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Abstract—For a period of 1 year, monthly water samples were taken for estimates of Aeromonas
hydrophila density at 6 sites in Ensenada de Boca Vieja near San Juan, Puerto Rico. Five sites were
associated with the effluent plume of the world’s largest rum distillery, the sixth site was 177 m upcur-
rent. Fifteen water quality parameters were monitored concurrently with A. hydrophila estimates. The
toxic and stimulatory nature of the effluent made correlations with any physicochemical parameter
difficult. However, a significant multiple regression was obtained against density of A. hydrophila using
temperature, total phosphorus, total organic carbon and orthophosphates. Densities of A. hydrophila
were always higher in the effluent plume and usually highest at the site closest to effluent outfall.
Suspensions of A. hydrophila placed in diffusion chambers at the effluent point source not only survived,
but gradually increased in density, while 500 m upcurrent densities of A. hydrophila in diffusion
chambers rapidly declined. Significant differences in A. hydrophila density between the two sites could be
detected after only 18 h. The diffusion chamber studies confirm natural correlations with water quality
that indicate A. hydrophila densities in marine habitats can become elevated under the appropriate
conditions. Higher densities of other potential pathogens e.g. Klebsiella pneumoniae, Vibrio cholerae,
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were also observed in the rum distillery effluent plume.

INTRODUCTION

Aeromonas hydrophila is a gram negative, facultatively
anaerobic rod, 2-3 um long with a single polar flagel-
lum. This bacterium is commonly observed in sewage
effluents (Grabow & DuPreez, 1979) and thermal
effluents (Hazen & Fliermans, 1979; Hazen, 1979).
However, Hazen et al. (1978a) demonstrated that A.
hydrophila is found in all but the most extreme aqua-
tic habitats, i.e. hypersaline and hyperthermal waters.
Indeed, similar densities were reported for cold, pris-
tine alpine lakes in Wyoming and eutrophic Loui-
siana bayous. Aeromonas hydrophila has been found
to cause disease in fish (Miller & Chapman, 1976),
frogs (Emerson & Norris, 1905), lizards (Marcus,
1971), alligators (Gorden et al., 1979), turtles (Shotts
et al., 1972), snails (Mead, 1969) and cattle (Wohlege-
muth et al., 1972). In addition, many cases of gastero-
enteritis and wound infections in man have been
recently reported (Davis et al., 1978). Trust & Chip-
man (1979) felt that as much as 139 of all acute gas-
teroenteritis cases report by hospitals were caused by
A. hydrophila. Since A. hydrophila normally causes
only a mild, self-limiting gasteroenteritis, the number
of unreported human cases must be enormous.

In the southeastern United States A. hydrophila is
the primary etiological agent for red-sore disease in
fish (Hazen et al, 1978b). Red-sore disease losses to
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commercial and sports fisheries in the southeast are
tremendous, one recent report documented the death
of over 35,000 fish over one 13day period in one
North Carolina reservoir (Miller & Chapman, 1976).
Recently, red-sore disease has been observed in
Puerto Rico in wild populations of largemouth bass,
introduced from Georgia (Hazen, Unpublished data).
Large rum distilleries occur on several Carribean
Islands, and nearly all discharge effluents directly into
near-shore coastal waters, without prior treatment.
The largest rum distillery in the world is located at
Ensenada de Boca Vieja, a bay adjacent to San Juan
harbor in Puerto Rico. This one industry pumps more
than 1.4 x 10%1day ! of untreated effluent, into this
bay more than 300 days each year (Costle, 1979).
Rum distillery effluent (slops) are composed of
cooling waters from stills, fermentation vats, hot spent
wash, and water used for cleaning the fermentation
vats and distillery (Sheehan & Greenfield, 1980). The
slops are an odorous, reddish brown, viscous,
complex mixture of organic acids, aldehydes, proteins,
amino acids, polysaccharides and heavy metals. The
pH is usually near 4.7 and the BOD; is usually close
to 32,000mg O, 17! (Costle, 1979). At Ensenada de
Boca Vieja, the effluent plume can extend for several
kilometers parallel to the coast. The plume is nor-
mally anoxic and has been shown to kill fish, crabs,
snails and many other forms of marine life in the
surrounding water (Gonzalez et al., 1979). High con-
centrations of the rum slop are bacteriostatic; how-
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Fig. 1. Ensenada de Boca Vieja study sites.

