i�b�r�i�o� �s�p�p�.� �i�n� �f�o�o�d�s�.� �V�i�b�r�i�o�s� �m�a�y� �b�e� �p�a�r�t� �o�f� 

�t�h�e� �n�o�r�m�a�l� �f�l�o�r�a� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �f�r�o�m� �w�h�i�c�h� �f�o�o�d�s� �a�r�e� 

�h�a�r�v�e�s�t�e�d� �(�D�e�s�m�a�r�c�h�e�l�i�e�r�,� �1�9�8�4�)�.� �T�h�e�r�e� �i�s� �n�o� �c�o�r�r�e�l�a�t�i�o�n� �o�f� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �w�i�t�h� �f�e�c�a�l� �c�o�l�i�f�o�r�m� �l�e�v�e�l�s� �(�O�l�i�v�e�r� �e�t� �a�l�.�,� 

�1�9�8�3�)�.� 
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�C�c�.� �D�e�p�u�r�a�t�i�o�n� 

�1�.� �D�i�s�i�n�f�e�c�t�i�o�n� �o�f� �d�e�p�u�r�a�t�i�o�n� �w�a�t�e�r� 

�T�h�e�r�e� �a�r�e� �t�w�o� �w�a�y�s� �s�h�e�l�l�f�i�s�h� �c�a�n� �b�e� �p�u�r�i�f�i�e�d� �t�o� �r�e�d�u�c�e� 

�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �c�o�n�t�a�m�i�n�a�n�t�s�:� �r�e�l�a�y�i�n�g� �a�n�d� �d�e�p�u�r�a�t�i�o�n�.� 

�R�e�l�a�y�i�n�g� �i�n�v�o�l�v�e�s� �h�a�r�v�e�s�t�i�n�g� �s�h�e�l�l�f�i�s�h� �f�r�o�m� �c�o�n�t�a�m�i�n�a�t�e�d� 

�a�r�e�a�s� �a�n�d� �t�r�a�n�s�f�e�r�r�i�n�g� �t�o� �c�l�e�a�n� �s�h�e�l�l�f�i�s�h� �g�r�o�w�i�n�g� �a�r�e�a�s�.� 

�T�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �a�r�e� �r�e�d�u�c�e�d� �i�s� �s�l�o�w�e�r� �i�n� 

�r�e�l�a�y�e�d� �o�y�s�t�e�r�s� �t�h�a�n� �i�n� �d�e�p�u�r�a�t�e�d� �o�y�s�t�e�r�s�.� �T�h�i�s� �i�s� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �f�l�u�c�t�u�a�t�i�o�n�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�a�l�i�n�i�t�y�,� 

�d�e�v�i�a�t�i�o�n� �f�r�o�m� �t�h�e� �i�d�e�a�l� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�a�l�i�n�i�t�i�e�s�,� �a�n�d� 

�m�e�c�h�a�n�i�c�a�l� �d�i�s�t�u�r�b�a�n�c�e�s� �o�f� �a�n�i�m�a�l�s� �b�y� �c�u�r�r�e�n�t�s� �a�n�d� �o�t�h�e�r� 

�a�n�i�m�a�l�s� �(�C�o�o�k� �a�n�d� �E�l�l�e�n�d�e�r�,� �1�9�8�6�)�.� �S�h�e�l�l�f�i�s�h� �p�l�a�c�e�d� �i�n� 

�t�h�e�s�e� �b�e�d�s� �m�a�y� �b�e� �s�u�b�j�e�c�t� �t�o� �r�e�c�o�n�t�a�m�i�n�a�t�i�o�n�,� �i�n�c�r�e�a�s�e�d� 

�s�h�e�l�l�f�i�s�h� �m�o�r�t�a�l�i�t�i�e�s� �f�r�o�m� �s�h�e�l�l�f�i�s�h� �p�a�t�h�o�g�e�n�s�,� �a�n�d� 

�p�r�e�d�a�t�i�o�n� �b�y� �r�a�y�s� �a�n�d� �o�t�h�e�r� �a�n�i�m�a�l�s�.� �P�u�r�i�f�i�c�a�t�i�o�n� �u�n�d�e�r� 

�t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� �i�s� �s�u�b�j�e�c�t� �t�o� �o�t�h�e�r� �d�i�s�a�d�v�a�n�t�a�g�e�s�.� �O�n�e� �i�s� 

�a� �c�o�n�t�i�n�u�i�n�g� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �c�l�e�a�n� �w�a�t�e�r�s�.� 

�D�e�p�u�r�a�t�i�o�n� �s�y�s�t�e�m�s� �m�a�y� �h�a�v�e� �a� �c�o�n�t�i�n�u�o�u�s� �f�l�o�w�-�t�h�r�o�u�g�h� 

�o�f� �s�e�a�w�a�t�e�r� �o�r� �r�e�c�i�r�c�u�l�a�t�i�o�n� �o�f� �s�e�a�w�a�t�e�r� �t�h�r�o�u�g�h� �t�h�e� �s�y�s�t�e�m�.� 

�I�n� �f�l�o�w�-�t�h�r�o�u�g�h� �s�y�s�t�e�m�s�,� �s�e�a�w�a�t�e�r� �i�s� �c�o�n�t�i�n�u�o�u�s�l�y� �p�u�m�p�e�d� 

�f�r�o�m� �a� �r�i�v�e�r� �o�r� �e�s�t�u�a�r�i�n�e� �s�o�u�r�c�e� �t�h�r�o�u�g�h� �a� �s�t�e�r�i�l�i�z�i�n�g� �u�n�i�t�,� 

�t�h�r�o�u�g�h� �t�h�e� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k�,� �a�n�d� �t�h�e�n� �i�s� �d�i�s�c�h�a�r�g�e�d�.� 

�R�e�c�i�r�c�u�l�a�t�i�n�g� �s�y�s�t�e�m�s� �h�a�v�e� �w�a�t�e�r� �p�a�s�s�i�n�g� �t�h�r�o�u�g�h� �t�h�e� 

�s�t�e�r�i�l�i�z�i�n�g� �u�n�i�t�,� �i�n�t�o� �t�h�e� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k�s�,� �a�n�d� 

�r�e�c�i�r�c�u�l�a�t�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �s�t�e�r�i�l�i�z�i�n�g� �u�n�i�t�.� �R�e�c�i�r�c�u�l�a�t�e�d� 
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�w�a�t�e�r� �i�s� �d�i�s�i�n�f�e�c�t�e�d� �t�o� �p�r�e�v�e�n�t� �b�a�c�t�e�r�i�a�l� �a�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� 

�r�e�c�o�n�t�a�m�i�n�a�t�i�o�n� �o�f� �s�h�e�l�l�f�i�s�h�.� 

�W�a�t�e�r� �c�a�n� �b�e� �d�i�s�i�n�f�e�c�t�e�d� �u�s�i�n�g� �h�y�p�o�c�h�l�o�r�i�t�e� �o�r� 

�c�h�l�o�r�i�n�e�,� �i�o�d�o�p�h�o�r�e�s�,� �o�z�o�n�e�,� �o�r� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �(�F�l�e�e�t�,� 

�1�9�7�8�;� �R�i�c�h�a�r�d�s�,� �1�9�9�1�)�.� �C�h�l�o�r�i�n�e� �i�s� �e�f�f�e�c�t�i�v�e� �i�n� �m�i�c�r�o�b�i�a�l� 

�r�e�d�u�c�t�i�o�n� �b�u�t� �e�n�t�e�r�i�c� �v�i�r�u�s�e�s�,� �s�u�c�h� �a�s� �N�o�r�w�a�l�k�,� �h�e�p�a�t�i�t�i�s� �A�,� 

�a�n�d� �p�o�l�i�o� �v�i�r�u�s�e�s� �s�e�e�m� �t�o� �b�e� �l�e�s�s� �a�f�f�e�c�t�e�d�.� �C�h�l�o�r�i�n�e� �a�l�s�o� 

�h�a�s� �a�d�v�e�r�s�e� �a�f�f�e�c�t�s� �o�n� �s�h�e�l�l�f�i�s�h� �f�e�e�d�i�n�g� �a�n�d� �c�l�e�a�n�s�i�n�g� 

�e�f�f�e�c�t�i�v�e�n�e�s�s�.� �E�v�e�n� �a�f�t�e�r� �d�e�c�h�l�o�r�i�n�a�t�i�o�n� �o�f� �w�a�t�e�r� �u�s�i�n�g� 

�s�o�d�i�u�m� �t�h�i�o�s�u�l�f�a�t�e�,� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�,� �o�r� �v�i�g�o�r�o�u�s� 

�a�e�r�a�t�i�o�n�,� �w�a�t�e�r� �d�i�s�i�n�f�e�c�t�e�d� �w�i�t�h� �c�h�l�o�r�i�n�e� �s�h�o�w�e�d� �a� �d�e�c�r�e�a�s�e� 

�i�n� �a�c�t�i�v�i�t�y� �o�f� �o�y�s�t�e�r�s� �c�o�m�p�a�r�e�d� �t�o� �u�n�t�r�e�a�t�e�d� �s�e�a�w�a�t�e�r�.� �T�h�e� 

�u�s�e� �o�f� �c�h�l�o�r�i�n�e� �d�o�e�s� �n�o�t� �s�e�e�m� �t�o� �b�e� �e�f�f�e�c�t�i�v�e�,� �a�c�c�o�r�d�i�n�g� �t�o� 

�L�e�d�o� �e�t� �a�l�.� �(�1�9�8�3�)�.� �C�h�l�o�r�i�n�e� �w�a�s� �c�o�m�p�a�r�e�d� �a�s� �a� �d�i�s�i�n�f�e�c�t�a�n�t� 

�w�i�t�h� �a�n� �u�n�t�r�e�a�t�e�d� �s�e�a�w�a�t�e�r� �s�y�s�t�e�m�.� �T�h�e�r�e� �w�a�s� �a� �6�2�.�4�%� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�o�t�a�l� �v�i�a�b�l�e� �c�o�u�n�t�s�,� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s�,� �E�.� �c�o�l�i�,� 

�a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�u�s� �a�f�t�e�r� �4�8� �h�r� �i�n� �w�a�t�e�r� �d�i�s�i�n�f�e�c�t�e�d� 

�w�i�t�h� �c�h�l�o�r�i�n�e� �c�o�m�p�a�r�e�d� �t�o� �a� �9�0�.�1�%� �r�e�d�u�c�t�i�o�n� �i�n� �u�n�t�r�e�a�t�e�d� 

�s�e�a�w�a�t�e�r�.� 

�I�o�d�i�n�e� �i�s� �a� �p�o�w�e�r�f�u�l� �a�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�,� �a�n�d� �i�s� �u�s�e�d� 

�i�n� �t�h�e� �f�o�r�m� �o�f� �a�n� �i�o�d�o�p�h�o�r� �a�s� �a� �d�i�s�i�n�f�e�c�t�a�n�t� �i�n� �s�o�m�e� 

�E�u�r�o�p�e�a�n� �c�o�u�n�t�r�i�e�s�.� �A�n� �i�o�d�o�p�h�o�r� �i�s� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �i�o�d�i�n�e�,� 

�h�y�d�r�o�i�o�d�i�c� �a�c�i�d�,� �a�n�d� �a� �d�e�t�e�r�g�e�n�t�.� �B�a�c�t�e�r�i�a�l� �r�e�d�u�c�t�i�o�n� 

�o�c�c�u�r�s� �w�i�t�h� �0�.�1� �t�o� �0�.�4� �m�g� �i�o�d�o�p�h�o�r�/�L� �o�f� �t�a�n�k� �w�a�t�e�r�.� �T�h�e�r�e� 

�s�e�e�m�s� �t�o� �b�e� �n�o� �e�f�f�e�c�t� �o�n� �t�h�e� �s�h�e�l�l�f�i�s�h� �f�e�e�d�i�n�g� �a�b�i�l�i�t�y� �w�i�t�h� 
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�t�h�e� �u�s�e� �o�f� �i�o�d�o�p�h�o�r�e�s� �a�s� �a� �d�i�s�i�n�f�e�c�t�a�n�t�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� 

�a�n� �i�n�c�r�e�a�s�e� �i�n� �i�o�d�i�n�e� �c�o�n�t�e�n�t� �i�n� �t�h�e� �s�h�e�l�l�f�i�s�h� �f�l�e�s�h� �b�y� �0�.�5� 

�t�o� �1�.�0� �m�g�/�k�g� �(�F�l�e�e�t�,� �1�9�7�8�)� �t�h�e� �i�n�c�r�e�a�s�e� �m�a�y� �n�o�t� �b�e� 

�o�b�j�e�c�t�i�o�n�a�b�l�e� �t�o� �c�o�n�s�u�m�e�r�s� �w�h�o� �a�r�e� �n�o�t� �o�n� �l�o�w� �i�o�d�i�n�e� �d�i�e�t�s�.� 

�O�z�o�n�e� �i�s� �a�n� �o�x�i�d�i�z�i�n�g� �a�g�e�n�t� �t�h�a�t� �e�f�f�e�c�t�i�v�e�l�y� �k�i�l�l�s� 

�b�a�c�t�e�r�i�a� �a�n�d� �v�i�r�u�s�e�s� �i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r�.� �T�h�e� �u�s�e� �o�f� �o�z�o�n�e� �a�s� 

�a� �d�i�s�i�n�f�e�c�t�a�n�t� �i�s� �l�i�m�i�t�e�d�,� �f�o�u�n�d� �o�n�l�y� �i�n� �F�r�a�n�c�e� �a�n�d� 

�A�u�s�t�r�a�l�i�a�,� �b�e�c�a�u�s�e� �o�z�o�n�e� �i�s� �t�o�x�i�c� �t�o� �s�h�e�l�l�f�i�s�h�.� �T�r�e�a�t�e�d� 

�w�a�t�e�r� �m�u�s�t� �b�e� �a�e�r�a�t�e�d� �b�e�f�o�r�e� �i�t� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �t�a�n�k� �a�n�d� �a�n�y� 

�p�o�s�s�i�b�l�e� �r�e�s�i�d�u�a�l� �l�e�v�e�l�s� �m�u�s�t� �b�e� �c�l�o�s�e�l�y� �r�e�g�u�l�a�t�e�d�.� 

�U�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �i�r�r�a�d�i�a�t�i�o�n� �i�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �s�y�s�t�e�m� 

�i�n� �t�h�e� �U�.�S�.� �a�n�d� �U�n�i�t�e�d� �K�i�n�g�d�o�m�.� �M�i�c�r�o�o�r�g�a�n�i�s�m�s� �w�i�l�l� �o�n�l�y� �b�e� 

�d�e�s�t�r�o�y�e�d� �i�f� �t�h�e�y� �c�o�m�e� �i�n� �d�i�r�e�c�t� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �l�i�g�h�t�.� 

�U�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �i�s� �o�n�l�y� �e�f�f�e�c�t�i�v�e� �t�o� �a� �d�e�p�t�h� �o�f� �a� �f�e�w� �m�m� 

�a�n�d� �p�a�r�t�i�c�l�e�s� �c�a�n� �n�o�t� �b�e� �g�r�e�a�t�e�r� �t�h�a�n� �2�0� �u�m� �(�S�t�e�s�l�o�w�,� �1�9�8�7�)�.� 

�U�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �i�r�r�a�d�i�a�t�i�o�n� �i�s� �e�f�f�e�c�t�i�v�e� �i�n� �r�e�d�u�c�i�n�g� �t�h�e� 

�n�u�m�b�e�r� �o�f� �b�a�c�t�e�r�i�a� �a�n�d� �v�i�r�u�s�e�s� �i�n� �w�a�t�e�r�.� �T�h�e� �u�s�e� �o�f� �t�h�i�s� 

�d�i�s�i�n�f�e�c�t�a�n�t� �d�o�e�s� �n�o�t� �l�e�a�v�e� �r�e�s�i�d�u�a�l�s� �a�n�d� �d�o�e�s� �n�o�t� �i�n�h�i�b�i�t� 

�t�h�e� �f�e�e�d�i�n�g� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �s�h�e�l�l�f�i�s�h�.� �H�i�g�h� �t�u�r�b�i�d�i�t�y� �i�n� 

�w�a�t�e�r� �c�a�n� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� 

�b�y� �i�m�p�a�i�r�i�n�g� �l�i�g�h�t� �p�e�n�e�t�r�a�t�i�o�n�.� �S�e�q�u�e�s�t�e�r�e�d� �o�r� �e�n�d�o�g�e�n�o�u�s� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �c�a�n� �n�o�t� �b�e� �i�n�a�c�t�i�v�a�t�e�d� �w�i�t�h� �t�h�i�s� �p�r�o�c�e�s�s�.� 

�T�h�e�r�e� �m�a�y� �a�l�s�o� �b�e� �i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �u�l�t�r�a�v�i�o�l�e�t�-� 

�r�e�s�i�s�t�a�n�t� �b�a�c�t�e�r�i�a� �i�n� �t�h�e� �t�r�e�a�t�e�d� �w�a�t�e�r�.� 

�A� �n�e�w� �t�e�c�h�n�o�l�o�g�y� �o�f� �d�i�s�i�n�f�e�c�t�i�n�g� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k� �w�a�t�e�r� 
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�i�s� �t�h�e� �u�s�e� �o�f� �a�c�t�i�v�a�t�e�d� �o�x�y�g�e�n�.� �P�h�o�t�o�o�x�i�d�a�t�i�o�n� �o�f� �o�x�y�g�e�n� �b�y� 

�u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �a�t� �a� �w�a�v�e�l�e�n�g�t�h� �o�f� �1�8�0� �n�m� �p�r�o�d�u�c�e�s� 

�a�c�t�i�v�a�t�e�d� �o�x�y�g�e�n� �(�R�i�c�h�a�r�d�s�,� �1�9�9�1�)�.� �A�c�t�i�v�a�t�e�d� �o�x�y�g�e�n� �i�s� �m�a�d�e� 

�u�p� �o�f� �t�h�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�,� �a�t�o�m�i�c� �o�x�y�g�e�n�,� �o�z�o�n�e�,� �h�y�d�r�o�g�e�n� 

�p�e�r�o�x�i�d�e� �a�n�d� �h�y�d�r�o�g�e�n� �d�i�o�x�i�d�e�.� �A� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�c� 

�c�o�m�p�o�u�n�d�s� �m�a�y� �b�e� �f�o�r�m�e�d� �i�n� �w�a�t�e�r� �a�n�d� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e�s�e� 

�c�o�m�p�o�u�n�d�s� �o�n� �s�h�e�l�l�f�i�s�h� �h�a�s� �n�o�t� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�2�.� �F�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �d�e�p�u�r�a�t�i�o�n� 

�F�a�c�t�o�r�s� �t�h�a�t� �a�f�f�e�c�t� �o�y�s�t�e�r� �f�e�e�d�i�n�g� �a�n�d� �m�i�c�r�o�b�i�a�l� 

�r�e�m�o�v�a�l� �a�r�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e�,� �s�a�l�i�n�i�t�y�,� �t�u�r�b�i�d�i�t�y�,� �a�n�d� 

�d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �l�e�v�e�l�s�.� �W�h�e�n� �t�h�e� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �i�s� 

�l�o�w�e�r�e�d� �t�h�e�r�e� �i�s� �a� �r�e�d�u�c�e�d� �f�e�e�d�i�n�g� �a�c�t�i�v�i�t�y� �o�f� �o�y�s�t�e�r�s�.� �T�h�e� 

�m�i�n�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �r�e�c�o�m�m�e�n�d�e�d� �i�n� �t�h�e� �U�.�S�.� �f�o�r� �d�e�p�u�r�a�t�i�o�n� 

�i�s� �1�0�°�C�.� �O�p�t�i�m�a�l� �f�e�e�d�i�n�g� �o�c�c�u�r�s� �a�t� �2�0�°�C�.� �T�e�m�p�e�r�a�t�u�r�e�s� 

�a�b�o�v�e� �2�0�°�C� �i�s� �n�o�t� �r�e�c�o�m�m�e�n�d�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �r�i�s�k� �o�f� �o�y�s�t�e�r� 

�s�p�a�w�n�i�n�g� �a�n�d� �b�e�c�a�u�s�e� �o�f� �r�e�d�u�c�e�d� �o�x�y�g�e�n� �l�e�v�e�l�s� �i�n� �t�h�e� �w�a�t�e�r� 

�(�P�e�r�k�i�n�s� �e�t� �a�l�.�,� �1�9�8�0�)�.� �O�y�s�t�e�r�s� �h�a�r�v�e�s�t�e�d� �i�n� �w�a�r�m� �w�a�t�e�r�s� 

�a�n�d� �p�l�a�c�e�d� �i�n� �a� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k� �c�o�n�t�a�i�n�i�n�g� �c�o�o�l�e�r� �w�a�t�e�r� 

�e�l�i�m�i�n�a�t�e�d� �c�o�l�i�f�o�r�m�s� �a�t� �s�l�o�w�e�r� �r�a�t�e� �t�h�a�n� �t�h�o�s�e� �p�l�a�c�e�d� �i�n� 

�w�a�r�m�e�r� �w�a�t�e�r�.� 

�S�a�l�i�n�i�t�y� �c�a�n� �a�f�f�e�c�t� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e� �o�f� 

�s�h�e�l�l�f�i�s�h� �b�y� �h�i�n�d�e�r�i�n�g� �i�n� �t�h�e� �p�u�m�p�i�n�g� �a�b�i�l�i�t�y�.� �A�t� �l�o�w� 

�s�a�l�i�n�i�t�y�,� �p�u�m�p�i�n�g� �m�a�y� �c�o�m�p�l�e�t�e�l�y� �s�t�o�p�.� �S�h�e�l�l�f�i�s�h� �s�e�e�m� �t�o� 

�d�e�p�u�r�a�t�e� �w�e�l�l� �a�t� �a� �s�a�l�i�n�i�t�y� �o�f� �a�r�o�u�n�d� �3�0� �p�p�t�.� �T�h�e� �o�p�t�i�m�a�l� 
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�s�a�l�i�n�i�t�y� �f�o�r� �o�y�s�t�e�r�s� �i�s� �2�4� �t�o� �2�5�.�5� �p�p�t�.� 

�E�x�c�e�s�s�i�v�e� �t�u�r�b�i�d�i�t�y� �c�a�n� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� 

�u�l�t�r�a�v�i�o�l�e�t� �d�i�s�i�n�f�e�c�t�i�o�n� �u�n�i�t�,� �a�s� �w�e�l�l� �a�s� �r�e�d�u�c�i�n�g� �t�h�e� 

�a�b�i�l�i�t�y� �f�o�r� �s�h�e�l�l�f�i�s�h� �t�o� �p�u�m�p� �a�t� �a�n� �o�p�t�i�m�a�l� �r�a�t�e�.� �I�n� 

�r�e�c�i�r�c�u�l�a�t�i�n�g� �s�y�s�t�e�m�s�,� �w�a�t�e�r� �t�u�r�b�i�d�i�t�y� �i�s� �l�e�s�s� �o�f� �a� �p�r�o�b�l�e�m� 

�s�i�n�c�e� �o�y�s�t�e�r�s� �r�e�m�o�v�e� �p�a�r�t�i�c�u�l�a�t�e� �m�a�t�e�r�i�a�l� �t�h�r�o�u�g�h� �t�h�e�i�r� 

�f�e�e�d�i�n�g� �a�c�t�i�v�i�t�i�e�s�.� �M�o�d�e�r�a�t�e� �t�o� �h�i�g�h� �t�u�r�b�i�d�i�t�y� �l�e�v�e�l�s� �d�o� 

�n�o�t� �s�e�e�m� �t�o� �d�e�t�e�r� �t�h�e� �n�o�r�m�a�l� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �o�y�s�t�e�r� 

�(�P�e�r�k�i�n�s� �e�t� �a�l�.�,� �1�9�8�0�)�.� �S�e�v�e�r�e� �t�u�r�b�i�d�i�t�y� �i�s� �a� �p�r�o�b�l�e�m� �w�h�e�n� 

�o�y�s�t�e�r� �s�p�a�w�n�i�n�g� �o�c�c�u�r�s� �i�n� �t�h�e� �t�a�n�k�.� 

�T�h�e� �r�e�c�o�m�m�e�n�d�e�d� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �l�e�v�e�l� �i�s� �a�b�o�v�e� �5�0� �t�o� 

�1�0�0�%� �s�a�t�u�r�a�t�i�o�n�.� �I�n�a�d�e�q�u�a�t�e� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �w�i�l�l� �a�f�f�e�c�t� 

�t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e� �o�f� �o�y�s�t�e�r�s�.� �H�a�v�e�n� �e�t� �a�l�.� �(�1�9�7�8�)� 

�r�e�c�o�m�m�e�n�d�e�d� �a� �d�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �l�e�v�e�l� �g�r�e�a�t�e�r� �t�h�a�n� �5�.�0� �m�g�/�L� 

�o�f� �s�e�a�w�a�t�e�r�.� �D�i�s�s�o�l�v�e�d� �o�x�y�g�e�n� �l�e�v�e�l�s� �a�r�e� �g�e�n�e�r�a�l�l�y� �p�r�o�d�u�c�e�d� 

�b�y� �s�p�r�a�y�i�n�g� �w�a�t�e�r� �o�v�e�r� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �t�a�n�k�.� 

�3�.� �G�u�i�d�e�l�i�n�e�s� �o�n� �d�e�p�u�r�a�t�i�o�n� 

�T�h�e� �N�a�t�i�o�n�a�l� �S�h�e�l�l�f�i�s�h� �S�a�n�i�t�a�t�i�o�n� �P�r�o�g�r�a�m� �i�s� 

�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �g�u�i�d�e�l�i�n�e�s� �o�n� �s�h�e�l�l�f�i�s�h� �p�u�r�i�f�i�c�a�t�i�o�n�.� �T�h�e� 

�l�e�v�e�l� �o�f� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s� �i�n� �o�y�s�t�e�r�s� �a�f�t�e�r� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� 

�4�8� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n� �a�r�e� �m�o�n�i�t�o�r�e�d� �a�n�d� �e�n�f�o�r�c�e�d� �b�y� �s�t�a�t�e� �a�n�d� 

�f�e�d�e�r�a�l� �a�g�e�n�c�i�e�s�.� �T�h�e� �f�e�c�a�l� �c�o�l�i�f�o�r�m� �M�P�N�s� �i�n� �t�h�e�s�e� �o�y�s�t�e�r�s� 

�m�a�y� �n�o�t� �e�x�c�e�e�d� �1�0�0�/�1�0�0� �g� �o�f� �s�a�m�p�l�e�.� �E�a�c�h� �b�a�t�c�h� �o�f� �o�y�s�t�e�r�s� 

�m�u�s�t� �c�o�m�p�l�y� �w�i�t�h� �t�h�i�s� �g�u�i�d�e�l�i�n�e� �(�R�i�c�h�a�r�d�s�,� �1�9�9�1�)�.� 
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�T�o� �i�n�c�r�e�a�s�e� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �m�e�e�t�i�n�g� �t�h�e�s�e� �g�u�i�d�e�l�i�n�e�s�,� 

�s�h�e�l�l�f�i�s�h� �h�a�r�v�e�s�t�i�n�g� �w�a�t�e�r�s� �m�u�s�t� �m�e�e�t� �w�a�t�e�r� �q�u�a�l�i�t�y� �c�r�i�t�e�r�i�a� 

�b�a�s�e�d� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �p�o�l�l�u�t�i�o�n� �i�n� �t�h�e� �w�a�t�e�r�.� �S�h�e�l�l�f�i�s�h� �c�a�n� 

�o�n�l�y� �b�e� �h�a�r�v�e�s�t�e�d� �f�r�o�m� �a�p�p�r�o�v�e�d� �w�a�t�e�r�s� �(�m�e�a�n� �M�P�N� �o�f� �<�7�0� 

�t�o�t�a�l� �c�o�l�i�f�o�r�m�s� �o�r� �<�1�4� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s�/�1�0�0� �m�L�)� �o�r� �r�e�s�t�r�i�c�t�e�d� 

�w�a�t�e�r�s� �(�m�e�a�n� �M�P�N� �o�f� �<�7�0�0� �t�o�t�a�l� �c�o�l�i�f�o�r�m�s� �o�r� �$�8�8� �f�e�c�a�l� 

�c�o�l�i�f�o�r�m�s�/�1�0�0� �m�L�)�.� �S�h�e�l�l�f�i�s�h� �f�r�o�m� �a�p�p�r�o�v�e�d� �w�a�t�e�r�s� �c�a�n� �b�e� 

�s�o�l�d� �w�i�t�h�o�u�t� �d�e�p�u�r�a�t�i�o�n�.� �S�h�e�l�l�f�i�s�h� �f�r�o�m� �p�r�o�h�i�b�i�t�e�d� �w�a�t�e�r�s� 

�(�M�P�N� �o�f� �>�7�0�0� �t�o�t�a�l� �c�o�l�i�f�o�r�m�s� �o�r� �>�8�8� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s�/�1�0�0� �m�L�)� 

�c�a�n� �n�o�t� �b�e� �h�a�r�v�e�s�t�e�d� �o�r� �d�e�p�u�r�a�t�e�d�.� 

�4�.� �R�e�m�o�v�a�l� �o�f� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� 

�M�o�s�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� �w�o�r�k� �o�n� �e�l�i�m�i�n�a�t�i�o�n� �o�f� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �b�y� �o�y�s�t�e�r�s� �d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �h�a�s� �b�e�e�n� �f�o�c�u�s�e�d� 

