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Abstract. A near-shore coastal mangrove island receiving untreated sew-
age and a coastal cove receiving rum distillery effleent in Puernio Rico were
examined for their ability 1o support survival and activity of Klebsiella
pueumaniae and Exzcherichia coli. Pure cultures of both baclena were momn=
itored for 96 hours in situ a1 both locations using membrane diffusion
chambers, & preumoniae survived at all sites as measured by AOQDC and
Coulter Counter direct counts. However, at the mangrove island less than
20% of the K. poewmoniae population was active {A0DC) after the first 3

B s el less thuan 1 O ol this peogeclatiom waes respraring (THT e In ocntras,
ihe coastal arca which was receiving rum distillery effluent was able o
maintain $0% of the K. prewseonios population in an active state with 90%
respiring. The £, colf population declined by two orders of magnitude at
the mangrove island, but remained unchanged at the rum distillery outfall,
The E. coli population had a higher proportion of active cells and respinng
cells than K posiemoniae al all sites. At the rum distillery site, the E. cofi
population was remarkable in that 93% remained sctive and %9%% were
respiring, This study suggests that, when sufficient organic loading exists,
E. cofi, a “nonsurvivor,” can overcome the baciericidal effecis of ropical
maringe waters, K prermemiae, a tservivor,” could survive under all con-
ditions but could not maintain the activity or respiration that the E, coff
population could, even when high organic loads were present, Morphao-

Buggacil whinges relaload 1o nalgienl sireas im e irepicel macine cnyvironnent
were apparent in E. codl, hut not in & prewmonioe. Based on physiological
activity K. colf 1% just as much a “survivor™ as K. poegmoniae in tropical
maring walers,

Introddioetiom

Since 1914, the United States has used coliforms as the standard indicator of
human pathogens in recreational waters. However, recenily the ULS. Environ-
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mental Protection Agency (EPA) presented a radical change from this tradition
and recommended that “fecal coliforms should be used as the indicator or-
ganism for evaluating the microbiological suitability of recreational waters”
[8]). As discussed by Cabelli et al. [E]. of 50 states. 3 LS. territories, and the
District of Columbia, only 12 used coliforms to regulate quality of primary
contact maring recreational waters, while 27 used fecal coliforms. A major
switch is now being made 1o fecal coliforms as the indicator of choice in
iemperate marine recreational waters, Unfortunately, more and more, the

“maximum contaminant levels” established for temperate arcas have been
accopted withouwl guestion by tropical nations. Despite thiz trend, thens 18 a

growing body of evidence that the underlying assumptions of even the fecal
coliform assay are not valid in tropical climates [6, 24].

Three of the hasic underlving assumptions for using fecal coliforms as in-
dicators of human pathogens are: there are no organisms of extraenteral origin
that can give a positive fecal coliform reaction, fecal coliforms die off similarly
to human pathogens, and fecal coliforms cannot grow and survive for extended
periods in the marine environment [6]. [t is assumed that very few organisms,
e.g.. Escherichia coli and thermotolerant Klebsiella prewmoniae, can give a
positive fecal coliform reaction [3, B). Previous studies have classified £, colf
as a nonsurvivor in maring environments and K preuHonide a5 8 survivor
[33). However, only density changes were monitored in these studies, and only
viable plate count methods were used 1o determing densities. As shown recently

by Mu et al. [34] in microcosms, E, coli and Fibrio cholerae can survive and
remain viable but nonculiurable wnder conditions simulating emperaie maring

environments, These findings raise serious doubts regarding the efficacy of using
fecal coliforms for maximum contaminant level regulations for primary contact
marine recreational waters. Also, none of the previous studies has considered
how the unique water gualities of tropical marine waters may affect survival
and viability of indicaters and pathogens.