ever, dilutions of the slop can stimulate growth of
some bacteria which, in turn, detoxify the effluent for
certain algae and other bacteria (Tosteson et al., 1973;
Tosteson & Hale, 1978). Preliminary studies done in
our laboratory indicated that rum distillery effluent,
supported high densities of potentially pathogenic
bacteria like A. hydrophila.

The objectives of the present study were (1) to de-
termine the distribution and abundance of A. hydro-
phila in a bay receiving rum distillery effluent; (2) to
ascertain the in situ survival characteristics of A. hy-
drophila in marine waters contaminated with rum
slops; and (3) to find if other potentially pathogenic
bacteria and/or indicator bacteria were affected by
rum distillery efluent in tropical marine environments.

MATERIALS AND METHODS

Study site

Ensenada de Boca Vigja (18 27" 48” N, 66 08 42" W) is a
protected cove immediately adjacent to San Juan Bay,
Puerto Rico. This cove has a tidal range of 0.5 m, shoreline
length of 855m, mean depth of 4m, surface area of
94,643 m?, and receives 1.4 x 10°1day™! of untreated
effluent from a single rum distillery (Costle, 1979). An
underground pipe connects the discharge point with the
rum distillery which is 1 km to the southwest. Shore cur-
rents move the effluent plume in a westerly direction,
parallel with the shoreline. On rare occasions the wind is
from the northwest and creates a current that moves the

waste plume in an easterly direction so that it tends to
accumulate in the apex of the cove.

Six sites, at different distances from the outfall, were
chosen for water sampling, Site —1 was upcurrent, 177 m
from the discharge point while site 1 was at the point
source. Sites 2, 3, 4 and 5 were downcurrent directly in the
effluent plume at distances of 5, 128, 421 and 713 m re-
spectively from the point source (Fig. 1). Sampling sites
—1, 1, 2 and 3 were 50 m from the edge of the mean high
tide shoreline, while sites 4 and 5 were 335m from the
mean high tide shore.

Sampling procedures

Water samples were collected from March 1980 to
February 1981 at monthly intervals. Samples for bacterio-
logical analysis were taken by grab sampling. placed into
sterile, 180 ml Whirl Pak bags (Nasco International, Fort
Wilkinson, WI) and kept on ice until processed. Time from
collection to analysis never exceeded 4 h. Water for physi-
cochemical analysis was taken by grab sampling using
500 ml bottles containing appropriate preservatives; all
were chilled until analyzed.

Bacteriological procedures

Densities of A. hydrophila were estimated using Rimler—
Shotts (R-S) media (Shots & Rimler, 1973). A minimum of
1 ml was filtered through a 0.45 um, gridded, 47 mm dia.,
HA type membrane filter (Millipore Corp., Bedford, MA).
Dilutions were made using filter-sterilized, phosphate buf-
fered saline, pH 7. After filtration, filters were placed on
sterile pads soaked with R—S medium in sterile tight-fitting
petri dishes and incubated at 35°C for 20 h. When incuba-
tion was complete the number of yellow colonies were
counted with the aid of a magnifying lens and the number
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of colony forming units per ml (CFU ml™") recorded, as
described by Hazen (1979) and Hazen et al. (1978a).

Samples were also analyzed for fecal coliform bacteria
using m-FC media (Difco, Detroit, MI). Dilutions were
made when necessary (as above) and aliquots filtered
through 0.7 um, gridded, 47 mm dia.. HC type membrane
filters (Millipore Corp.. Bedford, MA). Colony forming
units were estimated by counting blue colonies after 24 h
incubation at 44.5°C (APHA, 1975).