�o�n� �c�o�l�i�f�o�r�m�s�,� �s�i�n�c�e� �t�h�e�s�e� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �a�s� 

�i�n�d�i�c�a�t�o�r�s�.� �L�a�b�o�r�a�t�o�r�y� �d�e�p�u�r�a�t�i�o�n� �r�e�d�u�c�e�d� �E�.� �c�o�l�i� �n�u�m�b�e�r�s� 

�f�r�o�m� �1�0�0� �c�e�l�l�s�/�g� �t�o� �a�n� �u�n�d�e�t�e�c�t�a�b�l�e� �l�e�v�e�l�s� �w�i�t�h�i�n� �1�8� �h�r� �(�S�o�n� 

�a�n�d� �F�l�e�e�t�,� �1�9�8�0�)�.� �C�o�n�t�a�m�i�n�a�t�e�d� �b�i�v�a�l�v�e� �m�o�l�l�u�s�k�s� �w�i�t�h� �h�i�g�h� 

�l�e�v�e�l�s� �o�f� �E�.� �c�o�l�i�,� �S�a�l�m�o�n�e�l�l�a� �(�R�o�w�s�e� �a�n�d� �F�l�e�e�t�,� �1�9�8�4�)�,� �a�n�d� 

�C�l�o�s�t�r�i�d�i�u�m� �p�e�r�f�r�i�n�g�e�n�s� �w�e�r�e� �p�u�r�i�f�i�e�d� �t�o� �u�n�d�e�t�e�c�t�a�b�l�e� �l�e�v�e�l�s� 

�a�f�t�e�r� �4�8� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n� �(�F�l�e�e�t�,� �1�9�7�8�;� �S�o�n� �a�n�d� �F�l�e�e�t�,� 

�1�9�8�0�)�.� �O�y�s�t�e�r�s� �i�n�j�e�c�t�e�d� �w�i�t�h� �1�0�7� �t�o� �1�0�°� �C�F�U� �o�f� 

�C�a�m�p�y�l�o�b�a�c�t�e�r� �s�p�p�.�/�g� �o�f� �o�y�s�t�e�r� �t�i�s�s�u�e� �w�e�r�e� �e�f�f�e�c�t�i�v�e�l�y� 

�c�l�e�a�n�s�e�d� �d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �f�o�r� �4�8� �h�r� �(�A�r�u�m�u�g�a�s�w�a�m�y� �e�t� �a�l�.�,� 

�1�9�8�8�)�.� �H�o�w�e�v�e�r� �l�o�w� �l�e�v�e�l�s� �o�f� �E�.� �c�o�l�i� �a�n�d� �S�a�l�m�o�n�e�l�l�a� �m�a�y� �b�e� 
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�p�r�e�s�e�n�t� �i�n� �o�y�s�t�e�r�s� �a�f�t�e�r� �t�h�e� �4�8� �h�r� �p�e�r�i�o�d� �(�J�a�n�s�s�e�n�,� �1�9�7�4�;� 

�R�o�w�s�e� �a�n�d� �F�l�e�e�t�,� �1�9�8�2�)�.� �F�e�c�a�l� �c�o�l�i�f�o�r�m� �e�l�i�m�i�n�a�t�i�o�n� �m�a�y� �n�o�t� 

�b�e� �a� �g�o�o�d� �m�e�a�s�u�r�e� �o�f� �d�e�p�u�r�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s�,� �s�i�n�c�e� �i�t� �i�s� 

�e�a�s�i�l�y� �r�e�m�o�v�e�d� �f�r�o�m� �o�y�s�t�e�r�s� �w�h�i�l�e� �o�t�h�e�r� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �m�a�y� 

�n�o�t� �b�e� �r�e�m�o�v�e�d� �a�t� �t�h�e� �s�a�m�e� �r�a�t�e� �(�A�n�o�n�y�m�o�u�s�,� �1�9�8�8�;� �R�i�c�h�a�r�d�s�,� 

�1�9�9�1�)�.� 

�T�h�e� �c�o�m�m�e�r�c�i�a�l� �d�e�p�u�r�a�t�i�o�n� �p�r�o�c�e�s�s� �h�a�s� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� 

�t�h�e� �r�e�m�o�v�a�l� �o�f� �V�i�b�r�i�o� �s�p�p�.� �f�r�o�m� �o�y�s�t�e�r�s�.� �E�y�l�e�s� �a�n�d� �D�a�v�e�y� 

�(�1�9�8�4�)� �s�h�o�w�e�d� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� 

�n�u�m�b�e�r� �o�f� �V�.� �p�a�r�a�h�a�e�m�o�l�y�t�i�c�u�s� �b�e�t�w�e�e�n� �o�y�s�t�e�r�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� 

�d�e�p�u�r�a�t�e�d� �a�n�d� �t�h�o�s�e� �t�h�a�t� �h�a�v�e� �n�o�t� �b�e�e�n� �d�e�p�u�r�a�t�e�d�.� �T�h�e�r�e� �i�s� 

�a� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�p�u�r�a�t�i�o�n� �b�e�t�w�e�e�n� �o�y�s�t�e�r�s� 

�n�a�t�u�r�a�l�l�y� �i�n�f�e�c�t�e�d� �w�i�t�h� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �o�y�s�t�e�r�s� 

�a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �o�r�g�a�n�i�s�m� �(�K�e�l�l�y� �a�n�d� 

�D�i�n�u�z�z�o�,� �1�9�8�5�)�.� 

�R�o�d�r�i�c�k� �e�t� �a�l�.� �(�1�9�8�9�)� �d�e�m�o�n�s�t�r�a�t�e�d� �1�0�0�%� �r�e�d�u�c�t�i�o�n� �o�f� �V�.� 

�c�h�o�l�e�r�a�e� �a�n�d� �9�9�.�9�%� �r�e�d�u�c�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� 

�a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �c�l�a�m�s� �p�l�a�c�e�d� �i�n� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k�s� �f�o�r� 

�4�8� �h�r�.� �D�u�r�i�n�g� �a�r�t�i�f�i�c�i�a�l� �i�n�o�c�u�l�a�t�i�o�n�,� �V�.� �v�u�l�n�i�f�i�c�u�s� �m�a�y� �b�e� 

�s�o� �e�a�s�i�l�y� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �s�h�e�l�l�f�i�s�h� �t�i�s�s�u�e�s� �b�e�c�a�u�s�e� �t�h�e�y� 

�r�e�a�d�i�l�y� �m�i�g�r�a�t�e� �t�h�r�o�u�g�h� �t�h�e� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t� �a�n�d� �b�e�c�o�m�e� 

�e�n�t�r�a�p�p�e�d� �i�n� �t�h�e� �f�e�c�e�s�.� �G�r�a�d�u�a�l� �e�x�p�o�s�u�r�e� �t�o� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�i�n� �n�a�t�u�r�a�l� �s�u�r�r�o�u�n�d�i�n�g�s� �m�a�y� �l�e�a�d� �t�o� �c�o�l�o�n�i�z�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� 

�c�e�l�l�s� �o�f� �t�h�e� �h�e�p�a�t�o�p�a�n�c�r�e�a�s� �a�n�d� �d�i�g�e�s�t�i�v�e� �d�i�v�e�r�t�i�c�u�l�u�m� 

�(�R�i�c�h�a�r�d�s�,� �1�9�9�1�)�.� 
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�V�i�r�u�s�e�s� �a�r�e� �e�l�i�m�i�n�a�t�e�d� �a�t� �a� �s�l�o�w�e�r� �r�a�t�e� �t�h�a�n� �b�a�c�t�e�r�i�a�.� 

�S�o�m�e� �m�a�y� �n�o�t� �b�e� �r�e�m�o�v�e�d� �i�n� �t�h�e� �s�t�a�n�d�a�r�d� �4�8� �h�r� �d�e�p�u�r�a�t�i�o�n� 

�p�e�r�i�o�d� �(�A�n�o�n�y�m�o�u�s�,� �1�9�8�8�;� �M�a�r�t�i�n�e�z�-�M�a�n�z�a�n�a�r�e�s� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�C�a�r�t�e�r� �a�n�d� �C�a�n�t�e�l�m�o� �(�1�9�8�9�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �c�o�m�m�e�r�c�i�a�l� 

�d�e�p�u�r�a�t�i�o�n� �m�a�y� �n�o�t� �a�l�w�a�y�s� �r�e�s�u�l�t� �i�n� �p�r�o�d�u�c�t�s� �f�r�e�e� �f�r�o�m� 

�v�i�r�u�s�e�s�.� �T�h�e� �v�i�r�u�s�e�s� �o�f� �m�o�s�t� �c�o�n�c�e�r�n� �t�o� �h�u�m�a�n�s� �a�r�e� �t�h�e� 

�e�n�t�e�r�i�c� �v�i�r�u�s�,� �s�u�c�h� �a�s� �h�e�p�a�t�i�t�i�s� �A� �a�n�d� �N�o�r�w�a�l�k� �v�i�r�u�s� 

�(�C�a�n�t�e�l�m�o� �a�n�d� �C�a�r�t�e�r�,� �1�9�8�9�)�.� �M�o�s�t� �r�e�s�i�s�t�a�n�t� �t�o� �e�l�i�m�i�n�a�t�i�o�n� 

�w�a�s� �b�a�c�t�e�r�i�o�p�h�a�g�e� �f�2�,� �a� �b�a�c�t�e�r�i�a�l� �v�i�r�u�s� �s�i�m�i�l�a�r� �i�n� �s�i�z�e� �a�n�d� 

�c�o�m�p�o�s�i�t�i�o�n� �t�o� �t�h�e� �e�n�t�e�r�i�c� �v�i�r�a�l� �p�a�t�h�o�g�e�n�s�.� �W�h�e�n� �o�y�s�t�e�r�s� 

�a�c�c�u�m�u�l�a�t�e�d� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �v�i�r�u�s� �p�a�r�t�i�c�l�e�s�,� �t�h�e�y� �f�a�i�l�e�d� �t�o� 

�e�l�i�m�i�n�a�t�e� �t�h�e� �v�i�r�u�s� �b�e�c�a�u�s�e� �v�i�r�u�s� �p�a�r�t�i�c�l�e�s� �r�e�a�d�i�l�y� �a�d�s�o�r�b� 

�t�o� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �i�n� �t�h�e� �w�a�t�e�r�.� �I�n� �s�e�w�a�g�e�-�p�o�l�l�u�t�e�d� 

�e�s�t�u�a�r�i�n�e� �w�a�t�e�r�s�,� �v�i�r�u�s�e�s� �a�r�e� �t�a�k�e�n� �u�p� �b�y� �o�y�s�t�e�r�s� �b�y� 

�a�d�s�o�r�b�i�n�g� �t�o� �a�n�d� �r�e�m�a�i�n�i�n�g� �a�t�t�a�c�h�e�d� �t�o� �p�a�r�t�i�c�u�l�a�t�e� �m�a�t�t�e�r� �a�s� 

�t�h�e�y� �p�a�s�s� �t�h�r�o�u�g�h� �t�h�e� �o�y�s�t�e�r� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�C�o�o�k� �a�n�d� 

�E�l�l�e�n�d�e�r�,� �1�9�8�6�)�.� �D�e�p�u�r�a�t�i�o�n� �u�p� �t�o� �7�2� �h�r� �m�a�y� �n�o�t� �g�i�v�e� �a� 

�p�r�o�d�u�c�t� �t�h�a�t� �s�a�t�i�s�f�a�c�t�o�r�i�l�y� �r�e�d�u�c�e�s� �b�a�c�t�e�r�i�a�l� �l�e�v�e�l�.� 

�M�u�s�s�e�l�s� �c�o�n�t�a�i�n�i�n�g� �i�n�i�t�i�a�l� �l�e�v�e�l�s� �g�r�e�a�t�e�r� �t�h�a�n� �5� �X� �1�0�°� �E�.� 

�c�o�l�i�/�1�0�0� �g� �m�a�y� �n�o�t� �m�e�e�t� �t�h�e� �s�t�a�n�d�a�r�d� �2�3�0� �E�.� �c�o�l�i�/�1�0�0� �g� �a�f�t�e�r� 

�4�8� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n� �(�D�e� �M�e�s�q�u�i�t�a� �e�t� �a�l�.�,� �1�9�9�1�)�.� 

�T�h�e� �l�e�v�e�l� �o�f� �E�.� �c�o�l�i� �i�s� �a� �c�o�m�m�o�n�l�y� �u�s�e�d� �s�t�a�n�d�a�r�d� �f�o�r� 
� � 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �q�u�a�l�i�t�y� �o�f� �s�h�e�l�l�f�i�s�h� �a�n�d� �t�h�e� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �a� �d�e�p�u�r�a�t�i�o�n� �s�y�s�t�e�m�.� �H�o�w�e�v�e�r�,� �E�.� �c�o�l�i� �i�s� �n�o�t� 

�a� �g�o�o�d� �i�n�d�i�c�a�t�o�r� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �o�r� �v�i�r�a�l� �e�l�i�m�i�n�a�t�i�o�n� �i�n� 
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�o�y�s�t�e�r�s� �d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �(�P�o�w�e�r� �a�n�d� �C�o�l�l�i�n�s�,� �1�9�8�9�)�.� �G�r�o�u�p� 

�D� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�u�s� �a�n�d� �c�l�o�s�t�r�i�d�i�a�l� �s�p�o�r�e�s� �h�a�v�e� �b�e�e�n� 

�r�e�c�o�m�m�e�n�d�e�d� �a�s� �p�o�s�s�i�b�l�e� �i�n�d�i�c�a�t�o�r�s� �(�D�e� �M�e�s�q�u�i�t�a� �e�t� �a�l�.�,� 

�1�9�9�1�)�.� �F�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �a�n�d� �c�l�o�s�t�r�i�d�i�a� �s�p�o�r�e�s� �a�r�e� �m�o�r�e� 

�t�o�l�e�r�a�n�t� �t�o� �t�h�e� �a�c�i�d�i�c� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �d�i�g�e�s�t�i�v�e� �t�r�a�c�t� �o�f� 

�b�i�v�a�l�v�e� �m�o�l�l�u�s�k�s� �t�h�a�n� �E�.� �c�o�l�i�.� �T�h�e� �u�s�e� �o�f� �a�l�t�e�r�n�a�t�e� 

�o�r�g�a�n�i�s�m�s� �m�a�y� �s�e�r�v�e� �a�s� �b�e�t�t�e�r� �i�n�d�i�c�a�t�o�r�s� �o�f� �d�e�p�u�r�a�t�i�o�n� 

�e�f�f�i�c�i�e�n�c�y�.� �E�n�t�e�r�i�c� �v�i�r�u�s�e�s� �a�r�e� �l�i�m�i�t�e�d� �a�s� �p�o�t�e�n�t�i�a�l� 

�i�n�d�i�c�a�t�o�r�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�a�c�k� �o�f� �a� �r�a�p�i�d� �s�y�s�t�e�m� �f�o�r� �d�i�r�e�c�t� 

�d�e�t�e�c�t�i�o�n� �a�n�d� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n� �s�h�e�l�l�f�i�s�h� �(�R�i�c�h�a�r�d�s�,� �1�9�8�8�)�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�A�l�v�a�r�e�z�,� �M�.�R�.�,� �F�.�E�.� �F�r�i�e�d�l�,� �J�.�S�.� �J�o�h�n�s�o�n�,� �a�n�d� �G�.�W�.� �H�i�n�s�c�h�.� 
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�v�u�l�n�i�f�i�c�u�s� �s�e�p�t�i�c�e�m�i�a�.� �A�m�e�r�.� �J�.� �M�e�d�.� �8�9�:�5�3�5�-�5�3�6�.� 

�F�i�n�e�g�o�l�d�,� �S�.�M�.� �a�n�d� �E�.�J�.� �B�a�r�o�n�.� �1�9�8�6�.� �V�i�b�r�i�o�n�a�c�e�a�e� �f�a�m�i�l�y� 
�(�V�i�b�r�i�o�,� �A�e�r�o�m�o�n�a�s�,� �a�n�d� �P�l�e�s�i�o�m�o�n�a�s�)� �a�n�d� �C�a�m�p�y�l�o�b�a�c�t�e�r� 
�s�p�e�c�i�e�s�,� �p�.� �4�5�6�-�4�5�7�.� �I�n� �B�a�i�l�e�y� �a�n�d� �S�c�o�t�t ��s� �d�i�a�g�n�o�s�t�i�c� 
�m�i�c�r�o�b�i�o�l�o�g�y�.� �T�h�e� �C�.�V�.� �M�o�s�b�y� �C�o�m�p�.�,� �S�t�.� �L�o�u�i�s�.� 
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�F�l�e�e�t�,� �G�.�H�.� �1�9�7�8�.� �O�y�s�t�e�r� �d�e�p�u�r�a�t�i�o�n�-�a� �r�e�v�i�e�w�.� �F�o�o�d� �T�e�c�h�n�o�l�.� 
�A�u�s�t�r�a�l�i�a� �3�0�:�4�4�4�-�4�5�4�.� 

�F�r�a�i�s�e�r�,� �M�.�B�.� �a�n�d� �J�.�A�.� �K�o�b�u�r�g�e�r�.� �1�9�8�4�.� �I�n�c�i�d�e�n�c�e� �o�f� 
�S�a�l�m�o�n�e�l�l�a�e� �i�n� �c�l�a�m�s�,� �o�y�s�t�e�r�,� �c�r�a�b�s� �a�n�d� �m�u�l�l�e�t�.� �J�.� �F�o�o�d� 
�P�r�o�t�.� �4�7�:�3�4�3�-�3�4�5�.� 

�G�r�a�y�,� �L�.�D�.� �a�n�d� �A�.�S�.� �K�r�e�g�e�r�.� �1�9�8�5�.� �P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �a�n� �e�x�t�r�a�c�e�l�l�u�l�a�r� �c�y�t�o�l�y�s�i�n� �p�r�o�d�u�c�e�d� 
�b�y� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �4�8�:�6�2�-�7�2�.� 

�H�a�r�t�l�a�n�d�,� �B�.�J�.� �a�n�d� �J�.�F�.� �T�i�m�o�n�e�y�.� �1�9�7�9�.� �I�n� �v�i�v�o� �c�l�e�a�r�a�n�c�e� �o�f� 
�e�n�t�e�r�i�c� �b�a�c�t�e�r�i�a� �f�r�o�m� �t�h�e� �h�e�m�o�l�y�m�p�h� �o�f� �t�h�e� �h�a�r�d� �c�l�a�m� 
�a�n�d� �t�h�e� �A�m�e�r�i�c�a�n� �o�y�s�t�e�r�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� 
�3�7�:�5�1�7�-�5�2�0�.� 

�H�a�v�e�n�,� �D�.�S�.� �a�n�d� �R�.� �M�o�r�a�l�e�s�-�A�l�a�m�o�.� �1�9�7�0�.� �F�i�l�t�r�a�t�i�o�n� �o�f� 
�p�a�r�t�i�c�l�e�s� �f�r�o�m� �s�u�s�p�e�n�s�i�o�n� �b�y� �A�m�e�r�i�c�a�n� �o�y�s�t�e�r�,� 
�C�r�a�s�s�o�s�t�r�e�a� �v�i�r�g�i�n�i�c�a�.� �B�i�o�l�.� �B�u�l�l�.� �1�3�9�:�2�4�8�-�2�6�4�.� 

�H�a�v�e�n�,� �D�.�S�.�,� �F�.�O�.� �P�e�r�k�i�n�s�,� �R�.� �M�o�r�a�l�e�s�-�A�l�a�m�o�,� �a�n�d� �M�.�W�.� �R�h�o�d�s�.� 
�1�9�7�8�.� �B�a�c�t�e�r�i�a�l� �d�e�p�u�r�a�t�i�o�n� �b�y� �t�h�e� �A�m�e�r�i�c�a�n� �o�y�s�t�e�r� 
�(�C�r�a�s�s�o�s�t�r�e�a� �v�i�r�g�i�n�i�c�a�)� �u�n�d�e�r� �c�o�n�t�r�o�l�l�e�d� �c�o�n�d�i�t�i�o�n�s�.� �I�n� 
�B�i�o�l�o�g�i�c�a�l� �a�n�d� �t�e�c�h�n�i�c�a�l� �s�t�u�d�i�e�s�,� �v�o�l�.� �I�(�8�8�)�)�.� �V�i�r�g�i�n�i�a� 
�I�n�s�t�i�t�u�t�e� �o�f� �M�a�r�i�n�e� �S�c�i�e�n�c�e�,� �G�l�o�u�c�e�s�t�e�r� �p�o�i�n�t�,� �V�i�r�g�i�n�i�a� 
�2�3�0�6�2�.� �p�.�1�-�6�3�.� 

�H�o�l�l�i�s�,� �D�.�G�.�,� �R�.�E�.� �W�e�a�v�e�r�,� �C�.�N�.� �B�a�k�e�r�,� �a�n�d� �C�.� �T�h�o�r�n�s�b�e�r�r�y�.� 
�1�9�7�6�.� �H�a�l�o�p�h�i�l�i�c� �V�i�b�r�i�o� �s�p�e�c�i�e�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �b�l�o�o�d� 
�c�u�l�t�u�r�e�s�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �3�:�4�2�5�-�4�3�1�.� 

�H�o�o�d�,� �M�.�A�.�,� �G�.�E�.� �N�e�s�s�,� �a�n�d� �N�.�J�.� �B�l�a�k�e�.� �1�9�8�3�a�.� �R�e�l�a�t�i�o�n�s�h�i�p� 
�a�m�o�n�g� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s�,� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �a�n�d� �S�a�l�m�o�n�e�l�l�a� 
�s�p�p�.� �i�n� �s�h�e�l�l�f�i�s�h�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�5�:�1�2�2�-� 
�1�2�6�.� 

�H�o�o�d�,� �M�.�A�.�,� �G�.�E�.� �N�e�s�s�,� �G�.�E�.� �R�o�d�r�i�c�k�,� �a�n�d� �N�.�J�.� �B�l�a�k�e�.� �1�9�8�3�b�.� 
�E�f�f�e�c�t�s� �o�f� �s�t�o�r�a�g�e� �o�n� �m�i�c�r�o�b�i�a�l� �l�o�a�d�s� �o�f� �t�w�o� 
�c�o�m�m�e�r�c�i�a�l�l�y� �i�m�p�o�r�t�a�n�t� �s�h�e�l�l�f�i�s�h� �s�p�e�c�i�e�s�,� �C�r�a�s�s�o�s�t�r�e�a� 
�v�i�r�g�i�n�i�c�a� �a�n�d� �M�e�r�c�e�n�a�r�i�a� �c�a�m�p�e�c�h�i�e�n�s�i�s�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� 
�M�i�c�r�o�b�i�o�l�.� �4�5�:�1�2�2�1�-�1�2�2�8�.� 
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�H�u�n�t�,� �D�.�A�.� �1�9�8�0�.� �M�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �s�t�a�n�d�a�r�d�s� �f�o�r� �s�h�e�l�l�f�i�s�h� 
�g�r�o�w�i�n�g� �a�r�e�a�s�-�w�h�a�t� �d�o� �t�h�e�y� �m�e�a�n�?� �J�.� �F�o�o�d� �P�r�o�t�.� �4�3�:�1�2�7�-� 
�1�2�8�.� 

�J�a�n�s�s�e�n�,� �W�.�A�.� �1�9�7�4�.� �O�y�s�t�e�r�s�:� �r�e�t�e�n�t�i�o�n� �a�n�d� �e�x�c�r�e�t�i�o�n� �o�f� 
�t�h�r�e�e� �t�y�p�e�s� �o�f� �h�u�m�a�n� �w�a�t�e�r�b�o�r�n�e� �d�i�s�e�a�s�e� �b�a�c�t�e�r�i�a�.� 
�H�e�a�l�t�h� �L�a�b�.� �S�c�i�.� �1�1�:�2�0�-�2�4�.� 

�K�a�y�s�n�e�r�,� �C�.�A�.�,� �C�.� �A�b�e�y�t�a�,� �J�r�.�,� �M�.�M�.� �W�e�k�e�l�l�,� �A�.� �D�e�P�a�o�l�a�,� �J�r�.�,� 
�R�.�F�.� �S�t�o�t�t�,� �a�n�d� �J�.�M�.� �L�e�i�t�c�h�.� �1�9�8�7�.� �V�i�r�u�l�e�n�t� �s�t�r�a�i�n�s� �o�f� 
�V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �e�s�t�u�a�r�i�e�s� �o�f� �t�h�e� �U�n�i�t�e�d� 
�S�t�a�t�e�s� �w�e�s�t� �c�o�a�s�t�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �5�3�:�1�3�4�9�-� 
�1�3�5�1�.� 

�K�e�l�l�y�,� �M�.�T�.� �a�n�d� �D�.�M�.� �A�v�e�r�y�.� �1�9�8�0�.� �L�a�c�t�o�s�e�-�p�o�s�i�t�i�v�e� �V�i�b�r�i�o� �i�n� 
�s�e�a�w�a�t�e�r�:� �a� �c�a�u�s�e� �o�f� �p�n�e�u�m�o�n�i�a� �a�n�d� �s�e�p�t�i�c�e�m�i�a� �i�n� �a� 
�d�r�o�w�n�i�n�g� �v�i�c�t�i�m�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �1�1�:�2�7�8�-�2�8�0�.� 

�K�e�l�l�y�,� �M�.�T�.� �1�9�8�2�.� �E�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�a�l�i�n�i�t�y� �o�n� 
�V�i�b�r�i�o� �(�B�e�n�e�c�k�e�a�)� �v�u�l�n�i�f�i�c�u�s� �o�c�c�u�r�r�e�n�c�e� �i�n� �a� �G�u�l�f� �C�o�a�s�t� 
�e�n�v�i�r�o�n�m�e�n�t�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�4�:�8�2�0�-�8�2�4�.� 

�K�e�l�l�y�,� �M�.�T�.� �a�n�d� �A�.� �D�i�n�u�z�z�o�.� �1�9�8�5�.� �U�p�t�a�k�e� �a�n�d� �c�l�e�a�r�a�n�c�e� �o�f� 
�V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �f�r�o�m� �G�u�l�f� �C�o�a�s�t� �o�y�s�t�e�r�s� �(�C�r�a�s�s�o�s�t�r�e�a� 
�v�i�r�g�i�n�i�c�a�)�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �5�0�:�1�5�4�8�-�1�5�4�9�.� 

�K�r�e�g�e�r�,� �A�.� �a�n�d� �D�.� �L�o�c�k�w�o�o�d�.� �1�9�8�1�.� �D�e�t�e�c�t�i�o�n� �o�f� �e�x�t�r�a�c�e�l�l�u�l�a�r� 
�t�o�x�i�n�(�s�)� �p�r�o�d�u�c�e�d� �b�y� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�3�3�:�5�8�3�-�5�9�0�.� 

�K�u�e�h�,� �C�.�S�.�W�.� �a�n�d� �K�.�~�Y�.� �C�h�a�n�.� �1�9�8�5�.� �B�a�c�t�e�r�i�a� �i�n� �b�i�v�a�l�v�e� 
�s�h�e�l�l�f�i�s�h� �w�i�t�h� �s�p�e�c�i�a�l� �r�e�f�e�r�e�n�c�e� �t�o� �t�h�e� �o�y�s�t�e�r�.� �J�.� 
�A�p�p�l�.� �B�a�c�t�e�r�i�o�l�.� �5�9�:�4�1�-�4�7�.� 

�L�e�d�o�,� �A�.�,� �E�.� �G�o�n�z�a�l�e�z�,� �J�.�L�.� �B�a�r�j�a�,� �a�n�d� �A�.�E�.� �T�o�r�a�n�z�o�.� �1�9�8�3�.� 
�E�f�f�e�c�t� �o�f� �d�e�p�u�r�a�t�i�o�n� �s�y�s�t�e�m�s� �o�n� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� 
�b�a�c�t�e�r�i�o�l�o�g�i�c�a�l� �i�n�d�i�c�a�t�o�r�s� �i�n� �c�u�l�t�u�r�e�d� �m�u�s�s�e�l�s� �(�M�y�t�i�l�u�s� 
�e�d�u�l�i�s� �l�i�n�n�a�e�u�s�)�.� �J�.� �S�h�e�l�l�f�i�s�h� �R�e�s�.� �3�:�5�9�-�6�4�.� 
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�M�a�r�t�i�n�e�z�-�M�a�n�z�a�n�a�r�e�s�,� �E�.�,� �F�.� �E�g�e�a�,� �D�.� �C�a�s�t�r�o�,� �M�.�A�.� �M�o�r�i�n�i�g�o�,� 
�P�.� �R�o�m�e�r�o�,� �a�n�d� �J�.�J�.� �B�o�r�r�e�g�o�.� �1�9�9�1�.� �A�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� 
�d�e�p�u�r�a�t�i�o�n� �o�f� �p�a�t�h�o�g�e�n�i�c� �a�n�d� �i�n�d�i�c�a�t�o�r� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� 
�b�y� �t�h�e� �b�i�v�a�l�v�e� �m�o�l�l�u�s�c�,� �C�h�a�m�e�l�e�a� �g�a�l�l�i�n�a� �L�.� �u�n�d�e�r� 
�c�o�n�t�r�o�l�l�e�d� �l�a�b�o�r�a�t�o�r�y� �c�o�n�d�i�t�i�o�n�s�.� �J�.� �F�o�o�d� �P�r�o�t�.� 
�5�4�:�6�1�2�-�6�1�8�.� 