Puerto Rico, with its tropical climate, is a North American center for year-
round recreational marine water activities, e.g., swimming, fishing, sailing.
scuba diving, snorkeling. The industrialization of Puerto Rico has also created
Eross conlamination by a variety of pollutants, and sewage reatment facilities
have deteriorated to the point where the best serviee offered frequently is only
primary sewage treatment [10, 17, 19, 32]. Adequate regulations for micro-
hiological maximum contaminam levels for Puerto Rico and other tropical
nations are o Bolh public health and economic (ourism) impeoriance. The
present study examines the survival and physiological acuvity of £ cofl, a
“ponsurvivor,” and K, preisnonige, a “survivor” and virulent human pathogen
[33]. Both bacteria were studied in sitw in polluted and unpolluted marine
environments of Puero Rico.

Materials and Meihods
Brudy Nites

La Ciata 1sland s located on the mper-shell ol the sombwes) corst of Puerto Rico a1 17*57M and
6702 W near the small fishing village of Parguera (Fig, 1) These is one high and one low tide
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daily with o range of ks than 0.35 m. Parguern receives an average rainfall of 100 con annually
which 15 offset by on annual average svaparation mte of 250 em [1] Duaring 195k La Caly was
inaugurated ns & recreational area by the Depariment of Natural Besourcss. Duning 193] & 101al
af £5.90% persons visibed the island with am average of 7160 persans moathly and 239 persons
datly {Depariment Matural Kesources, personal communicatioa) Installatzon of teo woilets created
a raw sewape oulfall on ke Blasd. Dye stisdies conducied by our lnbomipry showed that 20 min
afier the dye come was Aushed the dye eould be dewected in the surmoumding waters. Afier | hour,
ik dye had spread o 50% of the island's nenb coast, and within 2 howrs 0 coversd the entire
norih coas including the area reserved for smamming.

Ensengdn de Bora Vieja JIR*2T 487N, ASTIE'427W) 15 a protecled cove immediately adaeent 10
San Juan Bay, Puerto Rice {Fig. 200 This cove has o tidal range of (0.5 m, shoreling kngth of 855
m, mvcan Septh of 4 m, surfeos arca of 94,643 m°, and received 1.4 = 1P | day-' of untreated
cfflueni from a single rum distillery [14] An underground pipe connected be discharge point with
ihee mam ddistillery | km o the soathwest. Shore currents moved 1 cfucst plume in B westerdy
direction, parnlked with the shoreline, ©n rare pecasions the wand was from the northaest and
cregled a corrent i moved the wasie plunse in an easiedy direcibor, so that it tended o accumulate
in the apex al the cove,
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Harer Analysis

Measurements wene taken s site Bor conductivity, salimaty, pH, dissolved oxygen. light micnsity,
and emperature, The pH o was measored with & digital pH meter, model 300 {Orion Reseanch,
WAL and dissalved osypen with & mcdel 37 (20 meter (Yellow Springs Instnement Company,
Yellow Springs, OHL A eodel 33 50-T meter {Yellow Springs Instrument Company. Yellow
Hprimgs, OH) was used g mepsure conductivity and salinity, Turbidity, alkalimity, handness, and
ammonia measuremens were done in the field wsing a Mini Spectronic 20 specirophetomeier
{Bausch and Lombh, Rochesier, MY 1| 2). Light intensity was measured in the Bekl with an endersater
pheatomerer (Frotomatic, Dexeer, ML For chlonophyll A determination, water samplios wirne pliaced
in amher-<coloned pasise boattles and analyzed at the lzboratory using the mchromatic eatraction
mivetid [ 2] Other samples were fved with merouric chiorde, sulfuric sml, and it aceiane befon:
e ieng transporied 1o the Inborawors wiene ibey were analyzed for nirate, salfe, imal phosphorus,
amfl phosphate according 1o Siandard Metheds Tor Water and Wastewater Analwvsis [ 2]