Standard bacteria counts were determined using m-Plate
Count media (Difco, Detroit, MI). Again, dilutions were
made with filter-sterilized phosphate buffered saline, pH 7.0
and filtered through 0.45 um. gridded, 47 mm dia., HA type
membrane filters (Millipore Corp., Bedford, MA). All col-
onies were counted after incubation at 35°C for 24 h
(APHA, 1975). Bacteria were identified using the API-20E
(Analytab Products, Plainview, NY), oxidase, 0/129 sensi-
tivity, and fluorescent antibody or serology (see Fliermans
& Hazen, 1980; Hazen, 1979 for details).

Survival of Aeromonas hydrophila in situ

Pure cultures of A. hydrophila (ATCC 7966) were grown
in nutrient broth at 35°C for 24 h. Cells were harvested by
centrifugation and washed in filter-sterilized, phosphate
buffered saline (pH 7). The number of cells ml~' was deter-
mined with a model ZF Coulter Counter (Coulter Elec-
tronics, Hialeah, FL) and then adjusted to 10®% cellsm!™".

The final bacteria suspension was then placed into a
sterile diffusion chamber just prior to immersion at the
study site. The chambers used had a capacity of 100 ml, a
total diffusion surface area of 16,515 mm? and were a
modification of the MSU-DME chamber (McFeters &
Stuart, 1972). O-rings and a different sampling port were
added to each chamber to reduce contamination and leak-
age. A 0.45um, 142 mm dia., nylon reinforced, Acropor
membrane filter (Gelman Instrument Co., Ann Arbor, MI)
was used to create the diffusion surface.

In January, 1981, five chambers were suspended 1m
below the surface, 500m upcurrent from the effluent
plume. Another five chambers were suspended 1 m below
the surface. Sm from the point source and in the-effluent
plume. One-haif m] samples were taken from each chamber
with a sterile syringe at regular intervals for 72 h. Each
sample was immediately fixed in 1.5 ml of 10%, phosphate
buffered formalin (pH 7) and refrigerated for later enumer-
ation with the Coulter Counter. This technique satisfactor-
ily preserves A. hydrophila cells used in counting for more
than two weeks (Hazen, unpublished data).

Water quality analysis

Fach time bacterial sampling was conducted, several
physicochemical parameters were measured in situ at each
of the sampling stations. Salinity and conductivity were
measured with a model 33 salinity-conductivity-tempera-
ture meter (Yellow Springs Instrument Co., Yellow
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Springs, OH). Temperature and dissolved oxygen were de-
termined with a model 57 dissolved oxygen meter (Yellow
Springs Instrument Co., Yellow Springs, OH). A digital pH
meter, model 201 (Orion Research, Cambridge, MA) was
used for pH determinations in the field. Orthophosphates,
total phosphorus, nitrates, sulfates, chlorophyll A trichro-
matic and turbidity were determined using APHA Stan-
dard Methods (APHA, 1975). Total organic carbon (TOC)
was measured with a model 524-B infrared carbon analyzer
(Oceanography International Corp., College Station, TX),
using the ampulla method (Menzel & Vaccaro, 1964).

Data analysis

Programs developed on a IBM 370-148 computer were
used for all statistical tests. Two factor analysis of variance
(FANOVA) was used to test differences between sites and
time. Multiple correlation and regression were used to de-
termine relationship between densities of A. hydrophila and
water quality parameters. Heteroscedastic data, as deter-
mined by skew and kurtosis, were made more homoscedas-
tic by transformation with Log(X + 1). Any statistical
probability greater than or equal to 0.05 was considered
significant (Zar, 1974).

RESULTS

Water quality

The rum distillery in this study normally operates
24 h a day for 300 days each year. The factory closes
only during December and part of January for repairs
and holidays. During the study period; however, the
facility also ceased operations in March, April and
May because of an employee strike. Therefore, during
the strike, sampling was discontinued.