�M�e�a�d�o�r�s�,� �M�.�C�.� �a�n�d� �G�.�A�.� �P�a�n�k�e�y�.� �1�9�9�0�.� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �w�o�u�n�d� 
�i�n�f�e�c�t�i�o�n� �t�r�e�a�t�e�d� �s�u�c�c�e�s�s�f�u�l�l�y� �w�i�t�h� �o�r�a�l� �c�i�p�r�o�f�l�o�x�a�c�i�n�.� 
�J�.� �I�n�f�e�c�t�.� �2�0�:�8�8�-�8�9�.� 

�M�i�t�c�h�e�l�l�,� �J�.�R�.�,� �M�.�W�.� �P�r�e�s�n�e�l�l�,� �E�.�W�.� �A�l�k�i�n�,� �J�.�M�.� �C�u�m�m�i�n�s�,� �a�n�d� 
�o�.�C�c�.� �L�i�u�.� �1�9�6�6�.� �A�c�c�u�m�u�l�a�t�i�o�n� �a�n�d� �e�l�i�m�i�n�a�t�i�o�n� �o�f� 
�p�o�l�i�o�v�i�r�u�s� �b�y� �t�h�e� �E�a�s�t�e�r�n� �o�y�s�t�e�r�.� �A�m�.� �J�.� �E�p�i�d�e�m�i�o�l�.� 
�8�4�:�4�0�-�5�0�.� 

�M�o�r�r�i�s�,� �J�r�.�,� �J�.�G�.�,� �A�.�C�.� �W�r�i�g�h�t�,� �D�.�M�.� �R�o�b�e�r�t�s�,� �P�.�K�.� �W�o�o�d�,� 
�L�.�M�.� �S�i�m�p�s�o�n�,� �a�n�d� �J�.�D�.� �O�l�i�v�e�r�.� �1�9�8�7�.� �V�i�r�u�l�e�n�c�e� �o�f� 
�V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s�:� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �u�t�i�l�i�z�a�t�i�o�n� �o�f� 
�t�r�a�n�s�f�e�r�r�i�n�-�b�o�u�n�d� �i�r�o�n�,� �a�n�d� �l�a�c�k� �o�f� �c�o�r�r�e�l�a�t�i�o�n� �w�i�t�h� 
�l�e�v�e�l�s� �o�f� �c�y�t�o�t�o�x�i�n� �o�r� �p�r�o�t�e�a�s�e�.� �F�E�M�S� �M�i�c�r�o�b�i�o�l�.� �L�e�t�t�.� 
�4�0�:�5�5�-�5�9�.� 

�M�o�r�r�i�s�,� �J�r�.�,� �J�.�G�.� �1�9�8�8�.� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s�-�a� �n�e�w� �m�o�n�s�t�e�r� �o�f� 
�t�h�e� �d�e�e�p�?� �A�n�n�.� �I�n�t�.� �M�e�d�.� �1�0�9�:�2�6�1�-�2�6�3�.� 

�M�u�r�c�h�e�l�a�n�o�,� �R�.�A�.� �a�n�d� �C�.� �B�r�o�w�n�.� �1�9�6�8�.� �B�a�c�t�e�r�i�o�l�o�g�i�c�a�l� �s�t�u�d�y� 
�o�f� �t�h�e� �n�a�t�u�r�a�l� �f�l�o�r�a� �o�f� �t�h�e� �E�a�s�t�e�r�n� �o�y�s�t�e�r�,� �C�r�a�s�s�o�s�t�r�e�a� 
�v�i�r�g�i�n�i�c�a�.� �J�.� �I�n�v�e�r�t�e�b�r�.� �P�a�t�h�o�l�.� �1�1�:�5�1�9�-�5�2�0�.� 

�N�S�S�P�,� �N�a�t�i�o�n�a�l� �S�h�e�l�l�f�i�s�h� �S�a�n�i�t�a�t�i�o�n� �P�r�o�g�r�a�m� �M�a�n�u�a�l� �o�f� 
�O�p�e�r�a�t�i�o�n�s�.� �P�a�r�t� �I�.� �S�a�n�i�t�a�t�i�o�n� �o�f� �S�h�e�l�l�f�i�s�h� �G�r�o�w�i�n�g� 
�A�r�e�a�s�.� �U�.�S�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �H�e�a�l�t�h� �a�n�d� �H�u�m�a�n� �S�e�r�v�i�c�e�s�.� 
�P�u�b�l�i�c� �H�e�a�l�t�h� �S�e�r�v�i�c�e�.� �F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�.� 
�1�9�8�9� �r�e�v�i�s�i�o�n�.� �p�.� �C�-�3�1�.� 

�O�e�s�t�e�r�l�i�n�g�,� �M�.� �1�9�8�7�.� �S�u�r�v�e�y�i�n�g� �V�i�r�g�i�n�i�a ��s� �o�y�s�t�e�r�s�.� �V�i�r�g�i�n�i�a� 
�I�n�s�t�i�t�u�t�e� �o�f� �M�a�r�i�n�e� �S�e�r�v�i�c�e�.� �C�o�m�m�e�r�c�i�a�l� �F�i�s�h�i�n�g� 
�N�e�w�s�l�e�t�t�e�r� �7�:�1�-�6�.� 
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�O�l�i�v�e�r�,� �J�.�D�.� �1�9�8�2�.� �D�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �e�c�o�l�o�g�y� �o�f� �V�i�b�r�i�o� 
�v�u�l�n�i�f�i�c�u�s� �a�n�d� �o�t�h�e�r� �l�a�c�t�o�s�e�-�f�e�r�m�e�n�t�i�n�g� �m�a�r�i�n�e� �V�i�b�r�i�o�s� 
�i�n� �c�o�a�s�t�a�l� �w�a�t�e�r� �o�f� �t�h�e� �s�o�u�t�h�e�a�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s�.� 
�A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�4�:�1�4�0�4�-�1�4�1�4�.� 

�O�l�i�v�e�r�,� �J�.�D�.�,� �R�.�A�.� �W�a�r�n�e�r�,� �a�n�d� �D�.�R�.� �C�l�e�l�a�n�d�.� �1�9�8�3�.� 
�D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �o�t�h�e�r� �l�a�c�t�o�s�e�-� 
�f�e�r�m�e�n�t�i�n�g� �V�i�b�r�i�o�s� �i�n� �t�h�e� �m�a�r�i�n�e� �e�n�v�i�r�o�n�m�e�n�t�.� �A�p�p�l�.� 
�E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�5�:�9�8�5�-�9�9�8�.� 

�O�l�i�v�e�r�,� �J�.�D�.� �1�9�8�9�.� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s�.� �I�n� �M�.� �D�o�y�l�e� �(�e�d�.�)� 
�F�o�o�d�b�o�r�n�e� �b�a�c�t�e�r�i�a�l� �p�a�t�h�o�g�e�n�s�.� �M�a�r�c�e�l� �D�e�k�k�e�r�,� �I�n�c�.�,� �N�e�w� 
�Y�o�r�k�.� �p�.� �5�6�9�-�6�0�0�.� 

�O ��N�e�i�l�l�,� �K�.�R�.�,� �8�.�H�.� �J�o�n�e�s�,� �a�n�d� �D�.�J�.� �G�r�i�m�e�s�.� �1�9�9�0�.� �I�n�c�i�d�e�n�c�e� 
�o�f� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �i�n� �n�o�r�t�h�e�r�n� �N�e�w� �E�n�g�l�a�n�d� �w�a�t�e�r� �a�n�d� 
�s�h�e�l�l�f�i�s�h�.� �F�E�M�S� �M�i�c�r�o�b�i�o�l�.� �L�e�t�t�.� �7�2�:�1�6�3�-�1�6�8�.� 

�P�a�i�l�l�e�,� �D�.�,� �C�.� �H�a�c�k�n�e�y�,� �L�.� �R�e�i�l�l�y�,� �M�.� �C�o�l�e�,� �a�n�d� �M�.� �K�i�l�g�e�n�.� 
�1�9�8�7�.� �S�e�a�s�o�n�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �f�e�c�a�l� �c�o�l�i�f�o�r�m� 
�p�o�p�u�l�a�t�i�o�n� �o�f� �L�o�u�i�s�i�a�n�a� �o�y�s�t�e�r�s� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� 
�m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �q�u�a�l�i�t�y�.� �J�.� �F�o�o�d� �P�r�o�t�.� �5�0�:�5�4�5�-�5�4�9�.� 

�P�e�r�k�i�n�s�,� �F�.�O�.�,� �D�.�S�.� �H�a�v�e�n�,� �R�.� �M�o�r�a�l�e�s�-�A�l�a�m�o�,� �a�n�d� �M�.�W�.� 
�R�h�o�d�e�s�.� �1�9�8�0�.� �U�p�t�a�k�e� �a�n�d� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �b�a�c�t�e�r�i�a� �i�n� 
�s�h�e�l�l�f�i�s�h�.� �J�.� �F�o�o�d� �P�r�o�t�.� �4�3�:�1�2�4�-�1�2�6�.� 

�P�o�w�e�r�,� �U�.�T�.� �a�n�d� �J�.�K�.� �C�o�l�l�i�n�s�.� �1�9�8�9�.� �D�i�f�f�e�r�e�n�t�i�a�l� �d�e�p�u�r�a�t�i�o�n� 
�o�f� �p�o�l�i�o�v�i�r�u�s�,� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i�,� �a�n�d� �a� �c�o�l�i�p�h�a�g�e� �b�y� �t�h�e� 
�c�o�m�m�o�n� �m�u�s�s�e�l�,� �M�y�t�i�l�u�s� �e�d�u�l�i�s�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� 
�M�i�c�r�o�b�i�o�l�.� �5�5�:�1�3�8�6�-�1�3�9�0�.� 

�R�a�t�n�e�r�,� �H�.� �1�9�8�7�.� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s�.� �I�n�f�e�c�t�.� �C�o�n�t�r�o�l� 
�8�:�4�3�0�-�4�3�3�.� 

�R�e�y�e�s�,� �A�.�L�.�,� �B�.�K�.� �B�o�u�t�i�n�,� �J�.�T�.� �P�e�e�l�e�r�,� �a�n�d� �R�.�M�.� �T�w�e�d�t�.� �1�9�8�5�.� 
�A�d�h�e�r�e�n�c�e� �a�n�d� �h�e�m�a�g�g�l�u�t�i�n�a�t�i�o�n� �o�f� �m�a�m�m�a�l�i�a�n� �c�e�l�l�s� �b�y� 
�e�p�i�d�e�m�i�o�l�o�g�i�c�a�l�l�y� �d�i�s�t�i�n�c�t� �s�t�r�a�i�n�s� �o�f� �V�i�b�r�i�o� 
�v�u�l�n�i�f�i�c�u�s�.� �J�.� �F�o�o�d� �P�r�o�t�.� �4�8�:�7�8�3�-�7�8�5�.� 
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�R�e�y�e�s�,� �A�.�L�.�,� �C�.�H�.� �J�o�h�n�s�o�n�,� �P�.�L�.� �S�p�a�u�l�d�i�n�g�,� �a�n�d� �G�.�N�.� �S�s�t�e�l�m�a�,� 
�J�r�.� �1�9�8�7�.� �O�r�a�l� �i�n�f�e�c�t�i�v�i�t�y� �o�f� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �i�n� 
�s�u�c�k�l�i�n�g� �m�i�c�e�.� �J�.� �F�o�o�d� �P�r�o�t�.� �5�0�:�1�0�1�3�-�1�0�1�6�.� 

�R�i�c�h�a�r�d�s�,� �G�.�P�.� �1�9�8�8�.� �M�i�c�r�o�b�i�a�l� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �s�h�e�l�l�f�i�s�h�:� �a� 
�r�e�v�i�e�w� �o�f� �d�e�p�u�r�a�t�i�o�n� �a�n�d� �r�e�l�a�y�i�n�g�.� �J�.� �F�o�o�d� �P�r�o�t�.� �5�:�2�1�8�-� 
�2�5�1�.� 

�R�i�c�h�a�r�d�s�,� �G�.�P�.� �1�9�9�1�.� �S�h�e�l�l�f�i�s�h� �d�e�p�u�r�a�t�i�o�n�.� �I�n�:� �D�.�R�.� �W�a�r�d� �a�n�d� 
�C�.� �H�a�c�k�n�e�y� �(�E�d�s�.�)� �M�i�c�r�o�b�i�o�l�o�g�y� �o�f� �m�a�r�i�n�e� �f�o�o�d� �p�r�o�d�u�c�t�s�.� 
�V�a�n� �N�o�s�t�r�a�n�d� �R�e�i�n�h�o�l�d�,� �N�e�w� �Y�o�r�k�.� �p�p�.� �3�9�5�-�4�2�8�.� 

�R�i�v�e�r�a�,� �S�.�,� �T�.� �L�u�g�o�,� �a�n�d� �T�.�C�.� �H�a�z�e�n�.� �1�9�8�9�.� �A�u�t�e�c�o�l�o�g�y� �o�f� 
�V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �V�i�b�r�i�o� �p�a�r�a�h�a�e�m�o�l�y�t�i�c�u�s� �i�n� 
�t�r�o�p�i�c�a�l� �w�a�t�e�r�s�.� �W�a�t�e�r� �R�e�s�.� �2�3�:�9�2�3�-�9�3�1�.� 

�R�o�d�r�i�c�k�,� �G�.�E�.�,� �N�.�J�.� �B�l�a�k�e�,� �M�.� �T�a�m�p�l�i�n�,� �J�.�E�.� �C�o�r�n�e�t�t�e�,� �T�.� 
�C�u�b�a�,� �a�n�d� �M�.�A�.� �H�o�o�d�.� �1�9�8�4�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 
�f�e�c�a�l� �c�o�l�i�f�o�r�m� �l�e�v�e�l�s� �a�n�d� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �V�i�b�r�i�o�s� �i�n� 
�A�p�p�a�l�a�c�h�i�c�o�l�a� �b�a�y�,� �F�l�o�r�i�d�a�.� �I�n� �R�.� �C�o�l�w�e�l�l� �(�E�d�.�)�,� 
�V�i�b�r�i�o�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �J�o�h�n� �W�i�l�e�y� �a�n�d� �S�o�n�s�,� �I�n�c�.�,� 
�N�e�w� �Y�o�r�k�.� �p�p�.� �5�6�7�-�5�7�5�.� 

�R�o�d�r�i�c�k�,� �G�.�E�.� �a�n�d� �S�.�A�.� �U�l�r�i�c�h�.� �1�9�8�4�.� �M�i�c�r�o�s�c�o�p�i�c�a�l� �s�t�u�d�i�e�s� 
�o�n� �t�h�e� �h�e�m�o�c�y�t�e�s� �o�f� �b�i�v�a�l�v�e�s� �a�n�d� �t�h�e�i�r� �p�h�a�g�o�c�y�t�i�c� 
�i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �s�e�l�e�c�t�e�d� �b�a�c�t�e�r�i�a�.� �H�e�l�g�o�l�a�n�d�e�r� 
�M�e�e�r�e�s�u�n�t�e�r�s� �3�7�:�1�6�7�-�1�7�6�.� 

�R�o�d�r�i�c�k�,� �G�.�E�.�,� �K�.�R�.� �S�c�h�n�e�i�d�e�r�,� �F�.�A�.� �S�t�e�s�l�o�w�,� �N�.�J�.� �B�l�a�k�e�,� �a�n�d� 
�W�.�S�.� �O�t�w�e�l�l�.� �1�9�8�9�.� �U�p�t�a�k�e�,� �f�a�t�e� �a�n�d� �u�l�t�r�a�v�i�o�l�e�t� 
�d�e�p�u�r�a�t�i�o�n� �o�f� �v�i�b�r�i�o�s� �i�n� �M�e�r�c�e�n�a�r�i�a� �c�a�m�p�e�c�h�i�e�n�s�i�s�.� �M�a�r�.� 
�T�e�c�h�n�o�l�.� �S�o�c�.� �J�.� �2�3�:�2�1�-�2�6�.� 

�R�o�d�r�i�c�k�,� �G�.�E�.� �1�9�9�1�.� �I�n�d�i�g�e�n�o�u�s� �p�a�t�h�o�g�e�n�s�:� �V�i�b�r�i�o�n�a�c�e�a�e�.� �I�n�:� 
�D�.�R�.� �W�a�r�d� �a�n�d� �C�.� �H�a�c�k�n�e�y� �(�E�d�s�.�)� �M�i�c�r�o�b�i�o�l�o�g�y� �o�f� �m�a�r�i�n�e� 
�f�o�o�d� �p�r�o�d�u�c�t�s�.� �V�a�n� �N�o�s�t�r�a�n�d� �R�e�i�n�h�o�l�d�,� �N�e�w� �Y�o�r�k�.� �p�p�.� 
�2�8�5�-�3�0�0�.� 
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�R�o�w�s�e�,� �A�.�J�.� �a�n�d� �G�.�H�.� �F�l�e�e�t�.� �1�9�8�2�.� �V�i�a�b�i�l�i�t�y� �a�n�d� �r�e�l�e�a�s�e� �o�f� 
�S�a�l�m�o�n�e�l�l�a� �c�h�a�r�i�t�y� �a�n�d� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �f�r�o�m� �o�y�s�t�e�r� 
�f�e�c�e�s�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�4�:�5�4�4�-�5�4�8�.� 

� � 
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�f�a�c�i�l�i�t�i�e�s� �f�o�r� �d�i�s�p�l�a�y�i�n�g� �s�h�e�l�l�f�i�s�h� �d�u�r�i�n�g� �r�e�t�a�i�l� �s�a�l�e�s�.� 

�T�h�e�s�e� �s�y�s�t�e�m�s� �m�a�y� �h�o�l�d� �s�h�e�l�l�f�i�s�h� �s�u�b�m�e�r�g�e�d� �i�n� �w�a�t�e�r� �o�r� 

�a�b�o�v�e� �t�h�e� �w�a�t�e�r� �l�e�v�e�l�.� �O�y�s�t�e�r�s� �c�o�m�m�o�n�l�y� �a�r�e� �h�e�l�d� �a�b�o�v�e� �t�h�e� 

�w�a�t�e�r� �l�e�v�e�l� �i�n� �t�a�n�k�s� �w�h�e�r�e� �w�a�t�e�r� �i�s� �s�p�r�a�y�e�d� �o�n�t�o� �t�h�e� �s�h�e�l�l�s�.� 

�I�f� �o�y�s�t�e�r�s� �h�a�v�e� �b�e�e�n� �s�t�r�e�s�s�e�d� �b�y� �t�e�m�p�e�r�a�t�u�r�e� �f�l�u�c�t�u�a�t�i�o�n�s� 

�a�n�d� �m�i�s�h�a�n�d�l�i�n�g�,� �t�h�e� �s�u�r�v�i�v�a�l� �a�n�d� �g�r�o�w�t�h� �o�f� �p�a�t�h�o�g�e�n�i�c� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �d�u�r�i�n�g� �w�e�t� �s�t�o�r�a�g�e� �m�a�y� �b�e� �a�f�f�e�c�t�e�d�.� 

�A� �p�a�t�h�o�g�e�n� �o�f� �i�n�c�r�e�a�s�i�n�g� �c�o�n�c�e�r�n� �i�n� �o�y�s�t�e�r�s� �i�s� �V�i�b�r�i�o� 

�v�u�l�n�i�f�i�c�u�s�.� �I�t� �i�s� �u�b�i�q�u�i�t�o�u�s� �i�n� �m�a�r�i�n�e� �a�n�d� �e�s�t�u�a�r�i�n�e� 

�e�n�v�i�r�o�n�m�e�n�t�s� �a�n�d� �v�i�r�u�l�e�n�t� �t�o� �m�a�n�.� �O�y�s�t�e�r�s� �a�c�q�u�i�r�e� �t�h�e� 

�m�i�c�r�o�o�r�g�a�n�i�s�m� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �n�o�r�m�a�l� �f�i�l�t�r�a�t�i�o�n� �p�r�o�c�e�s�s� 

�(�K�e�l�l�y� �a�n�d� �D�i�n�u�z�z�o�,� �1�9�8�5�)� �a�n�d� �t�h�e�s�e� �n�a�t�u�r�a�l�l�y� �i�n�f�e�c�t�e�d� 

�o�y�s�t�e�r�s� �a�r�e� �p�r�e�v�a�l�e�n�t� �i�n� �h�a�r�v�e�s�t�s� �f�r�o�m� �w�a�r�m� �w�a�t�e�r�s� 

�(�A�n�o�n�y�m�o�u�s�,� �1�9�9�0�;� �K�e�l�l�y� �a�n�d� �D�i�n�u�z�z�o�,� �1�9�8�5�)�.� 

�S�i�n�c�e� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�s� �c�o�m�m�o�n�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�e�a�f�o�o�d� 

�(�K�e�l�l�y�,� �1�9�8�2�;� �O ��N�e�i�l�l� �e�t� �a�l�.�,� �1�9�9�0�;� �T�i�l�t�o�n� �a�n�d� �R�y�a�n�,� �1�9�8�7�)�,� 
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�m�a�n�y� �i�n�d�i�v�i�d�u�a�l�s� �h�a�v�e� �s�u�f�f�e�r�e�d� �g�a�s�t�r�o�e�n�t�e�r�i�t�i�s� �f�r�o�m� 

�c�o�n�s�u�m�i�n�g� �c�o�n�t�a�m�i�n�a�t�e�d� �r�a�w� �o�r� �u�n�d�e�r�c�o�o�k�e�d� �o�y�s�t�e�r�s�.� �F�r�o�m� 

�1�9�7�5� �t�o� �1�9�8�9�,� �1�1�5� �c�a�s�e�s� �o�f� �s�h�e�l�l�f�i�s�h�-�a�s�s�o�c�i�a�t�e�d� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n� �(�O ��N�e�i�l�l� �e�t� �a�l�.�,� �1�9�9�0�)� �w�e�r�e� �r�e�p�o�r�t�e�d�.� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �a�l�s�o� �h�a�s� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �a�s� �a� �c�a�u�s�a�t�o�r�y� �a�g�e�n�t� 

�o�f� �p�r�i�m�a�r�y� �s�e�p�s�i�s� �i�n� �i�m�m�u�n�o�c�o�m�p�r�o�m�i�s�e�d� �i�n�d�i�v�i�d�u�a�l�s�.� �E�i�g�h�t�y�-� 

�f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �p�a�t�i�e�n�t�s� �s�u�f�f�e�r�i�n�g� �f�r�o�m� �p�r�i�m�a�r�y� 

�s�e�p�t�i�c�e�m�i�a� �h�a�d� �c�o�n�s�u�m�e�d� �r�a�w� �o�y�s�t�e�r�s� �(�O�l�i�v�e�r�,� �1�9�8�9�)�.� �T�h�e� 

�m�o�r�t�a�l�i�t�y� �r�a�t�e� �f�o�r� �i�n�f�e�c�t�e�d� �i�n�d�i�v�i�d�u�a�l�s� �w�a�s� �b�e�t�w�e�e�n� �4�0� �a�n�d� 

�6�0�%� �(�T�a�c�k�e�t� �e�t� �a�l�.�,� �1�9�8�4�;� �F�i�n�e�g�o�l�d� �a�n�d� �B�a�r�o�n�,� �1�9�8�6�)�.� 

�T�h�i�s� �s�t�u�d�y� �e�x�a�m�i�n�e�d� �b�o�t�h� �s�t�r�e�s�s�e�d� �a�n�d� �h�e�a�l�t�h�y� �o�y�s�t�e�r�s� 

�h�e�l�d� �i�n� �t�h�e� �s�a�m�e� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m�.� �T�h�e� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e� �o�f� �t�h�e� �o�y�s�t�e�r�s� �p�r�i�o�r� �t�o� �t�h�e�i�r� 

�i�n�t�r�o�d�u�c�t�i�o�n� �i�n�t�o� �a� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k� �w�a�s� �e�m�p�h�a�s�i�z�e�d�.� 

�S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �s�y�s�t�e�m� �w�a�s� �m�o�n�i�t�o�r�e�d� �a�s� �a�n� 

�i�n�d�i�c�a�t�o�r� �o�f� �t�h�e� �e�f�f�e�c�t� �o�f� �s�t�r�e�s�s� �o�n� �t�h�e� �m�i�c�r�o�b�i�a�l� 

�p�o�p�u�l�a�t�i�o�n� �o�f� �o�y�s�t�e�r�s�.� 

�O�y�s�t�e�r�s� �u�s�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �m�a�y� �r�e�s�e�m�b�l�e� �t�h�o�s�e� �t�h�a�t� 

�a�r�e� �h�a�r�v�e�s�t�e�d� �o�n� �t�h�e� �c�o�a�s�t� �a�n�d� �s�o�l�d� �t�o� �i�n�l�a�n�d� �r�e�t�a�i�l� �s�t�o�r�e�s�.� 

�T�h�e�r�e� �a�r�e� �l�i�m�i�t�e�d� �d�a�t�a� �o�n� �w�h�e�t�h�e�r� �i�n�t�e�r�s�t�a�t�e� �s�h�i�p�p�i�n�g� 

�i�n�c�r�e�a�s�e�s� �t�h�e� �m�i�c�r�o�b�i�a�l� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �o�y�s�t�e�r�s�.� �T�h�e� 

�t�r�u�c�k� �r�e�f�r�i�g�e�r�a�t�i�o�n� �u�n�i�t�s� �d�o� �n�o�t� �a�l�w�a�y�s� �m�a�i�n�t�a�i�n� 

�t�e�m�p�e�r�a�t�u�r�e�s� �b�e�l�o�w� �7�.�5�°�C� �a�n�d� �a�b�o�v�e� �4�.�4�°�C�.� �A�s� �a� �r�e�s�u�l�t�,� 

�m�u�l�t�i�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �t�h�e� �o�y�s�t�e�r�s� 

�d�u�r�i�n�g� �s�h�i�p�p�i�n�g� �m�a�y� �c�o�n�t�r�i�b�u�t�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� 
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�o�f� �i�n�f�e�c�t�i�o�n�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �c�o�n�s�u�m�p�t�i�o�n� �o�f� �r�a�w� �o�y�s�t�e�r�s� 

�(�A�n�o�n�y�m�o�u�s�,� �1�9�8�9�;� �C�o�o�k� �a�n�d� �R�u�p�l�e�,� �1�9�8�9�;� �U�.�S�.� �F�o�o�d� �a�n�d� �D�r�u�g� 

�A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �1�9�8�8�)�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �a� �s�p�r�a�y� �t�a�n�k� �o�n� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s� �w�a�s� �a�l�s�o� �e�x�a�m�i�n�e�d�.� �A� �c�o�n�v�e�r�t�e�d� �s�p�r�a�y� 

�h�o�l�d�i�n�g� �t�a�n�k� �s�y�s�t�e�m� �w�a�s� �u�s�e�d� �t�o� �c�o�m�p�a�r�e� �t�h�e� �e�f�f�e�c�t� �o�f� 

�i�m�m�e�r�s�e�d� �a�n�d� �c�o�n�v�e�n�t�i�o�n�a�l� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k� �s�t�o�r�a�g�e� �o�n� �t�h�e� 

�s�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �o�y�s�t�e�r�s� 

�O�y�s�t�e�r�s�,� �C�r�a�s�s�o�s�t�r�e�a� �v�i�r�g�i�n�i�c�a�,� �(�3�0� �t�o� �7�5� �m�m�)�,� �w�e�r�e� 

�h�a�r�v�e�s�t�e�d� �f�r�o�m� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �i�n� �V�i�r�g�i�n�i�a� �(�s�a�m�p�l�e�d� 

�a�l�l� �y�e�a�r� �l�o�n�g�)� �o�r� �h�a�r�v�e�s�t�e�d� �o�n� �t�h�e� �G�u�l�f� �C�o�a�s�t� �o�f� �L�o�u�i�s�i�a�n�a� 

�a�n�d� �t�r�a�n�s�p�o�r�t�e�d� �t�o� �V�i�r�g�i�n�i�a�.� �O�y�s�t�e�r�s� �s�u�b�j�e�c�t� �t�o� �i�n�t�e�r�s�t�a�t�e� 

�t�r�a�n�s�p�o�r�t� �a�n�d� �h�e�l�d� �i�n� �d�r�y� �s�t�o�r�a�g�e� �f�o�r� �a� �m�i�n�i�m�u�m� �o�f� �1�0� �d�a�y�s� 

�a�t� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �p�h�y�s�i�o�l�o�g�i�c�a�l�l�y� 

�s�t�r�e�s�s�e�d�.� �O�y�s�t�e�r�s� �h�a�r�v�e�s�t�e�d� �i�n� �V�i�r�g�i�n�i�a� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� 

�u�n�s�t�r�e�s�s�e�d�.� �A�l�l� �o�y�s�t�e�r�s� �w�e�r�e� �s�c�r�u�b�b�e�d� �w�i�t�h� �a� �w�i�r�e� �b�r�u�s�h� 

�u�n�d�e�r� �r�u�n�n�i�n�g� �c�o�l�d� �t�a�p� �w�a�t�e�r� �t�o� �r�e�m�o�v�e� �s�u�r�f�a�c�e� �d�i�r�t� �a�n�d� 

�f�o�r�e�i�g�n� �m�a�t�e�r�i�a�l�.� �T�h�e�y� �w�e�r�e� �t�h�e�n� �p�l�a�c�e�d� �i�n� �a� �s�p�r�a�y� �t�a�n�k� 

�(�M�a�r�i�n�e�l�a�n�d�,� �S�i�m�i� �V�a�l�l�e�y�,� �C�A�)� �f�o�r� �l�i�v�e� �h�o�l�d�i�n�g� �s�t�u�d�i�e�s� �o�r� �i�n� 