Bacteriological Analvsis

Samples of waser wene placed in sterile 1ED ml Whir-Pak baps (Masco, Fr. Wilkinson, Wi and
Trarsported on iee 10 ihe laboraeory. Samples were AHered asing 045 am pose sec, 47 mm
diameter, HA 1vpe membrane filiers (Millipore Co., Bedford, MAL The Olters were placsd on
dote viodet red bike (DY A) agar and incabated at 370 for 24 howrs. Following incubanion.
glistening lavender cobomics 33 mim in diameter werne counied a5 presumpiive K. pacusicaios [9].
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Ramndom isolares were further chamcienzed as K prewonomiae sing APL-20E sinps {Analyviakh
Produes Ine., Mainview, MYL

For fiscal codifprm counts, wader samples were Alecred through a steride, 47 mm didmsen, HL
rvpe membsane filier with a pore diameter of 0.7 um (Millipore Corp, Badfornd, MAL The filiers
were ihen placed on mFC mediam (Difeo, Detroil, M1 and inewbavsd ot 44,55 {or 24 hours. Hlue
cobonies were counded as fecal coliforms Direcl cell counts Boe K prdcromiae and E, ool in
diffusion chambers were done using acridine arange staiming ardd polycarbonaie Noclepore filiers
(k. X} um pare size, 47 mm diameter) dyed with Sudam black (1:1 5,001, aecording o Hobhes et
al [1]. Half a milliliter of samiple was Glvened, and 1be filer was iben siamed with 0.0 1% acridine
crznge for 2 min. The fler was then placed on & microscope slide and examined with an epifla.
oresceni microscope. Bed luorescing cells were assumssd B De golive in prosein synthesis since
the red Buorescence is camsed by @ dominancs s RMA consent, Cells with more DMA than RNA
will Aunresoe green [12]. Stsdses an our B have shown that whens £ ool and ather bacteria are
placed in distilled water, ie., sarved, 1 propenien of red fleprescing cells will decrease from
LD bo S0 in 4B houss and o 0% 0 72 kouars, Simultanenas estimates of IMNT reduction show
a decnzaser from 100 10 [0% i 43 koars with na change from 48 io 72 hours. However, 1he
coelfcient al’ variation (C%) for the TNT reduction is always greatet than [00%, whereas the CV
for the red Nsorescing cells i kess than 100P Field studess copdocied by our lak bave shown thal
the nambser of red Msorescing £ colf remning high in 1rapical freshwaters as does the proporiion
of respirimg cells [ V0], The feld siadies also showed that activities measared by ADDC were higher
aml bess variable than serivivkes mensared by INT reduction [10], This is expected for o Seouliative
anaerabe Hke £ ool Indeed. this same study showed ihat Bofdohacienum adodeceniis, 2 mi-
croacrophile, ke vieelly ne deeccable INT redwection a1 any time, whereas the proportion of
red Neorescing s always excesded 30% (L0 All of this indzates thal the proportion of md
fucrescing cells in A0 is o quick and acourate way o determine physiclogical aivily in sl
Cawin, however, must be used i mainain an exact acridine orange conceniratson and staiming
e i order fr MAake &ccurale comparisons between samples.

Tonal pumber of K. preiewosiae and the nember mvedved in respiration were deleemaned using
the wechinigoe of Zimmerman ¢ al. [536]. The techoique s based upon the assumption 1han Thes
cleciron transport sysiem of respiring organisms reduces  Z-{p-iodophenyT-3-{p-niraphenyl)-5-
phenyl tetrazalium chlonde {18 T) to INT-formazan. Fespinng baclens accusiulate IMT-farmazan
ineraceltularly, which appears as dark granubes under a Bight micnmeope, To 005 ml ol waler sample,
(14 mil af TNT (2% wi'v) was added and incubated 20 min in the dark an in i emperatuse.
Ta siop the reaction, 0.3 ml of formaldehyde (37%) was added, The sanple wag laver fliered and
stained with acridine orange as described above. The Blier was cuamined throigh e epiffucrescen
micrascape for Auprescing cells that also contained INT-formsaean granules, positive cells were
presumed to he respiring.