Representative physical and chemical data for each
site are presented in Tables 1 and 2. Table 1 shows
measurements made during November 1980 when
rum slops were being discharged. Table 2 shows the
same sites and measurements but one month later
when slops were not being discharged. Nitrates, phos-
phates, total phosphorus, sulfates, total organic car-
bon and chlorophyll a concentrations were all signifi-
cantly higher at the first four sites in the effluent
plume. Turbidity (percent transmittance), dissolved
oxygen and pH were significantly lower at these sites
(1-4) during effluent discharge. In addition, a thermal
gradient was observed beginning at the effluent point
source (60°C) and extending for approx. 10 m down
current (40°C).

Table 1. Water quality during rum distillery discharge; November 1980

Site -1 | 2 3 4 5
Distance (m} —-177 0 5 128 421 713
Temp ( C) 27 33 30 27 27 27
DO 69 34 58 7.8 82 89
Cond (ymhos) ND ND ND ND ND ND
pH 80 48 5.3 78 8.0 8.0
Turb (°,T) 100 4 30 100 100 100
Salinity (“,) 39 43 27 19 39 33
NO, ND 0.609 0.250 0.007 0 0.008
SO, 2867 3752 3018 2608 2987 2908
PO, 0020 2.780 0774 0.061 0.011 0011
TP 0.039 8.940 2.760 0.034 0.030 0.029
Chl a 198 22780 22780 150 64 113
TOC {(ugl™ ") 1.57 1244 391 5.37 3.52 1.10

ND = not determined, all values not indicated are in mg1~".
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Table 2. Water quality with rum distillery closed; December, 1980

Site -1 1 2 3 4 5
Distance {m) —-177 0 5 128 431 213
Temp ("C) 26 26 26 26 26 26
DO 5.0 52 49 54 6.0 58
Cond {(umhos) ND ND ND ND ND ND
pH 8.05 8.05 8.05 8.05 8.05 8.05
Turb (%T) 9% 96 100 90 9 100
Salinity (°,,) 39 32 32 38 41 4]
NO; 0.154 0.215 0.221 0.130 0.179 0.161
SO, 1335 1233 1485 1271 886 1014
PO, 0.015 0015 0.023 0.012 0.007 0.049
TP 0.047 0.032 0.05 0.033 0.113 0.047
Chl. « 75.04 3752 69.68 0 0 0
TOC (ugl™ ") 1.76 1.35 1.32 1.76 245 216

ND = not determined, all values not indicated are in mg1~!.

Bacteria distribution and abundance

Densities of A. hydrophila were significantly differ-
ent by site (Fig. 2; F = 59; d.f. = 5, 36; P < 0.001)
and month (Fig. 3; F = 4.5; d.f. = 11, 36; P < 0.001)
as determined by FANOVA. Densities as high as
10CFUml™! were observed at site 1, the point
source and as low as 10CFUml ™! at site —1, the
non-polluted sampling station. During the distillery
down times (December, March-May) the densities of
A. hydrophila were generally low (Fig. 2). As distance
from the discharge point increased density of A. hy-
drophila decreased. All plume sites (1-5) had signifi-
cantly higher densities of A. hydrophila than the con-
trol site P < 0.01).

Consistently higher densities of fecal coliform bac-
teria were also associated with the effluent plume
(Fig. 4). Densities of fecal coliform bacteria were high-
est during discharge periods at all sites in the effluent
plume; however, rapid and significant changes were
observed from one sampling period to another
(Fig. 5).

Standard count bacteria were highest at sites 2-5;
however, all effluent sites (1-5) had significantly
higher densities than the control site —1 (Fig. 6). No
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Fig. 2. Density of A. hydrophila by site; mean + 1 SE.

seasonal pattern of density differences were apparent
in the standard count bacteria, other than differences
correlated with the operation of the distillery (Fig. 5).

Identification of bacteria from differential media at
various times and sites in the effluent plume indicated
the presence of: Aeromonas hydrophila, Klebsiella
pneumoniae, Vibrio cholerae, Staphylococcus aureus,
Klebsiella ozaenae, Pseudomonas aeruginosa, Pseudo-
monas syringae, Vibrio spp, Pseudomonas spp and
Citrobacter freundii.