�a� �c�o�n�t�a�m�i�n�a�t�i�o�n� �t�a�n�k� �(�d�e�s�c�r�i�b�e�d� �b�e�l�o�w�)� �f�o�r� �i�n�o�c�u�l�a�t�i�o�n� �p�r�i�o�r� 

�t�o� �p�l�a�c�e�m�e�n�t� �i�n� �a� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� 

�T�h�e� �m�o�d�i�f�i�e�d� �s�p�r�a�y� �t�a�n�k� �(�F�i�g�.� �1�)� �w�a�s� �a� �r�e�c�i�r�c�u�l�a�t�i�n�g� 

�s�y�s�t�e�m� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�m�e�t�e�r�s�:� �t�h�e� �f�i�l�t�e�r� �s�y�s�t�e�m� �w�a�s� 

�a� �p�o�l�y�e�s�t�e�r� �w�o�o�l� �p�a�d� �p�l�a�c�e�d� �a�b�o�v�e� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l� �(�1�2� �c�m� 

�i�n� �d�e�p�t�h�)�;� �t�h�e� �v�o�l�u�m�e� �c�a�p�a�c�i�t�y� �w�a�s� �9�3�.�0� �L�;� �t�h�e� �f�l�o�w� �r�a�t�e� �w�a�s� 

�1�6�0� �G�P�H�;� �t�h�e� �w�a�t�e�r� �v�o�l�u�m�e� �w�a�s� �3�2�.�2� �L�;� �a�n�d� �t�h�e� �e�s�t�i�m�a�t�e�d� 

�i�n�t�e�n�s�i�t�y� �o�f� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �l�a�m�p� �w�a�s� �7�.�1� �x�X� 

�1�0�?� �W�/�m�?� �w�i�t�h� �a� �w�i�n�d�o�w� �a�r�e�a� �o�f� �0�.�7�9� �c�m ��.� 
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�S�c�i�e�n� 
�o�i�e�,� �T�Y�.� �S�o�A� �c�e�s� �o�e� 

� � � � 
�F�i�g�.� �1�:� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �a� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� �T�h�e� �t�a�n�k� 
�h�a�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�e�a�t�u�r�e�s�:� �(�W�)� �w�a�t�e�r� �l�e�v�e�l�;� �(�0�)� �o�y�s�t�e�r� 
�s�t�o�r�a�g�e� �a�r�e�a�;� �(�P�)� �p�o�l�y�e�s�t�e�r� �p�a�d�;� �(�C�)� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�;� �(�R�)� 
�r�e�f�r�i�g�e�r�a�t�i�o�n� �u�n�i�t�;� �(�W�P�)� �w�a�t�e�r� �p�u�m�p�;� �a�n�d� �(�U�V�)� �u�l�t�r�a�v�i�o�l�e�t� 
�d�i�s�i�n�f�e�c�t�i�o�n� �l�a�m�p�.� 
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�T�h�e� �s�p�r�a�y� �n�o�z�z�l�e�s� �w�e�r�e� �m�o�d�i�f�i�e�d� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �s�u�r�f�a�c�e� 

�o�f� �a�l�l� �t�h�e� �l�i�v�e� �s�h�e�l�l�f�i�s�h� �w�a�s� �s�p�r�a�y�e�d� �w�i�t�h� �w�a�t�e�r�.� 

�T�h�e� �s�y�s�t�e�m� �w�a�s� �s�u�r�f�a�c�e�-�a�e�r�a�t�e�d� �b�y� �s�p�r�a�y� �n�o�z�z�l�e�s�.� �T�h�e� 

�s�a�l�i�n�i�t�y� �o�f� �t�h�e� �w�a�t�e�r� �w�a�s� �2�4� �p�p�t� �a�n�d� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� 

�m�a�i�n�t�a�i�n�e�d� �a�t� �2�0�°�C�.� �T�h�e� �s�a�l�i�n�i�t�y� �v�a�l�u�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�m�e�a�s�u�r�i�n�g� �t�h�e� �s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y� �o�f� �w�a�t�e�r� �(�r�e�a�d� �w�i�t�h� �a� 

�h�y�d�r�o�m�e�t�e�r�,� �M�a�r�i�n�e�l�a�n�d�,� �C�A�)� �a�n�d� �c�o�n�v�e�r�t�i�n�g� �t�o� �s�a�l�i�n�i�t�y� �i�n� 

�p�a�r�t�s� �p�e�r� �t�h�o�u�s�a�n�d� �(�p�p�t�)� �u�s�i�n�g� �t�h�e� �f�o�r�m�u�l�a�:� �(�s�p�e�c�i�f�i�c� 

�g�r�a�v�i�t�y� �-� �1�)� �x� �1�3�2�3� �=� �s�a�l�i�n�i�t�y� �(�K�e�l�l�y�,� �1�9�8�2�)�.� 

�L�a�b�o�r�a�t�o�r�y� �a�n�d� �p�e�r�s�o�n�a�l� �s�a�f�e�t�y� �m�e�a�s�u�r�e�s� 

�T�h�e� �s�p�r�a�y� �t�a�n�k� �w�a�s� �p�l�a�c�e�d� �i�n� �a� �r�e�s�t�r�i�c�t�e�d� �a�c�c�e�s�s� �r�o�o�m� 

�u�n�d�e�r� �n�e�g�a�t�i�v�e� �a�i�r� �p�r�e�s�s�u�r�e�.� �A�n� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �(�3�0� �w�a�t�t� 

�G�E� �m�o�d�e�l� �#� �G�3�0�T�8�)� �w�a�s� �p�l�a�c�e�d� �a�b�o�v�e� �t�h�e� �t�a�n�k� �t�o� �c�o�n�t�r�o�l� �a�n�y� 

�a�i�r�b�o�r�n�e� �b�a�c�t�e�r�i�a� �t�h�a�t� �m�a�y� �b�e� �r�e�l�e�a�s�e�d� �a�s� �a�e�r�o�s�o�l�s� �d�u�r�i�n�g� 

�s�p�r�a�y�i�n�g� �o�f� �t�h�e� �w�a�t�e�r�.� �O�y�s�t�e�r� �s�h�u�c�k�i�n�g� �a�n�d� �b�a�c�t�e�r�i�a�l� 

�e�n�u�m�e�r�a�t�i�o�n� �w�e�r�e� �r�e�s�t�r�i�c�t�e�d� �t�o� �a�n�o�t�h�e�r� �"�a�u�t�h�o�r�i�z�e�d� �p�e�r�s�o�n�n�e�l� 

�o�n�l�y�"� �r�o�o�m�.� �S�a�f�e�t�y� �g�o�g�g�l�e�s� �a�n�d� �a� �g�a�s� �r�e�s�p�i�r�a�t�o�r� �(�H�a�l�f� �M�a�s�k� 

�S�i�l�i�c�o�n�e� �R�e�s�p�i�r�a�t�o�r�,� �M�A�-�7�5�2�3�,� �L�a�b�o�r�a�t�o�r�y� �S�a�f�e�t�y� �S�u�p�p�l�y�,� 

�J�a�n�e�s�v�i�l�l�e�,� �W�I�)� �w�e�r�e� �w�o�r�n� �d�u�r�i�n�g� �a�l�l� �c�o�n�t�a�c�t�s� �w�i�t�h� �t�h�e� �s�p�r�a�y� 

�t�a�n�k�,� �o�y�s�t�e�r� �s�h�u�c�k�i�n�g�,� �a�n�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �e�n�u�m�e�r�a�t�i�o�n�s�.� 

�D�i�s�i�n�f�e�c�t�i�o�n� �o�f� �s�p�r�a�y� �t�a�n�k� 

�T�h�e� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k� �a�n�d� �t�h�e� �i�n�o�c�u�l�a�t�i�o�n� �t�a�n�k� 

�w�e�r�e� �d�i�s�i�n�f�e�c�t�e�d� �b�e�t�w�e�e�n� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �P�3�-�t�o�p�a�x� �9�9� 
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�(�H�e�n�k�e�l� �C�o�r�p�o�r�a�t�i�o�n� �C�h�e�m�i�c�a�l� �S�e�r�v�i�c�e�s� �D�i�v�i�s�i�o�n�,� �B�u�r�l�i�n�g�t�o�n�,� 

�I�A�)� �c�o�n�t�a�i�n�i�n�g� �5�.�2�5�%� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e�.� �B�e�f�o�r�e� �e�a�c�h� 

�e�x�p�e�r�i�m�e�n�t�,� �a�l�l� �t�h�e� �t�u�b�i�n�g� �o�f� �t�h�e� �t�a�n�k�,� �t�h�e� �p�u�m�p� �m�o�t�o�r� �a�n�d� 

�t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �d�i�s�i�n�f�e�c�t�i�n�g� �l�a�m�p� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�a�n�k� 

�s�y�s�t�e�m�.� �T�h�e� �p�u�m�p� �a�n�d� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �l�a�m�p� �w�e�r�e� �d�i�s�a�s�s�e�m�b�l�e�d� 

�a�n�d� �t�h�e� �p�a�r�t�s� �w�e�r�e� �s�c�r�u�b�b�e�d� �w�i�t�h� �a� �b�r�u�s�h� �a�n�d� �d�i�s�i�n�f�e�c�t�e�d� 

�w�i�t�h� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e� �s�o�l�u�t�i�o�n� �a�t� �2�0�0� �p�p�m�.� �R�e�s�i�d�u�a�l� 

�c�h�l�o�r�i�n�e� �w�a�s� �r�e�m�o�v�e�d� �b�y� �r�i�n�s�i�n�g� �w�i�t�h� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� 

�A�f�t�e�r� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t�,� �a�n�y� �r�e�m�a�i�n�i�n�g� �o�y�s�t�e�r�s� �w�e�r�e� 

�r�e�m�o�v�e�d� �a�n�d� �2�0�0� �p�p�m� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e� �w�a�s� 

�a�d�d�e�d� �t�o� �t�h�e� �t�a�n�k�.� �T�h�e� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k� �w�a�s� �r�u�n� 

�c�o�n�t�i�n�u�o�u�s�l�y� �f�o�r� �4�8� �t�o� �7�2� �h�r�.� �T�h�e�n�,� �a�l�l� �p�a�r�t�s� �o�f� �t�h�e� �t�a�n�k� 

�i�n�c�l�u�d�i�n�g� �t�h�e� �f�i�l�t�e�r� �p�a�d�,� �c�h�a�r�c�o�a�l�,� �a�n�d� �t�u�b�e�s� �w�e�r�e� 

�a�u�t�o�c�l�a�v�e�d� �b�e�f�o�r�e� �h�a�n�d�l�i�n�g�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� �r�u�n� �f�o�r� �a�n�o�t�h�e�r� 

�4�8� �h�r� �w�i�t�h�o�u�t� �t�h�e� �a�b�o�v�e�-�m�e�n�t�i�o�n�e�d� �p�a�r�t�s� �a�f�t�e�r� �w�h�i�c�h� �t�h�e� �t�a�n�k� 

�w�a�t�e�r� �w�a�s� �d�i�s�c�a�r�d�e�d� �a�n�d� �t�h�e� �p�a�r�t�s� �w�e�r�e� �c�l�e�a�n�e�d� �a�n�d� �s�a�n�i�t�i�z�e�d� 

�a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� 

�A�r�t�i�f�i�c�i�a�l� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �o�y�s�t�e�r�s� �w�i�t�h� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �A�T�C�C� 

�9�6�3�7� 

�S�t�o�c�k� �c�u�l�t�u�r�e�s� �o�f� �E�.� �c�o�l�i� �A�T�C�C� �9�6�3�7� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �o�n� 

�T�r�y�p�t�i�c�a�s�e� �S�o�y� �A�g�a�r� �(�T�S�A�)� �s�l�a�n�t�s� �a�t� �4�°�C�.� �T�h�e� �E�.� �c�o�l�i� 

�c�u�l�t�u�r�e� �u�s�e�d� �f�o�r� �i�n�f�e�c�t�i�o�n� �o�f� �o�y�s�t�e�r�s� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� 

�i�n�o�c�u�l�a�t�i�n�g� �T�r�y�p�t�i�c�a�s�e� �S�o�y� �B�r�o�t�h� �(�T�S�B�)�,� �a�n�d� �i�n�c�u�b�a�t�i�n�g� �a�t� 

�3�7�°�C� �f�o�r� �2�4� �h�r�.� �O�n�e� �m�L� �o�f� �t�h�e� �c�u�l�t�u�r�e� �b�r�o�t�h� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� 
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�t�o� �T�S�B� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �1�0� �h�r� �a�t� �3�7�°�C� �t�o� �y�i�e�l�d� �1�0�°� �t�o� �1�0�°� 

�C�F�U�/�m�L�.� �T�h�e� �c�e�l�l� �d�e�n�s�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�w�a�y�:� �t�e�n� �m�L� �o�f� �b�r�o�t�h� �w�a�s� �s�p�u�n� �f�o�r� �1�0� �m�i�n� �a�t� �1�0�°�C� �a�n�d� �3�,�0�0�0� 

�x� �g� �(�S�o�r�v�a�l�l� �S�u�p�e�r�s�p�e�e�d� �R�C�2�-�B� �A�u�t�o�m�a�t�i�c� �R�e�f�r�i�g�e�r�a�t�e�d� 

�C�e�n�t�r�i�f�u�g�e�)�,� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�e�c�a�n�t�e�d�,� �t�h�e� �p�e�l�l�e�t� �w�a�s� 

�w�a�s�h�e�d� �w�i�t�h� �P�h�o�s�p�h�a�t�e� �B�u�f�f�e�r�e�d� �S�a�l�i�n�e� �(�P�B�S�)� �(�p�H� �7�.�6�;� �0�.�0�1� 

�M�)�,� �a�n�d� �r�e�c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �1�0� �m�i�n� �a�t� �3�,�0�0�0� �x� �g�.� �T�h�e� 

�s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�e�c�a�n�t�e�d� �a�n�d� �t�h�e� �p�e�l�l�e�t� �w�a�s� �r�e�s�u�s�p�e�n�d�e�d�.� �i�n� 

�P�B�S�.� �T�h�e� �O�D� �v�a�l�u�e�s� �o�f� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �o�f� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n�s� 

�i�n� �P�B�S� �w�e�r�e� �r�e�a�d� �o�n� �a� �B�a�u�s�c�h� �a�n�d� �L�o�m�b� �S�p�e�c�t�r�o�n�i�c� �7�0� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �a�t� �6�0�0� �n�m�.� �T�h�e� �c�e�l�l� �d�e�n�s�i�t�y� �w�a�s� �e�s�t�i�m�a�t�e�d� 

�f�r�o�m� �p�l�o�t�s� �o�f� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �v�s�.� �l�o�g� �C�F�U�/�m�L�.� �C�e�l�l� �n�u�m�b�e�r�s� 

�w�e�r�e� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �c�o�l�o�n�i�e�s� �g�r�o�w�n� �o�n� �V�i�o�l�e�t� �R�e�d� �B�i�l�e� �A�g�a�r� 

�(�V�R�B�A�)� �i�n�c�u�b�a�t�e�d� �f�o�r� �4�5�°�C� �f�o�r� �2�4� �h�r�.� �D�u�r�i�n�g� �i�n�f�e�c�t�i�o�n�,� 

�o�y�s�t�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �a� �s�i�n�g�l�e� �l�a�y�e�r� �i�n� �a� �t�a�n�k� �(�4�8� �c�m� �x� �3�0� 

�c�m� �x� �6�5� �c�m�)� �w�i�t�h� �1�0� �L� �o�f� �a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r� �a�n�d� �E�.� �c�o�l�i� �a�t� 

�a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�0 ��/�m�L� �a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r�.� �O�y�s�t�e�r�s� �w�e�r�e� 

�a�l�l�o�w�e�d� �t�o� �f�e�e�d� �i�n� �a� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �a� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�o�f� �E�.� �c�o�l�i� �t�o� �s�i�m�u�l�a�t�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�c�c�u�r�r�i�n�g� 

�f�r�o�m� �t�e�m�p�e�r�a�t�u�r�e�-�a�b�u�s�e� �d�u�r�i�n�g� �h�a�n�d�l�i�n�g� �a�n�d� �s�t�o�r�a�g�e� �i�n� �l�i�v�e� 

�h�o�l�d�i�n�g� �t�a�n�k�s�.� �A�i�r� �s�t�o�n�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �t�a�n�k� �t�o� �a�e�r�a�t�e� 

�t�h�e� �a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r�.� �O�y�s�t�e�r�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �f�e�e�d� �a�t� 

�2�5�°�C� �f�o�r� �1�2� �h�r�.� 

�5�0



�B�a�c�t�e�r�i�a�l� �e�n�u�m�e�r�a�t�i�o�n� 

�T�e�n� �o�y�s�t�e�r�s� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�0� �g� �o�f� �m�e�a�t�)� �w�e�r�e� �s�h�u�c�k�e�d� 

�u�s�i�n�g� �a�s�e�p�t�i�c� �t�e�c�h�n�i�q�u�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �C�o�m�p�e�n�d�i�u�m� �o�f� 

�M�e�t�h�o�d�s� �f�o�r� �o�y�s�t�e�r�s� �(�H�u�n�t� �e�t� �a�l�.�,� �1�9�8�4�)�.� �A�d�d�u�c�t�o�r� �m�u�s�c�l�e�s� 

�w�e�r�e� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �t�h�e� �s�h�e�l�l�s� �u�s�i�n�g� �a� �s�c�a�l�p�e�l� �s�t�e�r�i�l�i�z�e�d� �b�y� 

�r�i�n�s�i�n�g� �w�i�t�h� �9�5�%� �(�v�/�v�)� �e�t�h�a�n�o�l� �a�n�d� �p�a�s�s�i�n�g� �t�h�r�o�u�g�h� �a� �f�l�a�m�e�.� 

�O�y�s�t�e�r� �m�e�a�t� �w�a�s� �p�l�a�c�e�d� �i�n� �s�t�e�r�i�l�e� �S�t�o�m�a�c�h�e�r� �b�a�g�s� 

�(�S�t�e�w�a�r�d� �M�e�d�i�c�a�l� �S�t�o�m�a�c�h�e�r� �4�0�0� �B�a�g�s�,� �F�i�s�h�e�r�)� �a�n�d� �d�i�l�u�t�e�d� 

�1�:�1�0� �w�i�t�h� �P�B�S�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �h�o�m�o�g�e�n�i�z�e�d� �u�s�i�n�g� �a� 

�S�t�o�m�a�c�h�e�r� �L�a�b�-�B�l�e�n�d�e�r� �4�0�0� �(�S�t�e�w�a�r�d� �M�e�d�i�c�a�l� �U�A�C� �H�o�u�s�e�,� 

�L�o�n�d�o�n�,� �E�n�g�l�a�n�d�)� �f�o�r� �2� �m�i�n�.� �S�a�m�p�l�e�s� �o�f� �1�0� �m�L� �t�a�n�k� �w�a�t�e�r� 

�w�e�r�e� �a�l�s�o� �t�a�k�e�n� �a�n�d� �e�n�u�m�e�r�a�t�e�d� �f�o�r� �E�.� �c�o�l�i� �a�n�d�/�o�r� �V�.� 

�v�u�l�n�i�f�i�c�u�s�.� 

�F�o�r� �e�n�u�m�e�r�a�t�i�o�n� �o�f� �E�.� �c�o�l�i�,� �h�o�m�o�g�e�n�i�z�e�d� �o�y�s�t�e�r�s� �a�n�d� 
� � 

�t�a�n�k� �w�a�t�e�r� �s�a�m�p�l�e�s� �w�e�r�e� �d�i�l�u�t�e�d� �b�e�t�w�e�e�n� �1�:�1�0�'� �t�o� �1�:�1�0�°� �w�i�t�h� 

�P�B�S�.� �E�.� �c�o�l�i� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �u�s�i�n�g� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �t�o� �r�e�p�a�i�r� 

�i�n�j�u�r�e�d� �c�e�l�l�s� �(�H�a�c�k�n�e�y� �e�t� �a�l�.�,� �1�9�7�9�;� �R�a�y� �a�n�d� �A�d�a�m�s�,� �1�9�8�4�)�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �p�o�u�r�e�d� �o�n�t�o� �p�l�a�t�e�s� �o�f� �T�S�A�,� �i�n�c�u�b�a�t�e�d� �1� �t�o� �2� �h�r� 

�a�t� �2�5�°�C�,� �o�v�e�r�l�a�i�d� �w�i�t�h� �d�o�u�b�l�e� �s�t�r�e�n�g�t�h� �V�R�B�A�,� �a�n�d� �i�n�c�u�b�a�t�e�d� 

�a�t� �4�5�°�C� �f�o�r� �2�4� �h�r� �(�H�a�c�k�n�e�y� �e�t� �a�l�.�,� �1�9�7�9�)�.� �S�e�v�e�r�a�l� �c�o�l�o�n�i�e�s� 

�f�r�o�m� �t�h�e� �V�R�B�A�-�o�v�e�r�l�a�i�d� �T�S�A� �p�l�a�t�e�s� �w�e�r�e� �p�l�a�t�e�d� �o�n� �E�o�s�i�n� 

�M�e�t�h�y�l�e�n�e� �B�l�u�e� �A�g�a�r� �(�E�M�B�)� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �2�4� �h�r� �a�t� �3�5�°�C�.� 

�C�o�l�o�n�i�e�s� �w�h�i�c�h� �d�i�s�p�l�a�y�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�h�e�n�o�t�y�p�e�:� �d�a�r�k� �r�e�d� 

�c�o�l�o�n�i�e�s� �w�i�t�h� �a� �z�o�n�e� �o�f� �p�r�e�c�i�p�i�t�a�t�e�d� �b�i�l�e� �a�c�i�d�s� �o�n� �V�R�B�A�-� 

�o�v�e�r�l�a�i�d� �T�S�A� �p�l�a�t�e�s� �a�n�d� �v�e�r�y� �d�a�r�k� �c�o�l�o�n�i�e�s� �w�i�t�h� �m�e�t�a�l�l�i�c� 
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�s�h�e�e�n� �o�n� �E�M�B� �p�l�a�t�e�s�,� �w�e�r�e� �c�o�n�f�i�r�m�e�d� �a�s� �E�.� �c�o�l�i� �u�s�i�n�g� �A�P�I� �2�0�E� 

�s�y�s�t�e�m� �b�i�o�c�h�e�m�i�c�a�l� �s�t�r�i�p�s� �(�A�n�a�l�y�t�a�b� �P�r�o�d�u�c�t�s�,� �P�l�a�i�n�v�i�e�w�,� 

�N�Y�)�.� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �i�n� �o�y�s�t�e�r� �s�a�m�p�l�e�s� �a�n�d� �t�a�n�k� 

�w�a�t�e�r� �u�s�i�n�g� �t�h�e� �M�o�s�t� �P�r�o�b�a�b�l�e� �N�u�m�b�e�r� �(�M�P�N�)� �e�n�u�m�e�r�a�t�i�o�n� 

�t�e�c�h�n�i�q�u�e� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �S�h�e�l�l�f�i�s�h� �S�a�n�i�t�a�t�i�o�n� �B�r�a�n�c�h� �o�f� 

�t�h�e� �C�e�n�t�e�r� �f�o�r� �F�o�o�d� �S�a�f�e�t�y� �a�n�d� �A�p�p�l�i�e�d� �N�u�t�r�i�t�i�o�n� �o�f� �U�.�S�.� 

�F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �(�U�.�S�.� �F�o�o�d� �a�n�d� �D�r�u�g� 

�A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �1�9�8�8�)�.� 

�T�h�e� �h�o�m�o�g�e�n�i�z�e�d� �o�y�s�t�e�r� �s�a�m�p�l�e�s� �a�n�d� �w�a�t�e�r� �s�a�m�p�l�e�s� �w�e�r�e� 

�d�i�l�u�t�e�d� �b�e�t�w�e�e�n� �1�:�1�0�'� �t�o� �1�:�1�0�°� �w�i�t�h� �P�B�S�.� �T�h�e� �d�i�l�u�t�e�d� 

�s�a�m�p�l�e�s� �w�e�r�e� �i�n�o�c�u�l�a�t�e�d� �i�n�t�o� �A�l�k�a�l�i�n�e� �P�e�p�t�o�n�e� �W�a�t�e�r� �(�p�H� �8�.�5�)� 

�(�A�P�W�)� �i�n� �a� �3�-�t�u�b�e� �M�P�N� �s�e�r�i�e�s� �f�o�r� �e�n�r�i�c�h�m�e�n�t� �a�n�d� �i�n�c�u�b�a�t�e�d� 

�f�o�r� �1�2� �h�r� �a�t� �3�7�°�C�.� �O�n�e� �l�o�o�p�f�u�l� �f�r�o�m� �A�P�W� �t�u�b�e�s� �s�h�o�w�i�n�g� 

�g�r�o�w�t�h� �i�n� �A�P�W� �w�e�r�e� �s�t�r�e�a�k�e�d� �o�n� �p�l�a�t�e�s� �o�f� �T�h�i�o�s�u�l�f�a�t�e� �C�i�t�r�a�t�e� 

�B�i�l�e� �S�a�l�t� �S�u�c�r�o�s�e� �M�e�d�i�u�m� �(�T�C�B�S�)� �(�L�o�t�z� �e�t� �a�l�.�,� �1�9�8�3�)� �a�n�d� 

�C�e�l�l�o�b�i�o�s�e� �P�o�l�y�m�y�x�i�n� �C�o�l�i�s�t�i�n� �M�e�d�i�u�m� �(�C�P�C�)� �(�M�a�s�s�a�d� �a�n�d� 

�O�l�i�v�e�r�,� �1�9�8�7�)� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �2�4� �h�r� �a�t� �3�7�°�C� �t�o� �s�e�l�e�c�t� �f�o�r� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �c�o�l�o�n�i�e�s�.� 

�T�y�p�i�c�a�l� �V�.� �v�u�l�n�i�f�i�c�u�s� �c�o�l�o�n�i�e�s� �a�p�p�e�a�r�e�d� �a�s� �2� �t�o� �3� �m�m� 

�d�i�a�m�e�t�e�r� �r�a�i�s�e�d� �g�r�e�e�n� �t�o� �b�l�u�e�-�g�r�e�e�n� �c�o�l�o�n�i�e�s� �o�n� �T�C�B�S� �a�n�d� �a�s� 

�2� �m�m� �d�i�a�m�e�t�e�r� �f�l�a�t�,� �y�e�l�l�o�w� �c�o�l�o�n�i�e�s� �o�n� �C�P�C�.� �T�y�p�i�c�a�l� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �c�o�l�o�n�i�e�s� �w�e�r�e� �c�o�n�f�i�r�m�e�d� �b�i�o�c�h�e�m�i�c�a�l�l�y� �u�s�i�n�g� �A�P�I� 

�R�a�p�i�d� �N�F�T� �s�y�s�t�e�m� �(�A�n�a�l�y�t�a�b� �P�r�o�d�u�c�t�s�,� �P�l�a�i�n�v�i�e�w�,� �N�Y�)� �w�i�t�h� 

�m�o�d�i�f�i�c�a�t�i�o�n�s�.� �C�o�l�o�n�i�e�s� �w�e�r�e� �s�u�s�p�e�n�d�e�d� �i�n� �2�%� �s�a�l�i�n�e� 
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�s�o�l�u�t�i�o�n� �i�n�s�t�e�a�d� �o�f� �0�.�8�5�%� �a�s� �s�u�g�g�e�s�t�e�d� �b�y� �A�n�a�l�y�t�a�b� �P�r�o�d�u�c�t�s�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �s�a�l�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�l�l�o�w�e�d� �f�o�r� �b�e�t�t�e�r� �g�r�o�w�t�h� 

�o�f� �t�h�e� �o�r�g�a�n�i�s�m�s� �i�n� �t�h�e� �b�i�o�c�h�e�m�i�c�a�l� �t�e�s�t�s� �(�M�a�c�D�o�n�e�l�l� �e�t� �a�l�.�,� 

�1�9�8�2�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�T�h�e� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� �E�.� �c�o�l�i� �a�n�d� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�p�o�p�u�l�a�t�i�o�n�s� �i�n� �o�y�s�t�e�r�s� �s�t�o�r�e�d� �i�n� �a� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m� 

�w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �o�f� �t�h�e� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m� �(�S�A�S�,� �1�9�8�5�)�.� �S�i�g�n�i�f�i�c�a�n�c�e�s� �o�f� 

�t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �m�e�a�n�s� �o�f� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� 

�b�a�c�t�e�r�i�a�l� �l�e�v�e�l�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �(�L�S�D�)� �(�S�o�k�a�l� �a�n�d� �R�o�h�l�f�,� �1�9�8�1�)�.� �M�e�a�n�s� �w�i�t�h� �F� 

�v�a�l�u�e�s� �(�p� �<� �0�.�0�5�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �e�a�c�h� 

�o�t�h�e�r�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�S�u�r�v�i�v�a�l� �o�f� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �i�n� �o�y�s�t�e�r�s� �d�u�r�i�n�g� �s�t�o�r�a�g�e� 

�A�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �h�a�d� �a�n� �i�n�i�t�i�a�l� �E�.� �c�o�l�i� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�.�3� �X� �1�0�°� �C�F�U�/�g� �o�f� �o�y�s�t�e�r� �t�i�s�s�u�e� �(�F�i�g�.� �2�)�.� 