Survive! Srudies

For survival studies of K. prevmowmae, plessglass duffuston chambers, & modification of McFeers
znd Stuart [26] with 10 ml copacily, wens wied witk o (45 um pore size, nybon-reinforced Yersapor
membrane fleers (Gefman Instrument Co., Ann Arbor, MI) as & diffission surface [5. 15, 2E).
Orings were sdded 1o chambers 10 reduce keakage and contnmenatian. Pare celiures of K poewe-
e wene grewm in 3% irvptic sov brogh at 37T for 24 hours, The oells s then harvesacd
b centrifigation and nesuspended m Alier-steriliced phasphane -bafered saline (pH 7). Cell density
was determined with a model ZF Covhier Coumier (Coulier Elecironscs, Hialeah, FL) amd adjusiesd
10 & concentration of 107 cells ml ' The backerial ssspemsion was placed n gienke diffision
chambers jus) Belore placing them at the study sies At ke study site, a weal of five chambers
were placed srategically a1 a depth of 1 m. Periodically 1.0 ml samples were takin ram each
chamber with a sterile syringe. Halla milliliter of qach sample was figed wiih 1.3 ml of phosphate-
baaffered fosmadin for later counting ar the labormeory wiih a Coulter Counter {CCL as deseribed
by Hazem and Esch [18]. The other 0.5 ml was imcubated with INT and fixed. The presered sample
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wad Then stared an s foe membrane Ahmaton ar the laboratory and subsequent 1oial direct coumts
and activity measuremenis. as described abase

Dara Analysis

The dada were analveed wing prepared programs for Apple [ Plus and [B3 370- 148 compaters.
Faciorial analvees of varmnee were wsed o tost for dilferenses between saies and colleciien timss.
Sultiple correlatian and regression analyses were used 1o determine relationships betweon param-
eters measured. Dada were subtected 1o (he appropeiale 1ransfosmalies pood 14 slansiscal analysis

sccording to Zar [35]. Any peobabifity Yess than o equal 10 (103 was comsiderad significant [35]

Results
Wiarer healiry

The two sites ai La Gata [sland were similar in o water qualiny (Table 1) In
comparison, site A at Ensenada de Boca Vieja had significanily higher water
temperiaiure, nilrate and nitrme, phosphates, total phosphorus, turbidity, den-
silies of fecal coliforms, and densities of Kiehsiefla spp. (Table 1) Also site A
had significanily lower levels of dissolved oxvgen, pH, and salinity. Many of
the differences ohserved between the two sites were greater than one order of
magnitude, However, durng the dilfusion chamber study the effluent discharge

stonped at 48 hours. and within 3 hours there were n detectable differences
berween the two sites for any of the water guality parameters tested,

Enumeration of & peewmorioe by DVA at the two La Gata sites revealed
less than 10 CFLU 100 ml Counts for fecal coliforms wers Q=300 CFU 100 ml,
with all viable counts significantly higher along the north coast of La Gata
Islamd, At Ensenada de Boca Vieja, DY A counts for K. prewmoniae were from
FOD=2, 000 CFL LD mal @ the effluent point source (site A) but were always
less than 80 CFUA00 mi only 100 m upcurrent {site B). Densities of fecal
coliforms were two orders of magnitude higher at the efffuent outfill, e.g., 300
CFUA100 mil compared to 0100 ml,

Survival of Bacteria Fo St

At La Gata lsland the densities of K. prreumaniae, as determaned by CC counts
of samples from the diffusion chambers, decreased significantly over time (F =
G101, df = 12 and 25, P = 0.001) (Fig. 3} Densities of K. pacumoniae as
determined by AQD were also significantly different over time (F = 6.01,
df = 12 and 26, F < 0.001) (Fig. 4). The proportion of the K preumoniae
population that was active as measured by AQDC declined significantly during
thi first 9 hours (F = .11, df = 12 and 26, F < 0.0001) and then remained
low (Fig. 53, The proporiion of the K. preumoniae population that was respiring
as determined by INT, also declined sigmificantly during the first 9 hours (F =
.00, df = 12 and 26, P < 0.001) (Fig. %). The initial decline (first 3 hours) in
gctivity and respiration was greater than 70%, Afler this, both measurements
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fluctuated between | and 30% withowt apparent pattern. Mone of the mea-