Multiple correlation and regression of A. hydrophila
with water quality

The multiple correlation (Table 3) demonstrated
significant correlations between A. hydrophila and
total organic carbon (positive) and turbidity (nega-
tive). In addition, positive correlations were also ob-
served between A. hydrophila and temperature, total
phosphorus, phosphates and chlorophyll a. No corre-
lations were indicated between standard count bac-
teria, fecal coliform bacteria and densities of A. hydro-
phila.

A best-fit multiple regression analysis revealed that
temperature, phosphates, total phosphorous and total
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Fig. 3. Density of A. hydrophila by month; mean + 1 SE.
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Fig. 4. Density of fecal coliform bacteria by site;
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organic carbon explained 41.2% of the variation in
densities of A. hydrophila at the sites sampled (Table
4). The regression analysis of variance was also highly
significant (Table 4).

A. hydrophila survival in situ

The density of A. hydrophila placed in diffusion
chambers at the effluent point source not only sur-
vived but increased (Fig. 8). The upcurrent chambers;
however, had significantly lower densities of A. hydro-

coliform (CFU mi™")
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Fig. 5. Density of fecal coliform bacteria by month;
mean + 1 SE.
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Fig. 6. Density of standard count bacteria by site;
mean + 1 SE.

phila than the point source chambers throughout the
entire study (Table 5). Densities of A. hydrophila in
diffusion chambers at the control site declined
rapidly, becoming significantly different from the
point source chambers after 18 h.

DISCUSSION

Rum distillery effluent in Ensenada de Boca Vieja
creates an effluent plume 1000 m long which signifi-
cantly increases the concentration of nitrates, phos-
phates, total phosphorus, sulfates, total organic car-
bon and temperature of adjacent marine waters. In
addition, the effluent plume significantly lowers tur-
bidity (percent transmittance), dissolved oxygen and
pH. At the outfall (site 1) the concentration of organic
acids, aldehydes, alcohol, high temperature, low pH
and low dissolved oxygen appear to have a striking
toxic effect on all marine life including bacteria and
cyanobacteria. However, after slight dilution and
cooling (2-3 m), bacteria flourish in the nutrient soup
created by the effluent (sites 2-5). The bacteria also
detoxify many compounds, thus enabling cyanobac-
teria and green algae to flourish. The stimulatory
effect of the normally limiting nutrients (organics,
phosphates, nitrates) cause bacterial and algae blooms
which increase chlorophyll a concentration and de-
crease dissolved oxygen. The toxic nature of the efflu-
ent for nearly all higher organisms remains apparent
along the entire plume (Gonzilez et al., 1979). It
should be noted however, that since this cove faces
the Altantic Ocean, heavy seas (3m swells) strong
counter-currents created by high winds, and tidal
action can alter the position and the size of the plume
to such an extent that the area affected is probably
much greater than that observed during calm days.

The present study reports densities of A. hydrophila
which are the highest reported for marine environ-
ments (Hazen et al., 1978a). Though Aeromonas spp
have not been recorded previously from coastal
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Table 3. Correlation matrix for water quality and densities of bacteria

DIST TEMP DO PH COND TURB SALIN NO, SO, PO, TP CHL A TOC SCB FC

AH
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Turbidity,

Conductivity, TURB
Chiorophyll a trichromatic, TOC

Temperature, DO = Dissolved Oxygen, COND
Total Phosphorus, CHL A
Fecal Coliform Bacteria.

Distance, TEMP

SALIN = Salinity, NO3 = Nitrates, SO4 = Sulfates, PO4

AH = Aeromonas hydrophila, DIST

Phosphates, TP

Total Organic Carbon, SCB = Standard Count Bacteria, FC

*P <0.05 when T > 0.259.

All underlined values are significant.

waters of Puerto Rico, it has been recently reported as
a dominant floral constituent of open ocean water
just north of Puerto Rico (Peele et al., 1981). Other
authors (Siedler et al., 1980) have suggested that A.
hydrophila is not found in marine habitats. but rather
that group F bacteria are mistakenly identified as A.
hydrophila. The present study and others (Peele et al.,
1981; Hazen, In press) have shown that not only does
A. hydrophila survive and grow in marine waters, it
can become the dominant bacterium and can reach
very high densities in polluted marine waters.