�D�u�r�i�n�g� �t�h�e� �1�2�0� �h�r� �o�f� �s�t�o�r�a�g�e� �i�n� �t�h�e� �s�p�r�a�y� �s�y�s�t�e�m�,� �t�h�e�r�e� �w�a�s� 

�a� �g�r�a�d�u�a�l� �1�0�0�-�f�o�l�d� �d�e�c�r�e�a�s�e� �i�n� �E�.� �c�o�l�i� �p�o�p�u�l�a�t�i�o�n�s� �i�n� �t�h�e� 

�o�y�s�t�e�r�s�.� �B�u�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �E�.� �c�o�l�i� 

�i�n� �o�y�s�t�e�r�s� �p�r�i�o�r� �t�o� �s�t�o�r�a�g�e� �a�n�d� �a�f�t�e�r� �1�2�0� �h�r� �o�f� �s�t�o�r�a�g�e� �i�n� 

�t�h�e� �s�p�r�a�y� �t�a�n�k� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�p� �=� �0�.�1�2�)� �(�S�t�a�t�i�s�t�i�c�a�l� 

�A�n�a�l�y�s�i�s� �S�y�s�t�e�m�,� �S�A�S�)�.� �S�i�n�c�e� �a� �s�p�r�a�y� �h�o�l�d�i�n�g� �t�a�n�k� �h�a�d� �n�o�t� 

�b�e�e�n� �p�r�e�v�i�o�u�s�l�y� �e�x�a�m�i�n�e�d�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� 

�c�o�m�p�a�r�e�d� �t�o� �r�e�s�e�a�r�c�h� �d�a�t�a� �o�b�t�a�i�n�e�d� �f�r�o�m� �d�e�p�u�r�a�t�i�o�n� �s�y�s�t�e�m�s�.� 

�R�e�s�u�l�t�s� �w�i�t�h� �t�r�e�n�d�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s�.� �W�h�e�n� �i�n�o�c�u�l�a�t�e�d� 

�w�i�t�h� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�°� �M�P�N�/�g�,� �o�y�s�t�e�r�s� �a�n�d� 

�m�u�s�s�e�l�s� �w�e�r�e� �n�o�t� �a�b�l�e� �t�o� �r�e�d�u�c�e� �t�h�e� �f�e�c�a�l� �c�o�l�i�f�o�r�m� �l�e�v�e�l�s� �i�n� 

�a� �d�e�p�u�r�a�t�i�o�n� �s�y�s�t�e�m� �(�B�u�i�s�s�o�n� �e�t� �a�l�.�,� �1�9�8�1�;� �P�o�w�e�r� �a�n�d� 

�C�o�l�l�i�n�s�,� �1�9�8�9�)�.� �E�v�e�n� �t�h�o�u�g�h� �a� �h�i�g�h� �l�e�v�e�l� �o�f� �E�.� �c�o�l�i� �w�a�s� 

�u�s�e�d� �t�o� �i�n�o�c�u�l�a�t�e� �o�y�s�t�e�r�s�,� �t�h�e� �l�e�v�e�l� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e� �i�n� 

�o�y�s�t�e�r� �t�i�s�s�u�e�s� �d�u�r�i�n�g� �t�h�e� �1�2�0� �h�r� �o�f� �s�t�o�r�a�g�e�.� �T�h�e� �i�n�c�r�e�a�s�e� 
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� � �0�- � � ��  ��T� �T� �F�J� �T� �T� 

�0� �2�4� �4�8� �7�2� �9�6� �1�2�0� 

�H�o�u�r�s� �o�f� �S�t�o�r�a�g�e� 

�F�i�g�.� �2�:� �S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� �o�y�s�t�e�r�s� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �i�n�a� 
�s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� �O�y�s�t�e�r�s� �(�O�)� �a�n�d� �t�a�n�k� �w�a�t�e�r� �(�Q�)� 
�w�e�r�e� �e�n�u�m�e�r�a�t�e�d� �f�o�r� �E�.� �c�o�l�i�.� �O�n� �t�h�e� �F�i�g�u�r�e�,� �3� �C�F�U�/�m�L� 
�r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �C�F�U� �o�f� �E�.� �c�o�l�i�/�m�L� �o�f� �w�a�t�e�r�.� 
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�i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r� �m�a�y� �h�a�v�e� �b�e�e�n� �t�h�e� 

�r�e�s�u�l�t� �o�f� �f�e�c�e�s� �a�n�d� �p�s�e�u�d�o�-�f�e�c�e�s� �b�e�i�n�g� �r�e�l�e�a�s�e�d� �i�n�t�o� �t�h�e� 

�w�a�t�e�r� �o�r� �g�r�o�w�t�h� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �i�n� �t�h�e� �w�a�t�e�r�.� 

�s�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� �s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� 

�T�h�e� �e�f�f�e�c�t� �o�f� �s�t�r�e�s�s� �o�n� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� 

�o�y�s�t�e�r�s� �w�a�s� �e�x�a�m�i�n�e�d� �(�F�i�g�.� �3�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �E�.� �c�o�l�i� �l�e�v�e�l�s� �i�n� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �(�p� �=� �0�.�3�0�)� 

�d�u�r�i�n�g� �9�6� �h�r� �o�f� �s�t�o�r�a�g�e� �i�n� �t�h�e� �s�p�r�a�y� �s�y�s�t�e�m�.� �E�.� �c�o�l�i� �l�e�v�e�l�s� 

�i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �<�3� �C�F�U�/�m�L� �t�o� �1�.�7� �X� �1�0�?� 

�C�F�U�/�m�L�.� �T�h�e� �i�n�c�r�e�a�s�e� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r� �m�a�y� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �o�y�s�t�e�r�s� �w�e�r�e� �p�h�y�s�i�c�a�l�l�y� �a�c�t�i�v�e�.� �T�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �s�t�u�d�i�e�s� �o�f� �t�h�e� 

�e�f�f�i�c�i�e�n�c�y� �o�f� �d�e�p�u�r�a�t�i�o�n� �b�y� �s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s�.� �P�r�e�v�i�o�u�s� 

�s�t�u�d�i�e�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �o�y�s�t�e�r�s� �s�t�r�e�s�s�e�d� �f�r�o�m� �t�e�m�p�e�r�a�t�u�r�e� 

�f�l�u�c�t�u�a�t�i�o�n�s� �a�n�d� �m�i�s�h�a�n�d�l�i�n�g� �h�a�d� �a� �d�e�c�r�e�a�s�e�d� �e�f�f�i�c�i�e�n�c�y� �o�f� 

�d�e�p�u�r�a�t�i�o�n� �(�C�o�o�k� �a�n�d� �E�l�l�e�n�d�e�r�,� �1�9�8�6�;� �E�y�l�e�s� �a�n�d� �D�a�v�e�y�,� �1�9�8�4�;� 

�M�i�t�c�h�e�l�l� �e�t� �a�l�.�,� �1�9�6�6�)�.� �P�o�w�e�r� �a�n�d� �C�o�l�l�i�n�s� �(�1�9�8�9�)� �a�l�s�o� 

�o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �r�a�t�e� �o�f� �E�.� �c�o�l�i� �e�l�i�m�i�n�a�t�i�o�n� �b�y� �m�u�s�s�e�l�s� �w�a�s� 

�d�r�a�m�a�t�i�c�a�l�l�y� �a�f�f�e�c�t�e�d� �b�y� �s�t�r�e�s�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �w�e� �f�o�u�n�d� �t�h�a�t� 

�t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�r�e�s�s� �i�m�p�o�s�e�d� �o�n� �t�h�e� �o�y�s�t�e�r�s� �a�s� �a� �r�e�s�u�l�t� 

�o�f� �i�n�t�e�r�s�t�a�t�e� �s�h�i�p�p�i�n�g� �d�i�d� �n�o�t� �a�f�f�e�c�t� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �E�.� 

�c�o�l�i� �i�n� �o�y�s�t�e�r�s� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �i�n� �a� �s�p�r�a�y� �t�a�n�k�.� �I�f� �a�n� 
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� � �O� �T� �f� �O�E� �I� �#� 

�0� �2�4� �4�8� �7�2� �9�6� 
�H�o�u�r�s� �o�f� �S�t�o�r�a�g�e� 

�F�i�g�.� �3�:� �S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l�l�y�-�s�t�r�e�s�s�e�d� 
�o�y�s�t�e�r�s� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �i�n� �a� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� 
�O�y�s�t�e�r�s� �(�O�)� �a�n�d� �t�a�n�k� �w�a�t�e�r� �(�0�)� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d� �f�o�r� �E�.� �c�o�l�i�.� 
�O�n� �t�h�e� �F�i�g�u�r�e�,� �3� �C�F�U�/�m�L� �r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �C�F�U� �o�f� �E�.� 
�c�o�l�i�/�m�L� �o�f� �w�a�t�e�r�.� 
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�i�n�c�r�e�a�s�e� �d�i�d� �o�c�c�u�r�,� �i�t� �w�a�s� �o�f�f�s�e�t� �b�y� �a� �c�o�n�c�o�m�i�t�a�n�t� �d�e�c�r�e�a�s�e� 

�i�n�t�o� �t�h�e� �t�a�n�k� �w�a�t�e�r�.� 

�C�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�i�o�n� �o�f� �o�y�s�t�e�r�s� �a�n�d� �w�a�t�e�r� 

�T�h�e� �e�f�f�e�c�t� �o�f� �s�t�o�r�i�n�g� �s�t�r�e�s�s�e�d� �a�n�d� �u�n�s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� 

�w�i�t�h� �t�w�o� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �l�e�v�e�l�s� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �s�a�m�e� 

�t�a�n�k� �w�a�s� �e�x�a�m�i�n�e�d� �(�F�i�g�.� �4�)�.� �D�u�r�i�n�g� �7�2� �h�r� �o�f� �s�t�o�r�a�g�e� �i�n� �t�h�e� 

�s�p�r�a�y� �t�a�n�k�,� �E�.� �c�o�l�i� �l�e�v�e�l�s� �i�n� �s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� �r�e�m�a�i�n�e�d� 

�r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t� �a�t� �1�0�°� �C�F�U�/�m�L� �w�h�i�l�e� �t�h�e� �l�e�v�e�l� �o�f� �E�.� �c�o�l�i� 

�i�n� �t�h�e� �u�n�s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� �g�r�a�d�u�a�l�l�y� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �a�n� 

�i�n�i�t�i�a�l� �c�o�u�n�t� �o�f� �5�.�8� �X� �1�0�?� �C�F�U�/�m�L� �t�o� �4�.�5� �X� �1�0�4� �C�F�U�/�m�L�.� �T�h�e� 

�i�n�i�t�i�a�l� �l�e�v�e�l� �o�f� �E�.� �c�o�l�i� �i�n� �u�n�s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� �(�5�.�8� �X� �1�0�?� 

�C�F�U�/�m�L�)� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�p� �=� �0�.�0�0�0�1�)� �f�r�o�m� �t�h�e� 

�i�n�i�t�i�a�l� �c�o�u�n�t� �i�n� �t�h�e� �s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� �(�1�.�5� �X� �1�0�°� �M�P�N�/�m�L�)�.� 

�A�f�t�e�r� �7�2� �h�r� �o�f� �s�t�o�r�a�g�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �E�.� 

�c�o�l�i� �i�n� �t�h�e� �o�y�s�t�e�r�s� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�p� �=� �0�.�3�8�)�.� �T�h�e� 

�n�u�m�b�e�r� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r� �s�t�e�a�d�i�l�y� �i�n�c�r�e�a�s�e�d� �f�r�o�m� 

�<�3� �C�F�U�/�m�L� �t�o� �2�.�5� �X� �1�0�?� �C�F�U�/�n�L�.� 

�S�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �E�.� �c�o�l�i� �n�a�t�u�r�a�l�l�y� �p�r�e�s�e�n�t� �i�n� 

�o�y�s�t�e�r�s� 

�O�y�s�t�e�r�s� �n�a�t�u�r�a�l�l�y� �c�o�n�t�a�i�n�i�n�g� �l�o�w� �l�e�v�e�l�s� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �a�n�d� �E�.� �c�o�l�i� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� 

�t�a�n�k� �t�o� �d�u�p�l�i�c�a�t�e� �t�h�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m�s� �u�s�e�d� �i�n� �r�e�t�a�i�l� �f�o�o�d� 
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� � �0� �T� �T� �T� �4�d� 

�0� �2�4� �4�8� �7�2� 
�H�o�u�r�s� �o�f� �S�t�o�r�a�g�e� 

�F�i�g�.� �4�:� �E�f�f�e�c�t� �o�f� �s�t�o�r�i�n�g� �s�t�r�e�s�s�e�d� �a�n�d� �u�n�s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� 
�w�i�t�h� �t�w�o� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �l�e�v�e�l�s� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �s�a�m�e� 
�t�a�n�k�.� �S�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� �(�0�)�,� �u�n�s�t�r�e�s�s�e�d� �o�y�s�t�e�r�s� �(�O�)� �a�n�d� �t�a�n�k� 
�w�a�t�e�r� �(�x�)� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d� �f�o�r� �E�.� �c�o�l�i�.� �O�n� �t�h�e� �F�i�g�u�r�e�,� �3� 
�C�F�U�/�m�L� �r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �C�F�U� �o�f� �E�.� �c�o�l�i�/�m�L� �o�f� �w�a�t�e�r�.� 
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�e�s�t�a�b�l�i�s�h�m�e�n�t�s� �(�F�i�g�.� �5�)�.� �W�V�.� �v�u�l�n�i�f�i�c�u�s� �w�a�s� �p�r�e�s�e�n�t� �i�n� 

�o�y�s�t�e�r�s� �h�a�r�v�e�s�t�e�d� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �m�o�n�t�h�s�.� �S�i�m�i�l�a�r� 

�p�r�e�v�a�l�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s� �d�u�r�i�n�g� �w�a�r�m� �m�o�n�t�h�s� 

�h�a�s� �b�e�e�n� �p�r�e�v�i�o�u�s�l�y� �n�o�t�e�d� �(�A�n�o�n�y�m�o�u�s�,� �1�9�9�0�;� �K�e�l�l�y� �a�n�d� 

�D�i�n�u�z�z�o�,� �1�9�8�5�)�.� �A�l�v�a�r�e�z� �(�1�9�8�4�)� �f�o�u�n�d� �t�h�a�t� �o�y�s�t�e�r�s� �p�u�r�c�h�a�s�e�d� 

�i�n� �s�e�a�f�o�o�d� �m�a�r�k�e�t�s� �i�n� �M�a�d�i�s�o�n�,� �W�i�s�c�o�n�s�i�n� �c�o�n�t�a�i�n�e�d� �E�.� �c�o�l�i� 

�l�e�v�e�l�s� �a�s� �h�i�g�h� �a�s� �3�2� �M�P�N�/�g�.� 

�I�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �(�p� �=� 

�0�.�0�0�0�1�)� �b�e�t�w�e�e�n� �t�h�e� �i�n�i�t�i�a�l� �l�e�v�e�l�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �E�.� 

�c�o�l�i� �i�n� �o�y�s�t�e�r�s� �s�t�o�r�e�d� �i�n� �t�h�e� �s�p�r�a�y� �s�y�s�t�e�m�.� �H�o�w�e�v�e�r�,� �a�f�t�e�r� 

�7�2� �h�r� �o�f� �s�t�o�r�a�g�e� �t�h�e�r�e� �w�a�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �l�e�v�e�l�s� 

�o�f� �t�h�e� �t�w�o� �o�r�g�a�n�i�s�m�s�.� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �E�.� �c�o�l�i� �s�h�o�w�e�d� 

�s�i�m�i�l�a�r� �s�u�r�v�i�v�a�l� �t�r�e�n�d�s� �i�n� �o�y�s�t�e�r�s�.� �T�h�i�s� �s�t�a�n�d�s� �i�n� �c�o�n�t�r�a�s�t� 

�t�o� �d�e�p�u�r�a�t�i�o�n� �s�t�u�d�i�e�s� �w�h�e�r�e� �E�.� �c�o�l�i� �w�a�s� �e�a�s�i�l�y� �r�e�m�o�v�e�d� �f�r�o�m� 

�o�y�s�t�e�r� �t�i�s�s�u�e�s� �(�R�o�w�s�e� �a�n�d� �F�l�e�e�t�,� �1�9�8�4�)�.� �I�n� �l�a�b�o�r�a�t�o�r�y� 

�d�e�p�u�r�a�t�i�o�n� �s�t�u�d�i�e�s�,� �E�.� �c�o�l�i� �l�e�v�e�l�s� �w�e�r�e� �r�e�d�u�c�e�d� �f�r�o�m� �1�0�0� 

�c�e�l�l�s�/�g� �o�f� �o�y�s�t�e�r� �m�e�a�t� �t�o� �u�n�d�e�t�e�c�t�a�b�l�e� �l�e�v�e�l�s� �w�i�t�h�i�n� �4�8� �h�r� 

�(�S�o�n� �a�n�d� �F�l�e�e�t�,� �1�9�8�0�)�.� �T�h�e� �s�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� 

�o�y�s�t�e�r�s� �s�t�o�r�e�d� �i�n� �t�h�e� �s�p�r�a�y� �s�y�s�t�e�m� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� 

�c�o�r�r�e�l�a�t�e�s� �w�e�l�l� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �s�t�u�d�i�e�s� �o�f� �d�e�p�u�r�a�t�i�o�n� 

�s�y�s�t�e�m�s� �(�R�i�c�h�a�r�d�s�,� �1�9�9�1�)�.� �W�V�.� �w�u�l�n�i�f�i�c�u�s� �i�s� �n�o�t� �e�a�s�i�l�y� 

�d�e�p�u�r�a�t�e�d� �f�r�o�m� �o�y�s�t�e�r�s� �b�e�c�a�u�s�e� �i�t� �i�s� �a� �p�a�r�t� �o�f� �t�h�e� �n�a�t�u�r�a�l� 

�f�l�o�r�a� �o�f� �o�y�s�t�e�r�s�,� �p�o�s�s�i�b�l�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �i�t�s�e�l�f� �i�n�t�o� �t�h�e� 

�t�i�s�s�u�e�s� �o�f� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�K�u�e�h� �a�n�d� �C�h�a�n�,� �1�9�8�5�)�.� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �E�.� �c�o�l�i� �n�a�t�u�r�a�l�l�y� �p�r�e�s�e�n�t� �i�n� �o�y�s�t�e�r�s� 
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�O�o� �2�4� �4�8� �7�2� 

�H�o�u�r�s� �o�f� �S�t�o�r�a�g�e� 

�F�i�g�.� �5�:� �S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �a�n�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �u�n�s�t�r�e�s�s�e�d� 
�o�y�s�t�e�r�s� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �i�n� �a� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� �E�.� 
�c�o�l�i� �i�n� �o�y�s�t�e�r�s� �(�O�)� �a�n�d� �t�a�n�k� �w�a�t�e�r� �(�0�)�,� �a�n�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� 
�o�y�s�t�e�r�s� �(�0�)� �a�n�d� �t�a�n�k� �w�a�t�e�r� �(�x�)� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d�.� �O�n� �t�h�e� 
�F�i�g�u�r�e�,� �3� �o�r�g�a�n�i�s�m�s�/�m�L� �r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �o�r�g�a�n�i�s�m�s�/�m�L� 
�o�f� �w�a�t�e�r�.� 
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�s�u�r�v�i�v�e�d� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �i�n� �t�h�e� �s�p�r�a�y� �s�y�s�t�e�m� �d�e�s�c�r�i�b�e�d� �i�n� 

�t�h�i�s� �s�t�u�d�y�.� �S�t�o�r�a�g�e� �o�f� �o�y�s�t�e�r�s� �i�n� �a� �s�p�r�a�y� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k� 

�m�a�y� �n�o�t� �p�r�o�m�o�t�e� �t�h�e� �g�r�o�w�t�h� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �E�.� �c�o�l�i� �i�n� 

�t�h�e� �o�y�s�t�e�r� �t�i�s�s�u�e�s�.� �H�o�w�e�v�e�r�,� �o�y�s�t�e�r�s� �h�e�l�d� �i�n� �t�h�e�s�e� �s�y�s�t�e�m�s� 

�d�o� �n�o�t� �a�p�p�e�a�r� �t�o� �r�e�m�o�v�e� �e�i�t�h�e�r� �o�f� �t�h�e�s�e� �t�w�o� �o�r�g�a�n�i�s�m�s�,� �s�i�n�c�e� 

�t�h�e�y� �p�e�r�s�i�s�t�e�d� �i�n� �t�h�e� �t�i�s�s�u�e�s� �a�f�t�e�r� �7�2� �h�r� �o�f� �s�t�o�r�a�g�e�.� 

�C�o�m�p�a�r�i�s�o�n� �o�f� �i�m�m�e�r�s�i�o�n� �a�n�d� �s�p�r�a�y� �s�y�s�t�e�m�s� 

�T�h�e� �s�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �s�t�o�r�e�d� 

�i�n� �t�h�e� �s�p�r�a�y� �s�y�s�t�e�m� �w�a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� 

�o�r�g�a�n�i�s�m� �i�n� �o�y�s�t�e�r�s� �s�t�o�r�e�d� �i�n� �t�h�e� �i�m�m�e�r�s�i�o�n� �s�y�s�t�e�m� �i�n� �F�i�g�u�r�e� 

�6�.� �T�h�e� �i�n�i�t�i�a�l� �l�e�v�e�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s� �p�l�a�c�e�d� �i�n� 

�t�h�e� �s�p�r�a�y� �t�a�n�k� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �(�p� �=� �0�.�3�4�)� 

�f�r�o�m� �t�h�e� �i�n�i�t�i�a�l� �l�e�v�e�l� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �i�n� �o�y�s�t�e�r�s� �p�l�a�c�e�d� �i�n� 

�t�h�e� �i�m�m�e�r�s�i�o�n� �t�a�n�k�.� �T�h�e�r�e� �w�a�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 

�s�y�s�t�e�m�s� �o�n� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s�.� 

�T�h�e� �d�a�t�a� �f�r�o�m� �t�h�i�s� �s�t�u�d�y� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� �E�.� 

�c�o�l�i� �r�e�m�a�i�n�e�d� �u�n�c�h�a�n�g�e�d� �i�n� �o�y�s�t�e�r�s� �s�t�o�r�e�d� �i�n� �a� �s�p�r�a�y� �l�i�v�e� 
� � 

�h�o�l�d�i�n�g� �t�a�n�k�.� �T�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e� �o�f� �o�y�s�t�e�r�s� �d�i�d� �n�o�t� 

�a�p�p�e�a�r� �t�o� �a�f�f�e�c�t� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� �o�y�s�t�e�r�s�.� �B�u�t� 

�t�e�m�p�e�r�a�t�u�r�e� �a�b�u�s�e� �a�n�d� �m�i�s�h�a�n�d�l�i�n�g� �p�r�i�o�r� �t�o� �s�t�o�r�a�g�e� �i�n� �s�p�r�a�y� 

�t�a�n�k�s� �m�a�y� �s�t�i�l�l� �b�e� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �s�i�n�c�e� �t�h�e�y� �m�a�y� 

�c�o�n�t�r�i�b�u�t�e� �t�o� �i�n�c�r�e�a�s�e�d� �m�i�c�r�o�b�i�a�l� �l�e�v�e�l�s� �i�n� �o�y�s�t�e�r�s�.� 

�T�h�e� �p�e�r�s�i�s�t�e�n�c�e� �o�f� �E�.� �c�o�l�i� �i�n� �o�y�s�t�e�r�s� �m�a�y� �i�n�d�i�c�a�t�e� �t�h�e� 

�s�u�r�v�i�v�a�l� �o�f� �o�t�h�e�r� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� �p�o�p�u�l�a�t�i�o�n�s�.� �E�.� �c�o�l�i� �i�s� �a� 
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�L�o�g� �M�P�N�/�m�L� �S�a�m�p�l�e� 
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�o�g�  ��B �� �=�}�+ ��  �� 

�0�-� �4� �4� �O�T� �S�T� 

�0� �2�4� �4�8� �7�2� 

�H�o�u�r�s� �o�f� �S�t�o�r�a�g�e� 

�F�i�g�.� �6�:� �C�o�m�p�a�r�i�s�o�n� �o�f� �a� �s�p�r�a�y� �a�n�d� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� 
�s�y�s�t�e�m�s� �o�n� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s� 
�w�a�t�e�r�.� �O�y�s�t�e�r�s� �(�O�)� �a�n�d� �t�a�n�k� �w�a�t�e�r� �(�0�)� �o�f� �t�h�e� �s�p�r�a�y� 
�a�n�d� �o�y�s�t�e�r�s� �(�0�)� �a�n�d� �t�a�n�k� �w�a�t�e�r� �(�x�)� �o�f� �t�h�e� �i�m�m�e�r�s�i�o�n� 
�a�r�e� �e�n�u�m�e�r�a�t�e�d� �f�o�r� �V�.� �v�u�l�n�i�f�i�c�u�s�.� �O�n� �t�h�e� �F�i�g�u�r�e�,� �3� 

�h�o�l�d�i�n�g� 
�a�n�d� �t�a�n�k� 
�s�y�s�t�e�m� 
�s�y�s�t�e�m� 
�M�P�N�/�m�L� 

�r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �V�.� �v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �o�f� �w�a�t�e�r�.� 
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�c�o�m�m�o�n�l�y� �u�s�e�d� �s�t�a�n�d�a�r�d� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �m�i�c�r�o�b�i�o�l�o�g�i�c�a�l� 

�q�u�a�l�i�t�y� �o�f� �s�h�e�l�l�f�i�s�h�.� �V�.� �v�u�l�n�i�f�i�c�u�s� �a�l�s�o� �s�u�r�v�i�v�e�d� �i�n� 

�o�y�s�t�e�r�s� �d�u�r�i�n�g� �t�h�e� �s�t�o�r�a�g�e� �p�e�r�i�o�d�.� �T�h�e�r�e� �a�p�p�e�a�r�e�d� �t�o� �b�e� �n�o� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r�s� 

�s�t�o�r�e�d� �i�n� �a� �s�p�r�a�y� �t�a�n�k� �a�n�d� �a�n� �i�m�m�e�r�s�i�o�n� �t�a�n�k�.� �T�h�e� �l�e�v�e�l� �o�f� 
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�S�a�l�m�o�n�e�l�l�a� �c�h�a�r�i�t�y� �a�n�d� �E�s�c�h�e�r�i�c�h�i�a� �c�o�l�i� �f�r�o�m� �o�y�s�t�e�r� 
�f�e�c�e�s�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�4�:�5�4�4�-�5�4�8�.� 

�S�A�S�,� �1�9�8�5�.� �S�A�S� �I�n�t�r�o�d�u�c�t�o�r�y� �G�u�i�d�e�,� �J�.�T�.� �H�e�l�w�i�g� �(�E�d�.�)�,� �S�A�S� 
�I�n�s�t�.�,� �I�n�c�.�,� �C�a�r�y�,� �N�o�r�t�h� �C�a�r�o�l�i�n�a�.� 

�S�o�k�a�l�,� �R�.�R�.� �a�n�d� �F�.�J�.� �R�o�h�l�f�.� �1�9�8�1�.� �B�i�o�m�e�t�r�y�,� �2�n�d� �e�d�.� �W�.�H�.� 
�F�r�e�e�m�a�n� �a�n�d� �C�o�.�,� �N�e�w� �Y�o�r�k�.� 

�S�o�n�,� �N�.�T�.� �a�n�d� �G�.�H�.� �F�l�e�e�t�.� �1�9�8�0�.� �B�e�h�a�v�i�o�r� �o�f� �p�a�t�h�o�g�e�n�i�c� 
�b�a�c�t�e�r�i�a� �i�n� �t�h�e� �o�y�s�t�e�r�,� �C�r�a�s�s�o�s�t�r�e�a� �c�o�m�m�e�r�c�i�a�l�i�s�,� 
�d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n�,� �r�e�-�l�a�y�i�n�g� �a�n�d� �s�t�o�r�a�g�e�.� �A�p�p�l�.� 
�E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�0�:�9�9�4�-�1�0�0�2�.� 

�T�a�c�k�e�t�,� �C�.�O�.�,� �F�.� �B�r�e�n�n�e�r�,� �a�n�d� �P�.�A�.� �B�l�a�k�e�.� �1�9�8�4�.� �C�l�i�n�i�c�a�l� 
�f�e�a�t�u�r�e�s� �a�n�d� �e�p�i�d�e�m�i�o�l�o�g�i�c�a�l� �s�t�u�d�y� �o�f� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� 
�i�n�f�e�c�t�i�o�n�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�4�9�:�5�5�8�-�5�6�1�.� 

�T�i�l�t�o�n�,� �R�.�C�.� �a�n�d� �R�.�W�.� �R�y�a�n�.� �1�9�8�7�.� �C�l�i�n�i�c�a�l� �a�n�d� �e�c�o�l�o�g�i�c�a�l� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �i�n� �t�h�e� �n�o�r�t�h�e�r�n� 
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�U�n�i�t�e�d� �S�t�a�t�e�s�.� �D�i�g�n�.� �M�i�c�r�o�b�i�o�l�.� �I�n�f�e�c�t�.� �D�i�s�.� �6�:�1�0�9�-�1�1�7�.� 

�U�.�S�.� �F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�.� �P�r�o�c�e�e�d�i�n�g�s�,� �W�o�r�k�s�h�o�p� �o�n� 
�V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �a�n�d� �s�a�n�i�t�a�r�y� �c�o�n�t�r�o�l� �o�f� �s�h�e�l�l�f�i�s�h�.� 
�M�a�r�c�h� �1�5�-�1�7�,� �1�9�8�8�.� �W�a�s�h�i�n�g�t�o�n� �D�.� �C�.� 
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�A�P�P�E�N�D�I�C�E�S� 