suremenls were signficantly different by site.
Trensities of &, oodd in the diffiesion chambers at La Gata Island., as determiimesd

by OC counts, declined significantly over time (F = 40,7, df = 16 and 34, P =
(L0001 (Fig. 31, The same was also true when densities of E. colf were deter-
mined by AODC, Le., over lime, differences were significant (F = 3.47, df =
Tand 16, P < 0.05) (Fig. 4). The activity of the E, cofi population declined by
40% in the hrst 3 hours and then Auctuated between | and 35% with a large
variability between samples (Fig. 5). The percentage of the E. coli population
that was respiring changed significantly over time (F =96, df = & and 14, F =
0,0035) (Fig. &), Like K. prewmoniae, the activily and respiration rate of the £
cofi cells declined significantly only during the first 3 hours, e, more than
50%. During the subsegquent samplings the variability in these measurcments
was even greater Tor £, ooli than it was for K prenmeonioe, In companson, K
preumeniae had a significantly greater survival rate than E. cofi at La Gata
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Island; 21.4 and 0.0:2 3%, respectively, survived 96 hours, However, decline in
activity in the remaining population as measured by AQOTH activity and 1INT

respiration was greafter for K pacuwmemae than if was for & codi al theso siies.
Densities of & preamomae as determmned by OO and ADDC were not
significantly different over time or between sites at Ensenada de Boca Viea
{Figs. 7 and #). The percentage of the K. prewmorige population that was active
wis significantly higher at site A (F = 7.39, df = | and 24, F < 0.05) for the
first 48 howrs during disullery eMoeem discharge (Fig. 9. After 48 hours there
were no significant differences between siles, since the activity al site A declined
by more than 30% 24 hours after the discharge was stopped. The perceniage
of K. prewmonias that was respiring was not significantly different between
sites because of large variabiliny among samples (Fig. 10). Afier 48 hours there
was 4 significant declineg in the proportion of K pracwmoniae thal was respiring
(F=635df =4 and 10, P < 0.02), largely resulting from the dramatic (70%)
decline that occurred at site A only 6 hours after the discharge was stopped.
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Fig. 7. Changes in total density as measured by Coulter Counter by site at Ensenada de Boca
Vieja cove. Effluent at site A was shut off at 48 hours. (Mean =1 standard error, n = 4.)
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Fig. 8. Changes in total density as measured by AODC by site at Ensenada de Boca Vieja cove.
Effluent at site A was shut off at 48 hours. (Mean =1 standard error, n = 4.)

Densities of E. coli in the diffusion chambers at Ensenada de Boca Vieja
were significantly higher at the effluent site as measured by CC (F = 5.66, df =
1 and 26, P = 0.05) but not at all times (Fig. 7). The percentage of the E. coli
population that was active, as measured by AODC, was significantly higher at
the effluent site until 48 hours (F = 6.12, df = 1 and 16, P = 0.05) and then
declined significantly at the effluent site (¥ = 7.3, df = 9 and 22, P < 0.0001)
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Fig. 9. Changes in % activity as measured by AODC by site at Ensenada de Boca Vieja cove.
Effluent at site A was shut off at 48 hours. (Mean + 1 standard error, n = 4.)
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Fig. 10. Changes in % respiration as measured by INT by site for Ensenada de Boca Vieja cove.
Effluent at site A was shut off at 48 hours. (Mean =1 standard error, n = 4.)

(Fig. 9). The percentage of the E. coli population that was respiring was also
significantly higher until the discharge was stopped (F = 4.5, df = 1 and 18,
P < 0.01; Fig. 10). A 60% decline in the respiring population was observed
only 6 hours after the discharge was stopped (¥ = 4.5, df = 8 and 18, P <
0.01).