The seasonal periodicity in densities of A. hydro-
phila observed in other habitats (Hazen, 1979, In
press) was not observed in the present study. This is
not unreasonable considering the strong positive re-
lationship previously reported between densities of A4.
hydrophila and temperature (Hazen & Fliermans,
1979). Thus, temperatures at the Puerto Rico study
site ranged from 26 to 45°C, which are within the
optimum range for growth of A. hydrophila (Hazen &
Fliermans, 1979).

Aeromonas hydrophila, as has been shown for the
southeastern (Hazen, 1979, In press) and the north-
eastern United States (Rippey & Cabelli, 1980), is
strongly correlated to concentrations of phosphates,
nitrogen, primary productivity (Chlorophyll a), or-
ganics and temperature. The present study shows that
when a best fit regression includes temperature, total
phosphorus, total organic carbon phosphates, as
much as 41.2%; of the variation in densities of A. hy-
drophila in a polluted tropical marine habitat can be
explained. Though not included in the model, because
of instability, correlations were also observed between
densities of A. hydrophila and turbidity, and chloro-
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Fig. 7. Density of standard count bacteria by month;
mean + 1SE.



Aeromonas and rum distillery effluent 325

Eé — Etfluent
o 2F = =~=Upcurrent
Q
8
g0 **
§ H
s 5p
2 \ ‘|
g LA S
E 2f Rt S i
< I A I ) 1 S
0 6 12 18 30 42 54 66

Time, h

Fig. 8. Survival of A. hydrophila in diffusion chamber over-
time; mean + 1 SE (densities in chambers at the effluent).

phyll a. The very highly significant correlations
between chlorophyll ¢ and phosphates, and total
phosphorus, and total organic carbon, suggest that
correlations between densities of A. hydrophila and
phosphates, and total phosphorus, and total organic
carbon are probably indirect. It is much more likely
that algae are providing specific nutrient requirements
for A. hydrophila and that the algae are in turn using
the phosphorus compounds directly. This observation
was also made for a study in a North Carolina estu-
ary (Hazen, In press).

The strong positive correlations between A. hydro-

phila and phosphates, organics, total phosphorus and
primary productivity suggest that densities of A. hy-
drophila are sometimes extremely low in marine en-
vironments because of the concurrent scarcity of these
nutrients. Similar observations have been made for a
freshwater lotic system in a tropical rain forest
(Hazen, Unpublished data). Lack of correlation
between densities of A. hydrophila and fecal coliform
bacteria, and standard count bacteria, suggest that the
relationship between the above nutrients and A4. hy-
drophila is not due simply to pollution or sewage con-
tamination, i.e. A. hydrophila is not solely a constitu-
ent of the sewage effluent. The correlations between
water quality and densities of fecal coliform bacteria
and densities of standard count bacteria demonstrates
that none of the three bacterial counts were related to
water quality in exactly the same way and moreover,
that densities of the three bacteria parameters were
not significantly correlated with each other.

The survival and growth of A. hydrophila seques-
tered in situ at the effluent point source, and concur-
rent decline 500 m upcurrent, confirms the corre-
lations between natural densities of A. hydrophila and
water quality discussed above. Indeed, it also unequi-
vocally demonstrates the ability of A. hydrophila to
achieve high densities, given the appropriate water
quality conditions.

This study, combined with others (Hazen, 1979;

Table 4. Best fit regression statistics

Summary

Multiple r r?
Unadjusted 0.0720 0.4600
Adjusted* 0.6655 0.4166%
Analysis of variance

Sum of Degrees of Mean F

Source squares freedom square statistic
Regression 5.71 x 10! 1.43 x 10" 16.92¢
Residuals 4.38 x 10'! 843 x 10°
Total 1.01 x 10*2
Analysis of coefficients

Standard
Variable BY error (B) T statistict
Temp 1.18 x 10* 484 x 10° 2.43
TP —5.04 x 10* 1.07 x 10* —4.68
TOC 3.49 x 10? 4.49 x 10 .77
PO4 6.34 x 10* 231 x 10* 2.74
Y intercept = — 3.29 x 10°
N = 57.