�A�p�p�e�n�d�i�x� �A�:� �S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� 
�i�n� �O�y�s�t�e�r�s� �a�n�d� �W�a�t�e�r� �o�f� �a� �S�p�r�a�y� �L�i�v�e� �H�o�l�d�i�n�g� �S�y�s�t�e�m� 

�T�i�m�e� �O�y�s�t�e�r� �W�a�t�e�r� 
�h�r� �l�o�g�C�F�U�/�m�L� �S�T�D�+�-� �l�o�g�C�F�U�/�m�L� �S�T�D�+�-� 

�0� �6�.�1�2� �0�.�4�5� �<�.�4�7�7� �0�.�0�0� 
�2�4� �5�.�4�5� �0�.�3�6� �2�.�1�8� �0�.�4�6� 
�4�8� �4�.�7�1� �0�.�3�6� �1�.�5�0� �0�.�1�2� 
�7�2� �4�.�7�9� �0�.�1�8� �1�.�7�4� �0�.�8�0� 
�9�6� �5�.�1�4� �0�.�5�4� �1�.�1�6� �0�.�2�3� 

�1�2�0� �4�.�3�3� �0�.�8�6� �1�.�0�9� �0�.�0�6� 
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�A�p�p�e�n�d�i�x� �B�:� �S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �i�n� �P�h�y�s�i�o�l�o�g�i�c�a�l�l�y�-�S�t�r�e�s�s�e�d� 
�O�y�s�t�e�r�s� �D�u�r�i�n�g� �S�t�o�r�a�g�e� �i�n� �S�p�r�a�y� �L�i�v�e� �H�o�l�d�i�n�g� �S�y�s�t�e�m� 

� � 

�T�i�m�e� �O�y�s�t�e�r� �W�a�t�e�r� 
�h�r� �l�o�g� �C�F�U�/�m�L� �S�T�D� �(�+�-�)� �l�o�g� �C�F�U�/�m�L� �S�T�D� �(�+�-�)� 

�0� �5�.�4�6� �0�.�3�6� �<�.�4�7�7� �0�.�0�0� 
�2�4� �4�.�8�6� �0�.�7�1� �2�.�1�8� �0�.�4�6� 
�4�8� �6�.�0�5� �0�.�3�3� �0�.�9�1� �0�.�6�5� 
�7�2� �5�.�6�1� �0�.�5�6� �2�.�2�4� �0�.�4�7� 
�9�6� �6�.�0�8� �0�.�3�3� �1�.�0�1� �0�.�1�1� 
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�A�p�p�e�n�d�i�x� �C�:� �E�f�f�e�c�t� �o�f� �S�t�o�r�i�n�g� �O�y�s�t�e�r�s� �H�a�r�b�o�r�i�n�g� 
�T�w�o� �D�i�f�f�e�r�e�n�t� �L�e�v�e�l�s� �o�f� �E�.� �c�o�l�i� �i�n� �t�h�e� �S�a�m�e� �T�a�n�k� 

�T�i�m�e� �S�t�r�e�s�s�e�d� �O�y�s�t�e�r� �N�o�n�-�s�t�r�e�s�s�e�d� �O�y�s�t�e�r� �W�a�t�e�r� 
�h�r� �l�o�g� �C�F�U�/�m�L� �S�T�D� �(�+�-�)� �l�o�g� �C�F�U�/�m�L� �S�T�D� �(�+�-�)� �l�o�g� �C�F�U�/�m�L� �S�T�D�(�+�-�)� 

�0� �5�.�1�7� �0�.�1�5� �2�.�7�6� �0�.�1�5� �<�.�4�7�7� �0�.�0�0� 
�2�4� �5�.�2�8� �0�.�3�6� �3�.�4�1� �1�.�2�4� �1�.�2�2� �0�.�9�3� 
�4�8� �5�.�7�7� �0�.�0�7� �4�.�0�9� �0�.�7�3� �2�.�5�0� �0�.�3�7� 
�7�2� �5�.�4�4� �0�.�3�1� �4�.�6�5� �0�.�8�5� �2�.�3�9� �0�.�5�5� 
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�A�p�p�e�n�d�i�x� �D�:� �S�u�r�v�i�v�a�l� �o�f� �E�.� �c�o�l�i� �a�n�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �O�y�s�t�e�r�s� 
�a�n�d� �T�a�n�k� �W�a�t�e�r� �D�u�r�i�n�g� �S�t�o�r�a�g�e� �i�n� �S�p�r�a�y� �L�i�v�e� �H�o�l�d�i�n�g� �S�y�s�t�e�m� 

�E�.� �c�o�l�i� �V�.� �v�u�l�n�i�f�i�c�u�s� 
�T�i�m�e� �l�o�g� �C�F�U�/�m�L� �l�o�g� �M�P�N�/�m�L� 

�h�r� �O�y�s�t�e�r� �S�T�D�+�-� �W�a�t�e�r� �S�T�D�+�-� �O�y�s�t�e�r� �S�T�D�+�-� �W�a�t�e�r� �S�T�D�+�-� 

�0� �1�.�1�3� �0�.�5�4� �<�.�4�7�7� �0�.�0�0� �2�.�5�7� �0�.�1�3� �<�.�4�7�7� �0�.�0�0� 
�2�4� �=�.� �2�.�5�1� �0�.�3�3� �0�.�4�3� �0�.�6�1� �3�.�3�2� �0�.�4�5� �<�.�4�7�7� �0�.�0�0� 
�4�8� �2�.�9�0� �0�.�6�2� �<�.�4�7�7� �~ ��(�0�.�0�0� �3�.�5�8� �0�.�4�1� �<�.�4�7�7� �0�.�0�0� 
�7�2� �=� �2�.�2�9� �0�.�0�4� �<�.�4�7�7� �~ �� �0�.�0�0� �3�.�4�2� �0�.�2�5� �<�.�4�7�7� �0�.�0�0� 
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�A�p�p�e�n�d�i�x� �E�:� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �S�u�r�v�i�v�a�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� 
�i�n� �O�y�s�t�e�r�s� �a�n�d� �T�a�n�k� �W�a�t�e�r� �i�n� �S�p�r�a�y� �a�n�d� �I�m�m�e�r�s�i�o�n� �S�y�s�t�e�m�s� 

�T�i�m�e� �S�p�r�a�y� �S�y�s�t�e�m� �I�m�m�e�r�s�i�o�n� �S�y�s�t�e�m� 
�h�r� �O�y�s�t�e�r� �S�T�D�+�-� �W�a�t�e�r� �S�T�D�+�-� �O�y�s�t�e�r� �S�T�D�+�-� �W�a�t�e�r� �S�T�D�+�-� 

�0� �2�.�5�7� �0�.�1�3� �<�.�4�7�7� �~ �� �0�.�0�0� �3�.�5�5� �0�.�4�8� �<�.�4�7�7� �0�.�0�0� 
�2�4� �3�.�3�2� �0�.�4�5� �<�.�4�7�7� �0�.�0�0� �4�.�1�2� �0�.�3�7� �3�.�2�7� �0�.�0�9� 
�4�8� �3�.�5�8� �0�.�4�1� �<�.�4�7�7� �~ ��-�0�.�0�0� �3�.�5�3� �0�.�7�7� �1�.�7�4� �0�.�8�9� 
�7�2� �3�.�4�2� �0�.�2�5� �<�.�4�7�7� �~ �� �0�.�0�0� �3�.�2�1� �1�1�6� �1�.�6�5� �0�.�3�3� 

�A�l�l� �v�a�l�u�e�s� �a�r�e� �i�n� �u�n�i�t�s� �o�f� �l�o�g� �M�P�N�/�m�L� 
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�S�E�C�T�I�O�N� �I�I�I�:� �D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �V�I�B�R�I�O� �V�U�L�N�I�F�I�C�U�S� �I�N� �T�I�S�S�U�E�S� 
�O�F� �A�R�T�I�F�I�C�I�A�L�L�Y�-� �A�N�D� �N�A�T�U�R�A�L�L�Y�-�I�N�F�E�C�T�E�D� �O�Y�S�T�E�R�S� 

�(�C�R�A�S�S�O�S�T�R�E�A� �V�I�R�G�I�N�I�C�A�)� �D�U�R�I�N�G� �D�E�P�U�R�A�T�I�O�N� 

�(�f�o�r�m�a�t�t�e�d� �f�o�r� �s�u�b�m�i�s�s�i�o�n� �t�o� �J�o�u�r�n�a�l� �o�f� �F�o�o�d� �P�r�o�t�e�c�t�i�o�n�)� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�O�y�s�t�e�r�s� �o�b�t�a�i�n� �f�o�o�d� �b�y� �p�u�m�p�i�n�g� �w�a�t�e�r� �o�v�e�r� �t�h�e�i�r� �g�i�l�l�s� 

�b�y� �c�i�l�i�a�r�y� �a�c�t�i�o�n�.� �T�h�e� �g�i�l�l�s� �f�u�n�c�t�i�o�n� �a�s� �a� �s�i�e�v�e� �t�o� �r�e�m�o�v�e� 

�p�a�r�t�i�c�u�l�a�t�e� �m�a�t�e�r�i�a�l�,� �i�n�c�l�u�d�i�n�g� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �(�F�l�e�e�t�,� 

�1�9�7�8�)�.� �T�h�e� �f�i�l�t�e�r�e�d� �p�a�r�t�i�c�l�e�s� �b�e�c�o�m�e� �e�n�m�e�s�h�e�d� �i�n� �a� �m�u�c�o�i�d� 

�m�a�t�e�r�i�a�l� �w�h�i�c�h� �i�s� �c�o�n�t�i�n�u�a�l�l�y� �s�e�c�r�e�t�e�d� �b�y� �t�h�e� �o�y�s�t�e�r�.� �T�h�e� 

�m�u�c�u�s�-�c�o�a�t�e�d� �m�a�t�e�r�i�a�l� �i�s� �d�i�r�e�c�t�e�d� �b�y� �t�h�e� �c�i�l�i�a� �o�f� �t�h�e� �g�i�l�l�s� 

�t�o�w�a�r�d� �t�h�e� �m�o�u�t�h� �o�f� �t�h�e� �o�y�s�t�e�r�,� �w�h�e�r�e� �i�t� �c�a�n� �b�e� �e�i�t�h�e�r� 

�i�n�g�e�s�t�e�d� �o�r� �d�i�r�e�c�t�e�d� �t�o� �t�h�e� �e�x�t�e�r�i�o�r� �a�n�d� �e�l�i�m�i�n�a�t�e�d� �a�s� 

�p�s�e�u�d�o�-�f�e�c�e�s�.� �W�a�s�t�e� �m�a�t�e�r�i�a�l� �f�r�o�m� �t�h�e� �a�l�i�m�e�n�t�a�r�y� �t�r�a�c�t� �i�s� 

�d�i�s�c�h�a�r�g�e�d� �a�s� �f�e�c�e�s� �i�n� �a� �f�i�n�e�,� �m�u�c�o�u�s� �t�h�r�e�a�d� �(�F�l�e�e�t�,� �1�9�7�8�;� 

�G�a�l�t�s�o�f�f�,� �1�9�6�4�)�.� �C�e�r�t�a�i�n� �s�p�e�c�i�e�s� �o�f� �t�h�e� �i�n�g�e�s�t�e�d� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �b�e�c�o�m�e� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �t�h�e� �g�u�t� �o�r� �o�t�h�e�r� 

�t�i�s�s�u�e�s�,� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �f�i�l�t�e�r�-�f�e�e�d�i�n�g� �s�y�s�t�e�m�.� 

�O�y�s�t�e�r�s� �a�c�q�u�i�r�e� �V�i�b�r�i�o� �v�u�l�n�i�f�i�c�u�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �n�o�r�m�a�l� 

�f�i�l�t�r�a�t�i�o�n� �p�r�o�c�e�s�s�e�s� �(�K�e�l�l�y� �a�n�d� �D�i�n�u�z�z�o�,� �1�9�8�5�)�.� �F�r�o�m� �1�9�7�5� 

�t�o� �1�9�8�9�,� �t�h�e�r�e� �h�a�v�e� �b�e�e�n� �1�1�5� �r�e�p�o�r�t�e�d� �c�a�s�e�s� �o�f� �s�h�e�l�l�f�i�s�h�-� 

�a�s�s�o�c�i�a�t�e�d� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n�f�e�c�t�i�o�n�s� �(�O ��N�e�i�l�l� �e�t� �a�l�.�,� �1�9�9�0�)�.� 
� � � � 
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�C�o�m�m�e�r�c�i�a�l� �d�e�p�u�r�a�t�i�o�n� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �i�n�e�f�f�e�c�t�i�v�e� �i�n� 

�r�e�m�o�v�i�n�g� �t�h�i�s� �p�a�t�h�o�g�e�n� �f�r�o�m� �o�y�s�t�e�r�s�.� �S�t�u�d�i�e�s� �h�a�v�e� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �V�i�b�r�i�o� �s�p�p�.� �c�a�n� �e�v�e�n� �m�u�l�t�i�p�l�y� �i�n� �s�h�e�l�l�f�i�s�h� 

�d�e�p�u�r�a�t�i�o�n� �t�a�n�k� �w�a�t�e�r� �a�n�d� �p�u�m�p�i�n�g� �s�y�s�t�e�m�s� �(�B�a�r�r�o�w� �a�n�d� 

�M�i�l�l�e�r�,� �1�9�6�9�;� �E�y�l�e�s� �a�n�d� �D�a�v�e�y�,� �1�9�8�4�;� �G�r�e�e�n�b�e�r�g� �e�t� �a�l�.�,� 

�1�9�8�2�)�.� �D�e�p�u�r�a�t�i�o�n� �m�a�y� �n�o�t� �r�e�m�o�v�e� �V�.� �v�u�l�n�i�f�i�c�u�s� �f�r�o�m� �o�y�s�t�e�r� 

�t�i�s�s�u�e�s� �b�e�c�a�u�s�e� �i�t� �m�a�y� �b�e� �s�e�q�u�e�s�t�e�r�e�d� �i�n� �t�h�e� �o�r�g�a�n�s� �o�f� �t�h�e� 

�o�y�s�t�e�r� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m�,� �p�r�e�d�o�m�i�n�a�t�e�l�y� 

�i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� �d�i�v�e�r�t�i�c�u�l�u�m� �a�n�d� �t�h�e� �l�o�w�e�r� �i�n�t�e�s�t�i�n�e� �(�K�u�e�h� 

�a�n�d� �C�h�a�n�,� �1�9�8�5�)�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �d�u�r�i�n�g� �t�h�e� 

�d�e�p�u�r�a�t�i�o�n� �p�r�o�c�e�s�s�.� �O�y�s�t�e�r�s� �n�a�t�u�r�a�l�l�y� �h�a�r�b�o�r�i�n�g� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �a�t� �h�a�r�v�e�s�t� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �a�r�t�i�f�i�c�i�a�l�l�y�-� 

�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �t�o� �o�b�s�e�r�v�e� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� 

�o�r�g�a�n�i�s�m� �i�n� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n�.� 

�O�y�s�t�e�r�s� �w�e�r�e� �d�i�s�s�e�c�t�e�d� �i�n�t�o� �f�o�u�r� �t�i�s�s�u�e� �s�e�c�t�i�o�n�s� 

�(�a�d�d�u�c�t�o�r�,� �m�a�n�t�l�e�,� �g�i�l�l�s�,� �a�n�d� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m�)�.� �T�h�e� 

�e�x�t�e�r�i�o�r� �t�i�s�s�u�e�s�,� �a�d�d�u�c�t�o�r�,� �m�a�n�t�l�e� �a�n�d� �g�i�l�l�s�,� �w�e�r�e� �s�e�p�a�r�a�t�e�d� 

�b�u�t� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �w�a�s� �k�e�p�t� �i�n�t�a�c�t�.� �T�h�i�s� �t�e�c�h�n�i�q�u�e� 

�a�l�l�o�w�e�d� �f�o�r� �s�u�r�f�a�c�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �a�n�d� �i�n�t�e�r�n�a�l� �i�n�f�e�c�t�i�o�n� �t�o� 

�b�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d�.� �S�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �w�a�s� �u�s�e�d� �t�o� 

�e�x�a�m�i�n�e� �t�h�e� �u�l�t�r�a�s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �o�y�s�t�e�r� �s�u�r�f�a�c�e�s�.� 

�M�i�c�r�o�g�r�a�p�h�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �d�e�p�u�r�a�t�i�o�n� �s�t�u�d�y� �d�a�t�a� �t�o� 

�a�t�t�e�m�p�t� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �a�s�s�o�c�i�a�t�i�o�n� �o�f� �V�.� 
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�v�u�l�n�i�f�i�c�u�s� �w�i�t�h� �t�h�e�s�e� �s�u�r�f�a�c�e�s�.� 

�M�A�T�E�R�I�A�L�S� �/�M�E�T�H�O�D�S� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �o�y�s�t�e�r�s� 

�O�y�s�t�e�r�s� �(�3�0� �t�o� �7�5� �m�m�)�,� �f�r�o�m� �t�h�e� �R�a�p�p�a�h�a�n�n�o�c�k� �R�i�v�e�r� �i�n� 

�V�i�r�g�i�n�i�a� �(�s�a�m�p�l�e�d� �a�l�l� �y�e�a�r� �l�o�n�g�)� �w�e�r�e� �s�c�r�u�b�b�e�d� �w�i�t�h� �a� �w�i�r�e� 

�b�r�u�s�h� �u�n�d�e�r� �r�u�n�n�i�n�g� �c�o�l�d� �t�a�p� �w�a�t�e�r� �t�o� �r�e�m�o�v�e� �s�u�r�f�a�c�e� �d�i�r�t� 

�a�n�d� �f�o�r�e�i�g�n� �m�a�t�e�r�i�a�l�.� �T�h�e�y� �w�e�r�e� �t�h�e�n� �p�l�a�c�e�d� �i�n� �a� �m�o�d�i�f�i�e�d� 

�s�p�r�a�y� �t�a�n�k� �(�M�a�r�i�n�e�l�a�n�d�,� �S�i�m�i� �V�a�l�l�e�y�,� �C�A�)� �f�o�r� �l�i�v�e� �h�o�l�d�i�n�g� 

�s�t�u�d�i�e�s� �o�r� �i�n� �a� �c�o�n�t�a�m�i�n�a�t�i�o�n� �t�a�n�k� �(�d�e�s�c�r�i�b�e�d� �b�e�l�o�w�)� �f�o�r� 

�i�n�o�c�u�l�a�t�i�o�n� �p�r�i�o�r� �t�o� �p�l�a�c�e�m�e�n�t� �i�n� �a� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� �T�h�e� 

�s�p�r�a�y� �t�a�n�k� �w�a�s� �m�o�d�i�f�i�e�d� �t�o� �a�n� �i�m�m�e�r�s�i�o�n� �s�y�s�t�e�m� �b�y� �s�u�b�m�e�r�g�i�n�g� 

�o�y�s�t�e�r�s� �b�e�l�o�w� �t�h�e� �w�a�t�e�r� �l�e�v�e�l�.� �T�h�e� �r�e�c�i�r�c�u�l�a�t�i�n�g� �t�a�n�k� �h�a�d� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�m�e�t�e�r�s�:� �t�h�e� �f�i�l�t�e�r� �s�y�s�t�e�m� �w�a�s� �a� �p�o�l�y�e�s�t�e�r� 

�w�o�o�l� �p�a�d� �p�l�a�c�e�d� �a�b�o�v�e� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l� �(�1�2� �c�m� �i�n� �d�e�p�t�h�)�;� 

�t�h�e� �v�o�l�u�m�e� �c�a�p�a�c�i�t�y� �w�a�s� �9�3�.�0� �L�;� �t�h�e� �f�l�o�w� �r�a�t�e� �w�a�s� �1�6�0� �G�P�H�;� 

�a�n�d� �t�h�e� �w�a�t�e�r� �v�o�l�u�m�e� �w�a�s� �5�3�.�7� �L� �(�F�i�g�.� �1�)�.� �T�h�e� �e�s�t�i�m�a�t�e�d� 

�i�n�t�e�n�s�i�t�y� �o�f� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �l�a�m�p� �w�a�s� �7�.�1� �X� 

�1�0�?� �W�/�m�?� �w�i�t�h� �a� �w�i�n�d�o�w� �a�r�e�a� �o�f� �0�.�7�9� �c�m�?�.� �T�h�e� �s�p�r�a�y� �n�o�z�z�l�e�s� 

�w�e�r�e� �m�o�d�i�f�i�e�d� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �e�n�t�i�r�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �t�a�n�k� 

�w�a�s� �s�p�r�a�y�e�d� �w�i�t�h� �w�a�t�e�r�.� 

�T�h�e� �s�y�s�t�e�m� �w�a�s� �s�u�r�f�a�c�e�-�a�e�r�a�t�e�d� �b�y� �s�p�r�a�y� �n�o�z�z�l�e�s�.� �S�e�a� 

�s�a�l�t� �m�i�x� �(�M�a�r�i�n�e�l�a�n�d�,� �C�A�)� �w�a�s� �a�d�d�e�d� �(�2�,�1�4�8� �g� �i�n� �5�3�.�7� �L� �o�f� 
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�d�i�s�t�i�l�l�e�d� �w�a�t�e�r�)� �t�o� �a�c�h�i�e�v�e� �a� �s�a�l�i�n�i�t�y� �o�f� �2�4� �p�a�r�t�s� �p�e�r� 

�t�h�o�u�s�a�n�d� �(�p�p�t�)�.� �S�a�l�i�n�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �t�h�e� �s�p�e�c�i�f�i�c� 

�g�r�a�v�i�t�y� �r�e�a�d�i�n�g� �o�f� �t�a�n�k� �w�a�t�e�r� �u�s�i�n�g� �a� �h�y�d�r�o�m�e�t�e�r� 

�(�M�a�r�i�n�e�l�a�n�d�,� �C�A�)� �a�n�d� �t�h�e� �f�o�r�m�u�l�a� �(�s�p�e�c�i�f�i�c� �g�r�a�v�i�t�y� �-� �1�)� �x� 

�1�3�2�3� �=� �s�a�l�i�n�i�t�y� �(�K�e�l�l�y�,� �1�9�8�2�)�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� 

�m�a�i�n�t�a�i�n�e�d� �a�t� �2�0�°�C� �a�n�d� �1�0� �o�y�s�t�e�r�s� �a�n�d� �1�0� �m�L� �o�f� �t�a�n�k� �w�a�t�e�r� 

�w�e�r�e� �r�e�m�o�v�e�d� �a�s� �s�a�m�p�l�e�s� �e�v�e�r�y� �2�4� �h�r� �f�o�r� �7�2� �h�r� �d�u�r�i�n�g� 

�d�e�p�u�r�a�t�i�o�n�.� �T�h�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �t�a�n�k� �w�a�s� �a� �t�u�b� �w�i�t�h� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �d�i�m�e�n�s�i�o�n�s�:� �6�5� �c�m� �x� �4�8� �c�m� �x� �3�0� �c�m�.� �F�o�u�r� �h�u�n�d�r�e�d� 

�g�r�a�m�s� �o�f� �s�e�a� �s�a�l�t� �m�i�x� �w�a�s� �a�d�d�e�d� �t�o� �1�0� �L� �o�f� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r�,� 

�y�i�e�l�d�i�n�g� �a� �s�a�l�i�n�i�t�y� �o�f� �2�4� �p�p�t�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�a�n�k� 

�w�a�t�e�r� �w�a�s� �2�5�°�C� �a�n�d� �t�h�e� �w�a�t�e�r� �w�a�s� �a�e�r�a�t�e�d� �w�i�t�h� �a�i�r� �s�t�o�n�e�s�.� 

�L�a�b�o�r�a�t�o�r�y� �a�n�d� �p�e�r�s�o�n�a�l� �s�a�f�e�t�y� �m�e�a�s�u�r�e�s� 

�T�h�e� �i�m�m�e�r�s�i�o�n� �t�a�n�k� �a�n�d� �t�h�e� �i�n�o�c�u�l�a�t�i�o�n� �t�a�n�k� �w�e�r�e� �p�l�a�c�e�d� 

�i�n� �a� �r�e�s�t�r�i�c�t�e�d� �a�c�c�e�s�s� �r�o�o�m�.� �A�n� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �(�3�0� �w�a�t�t�,� 

�G�E� �m�o�d�e�l� �#� �G�3�0�T�8�)� �w�a�s� �p�l�a�c�e�d� �a�b�o�v�e� �t�h�e� �t�a�n�k� �t�o� �c�o�n�t�r�o�l� �a�n�y� 

�a�i�r�b�o�r�n�e� �b�a�c�t�e�r�i�a� �t�h�a�t� �m�a�y� �b�e� �r�e�l�e�a�s�e�d� �a�s� �a�e�r�o�s�o�l�s� �d�u�r�i�n�g� 

�s�p�r�a�y�i�n�g� �o�f� �w�a�t�e�r�.� �O�y�s�t�e�r� �s�h�u�c�k�i�n�g� �a�n�d� �b�a�c�t�e�r�i�a�l� 

�e�n�u�m�e�r�a�t�i�o�n� �w�e�r�e� �r�e�s�t�r�i�c�t�e�d� �t�o� �a�n�o�t�h�e�r� �"�a�u�t�h�o�r�i�z�e�d� �p�e�r�s�o�n�n�e�l� 

�o�n�l�y�"� �r�o�o�m�.� �S�a�f�e�t�y� �g�o�g�g�l�e�s� �a�n�d� �g�a�s� �r�e�s�p�i�r�a�t�o�r� �(�H�a�l�f� �M�a�s�k� 

�S�i�l�i�c�o�n�e� �R�e�s�p�i�r�a�t�o�r�,� �M�A�-�7�5�2�3�,� �L�a�b�o�r�a�t�o�r�y� �S�a�f�e�t�y� �S�u�p�p�l�y�,� 

�J�a�n�e�s�v�i�l�l�e�,� �W�I�)� �w�e�r�e� �w�o�r�n� �d�u�r�i�n�g� �a�l�l� �c�o�n�t�a�c�t�s� �w�i�t�h� �o�y�s�t�e�r�s� 

�a�n�d� �V�.� �v�u�l�n�i�f�i�c�u�s�.� 
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� � 
�F�i�g�.� �1�:� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �a� �l�i�v�e� �h�o�l�d�i�n�g� �t�a�n�k�.� �T�h�e� �t�a�n�k� 
�h�a�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�e�a�t�u�r�e�s�:� �(�W�)� �w�a�t�e�r� �l�e�v�e�l�;� �(�0�)� �o�y�s�t�e�r� 
�s�t�o�r�a�g�e� �a�r�e�a�;� �(�P�)� �p�o�l�y�e�s�t�e�r� �p�a�d�;� �(�C�)� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l�;� �(�R�)� 
�r�e�f�r�i�g�e�r�a�t�i�o�n� �u�n�i�t�;� �(�W�P�)� �w�a�t�e�r� �p�u�m�p�;� �a�n�d� �(�U�V�)� �u�l�t�r�a�v�i�o�l�e�t� 
�d�i�s�i�n�f�e�c�t�i�o�n� �l�a�m�p�.� 
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�D�i�s�i�n�f�e�c�t�i�o�n� �o�f� �i�m�m�e�r�s�i�o�n� �t�a�n�k� 

�T�h�e� �i�m�m�e�r�s�i�o�n� �t�a�n�k� �a�n�d� �t�h�e� �i�n�o�c�u�l�a�t�i�o�n� �t�a�n�k� �w�e�r�e� 

�d�i�s�i�n�f�e�c�t�e�d� �b�e�t�w�e�e�n� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �P�3�-�t�o�p�a�x� �9�9� �(�H�e�n�k�e�l� 

�C�o�r�p�o�r�a�t�i�o�n� �C�h�e�m�i�c�a�l� �S�e�r�v�i�c�e�s� �D�i�v�i�s�i�o�n�,� �P�.�O�.� �B�o�x� �9�2�7�,� 

�B�u�r�l�i�n�g�t�o�n�,� �I�A�)� �c�o�n�t�a�i�n�i�n�g� �5�.�2�5�%� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e�.� 

�B�e�f�o�r�e� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t�,� �a�l�l� �o�f� �t�h�e� �t�u�b�i�n�g� �o�f� �t�h�e� �i�m�m�e�r�s�i�o�n� 

�t�a�n�k�,� �t�h�e� �p�u�m�p�,� �a�n�d� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �d�i�s�i�n�f�e�c�t�i�n�g� �s�y�s�t�e�m� �w�e�r�e� 

�r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�a�n�k� �s�y�s�t�e�m�.� �T�h�e� �p�u�m�p� �a�n�d� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� 

�l�a�m�p� �w�e�r�e� �d�i�s�a�s�s�e�m�b�l�e�d� �a�n�d� �t�h�e� �p�a�r�t�s� �s�c�r�u�b�b�e�d� �w�i�t�h� �a� �b�r�u�s�h� 

�a�n�d� �d�i�s�i�n�f�e�c�t�e�d� �w�i�t�h� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e� �s�o�l�u�t�i�o�n� �a�t� �2�0�0� 

�p�p�m�.� �R�e�s�i�d�u�a�l� �c�h�l�o�r�i�n�e� �w�a�s� �r�e�m�o�v�e�d� �b�y� �r�i�n�s�i�n�g� �w�i�t�h� 