In comparison, densities of K. prneumoniae in the chambers at Ensenada de
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Boca Vieja did not show between-site differences as did the densities of E. coli,
while the efluent was present. However, the activity of the E. coli population
at both Ensenada de Boca Vieja sites was significantly higher than the activity
of the K. pneumoniae population at those sites. In addition, the proportion of
respiring cells of the E. coli population was also significantly greater than the
proportion of K. pneumoniae cells that remained respiring. Activity and re-
spiring counts for both bacteria declined more than 50% after 48 hours when
the effluent discharge was stopped.

Densities of K. ppreumoriae, as measured by AODC and CC, showed similar
patterns of decline and variability in the diffusion chambers at La Gata and
Ensenada de Boca Vieja. However, the proportion of the K. pneumoniae pop-
ulation that was active was 20-50% greater at Ensenada de Boca Vieja whereas
the proportion that was respiring was 10-40% greater at this polluted site. The
densities of E. coli, as measured by AODC and CC, at pristine La Gata declined
much more rapidly than the densities of E. coli in chambers at efluent receiving
Ensenada de Boca Vieja. Also, the proportion of the E. coli population that
was active and respiring was 50% greater in diffusion chambers exposed to
distillery effluent at Ensenada de Boca Vieja in comparison to chambers at La
Gata. After the effluent discharge ceased at Ensenada de Boca Vieja, the dif-
ferences in activity and respiration for both bacteria were not significantly
different from La Gata Island.

Discussion
Water Quality

Dye studies showed that effluent from the two toilets on La Gata Island was
well mixed along the north coast of the island 2 hours after being deposited.
Thus, it is not surprising that the north coast site also had moderate levels of
fecal coliforms even though the ambient water was toxic to coliforms, in terms
of the synergistic effects of high dissolved oxygen, high light intensity, and high
salinity. Nearly all known bacteria can survive these conditions for at least 2
hours [6]. Viable counts for K. pneumoniae and fecal coliforms were always
higher along the north coast. However, recorded densities were below the
recommended Maximum Contaminant Levels (MCL) for primary contact rec-
reational waters [8].

Rum distillery effluent (mostos) in Ensenada de Boca Vieja has been shown
to have serious effects upon the marine life not only at the point source of
discharge but also adjacent areas [11, 16]. This and other studies [5] show that
mostos significantly increases the concentration of nitrates, phosphates, total
phosphorus, sulfates, and temperature. The amounts of nitrogen, phosphorus,
and other inorganic compounds at the effluent point source are comparable to
levels found in raw sewage. The BOD; for this rum distillery effluent is the
highest ever reported for any effluent, >32,000 mg O, liter~! [11]. Generally,
site A at Ensenada de Boca Vieja is a strongly polluted site, and site B is a
relatively pristine site. Site B at Ensenada de Boca Vieja was lower than any
of the sites sampled for all inorganic nutrients, though chlorophyll A levels
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were the highest at this site. Further proof that the effluent is the source of
these between-site differences was seen when the effluent was shut off after 48
hours. Both sites at Ensenada de Boca Vieja were not different for all water
quality parameters measured within 3 hours after the discharge was stopped.

Both sites at Ensenada de Boca Vieja had higher densities of viable K. pneu-
moniae and fecal coliforms than La Gata Island. However, the densities of K.
preumoniae were 10 times higher at the site receiving rum distillery effluent,
and fecal coliform densities were 100 times greater at the effluent receiving
site. The site that received rum distillery efluent always exceeded recommended
MCL for fecal coliforms in primary contact recreational water, 200 CFU/100
ml [8]. Since K. pneumoniae can give a positive fecal coliform reaction [3, §]
it is suprising that fecal coliforms exhibited a greater difference between the
two sites. The densities of K. prneumoniae reported for the rum distillery ef-
fluent-receiving waters are the highest ever reported for marine waters [22, 25,
27]. Many other investigators have shown that it is difficult to distinguish
between clinical and environmental isolates of K. pneumoniae and that envi-
ronmental isolates may be as virulent as clinical isolates [7, 13, 23, 25, 28, 29,
31]. The ability of K. pneumoniae to cause a variety of human diseases would
suggest that tropical marine environments receiving heavy organic loads may
be of public health concern {7, 28, 31].