*Where the correlation coefficient is adjusted to account for the biased estimator of

the population parameter.
+P < 0.01 when T > 2.00.
1P < 0.001.
§P < 0.0001.
fSlope.

Table 5. Two factors ANOVA for survival of A. hydrophila in rum distillery effluent

Source of Sum of Degrees of F

variance square freedom Mean square statistic Probability
Site 363.79 1 363.79 5873 0.0001
Time 176.82 12 14.73 2.37 0.05
Site + time 1025.67 12 85.47 13.80 0.0001
Error 483.08 78 6.19
Total 2049.37 103
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Hazen & Fliermans, 1980; Rippey & Cabelli, 1980)
suggest that the density of A. hydrophila in all unper-
turbed aquatic and marine environments is related to
certain water quality parameters, namely: phos-
phorus, chiorophyll a, organic carbon and tempera-
ture. However, temperature and chlorophyll a are
probably the only direct effectors since the others are
intimately related to the concentration of chlorophyll
a. In addition this study has shown that densities of
potentially pathogenic bacteria (4. hydrophila, Vibrio
chlolerae and Klebsiella pneumoniae) are increased by
rum distillery effluent. Indeed, rum distillery effluent
has been shown to have a stimulatory effect on the
entire bacterial community.

Acknowledgements—We would like to thank Miguel Sastre
and Carlos Aranda for their technical assistance and
encouragement. Nerybelle Pérez, Fernando Rivera, Gladys
Malavé, Francisco Fuentes and Mr and Mrs Biamon also
helped at various times in various ways. Dr Gerald W.
Esch, Wake Forest University, critically reviewed the
manuscript, which was of great help. We would also like to
thank Dr Pio Rechani. Environmental Management Pro-
gram, University of Puerto Rico for funds and encourage-
ment. This work was supported in part by the Office of
Graduate Studies and Investigations of the University of
Puerto Rico and in part by grant RR-8102 from the
National Institute of Health to the University of Puerto
Rico.

REFERENCES

APHA (1975) Standard Methods for the Examination of
Water and Wastewater, 14th Edition. American Public
Health Association, Washington, DC.

Collins C. H. & Lyne P. M. (1976) Microbiological
Methods. 4th Edition. Butterworths, London.

Costle D. M. (1979) Effect of distillery wastes on the mar-
ine environment. United States Environmental Protec-
tion Agency, Washington DC.

Davis W. A.. Kane J. G. & Garaguis U. G. (1978) Human
Aeromonas infections; a review of the literature and a
case report of endocarditis. Medicine (Baltimore) 57,
267-277.

Emerson H. & Norris C. (1905) “Red Leg"—an infectious
disease of frogs. J. exp. Med. 7, 32-60.

Fliermans C. B. & Hazen T. C. (1980} Immunofluorescence
of Aeromonas hydrophila as measured by fluorescence
photometric microscopy. Can. J. Microbiol. 26, 161-168.

Gonazalez J. G.. Yoshioka P. M.. Zimmerman R. J., Lépez
J. M., Hernandez-Avila M., Suhayda J. N., Roberts
H. H., Cruz Béez D., Pesante D. & Velazco A. T. (1979)
Biological effects of rum slops in the marine environ-
ment. U.S. Environmental Protection Agency. Washing-
ton. DC.

Gorden R. W.. Hazen T. C.. Esch G. W. & Fliermans C. B.
(1979} Isolation of Aeromonas hydrophila form the
American alligator, Alligator mississippiensis. J. Wildl.
Dis. 18, 239-243.

Grabow W. O. & DuPreez M. (1979) Comparison of
m-Endo. LES, MacConkey and Teepol media for mem-

ELENA J. BiaMON and TerrY C. HazZeN

brane filtration counting of total coliform bacteria in
water. Appl. envir. Microbiol. 38, 351-358.