�d�i�s�t�i�l�l�e�d� �w�a�t�e�r�.� 

�A�f�t�e�r� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t�,� �a�n�y� �r�e�m�a�i�n�i�n�g� �o�y�s�t�e�r�s� �w�e�r�e� 

�r�e�m�o�v�e�d� �a�n�d� �a� �2�0�0� �p�p�m� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� �h�y�p�o�c�h�l�o�r�i�t�e� �w�a�s� 

�a�d�d�e�d� �t�o� �t�h�e� �t�a�n�k�.� �T�h�e� �t�a�n�k� �w�a�s� �r�u�n� �c�o�n�t�i�n�u�o�u�s�l�y� �f�o�r� �4�8� �t�o� 

�7�2� �h�r�.� �N�e�x�t� �a�l�l� �r�e�m�o�v�a�b�l�e� �p�a�r�t�s� �i�n�c�l�u�d�i�n�g� �t�h�e� �f�i�l�t�e�r� �p�a�d�,� 

�c�h�a�r�c�o�a�l� �a�n�d� �t�u�b�e�s� �w�e�r�e� �a�u�t�o�c�l�a�v�e�d� �b�e�f�o�r�e� �h�a�n�d�l�i�n�g�.� �T�h�e� 

�t�a�n�k� �s�y�s�t�e�m� �w�a�s� �r�u�n� �f�o�r� �a�n�o�t�h�e�r� �4�8� �h�r� �w�i�t�h�o�u�t� �t�h�e� �a�b�o�v�e� 

�c�o�m�p�o�n�e�n�t�s� �b�e�f�o�r�e� �w�a�t�e�r� �w�a�s� �d�i�s�c�a�r�d�e�d� �a�n�d� �t�h�e� �p�a�r�t�s� �w�e�r�e� 

�c�l�e�a�n�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� 

�A�r�t�i�f�i�c�i�a�l� �i�n�o�c�u�l�a�t�i�o�n� 

�A�V�.� �v�u�l�n�i�f�i�c�u�s� �s�t�r�a�i�n�,� �C�P�C� �7�1�,� �i�s�o�l�a�t�e�d� �f�r�o�m� �o�y�s�t�e�r�s� 

�a�n�d� �s�h�o�w�n� �t�o� �b�e� �v�i�r�u�l�e�n�t� �i�n� �m�i�c�e� �w�a�s� �d�o�n�a�t�e�d� �b�y� �J�.� �D�.� �O�l�i�v�e�r� 

�(�U�n�i�v�e�r�s�i�t�y� �o�f� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �a�t� �C�h�a�r�l�o�t�t�e�)�.� �S�t�o�c�k� �c�u�l�t�u�r�e�s� 
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�o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �o�n� �L�o�n�g� �T�e�r�m� �P�r�e�s�e�r�v�a�t�i�o�n� 

�M�e�d�i�u�m� �(�L�T�P�M�)� �s�t�a�b�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�c�u�l�t�u�r�e� �u�s�e�d� �f�o�r� �i�n�f�e�c�t�i�o�n� �o�f� �o�y�s�t�e�r�s� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� 

�i�n�o�c�u�l�a�t�i�n�g� �i�n�t�o� �2�0�0� �m�L� �B�r�a�i�n� �H�e�a�r�t� �I�n�f�u�s�i�o�n� �B�r�o�t�h� 

�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �2�%� �N�a�C�l� �(�B�H�I�+�2�%� �N�a�C�l�)�,� �a�n�d� �i�n�c�u�b�a�t�i�n�g� �f�o�r� 

�2�4� �h�r� �a�t� �3�7�°�C�.� �O�n�e� �m�L� �o�f� �t�h�e� �c�u�l�t�u�r�e� �b�r�o�t�h� �w�a�s� �t�r�a�n�s�f�e�r�r�e�d� 

�t�o� �2�0�0� �m�L� �B�H�I�+�2�%� �N�a�C�l� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �1�8� �h�r� �t�o� �y�i�e�l�d� �a� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �c�e�l�l� �d�e�n�s�i�t�y� �o�f� �1�0�°�8� �t�o� �1�0�°� �o�r�g�a�n�i�s�m�s�/�m�L� �(�O�l�i�v�e�r�,� 

�1�9�8�9�)�.� �T�h�e� �c�e�l�l� �d�e�n�s�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�w�a�y�:� �t�e�n� �m�L� �o�f� �b�r�o�t�h� �w�a�s� �s�p�u�n� �f�o�r� �1�0� �m�i�n� �a�t� �1�0�°�C� �a�n�d� �3�,�0�0�0� 

�x� �g� �(�S�o�r�v�a�l�l� �S�u�p�e�r�s�p�e�e�d� �R�C�2�-�B� �A�u�t�o�m�a�t�i�c� �R�e�f�r�i�g�e�r�a�t�e�d� 

�C�e�n�t�r�i�f�u�g�e�)�,� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�e�c�a�n�t�e�d�,� �t�h�e� �p�e�l�l�e�t� �w�a�s� 

�w�a�s�h�e�d� �w�i�t�h� �P�h�o�s�p�h�a�t�e� �B�u�f�f�e�r�e�d� �S�a�l�i�n�e� �(�P�B�S�)� �(�p�H� �7�.�6�;� �0�.�0�1� 

�M�)�,� �a�n�d� �r�e�c�e�n�t�r�i�f�u�g�e�d� �f�o�r� �1�0� �m�i�n� �a�t� �3�,�0�0�0� �x� �g�.� �T�h�e� 

�s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �d�e�c�a�n�t�e�d� �a�n�d� �t�h�e� �p�e�l�l�e�t� �w�a�s� �r�e�s�u�s�p�e�n�d�e�d� �i�n� 

�P�B�S�.� �T�h�e� �O�D� �v�a�l�u�e�s� �o�f� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �o�f� �c�e�l�l� �s�u�s�p�e�n�s�i�o�n�s� 

�i�n� �P�B�S� �w�e�r�e� �r�e�a�d� �o�n� �a� �B�a�u�s�c�h� �a�n�d� �L�o�m�b� �S�p�e�c�t�r�o�n�i�c� �7�0� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �a�t� �6�0�0� �n�m�.� �T�h�e� �c�e�l�l� �d�e�n�s�i�t�y� �w�a�s� �e�s�t�i�m�a�t�e�d� 

�f�r�o�m� �p�l�o�t�s� �o�f� �o�p�t�i�c�a�l� �d�e�n�s�i�t�y� �v�s�.� �l�o�g� �C�F�U�/�m�L�.� �C�e�l�l� �n�u�m�b�e�r�s� 

�w�e�r�e� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �c�o�l�o�n�i�e�s� �g�r�o�w�n� �o�n� �T�h�i�o�s�u�l�f�a�t�e� �C�i�t�r�a�t�e� 

�B�i�l�e� �s�a�l�t� �S�u�c�r�o�s�e� �(�T�C�B�S�)� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�°�C� �f�o�r� �2�4� �h�r�.� 

�D�u�r�i�n�g� �i�n�f�e�c�t�i�o�n�,� �o�y�s�t�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �a� �t�a�n�k� �f�i�l�l�e�d� �w�i�t�h� 

�a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r� �(�2�4� �p�p�t�,� �2�5�°�C�)�,� �w�i�t�h� �1�0�*� �C�F�U� �V�.� 

�v�u�l�n�i�f�i�c�u�s�/�m�L�.� �O�y�s�t�e�r�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �f�e�e�d� �i�n� �t�h�i�s� �t�a�n�k� 

�f�o�r� �1�2� �h�r� �a�f�t�e�r� �w�h�i�c�h� �t�h�e�y� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �d�e�p�u�r�a�t�i�o�n� 
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�t�a�n�k�.� 

�B�a�c�t�e�r�i�a�l� �e�n�u�m�e�r�a�t�i�o�n� 

�T�e�n� �o�y�s�t�e�r�s� �w�e�r�e� �s�h�u�c�k�e�d� �a�s�e�p�t�i�c�a�l�l�y� �a�t� �e�a�c�h� �s�a�m�p�l�i�n�g� 

�p�o�i�n�t� �(�H�u�n�t� �e�t� �a�l�.�,� �1�9�8�4�)� �a�n�d� �d�i�s�s�e�c�t�e�d� �w�i�t�h� �s�u�r�g�i�c�a�l� 

�s�c�i�s�s�o�r�s� �a�n�d� �s�c�a�l�p�e�l�s� �t�o� �s�e�p�a�r�a�t�e� �t�h�e� �a�d�d�u�c�t�o�r�,� �t�h�e� �m�a�n�t�l�e�,� 

�t�h�e� �g�i�l�l�s� �a�n�d� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �o�f� �e�a�c�h� �o�y�s�t�e�r� �(�F�i�g�.� �2�)�.� 

�A�f�t�e�r� �e�v�e�r�y� �i�n�c�i�s�i�o�n� �a�n�d� �c�u�t�,� �1�0�0� �m�L� �o�f� �P�B�S� �w�a�s� �g�e�n�t�l�y� 

�p�o�u�r�e�d� �o�n� �t�h�e� �t�i�s�s�u�e�s� �t�o� �r�e�d�u�c�e� �c�r�o�s�s�-�c�o�n�t�a�m�i�n�a�t�i�o�n�.� �T�h�e� 

�s�u�r�g�i�c�a�l� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� �r�i�n�s�e�d� �w�i�t�h� �9�5�%� �e�t�h�a�n�o�l� �(�v�/�v�)� �a�n�d� 

�p�a�s�s�e�d� �t�h�r�o�u�g�h� �a� �f�l�a�m�e� �a�f�t�e�r� �e�a�c�h� �h�a�n�d�l�i�n�g� �o�f� �t�h�e� �o�y�s�t�e�r� 

�t�i�s�s�u�e�s�.� �T�h�e� �t�e�r�m�  ��d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m�"� �i�s� �u�s�e�d� �h�e�r�e� �t�o� 

�d�e�s�c�r�i�b�e� �a�l�l� �t�i�s�s�u�e�s� �o�t�h�e�r� �t�h�a�n� �t�h�e� �a�d�d�u�c�t�o�r�,� �t�h�e� �m�a�n�t�l�e� �a�n�d� 

�t�h�e� �g�i�l�l�s�.� �T�h�e� �m�a�n�t�l�e� �f�l�u�i�d� �w�a�s� �n�o�t� �u�s�e�d�.� 

�V�.� �v�u�l�n�i�f�i�c�u�s� �w�a�s� �e�n�u�m�e�r�a�t�e�d� �i�n� �o�y�s�t�e�r� �s�a�m�p�l�e�s� �a�n�d� �t�a�n�k� 

�w�a�t�e�r� �u�s�i�n�g� �t�h�e� �M�o�s�t� �P�r�o�b�a�b�l�e� �N�u�m�b�e�r� �(�M�P�N�)� �e�n�u�m�e�r�a�t�i�o�n� 

�t�e�c�h�n�i�q�u�e� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �S�h�e�l�l�f�i�s�h� �S�a�n�i�t�a�t�i�o�n� �B�r�a�n�c�h� �o�f� �t�h�e� 

�C�e�n�t�e�r� �f�o�r� �F�o�o�d� �S�a�f�e�t�y� �a�n�d� �A�p�p�l�i�e�d� �N�u�t�r�i�t�i�o�n� �f�o�r� �F�o�o�d� �a�n�d� 

�D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �(�U�.�S�.� �F�o�o�d� �a�n�d� �D�r�u�g� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� 

�1�9�8�8�)�.� �O�y�s�t�e�r� �t�i�s�s�u�e�s� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �a�p�p�r�o�p�r�i�a�t�e� �v�o�l�u�m�e�s� 

�o�f� �P�B�S� �w�e�r�e� �a�d�d�e�d� �t�o� �a�c�h�i�e�v�e� �1�:�1�0� �d�i�l�u�t�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�e�s�.� 

�T�e�n� �m�L� �o�f� �t�h�e� �t�a�n�k� �w�a�t�e�r� �s�a�m�p�l�e�s� �w�e�r�e� �d�i�l�u�t�e�d� �w�i�t�h� �9�0� �m�L� �o�f� 

�P�B�S� �f�o�r� �1�:�1�0� �d�i�l�u�t�i�o�n�.� 

�O�y�s�t�e�r� �t�i�s�s�u�e� �p�a�r�t�s� �w�e�r�e� �h�o�m�o�g�e�n�i�z�e�d� �u�s�i�n�g� �a� �S�t�o�m�a�c�h�e�r� 

�L�a�b�-�B�l�e�n�d�e�r� �4�0�0� �(�S�t�e�w�a�r�d� �M�e�d�i�c�a�l� �U�A�C� �H�o�u�s�e�,� �L�o�n�d�o�n�,� �E�n�g�l�a�n�d�)� 
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� � 

� � 

� � 

� � 
�C�e�n�t�i�m�e�t�e�r�s� 

�F�i�g�.� �2�:� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �a�n� �o�y�s�t�e�r�.� �(�E�)� �e�s�o�p�h�a�g�u�s�;� �(�S�)� 
�s�t�o�m�a�c�h�;� �(�D�)� �d�i�g�e�s�t�i�v�e� �d�i�v�e�r�t�i�c�u�l�a�;� �(�I�)� �i�n�t�e�s�t�i�n�e�;� �(�M�)� 
�m�a�n�t�l�e�;� �(�A�)� �a�d�d�u�c�t�o�r�;� �(�R�)� �r�e�c�t�u�m�;� �(�G�)� �g�i�l�l�s�.� 
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�f�o�r� �2� �m�i�n�.� �T�h�e� �h�o�m�o�g�e�n�a�t�e�s� �a�n�d� �w�a�t�e�r� �s�a�m�p�l�e� �w�a�s� �d�i�l�u�t�e�d� 

�1�0�'�-� �t�o� �1�0�°�-�f�o�l�d� �w�i�t�h� �P�B�S�.� �O�n�e� �m�L� �o�f� �e�a�c�h� �d�i�l�u�t�i�o�n� �w�a�s� 

�i�n�o�c�u�l�a�t�e�d� �i�n�t�o� �A�l�k�a�l�i�n�e� �P�e�p�t�o�n�e� �W�a�t�e�r� �(�p�H� �8�.�5�)� �(�A�P�W�)� �i�n�a� 

�3�-�t�u�b�e� �M�P�N� �s�e�r�i�e�s� �f�o�r� �e�n�r�i�c�h�m�e�n�t� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �1�2� �h�r� �a�t� 

�3�7�°�C�.� �O�n�e� �l�o�o�p�f�u�l� �f�r�o�m� �e�a�c�h� �A�P�W� �t�u�b�e� �s�h�o�w�i�n�g� �g�r�o�w�t�h� �w�a�s� 

�s�t�r�e�a�k�e�d� �o�n� �p�l�a�t�e�s� �o�f� �T�C�B�S� �(�L�o�t�z� �e�t� �a�l�.�,� �1�9�8�3�)� �a�n�d� 

�C�e�l�l�o�b�i�o�s�e� �P�o�l�y�m�y�x�i�n� �C�o�l�i�s�t�i�n� �M�e�d�i�u�m� �(�C�P�C�)� �(�M�a�s�s�a�d� �a�n�d� 

�O�l�i�v�e�r�,� �1�9�8�7�)� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� �2�4� �h�r� �a�t� �3�7�°�C�.� �T�y�p�i�c�a�l� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �c�o�l�o�n�i�e�s� �a�p�p�e�a�r�e�d� �a�s� �2� �t�o� �3� �m�m� �d�i�a�m�e�t�e�r� �r�a�i�s�e�d� 

�g�r�e�e�n� �t�o� �b�l�u�e�-�g�r�e�e�n� �c�o�l�o�n�i�e�s� �o�n� �T�C�B�S� �a�n�d� �a�s� �2� �m�m� �d�i�a�m�e�t�e�r� 

�f�l�a�t�,� �y�e�l�l�o�w� �c�o�l�o�n�i�e�s� �o�n� �C�P�C�.� �T�y�p�i�c�a�l� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�c�o�l�o�n�i�e�s� �w�e�r�e� �c�o�n�f�i�r�m�e�d� �b�i�o�c�h�e�m�i�c�a�l�l�y� �u�s�i�n�g� �A�P�I� �R�a�p�i�d� �N�F�T� 

�s�y�s�t�e�m� �(�A�n�a�l�y�t�a�b� �P�r�o�d�u�c�t�s�,� �P�l�a�i�n�v�i�e�w�,� �N�Y�)� �w�i�t�h� 

�m�o�d�i�f�i�c�a�t�i�o�n�s�.� �T�h�e� �c�o�l�o�n�i�e�s� �w�e�r�e� �s�u�s�p�e�n�d�e�d� �i�n� �a� �2�%� �s�a�l�i�n�e� 

�s�o�l�u�t�i�o�n� �i�n�s�t�e�a�d� �o�f� �t�h�e� �0�.�8�5�%� �s�o�l�u�t�i�o�n� �s�u�g�g�e�s�t�e�d� �b�y� �A�n�a�l�y�t�a�b� 

�P�r�o�d�u�c�t�s�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �s�a�l�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�l�l�o�w�e�d� �f�o�r� 

�b�e�t�t�e�r� �g�r�o�w�t�h� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �i�n� �t�h�e� �b�i�o�c�h�e�m�i�c�a�l� �t�e�s�t�s� 

�(�M�a�c�D�o�n�e�l�l� �e�t� �a�l�.�,� �1�9�8�2�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�T�h�e� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� �V�.� �v�u�l�n�i�f�i�c�u�s� �p�o�p�u�l�a�t�i�o�n�s� �i�n� 

�o�y�s�t�e�r�s� �s�t�o�r�e�d� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m� �w�e�r�e� 

�a�n�a�l�y�z�e�d� �u�s�i�n�g� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �o�f� �t�h�e� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� �S�y�s�t�e�m� �(�S�A�S�,� �1�9�8�4�)�.� �S�i�g�n�i�f�i�c�a�n�c�e�s� �o�f� 

�t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �m�e�a�n�s� �o�f� �i�n�i�t�i�a�l� �a�n�d� �f�i�n�a�l� 
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�b�a�c�t�e�r�i�a�l� �l�e�v�e�l�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e� �(�L�S�D�)� �(�S�o�k�a�l� �a�n�d� �R�o�h�l�f�,� �1�9�8�1�)�.� �M�e�a�n�s� �w�i�t�h� �F� 

�v�a�l�u�e�s� �(�p� �<� �0�.�0�6�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �e�a�c�h� 

�o�t�h�e�r�.� 

�P�r�e�p�a�r�a�t�i�o�n� �o�f� �s�a�m�p�l�e�s� �f�o�r� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� 

�T�h�e� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �w�a�s� �m�o�d�i�f�i�e�d� 

�f�r�o�m� �p�r�o�c�e�d�u�r�e�s� �o�f� �T�a�l�l� �a�n�d� �N�a�u�m�a�n� �(�1�9�8�1�)�.� �A�r�t�i�f�i�c�i�a�l�l�y�-� 

�i�n�o�c�u�l�a�t�e�d� �a�n�d� �u�n�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �w�e�r�e� �a�s�e�p�t�i�c�a�l�l�y� 

�s�h�u�c�k�e�d�.� �W�h�o�l�e� �o�y�s�t�e�r�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �1�%� 

�g�l�u�t�a�r�a�l�d�e�h�y�d�e�/�f�i�l�t�e�r�e�d� �a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r� �(�p�H� �6�.�0�,� 

�s�a�l�i�n�i�t�y� �o�f� �1�4� �p�p�t�)� �a�n�d� �t�i�s�s�u�e� �p�a�r�t�s� �(�g�i�l�l�s�,� �m�a�n�t�l�e�,� 

�a�d�d�u�c�t�o�r�,� �a�n�d� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m�)� �w�e�r�e� �e�x�c�i�s�e�d�.� �A�r�t�i�f�i�c�i�a�l� 

�s�e�a�w�a�t�e�r� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �a�d�d�i�n�g� �s�e�a� �s�a�l�t�s� �(�M�a�r�i�n�e�l�a�n�d�,� �C�A�)� 

�t�o� �d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �t�o� �a� �s�a�l�i�n�i�t�y� �o�f� �1�4� �p�p�t�.� �A�r�t�i�f�i�c�i�a�l� 

�s�e�a�w�a�t�e�r� �w�a�s� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �0�.�2� �u�m� �m�e�m�b�r�a�n�e� �f�i�l�t�e�r� 

�(�M�i�l�l�i�p�o�r�e� �C�o�r�p�.�,� �B�e�d�f�o�r�d�,� �M�A�)�,� �a�d�j�u�s�t�e�d� �t�o� �p�H� �6�.�0�,� �a�n�d� 

�a�u�t�o�c�l�a�v�e�d�.� 

�O�y�s�t�e�r� �t�i�s�s�u�e�s� �w�e�r�e� �p�r�e�f�i�x�e�d� �i�n� �1�%� 

�g�l�u�t�a�r�a�l�d�e�h�y�d�e�/�f�i�l�t�e�r�e�d� �s�e�a�w�a�t�e�r� �f�o�r� �2�4� �h�r� �a�t� �4�°�C�.� �T�h�e� 

�s�p�e�c�i�m�e�n�s� �w�e�r�e� �w�a�s�h�e�d� �t�h�r�e�e� �t�i�m�e�s� �i�n� �f�i�l�t�e�r�e�d� �a�r�t�i�f�i�c�i�a�l� 

�s�e�a�w�a�t�e�r� �a�n�d� �p�o�s�t�f�i�x�e�d� �i�n� �1�%� �o�s�m�i�u�m� �t�e�t�r�o�x�i�d�e�/�f�i�l�t�e�r�e�d� 

�a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r� �f�o�r� �2�4� �h�r� �a�t� �2�5�°�C�.� �A�f�t�e�r� �f�i�x�a�t�i�o�n�,� �t�h�e� 

�t�i�s�s�u�e�s� �w�e�r�e� �w�a�s�h�e�d� �t�h�r�e�e� �t�i�m�e�s� �i�n� �a�r�t�i�f�i�c�i�a�l� �s�e�a�w�a�t�e�r� �a�n�d� 

�d�e�h�y�d�r�a�t�e�d� �w�i�t�h� �a� �g�r�a�d�e�d� �s�e�r�i�e�s� �o�f� �e�t�h�a�n�o�l� �i�n� �d�i�s�t�i�l�l�e�d� 
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�w�a�t�e�r� �(�1�0�%�,� �5�0�%�,� �7�0�%�,� �8�0�%�,� �1�0�0�%� �e�t�h�a�n�o�l�)�.� 

�S�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� 

�A�f�t�e�r� �t�h�e� �d�e�h�y�d�r�a�t�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�e�s�,� �t�h�e�y� �w�e�r�e� 

�c�r�i�t�i�c�a�l� �p�o�i�n�t� �d�r�i�e�d� �w�i�t�h� �C�O�,� �(�L�a�d�d� �C�r�i�t�i�c�a�l� �P�o�i�n�t� �D�r�y�e�r�,� 

�C�a�t�.� �N�o�.� �2�8�0�0�0�,� �L�a�d�d� �R�e�s�e�a�r�c�h� �I�n�d�u�s�t�r�i�e�s�,� �B�u�r�l�i�n�g�t�o�n�,� �V�T�)�,� 

�a�n�d� �s�p�u�t�t�e�r�-�c�o�a�t�e�d� �w�i�t�h� �g�o�l�d� �p�a�l�l�a�d�i�u�m� �(�H�u�m�m�e�r� �X�,� �A�n�a�t�e�c�h� 

�L�T�D�,� �A�l�e�x�a�n�d�r�i�a�,� �V�A�)�.� �T�h�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �v�i�e�w�e�d� �i�n� �a� 

�P�h�i�l�i�p�s� �5�0�5� �s�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�e� �(�H�o�l�l�a�n�d�)�.� 

�M�i�c�r�o�g�r�a�p�h�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �o�n� �P�o�l�a�r�o�i�d� �f�i�l�m� �(�t�y�p�e� �5�5� �P�/�N�)�.� 

�P�h�o�t�o�g�r�a�p�h�s� �w�e�r�e� �p�r�o�c�e�s�s�e�d� �o�n� �K�o�d�a�k� �E�k�t�a�m�a�t�i�c� �p�r�o�c�e�s�s�o�r� �a�n�d� 

�f�i�x�e�d� �p�e�r�m�a�n�e�n�t�l�y� �o�n� �K�o�d�a�k� �E�k�t�a�m�a�t�i�c� �p�r�o�c�e�s�s�i�n�g� �p�a�p�e�r�.� 

�T�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� 

�A�f�t�e�r� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �d�e�h�y�d�r�a�t�e�d�,� �t�h�e�y� �w�e�r�e� 

�i�n�f�i�l�t�r�a�t�e�d� �w�i�t�h� �g�r�a�d�e�d� �s�e�r�i�e�s� �(�1�0�%�,� �3�0�%�,� �5�0�%�,� �8�0�%�,� �1�0�0�%� 

�r�e�s�i�n�)� �o�f� �S�p�u�r�r� �l�o�w�-�v�i�s�c�o�s�i�t�y� �e�m�b�e�d�d�i�n�g� �m�e�d�i�a� �e�p�o�x�y� �r�e�s�i�n� �i�n� 

�1�0�0�%� �e�t�h�a�n�o�l� �(�P�o�l�y�s�c�i�e�n�c�e�s� �I�n�c�.�,� �P�a�u�l� �V�a�l�l�e�y� �I�n�d�u�s�t�r�i�a�l� 

�P�a�r�k�,� �P�A�)� �f�o�r� �3�0� �m�i�n� �a�t� �2�5�°�C� �f�o�r� �e�a�c�h� �s�e�r�i�e�s�,� �a�n�d� �e�m�b�e�d�d�e�d� 

�a�t� �1�0�0�%� �r�e�s�i�n� �f�o�r� �2�4� �h�r� �a�t� �7�1�°�C�.� �T�h�e�y� �w�e�r�e� �t�h�e�n� �t�h�i�n� 

�s�e�c�t�i�o�n�e�d� �w�i�t�h� �a� �g�l�a�s�s� �k�n�i�f�e� �o�n� �a�n� �M�T�-�6�0�0�0� �m�i�c�r�o�t�o�m�e� 

�(�R�e�s�e�a�r�c�h� �a�n�d� �M�a�n�u�f�a�c�t�u�r�i�n�g� �C�o�m�p�a�n�y�,� �I�n�c�.�,� �T�u�c�s�o�n�,� �A�Z�)�.� 

�T�h�i�n� �s�e�c�t�i�o�n�s� �w�e�r�e� �m�o�u�n�t�e�d� �o�n� �c�o�p�p�e�r� �g�r�i�d�s�,� �s�t�a�i�n�e�d� �w�i�t�h� 

�l�e�a�d� �c�i�t�r�a�t�e� �a�n�d� �u�r�a�n�y�l� �a�c�e�t�a�t�e�,� �a�n�d� �e�x�a�m�i�n�e�d� �i�n� �a� �Z�e�i�s�s� 

�H�i�g�h�-�R�e�s�o�l�u�t�i�o�n� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�e� �(�E�M� �1�0�C�R�,� 

�8�5



�G�e�r�m�a�n�y�)�.� �M�i�c�r�o�g�r�a�p�h�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �w�i�t�h� �K�o�d�a�k� �e�l�e�c�t�r�o�n� 

�m�i�c�r�o�s�c�o�p�e� �f�i�l�m� �4�4�8�9�.� �(�E�s�t�a�r� �T�h�i�c�k� �B�a�s�e�)�.� 

�R�E�S�U�L�T�S�/�D�I�S�C�U�S�S�I�O�N� 

�E�f�f�i�c�i�e�n�c�y� �o�f� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� 

�T�h�e� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �i�n� �t�h�e� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k� �w�a�s� 

�e�f�f�e�c�t�i�v�e� �i�n� �c�a�u�s�i�n�g� �a� �2�.�5� �X� �1�0�°� �M�P�N� �r�e�d�u�c�t�i�o�n� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s�/�m�L� �o�f� �t�a�n�k� �w�a�t�e�r� �(�F�i�g�.� �3�)�.� �W�i�t�h�i�n� �o�n�e� �h�o�u�r� �o�f� 

�t�h�e� �i�n�o�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �t�a�n�k�,� �t�h�e� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n� �w�a�s� 

�r�e�d�u�c�e�d� �t�o� �u�n�d�e�t�e�c�t�a�b�l�e� �l�e�v�e�l�s� �(�<�3� �V�.� �v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �o�f� 

�t�a�n�k� �w�a�t�e�r�)�.� �T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m� �a�p�p�e�a�r�e�d� 

�e�f�f�e�c�t�i�v�e� �i�n� �e�i�t�h�e�r� �d�e�s�t�r�o�y�i�n�g� �o�r� �i�n�a�c�t�i�v�a�t�i�n�g� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r�.� 

�A�r�t�i�f�i�c�i�a�l� �i�n�o�c�u�l�a�t�i�o�n� 

�A�f�t�e�r� �6� �h�r� �o�f� �u�p�t�a�k�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s�,� �t�h�e�r�e� �w�a�s� �a� �1�0�0�-� 

�f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r�s� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �i�n� �e�a�c�h� �o�f� �t�h�e� 

�t�i�s�s�u�e� �s�e�c�t�i�o�n�s�:� �a�d�d�u�c�t�o�r�,� �m�a�n�t�l�e�,� �g�i�l�l�s� �a�n�d� �d�i�g�e�s�t�i�v�e� 

�s�y�s�t�e�m� �(�F�i�g�.� �4�)�.� �L�e�v�e�l�s� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e� �u�p�o�n� �l�o�n�g�e�r� 

�e�x�p�o�s�u�r�e�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �s�h�o�w�n� �b�y� �P�e�r�k�i�n�s� �e�t� �a�l�.� 

�(�1�9�8�0�)�,� �w�h�o� �a�l�s�o� �n�o�t�e�d� �a� �s�t�e�a�d�y� �s�t�a�t�e� �o�f� �u�p�t�a�k�e� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �b�y� �o�y�s�t�e�r�s� �a�f�t�e�r� �6� �h�r�.� �S�o�n� �a�n�d� �F�l�e�e�t� �(�1�9�8�0�)� �a�l�s�o� 

�p�e�r�f�o�r�m�e�d� �a�r�t�i�f�i�c�i�a�l� �i�n�o�c�u�l�a�t�i�o�n� �b�y� �f�e�e�d�i�n�g� �o�y�s�t�e�r�s� �f�o�r� �u�p� 
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�L�o�g� �M�P�N�/�m�L� �S�a�m�p�l�e� 
� � 

� �  ��8� �-� �E�]� 

 ��T� � � 
�q� �4� �I� 

�6� �1�2� �1�8� �2�4� 
�T�i�m�e� �(�h�r�)� 

�F�i�g�.� �3�:� �E�f�f�i�c�i�e�n�c�y� �o�f� �u�l�t�r�a�v�i�o�l�e�t� �l�i�g�h�t� �d�i�s�i�n�f�e�c�t�i�o�n� �o�n� �t�h�e� 
�r�e�d�u�c�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �t�h�e� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� 
�t�a�n�k� �w�a�t�e�r�.� �O�n� �t�h�e� �F�i�g�u�r�e�,� �3� �M�P�N�/�m�L� �r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� 
�V�.� �v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �o�f� �t�a�n�k� �w�a�t�e�r�.� 
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�L�o�g� �M�P�N�/�m�L� �S�a�m�p�l�e� 
� � 

� � � � 
�4� �|� �t� �'� 

�6� �1�2� �1�8� �2�4� 
�H�o�u�r�s� �o�f� �U�p�t�a�k�e� 

�F�i�g�.� �4�:� �U�p�t�a�k�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �d�u�r�i�n�g� 
�a�r�t�i�f�i�c�i�a�l� �i�n�o�c�u�l�a�t�i�o�n�.� �A�d�d�u�c�t�o�r� �m�u�s�c�l�e� �(�0�%�)�,� �m�a�n�t�l�e� �t�i�s�s�u�e� 
�(�x�)�,� �g�i�l�l� �t�i�s�s�u�e� �(�-�)�,� �a�n�d� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�0�)� �w�e�r�e� 
�d�i�s�s�e�c�t�e�d� �f�r�o�m� �t�e�n� �o�y�s�t�e�r�s� �a�n�d� �e�n�u�m�e�r�a�t�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� 
�o�f� �V�.� �v�u�l�n�i�f�i�c�u�s�.