Hazen T. C. (1979) The ecology of Aeromonas hydrophila in
a South Carolina cooling reservoir. Microbial. Ecol. 5,
179-195.

Hazen T. C. & Fliermans C. B. (1979) Distribution of Aero-
monas hydrophila in natural and man-made thermal ef-
fluents. Appl. envir. Microbiol. 38, 166-168.

Hazen T. C,, Fliermans C. B, Hirsch R. P. & Esch G. W.
(1978a) Prevalence and distribution of Aeromonas hydro-
phila in the United States. Appl. envir. Microbiol. 36,
731-738,

Hazen T. C., Raker M. L., Esch G. W. & Fliermans C. B.
(1978b) Ultrastructure of red-sore lesions on largemouth
bass (Micropterus salmoides): The association of the peri-
trich Epistylis sp. and the bacterium Aeromonas hydro-
phila. J. Protozool. 25, 351-355.

Marcus L. C. (1971) Infections diseases of reptiles. Am. Ver.
Med. Ass. 159, 1626-1631.

McFeters G. A. & Stuart D. G. (1972) Survival of coliform
bacteria in natural waters: field and laboratory studies
with membrane filter chambers. Appl. Microbiol. 24,
805-811.

Mead A. R. (1969) Aeromonas liquefaciens in the leukoder-
mia syndrome of Achatina fulica. Malacologia 9, 43.

Menzel D. W. & Vaccaro R, F. (1964) The measurement of
dissolved organic and particulate carbon in sea water.
Limnol. Oceanogr. 9, 138-142.

Miller R. M. & Chapman W. R. (1976) Epistylis and
Aeromonas hydrophila infections in fishes from North
Carolina reservoirs. Prog. Fish-Cult. 38, 165-168.

Peele E. R., Singleton F. L., Denning J. W., Cavari B. &
Colwell R. R. (1981) Effects of pharmaceutical wastes on
microbial populations in surface waters of the Puerto
Rico dump site in the Atlantic Ocean. Appl. envir. Micro-
biol. 41, 873-879.

Rippey 8. R. & Cabelli V. J. (1980) Occurrence of Aero-
monas hydrophila in limmetic environments; relationship
of the organism to trophic state. Microbial. Ecol. 6, 45-54.

Seidler R. J.. Allen D. A., Colwell R. R.. Joseph S. W. &
Daily O. P. (1980) Biochemical characteristics and viru-
lence of environmental group F bacteria isolated in the
United States. Appl. entir. Microbiol. 40, 715-720.

Sheehan G. J. & Greenfield P. F. (1980) Utilization. treat-
ment and disposal of distillery waste water. Water Res.
14, 257-277.

Shotts E. B., Gaines J. L., Martin C. & Prestwood A. K.
(1972) Aeromonas-induced deaths among fish and rep-
tiles in an eutrophic inland lake. J. Am. Vet. Med. Ass.
161, 603-607.

Shotts E. B. & Rimler R. (1973) Medium for the isolation
of Aeromonas hydrophila. Appl. Microbiol. 26, 550-553.
Tosteson T. R. & Hale D. R. (1978) The utilization of slops
by marine bacteria: I. Isolation of efficient strains and II.
Characterization of efficient strains. Puerto Rico Agri-

cultural Experiment Station.

Tosteson T. R., Zaidi B. R., Hale D. & Verner K. (1973)
The effect of the Mosto on the growth of marine micro-
organisms. Puerto Rico Agricultural Experiment
Station.

Trust T. J. & Chipman D. C. (1979) Clinical involvement of
Aeromonas hydrophila. Can. Med. Ass. J. 120, 942-947,
Wohlegemuth K., Pierce R. L. & Kirkbride C. A. (1972)
Bovine abortion associated with Aeromonas hydrophila.

J. Am. Vet. Med. Ass. 160, 1001.

Zar J. H. (1974) Biostatistical Analysis. Prentice-Hall,

Englewood Cliffs, NJ.