�t�o� �6� �h�r�.� �R�o�d�r�i�c�k� �e�t� �a�l�.� �(�1�9�8�9�)� �r�e�p�o�r�t�e�d� �c�l�a�m�s� �a�c�c�u�m�u�l�a�t�e�d� 

�1�0�°� �u�n�i�t�s� �o�f� �V�i�b�r�i�o� �s�p�p�.� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �6� �h�r� �o�f� �f�e�e�d�i�n�g�.� 

�M�a�r�t�i�n�e�z�-�M�a�n�z�a�n�a�r�e�s� �e�t� �a�l�.� �(�1�9�9�1�)� �r�e�p�o�r�t�e�d� �a� �s�t�e�a�d�y� �s�t�a�t�e� �o�f� 

�m�i�c�r�o�b�i�a�l� �a�c�c�u�m�u�l�a�t�i�o�n� �w�a�s� �r�e�a�c�h�e�d� �b�e�t�w�e�e�n� �6� �t�o� �1�2� �h�r� �o�f� 

�e�x�p�o�s�u�r�e� �t�o� �m�i�c�r�o�o�r�g�a�n�i�s�m�s�.� 

�D�e�p�u�r�a�t�i�o�n� �o�f� �a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� 

�A�f�t�e�r� �7�2� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n� �t�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �l�e�v�e�l� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �t�h�e� �a�d�d�u�c�t�o�r� �(�p� �=� 

�0�.�0�0�4�)� �a�n�d� �t�h�e� �m�a�n�t�l�e� �t�i�s�s�u�e�s� �(�p� �=� �0�.�0�6�)� �(�F�i�g�.� �5�)�.� �T�h�i�s�.� 

�d�e�c�r�e�a�s�e� �m�a�y� �h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �t�h�e� �r�e�l�e�a�s�e� �o�f� �o�r�g�a�n�i�s�m�s� �f�r�o�m� 

�t�h�e� �a�d�d�u�c�t�o�r� �a�n�d� �t�h�e� �m�a�n�t�l�e� �t�i�s�s�u�e�s� �a�n�d� �m�a�y� �i�m�p�l�y� �t�h�a�t� �t�h�e� 

�g�i�l�l�s� �w�e�r�e� �a�c�t�i�v�e�l�y� �p�u�m�p�i�n�g� �w�a�t�e�r� �o�v�e�r� �t�h�e�s�e� �m�u�s�c�l�e�s�.� �T�h�e�r�e� 

�w�a�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n� �o�f� 

�t�h�e� �g�i�l�l�s� �(�p� �=� �0�.�1�1�)� �a�n�d� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m�s� �(�p� �=� �0�.�2�1�)�.� 

�T�h�e� �r�e�l�e�a�s�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �f�r�o�m� �t�h�e� �a�d�d�u�c�t�o�r� �a�n�d� �t�h�e� 

�m�a�n�t�l�e� �t�i�s�s�u�e�s� �m�a�y� �h�a�v�e� �i�n�c�r�e�a�s�e�d� �t�h�e� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m�s� �i�n� 

�t�h�e� �t�a�n�k� �w�a�t�e�r�.� �T�h�e�r�e� �w�a�s� �a�n� �i�n�c�r�e�a�s�e� �f�r�o�m� �<�3� �M�P�N�/�m�L� �t�o� �9� 

�M�P�N�/�m�L� �a�f�t�e�r� �2�4� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n� �a�n�d� �t�h�e�n� �a� �d�e�c�r�e�a�s�e� �t�o� �2� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r�.� �A� �p�o�s�s�i�b�l�e� �r�e�a�s�o�n� �f�o�r� 

�t�h�e� �l�o�w� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�s�m� �i�n� �w�a�t�e�r� �m�a�y� �b�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� 

�o�f� �t�h�e� �u�l�t�r�a�v�i�o�l�e�t� �d�i�s�i�n�f�e�c�t�i�o�n� �u�n�i�t�.� �S�i�m�i�l�a�r� �t�r�e�n�d�s� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �r�e�d�u�c�t�i�o�n� �i�n� �a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �w�e�r�e� 

�s�h�o�w�n� �b�y� �o�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�o�r�s� �(�K�e�l�l�y� �a�n�d� �D�i�n�u�z�z�o�,� �1�9�8�5�;� 

�S�t�e�s�l�o�w� �e�t� �a�l�.�,� �1�9�8�7�)�.� �T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s�,� �h�o�w�e�v�e�r� 

�8�9



�L�o�g� �M�P�N�/�m�L� �S�a�m�p�l�e� 
�7� � � 

� � � � 
� � �0� �I� �q� �O�d� �4� 

�0� �2�4� �4�8� �7�2� 
�H�o�u�r�s� �o�f� �D�e�p�u�r�a�t�i�o�n� 

�F�i�g�.� �5�:� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �a�r�t�i�f�i�c�i�a�l�l�y�-� 
�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �a�n�d� �t�a�n�k� �w�a�t�e�r�.� �A�d�d�u�c�t�o�r� �m�u�s�c�l�e� 
�(�O�o�)�,� �m�a�n�t�l�e� �t�i�s�s�u�e� �(�x�)�,� �g�i�l�l� �t�i�s�s�u�e� �(�+�)�,� �a�n�d� �d�i�g�e�s�t�i�v�e� 
�s�y�s�t�e�m� �(�H�U�)� �o�f� �o�y�s�t�e�r�s� �a�n�d� �t�h�e� �t�a�n�k� �w�a�t�e�r� �(�+�)� �w�e�r�e� �e�n�u�m�e�r�a�t�e�d� 
�f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s�.� �O�n� �t�h�e� �F�i�g�u�r�e�,� �3� �M�P�N�/�m�L� 
�r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �V�.� �v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �o�f� �t�a�n�k� �w�a�t�e�r�.� 
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�e�n�u�m�e�r�a�t�e�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �f�r�o�m� �w�h�o�l�e� �o�y�s�t�e�r�s�,� 

�a�n�d� �n�o�t� �i�n�d�i�v�i�d�u�a�l� �t�i�s�s�u�e� �p�a�r�t�s�.� �K�e�l�l�y� �a�n�d� �D�i�n�u�z�z�o� �(�1�9�8�5�)� 

�r�e�p�o�r�t�e�d� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �f�r�o�m� �o�y�s�t�e�r�s� �f�r�o�m� 

�1�0�°� �c�e�l�l�s�/�g� �o�f� �o�y�s�t�e�r� �t�o� �2�5� �c�e�l�l�s�/�g� �a�f�t�e�r� �2�4� �h�r�.� �R�o�d�r�i�c�k� �e�t� 

�1�.� �(�1�9�8�9�)� �s�h�o�w�e�d� �a� �9�9�%� �r�e�d�u�c�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� 

�a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �c�l�a�m�s� �p�l�a�c�e�d� �i�n� �d�e�p�u�r�a�t�i�o�n� �t�a�n�k�s� �f�o�r� 

�4�8� �h�r�.� 

�D�e�p�u�r�a�t�i�o�n� �o�f� �n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �o�y�s�t�e�r�s� 

�T�h�e�r�e� �i�s� �a� �g�r�e�a�t� �f�r�e�q�u�e�n�c�y� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� 

�t�i�s�s�u�e�s� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �m�o�n�t�h�s�.� �D�u�r�i�n�g� �M�a�y�,� �s�o�m�e� �s�t�a�t�i�o�n�s� 

�i�n� �F�l�o�r�i�d�a� �r�e�p�o�r�t�e�d� �4�.�6� �X� �1�0�*� �M�P�N�/�1�0�0� �m�L� �s�e�a�w�a�t�e�r�.� �I�n� �J�u�l�y�,� 

�t�h�e� �n�u�m�b�e�r� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �w�a�s� �2�.�3� �X� �1�0�°� �M�P�N�/�m�L� �o�f� �o�y�s�t�e�r�.� 

�I�n� �A�u�g�u�s�t�,� �t�h�e�r�e� �w�a�s� �3� �X� �1�0�°� �M�P�N�/�m�L� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� 

�o�y�s�t�e�r� �t�i�s�s�u�e�s� �(�T�a�m�p�l�i�n� �e�t� �a�l�.�,� �1�9�8�2�)�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �h�i�g�h� 

�n�u�m�b�e�r�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �w�e�r�e� �a�l�s�o� �n�a�t�u�r�a�l�l�y� �p�r�e�s�e�n�t� �i�n� 

�o�y�s�t�e�r�s� �h�a�r�v�e�s�t�e�d� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �m�o�n�t�h�s�.� �T�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �f�o�u�n�d� �i�n� �t�h�e� �o�y�s�t�e�r� �t�i�s�s�u�e�s� 

�h�a�r�v�e�s�t�e�d� �i�n� �d�u�r�i�n�g� �t�h�e� �f�a�l�l� �m�o�n�t�h�s� �w�e�r�e� �1�0�0� �t�i�m�e�s� �l�o�w�e�r� 

�t�h�a�n� �i�n� �s�u�m�m�e�r� �m�o�n�t�h�s� �(�F�i�g�.� �6�)�.� �A� �b�a�r� �g�r�a�p�h� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �t�h�e� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �(�9�.�5� �X� 

�1�0�?� �M�P�N�/�m�L�)�,� �t�h�e� �m�a�n�t�l�e� �(�6�.�2� �X� �1�0�°� �M�P�N�/�m�L�)�,� �t�h�e� �g�i�l�l�s� �(�2�.�0� �x� 

�1�0�°� �M�P�N�/�m�L�)�,� �a�n�d� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�1�.�8� �X� �1�0�*� �M�P�N�/�m�L�)� �o�f� 

�n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �s�u�m�m�e�r� �o�y�s�t�e�r�s�.� �D�u�r�i�n�g� �s�u�m�m�e�r� �m�o�n�t�h�s�,� 

�t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �V�.� 
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� � 

�F�A�L�L� �S�U�M�M�E�R� 

�M�M� �A�d�d�u�c�t�o�r� �M�a�n�t�l�e� 

� � 

�G�i�l�l�s� �[�_�]� �D�i�g�.� �s�y�s�t�e�m� 

�F�i�g�.� �6�:� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� 
�n�a�t�u�r�a�l�l�y� �p�r�e�s�e�n�t� �i�n� �o�y�s�t�e�r� �t�i�s�s�u�e�s� �h�a�r�v�e�s�t�e�d� �i�n� �f�a�l�l� �a�n�d� 
�s�u�m�m�e�r�.� 
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�v�u�l�n�i�f�i�c�u�s�.� �T�h�i�s� �o�b�s�e�r�v�a�t�i�o�n� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �m�a�d�e� �b�y� 

�R�o�d�r�i�c�k� �e�t� �a�l�.� �(�1�9�8�9�)� �w�h�o� �s�t�a�t�e�d� �t�h�a�t� �V�.� �v�u�l�n�i�f�i�c�u�s� �w�a�s� 

�f�o�u�n�d� �t�o� �h�a�v�e� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� �t�h�e� �d�i�g�e�s�t�i�v�e� 

�g�l�a�n�d�s�.� 

�S�u�m�m�e�r� �o�y�s�t�e�r�s� �w�i�t�h� �h�i�g�h� �l�e�v�e�l�s� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �w�e�r�e� 

�p�l�a�c�e�d� �i�n� �t�h�e� �i�m�m�e�r�s�i�o�n� �t�a�n�k� �(�F�i�g�.� �7�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �i�n�i�t�i�a�l� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�l�e�v�e�l�s� �a�n�d� �t�h�o�s�e� �p�r�e�s�e�n�t� �a�f�t�e�r� �7�2� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n� �o�n� �t�h�e� 

�a�d�d�u�c�t�o�r� �m�u�s�c�l�e� �(�p� �=� �0�.�3�7�)�,� �t�h�e� �m�a�n�t�l�e� �(�p� �=� �0�.�1�6�)�,� �t�h�e� �g�i�l�l�s� 

�(�p� �=� �0�.�5�)�,� �a�n�d� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�p� �=� �0�.�5�)�.� �T�h�e�r�e� �w�a�s� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �c�e�l�l� �n�u�m�b�e�r� �f�r�o�m� �<�3� �V�.� �v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �t�o� �1�.�9� 

�X� �1�0�°� �V�.� �v�u�l�n�i�f�i�c�u�s� �M�P�N�/�m�L� �i�n� �t�h�e� �t�a�n�k� �w�a�t�e�r� �a�f�t�e�r� �2�4� �h�r� �o�f� 

�d�e�p�u�r�a�t�i�o�n�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �r�e�l�e�a�s�e� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �b�y� �o�y�s�t�e�r�s� �d�u�r�i�n�g� �f�i�l�t�e�r�-�p�u�m�p�i�n�g�.� 

�F�a�l�l� �o�y�s�t�e�r�s� �h�a�r�b�o�r�i�n�g� �n�a�t�u�r�a�l�l�y� �p�r�e�s�e�n�t� �V�.� �v�u�l�n�i�f�i�c�u�s� 

�i�n� �t�h�e�i�r� �t�i�s�s�u�e�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �i�m�m�e�r�s�i�o�n� �t�a�n�k� �f�o�r� 

�d�e�p�u�r�a�t�i�o�n� �s�t�u�d�i�e�s� �(�F�i�g�.� �8�)�.� �T�h�e�r�e� �w�e�r�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�c�h�a�n�g�e�s� �i�n� �t�h�e� �n�u�m�b�e�r�s� �o�f� �t�h�e� �o�r�g�a�n�i�s�m� �i�n� �t�h�e� �a�d�d�u�c�t�o�r� 

�m�u�s�c�l�e� �(�p� �=� �0�.�5�)�,� �t�h�e� �m�a�n�t�l�e� �(�p� �=� �0�.�8�4�)�,� �t�h�e� �g�i�l�l�s� �(�p� �=� 

�0�.�7�5�)�,� �a�n�d� �t�h�e� �d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�p� �=� �0�.�7�5�)� �a�f�t�e�r� �t�h�e� 

�d�e�p�u�r�a�t�i�o�n� �p�e�r�i�o�d� �o�f� �7�2� �h�r�.� 

�F�i�g�u�r�e�s� �9�,� �1�0�,� �1�1�,� �a�n�d� �1�2� �r�e�p�r�e�s�e�n�t� �t�h�e� �l�e�v�e�l�s� �o�f� �V�.� 

�v�u�l�n�i�f�i�c�u�s� �f�o�u�n�d� �i�n� �a�d�d�u�c�t�o�r�,� �m�a�n�t�l�e�,� �g�i�l�l�,� �a�n�d� �d�i�g�e�s�t�i�v�e� 

�s�y�s�t�e�m� �t�i�s�s�u�e�s� �d�u�r�i�n�g� �7�2�-�h�r� �d�e�p�u�r�a�t�i�o�n� �s�t�u�d�i�e�s�.� �O�n� �e�a�c�h� 

�g�r�a�p�h�,� �t�h�r�e�e� �s�e�t�s� �o�f� �d�a�t�a� �a�r�e� �p�r�e�s�e�n�t�e�d�:� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� 
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�H�o�u�r�s� �o�f� �D�e�p�u�r�a�t�i�o�n� 

�F�i�g�.� �7�:� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �s�u�m�m�e�r� �o�y�s�t�e�r�s� 
�d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�n�.� 
�A�d�d�u�c�t�o�r� �m�u�s�c�l�e� �(�0�)�,� �m�a�n�t�l�e� �t�i�s�s�u�e� �(�x�X�)�,� �g�i�l�l� �t�i�s�s�u�e� �(�*�)�,� �a�n�d� 
�d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�0�)� �o�f� �o�y�s�t�e�r�s� �a�n�d� �t�h�e� �t�a�n�k� �w�a�t�e�r� �(�+�)� �w�e�r�e� 
�e�n�u�m�e�r�a�t�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s�.� �O�n� �t�h�e� 
�F�i�g�u�r�e�,� �3� �M�P�N�/�m�L� �r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �V�.� �v�u�l�n�i�f�i�c�u�s� 
�M�P�N�/�m�L� �o�f� �t�a�n�k� �w�a�t�e�r�.� 
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�F�i�g�.� �8�:� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �f�a�l�l� �o�y�s�t�e�r�s� �d�u�r�i�n�g� 
�d�e�p�u�r�a�t�i�o�n� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m�.� �A�d�d�u�c�t�o�r� 
�m�u�s�c�l�e� �(�0�)�,� �m�a�n�t�l�e� �t�i�s�s�u�e� �(�x�)�,� �g�i�l�l� �t�i�s�s�u�e� �(�+�)�,� �a�n�d� 
�d�i�g�e�s�t�i�v�e� �s�y�s�t�e�m� �(�L�J�)� �o�f� �o�y�s�t�e�r�s� �a�n�d� �t�h�e� �t�a�n�k� �w�a�t�e�r� �(�+�)� �w�e�r�e� 
�e�n�u�m�e�r�a�t�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s�.� �O�n� �t�h�e� 
�F�i�g�u�r�e�,� �3� �M�P�N�/�m�L� �r�e�p�r�e�s�e�n�t�s� �a�n�y� �v�a�l�u�e� �<�3� �V�.� �v�u�l�n�i�f�i�c�u�s� 
�M�P�N�/�m�L� �o�f� �t�a�n�k� �w�a�t�e�r�.� 
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�F�i�g�.� �9�:� �P�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �a�d�d�u�c�t�o�r� �m�u�s�c�l�e�s� 
�d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m�.� 
�A�d�d�u�c�t�o�r� �m�u�s�c�l�e�s� �f�r�o�m� �a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �(�9�)�,� 
�n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �s�u�m�m�e�r� �o�y�s�t�e�r�s� �(�x�)�,� �a�n�d� �n�a�t�u�r�a�l�l�y�-� 
�i�n�f�e�c�t�e�d� �f�a�l�l� �o�y�s�t�e�r�s� �(�0�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 
�V�.� �v�u�l�n�i�f�i�c�u�s� �d�u�r�i�n�g� �7�2� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n�.� 
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�H�o�u�r�s� �o�f� �D�e�p�u�r�a�t�i�o�n� 

�F�i�g�.� �1�0�:� �P�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �m�a�n�t�l�e� �t�i�s�s�u�e�s� 
�d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�n�.� 
�M�a�n�t�l�e� �t�i�s�s�u�e�s� �f�r�o�m� �a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �(�0�)�,� 
�n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �s�u�m�m�e�r� �o�y�s�t�e�r�s� �(�X�x�)�,� �a�n�d� �n�a�t�u�r�a�l�l�y�-� 
�i�n�f�e�c�t�e�d� �f�a�l�l� �o�y�s�t�e�r�s� �(�0�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 
�V�.� �v�u�l�n�i�f�i�c�u�s� �d�u�r�i�n�g� �7�2� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n�.� 
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�0� �r�  �� �:�  �� 
�0� �2�4� �4�8� �7�2� 

�H�o�u�r�s� �o�f� �D�e�p�u�r�a�t�i�o�n� 

�F�i�g�.� �1�1�:� �P�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �g�i�l�l� �t�i�s�s�u�e�s� 
�d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� �s�y�s�t�e�m�.� �G�i�l�l� 
�t�i�s�s�u�e�s� �f�r�o�m� �a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s� �(�6�)�,� �n�a�t�u�r�a�l�l�y�-� 
�i�n�f�e�c�t�e�d� �s�u�m�m�e�r� �o�y�s�t�e�r�s� �(�x�)�,� �a�n�d� �n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �f�a�l�l� 
�o�y�s�t�e�r�s� �(�0�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �f�o�r� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� 
�d�u�r�i�n�g� �7�2� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n�.� 
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�H�E�R� 
� � 

� � � � 
� � 

�3�-�7� 

�2� �-� 
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�0� �2�4� �4�8� �7�2� 
�H�o�u�r�s� �o�f� �D�e�p�u�r�a�t�i�o�n� 

�F�i�g�.� �1�2�:� �P�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �i�n� �o�y�s�t�e�r� �d�i�g�e�s�t�i�v�e� 
�s�y�s�t�e�m�s� �d�u�r�i�n�g� �d�e�p�u�r�a�t�i�o�n� �i�n� �a�n� �i�m�m�e�r�s�i�o�n� �l�i�v�e� �h�o�l�d�i�n�g� 
�s�y�s�t�e�m�.� �D�i�g�e�s�t�i�v�e� �s�y�s�t�e�m�s� �f�r�o�m� �a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� 
�o�y�s�t�e�r�s� �(�0�)�,� �n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �s�u�m�m�e�r� �o�y�s�t�e�r�s� �(�x�X�)�,� �a�n�d� 
�n�a�t�u�r�a�l�l�y�-�i�n�f�e�c�t�e�d� �f�a�l�l� �o�y�s�t�e�r�s� �(�0�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �f�o�r� �t�h�e� 
�p�r�e�s�e�n�c�e� �o�f� �V�.� �v�u�l�n�i�f�i�c�u�s� �d�u�r�i�n�g� �7�2� �h�r� �o�f� �d�e�p�u�r�a�t�i�o�n�.� 
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�f�r�o�m� �s�u�m�m�e�r� �o�y�s�t�e�r�s�,� �f�r�o�m� �f�a�l�l� �o�y�s�t�e�r�s�,� �a�n�d� �f�r�o�m� 

�a�r�t�i�f�i�c�i�a�l�l�y�-�i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s�.� �T�h�e�s�e� �F�i�g�u�r�e�s� �f�u�r�t�h�e�r� 

�i�l�l�u�s�t�r�a�t�e�d� �t�h�a�t� �V�.� �v�u�l�n�i�f�i�c�u�s� �c�o�u�n�t�s� �d�e�c�r�e�a�s�e�d� �o�n�l�y� �i�n� �t�h�e� 

�m�a�n�t�l�e� �a�n�d� �t�h�e� �a�d�d�u�c�t�o�r� �t�i�s�s�u�e�s� �o�f� �t�h�e� �i�n�o�c�u�l�a�t�e�d� �o�y�s�t�e�r�s�.� 

�T�h�e�r�e� �w�a�s� �n�o� �c�h�a�n�g�e� �i�n� �b�a�c�t�e�r�i�a�l� �p�o�p�u�l�a�t�i�o�n� �i�n� �t�h�e� �f�a�l�l� �a�n�d� 

�s�u�m�m�e�r� �o�y�s�t�e�r� �t�i�s�s�u�e�s�.� 

�S�c�a�n�n�i�n�g� �a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� 

�T�h�e� �a�d�d�u�c�t�o�r�,� �t�h�e� �m�a�n�t�l�e�,� �t�h�e� �g�i�l�l�s�,� �a�n�d� �t�h�e� �s�t�o�m�a�c�h� 

�w�e�r�e� �e�a�c�h� �e�x�a�m�i�n�e�d� �b�y� �s�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y� �f�o�r� 

�s�u�r�f�a�c�e�-�a�s�s�o�c�i�a�t�e�d� �m�a�t�e�r�i�a�l� �(�F�i�g�s�.� �1�3�,� �1�4�,� �1�5�,� �1�6�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� �a�d�d�u�c�t�o�r� �a�n�d� �t�h�e� �m�a�n�t�l�e� �w�e�r�e� �n�o�n�c�i�l�i�a�t�e�d� 

�s�u�r�f�a�c�e�s�,� �w�h�i�l�e� �t�h�e� �g�i�l�l� �a�n�d� �t�h�e� �i�n�t�e�s�t�i�n�e� �s�u�r�f�a�c�e�s� �w�e�r�e� 

�c�i�l�i�a�t�e�d�.� �T�h�e� �s�t�r�u�c�t�u�r�a�l� �u�n�i�t� �o�f� �t�h�e� �g�i�l�l� �i�s� �a� �c�y�l�i�n�d�r�i�c�a�l� 

�s�e�c�t�i�o�n� �o�f� �c�i�l�i�a�t�e�d� �e�p�i�t�h�e�l�i�u�m�.� �A�l�l� �o�f� �t�h�e� �s�u�r�f�a�c�e�s� �w�e�r�e� 

�c�o�v�e�r�e�d� �p�r�e�d�o�m�i�n�a�t�e�l�y� �w�i�t�h� �m�u�c�u�s� �a�n�d� �m�u�c�o�c�y�t�e�s�.� �S�i�m�i�l�a�r� 

�o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �s�e�e�n� �b�y� �G�a�r�l�a�n�d� �e�t� �a�l�.� �(�1�9�8�2�)�.� 

�A� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h� �o�f� �t�h�e� �g�i�l�l� �t�i�s�s�u�e�s� 

�s�h�o�w�e�d� �t�h�e� �s�e�c�r�e�t�i�o�n� �o�f� �m�u�c�o�c�y�t�e�s� �t�h�r�o�u�g�h� �t�h�e� �c�i�l�i�a�t�e�d� 

�s�u�r�f�a�c�e� �(�F�i�g�s�.� �1�7�A�,� �1�7�B�)�.� �L�y�s�o�s�o�m�e�s� �(�R�h�o�d�i�n�,� �1�9�6�3�)� �w�e�r�e� 

�s�e�e�n� �i�n� �a� �m�i�c�r�o�g�r�a�p�h� �o�f� �t�h�e� �g�i�l�l� �t�i�s�s�u�e�s�.� �L�y�s�o�s�o�m�e�s� �p�l�a�y� �a�n� 

�i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �t�h�e� �i�n�t�e�r�n�a�l� �i�n�a�c�t�i�v�a�t�i�o�n� �o�f� 

�m�i�c�r�o�o�r�g�a�n�i�s�m�s� �i�n� �o�y�s�t�e�r�s�.� 

�O�y�s�t�e�r� �t�i�s�s�u�e�s� �w�e�r�e� �a�r�t�i�f�i�c�i�a�l�l�y� �i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �V� 

�v�u�l�n�i�f�i�c�u�s�.� �A� �m�i�c�r�o�g�r�a�p�h� �d�e�p�i�c�t�i�n�g� �t�h�e� �v�i�b�r�i�o�i�d� �s�h�a�p�e� �o�f� 

�1�0�0



� � 
�F�i�g�.� �1�3�.� �S�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h� �o�f� �a�d�d�u�c�t�o�r� �t�i�s�s�u�e�.� 
�P�o�r�t�i�o�n�s� �o�f� �t�h�e� �m�u�s�c�l�e� �f�i�b�e�r�s� �(�M�f�)� �a�r�e� �c�o�v�e�r�e�d� �w�i�t�h� �a� �s�h�e�e�t� 
�o�f� �m�u�c�u�s� �(�M�)� �a�n�d� �m�u�c�o�c�y�t�e�s� �(�M�c�)� �o�n� �t�h�e� �s�u�r�f�a�c�e�.� �B�a�r� 
�r�e�p�r�e�s�e�n�t�s� �0�.�1� �m�m�.� �M�a�g�n�i�f�i�c�a�t�i�o�n� �i�s� �8�1�0� �x�X�.� 
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