Survival of Bacteria In Situ

Both direct count methods showed that the largest decline in K. pneumoniae
densities occurred during the first 24 hours. Simultaneously, densities of E.
coli in adjacent chambers showed a very precipitous decline to less than 0.1%
of the initial density in only 12 hours. Studies by Vasconcelos and Swartz [33]
also compared survival of E. coli and K. pneumoniae in marine environments
in situ. They observed that E. coli did not survive as well as K. pneumoniae;
however, they measured viable plate counts in low nutrient temperate marine
waters (10.7°C) using a stirred diffusion chamber. The results for E. coli obtained
by Vasconcelos and Swartz compared more favorably to our AODC density
estimates than our Coulter Counter density estimates.

The differences between the AODC and Coulter counts for K. pneumoniae
were negligible, although the differences between these counts for E. coli were
greater than one order of magnitude. This observation is undoubtedly because
of the morphological changes that occur in E. coli in the absence of changes
in their ability to be cultured. As reported by others [4, 21, 30, 34] we observed
shortening and condensation of the E. coli cells at all sites except the site
receiving distillery effluent. After 24 hours of in situ exposure, 50% of the cells
had transformed to micrococci, i.e., <1 um. Since the CC counts were done
with a 10 um aperture, the micrococci could not be detected with the CC. The
K. pneumoniae cells did not show any morphological changes at any time during
the study and therefore did not demonstrate differences between CC and AODC
at any of the sites.

Physiological activity of the bacteria in the diffusion chambers at La Gata
Island as measured by AODC and INT declined by more then 60% after only
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3 hours exposure for both bacteria. Previous studies observed that K. pneu-
moniae could survive nutrient poor, saline, high DO, intense sunlight, and
high temperature environments [6, 8, 33]. The present study showed that K.
pneumoniae was more rapidly inactivated than FE. coli and could not maintain
a level of activity that was any higher than E. coli, a low-survivor under the
same conditions. Indeed, E. coli is generally classified as a nonsurvivor in
marine environments [6, 8]. The apparent difference in actual cell survival of
K. pneumoniae may be due to the ability of the capsule to resist extremes in
water activity and pH. Recent studies in our lab have shown that some strains
of K. pneumoniae can grow even in concentrated orange juice at pH 3.2, 58°
Brix, and at temperatures as low as 4°C [15].

The survival in terms of density of K. pneumoniae at Ensenada de Boca
Vieja was the same as La Gata, even though the rum distillery outfall site was
significantly different in all the physical and chemical parameters measured.
However, respiration and activity measurements showed that physiologically
K. pneumoniae was much more active in the distillery discharge than in the
waters of La Gata Island. Indeed, the percentage of the K. pneumoniae pop-
ulation that was active in the chambers at Ensenada de Boca Vieja initially
declined by only 50%, whereas for the same period at La Gata Island the activity
declined by nearly 70%. Also, the proportion of the K. pneumoniae population
that was active in the chambers at Ensenada de Boca Vieja was greater at the
outfall site only while the effluent was being discharged, i.e., during the first 48
hours of the study. At 48 hours, both the percentage of the K. pneumoniae that
were active and the percentage that were respiring declined by more than 30%
at the outfall. The rum distillery effluent did not increase survival of K. pneu-
moniae but did stimulate physiological activity allowing a larger proportion of
the population in the chambers to remain active for a longer time. '

The E. coli cells were much more responsive to the rum distillery effluent
at Ensenada de Boca Vieja. Instead of rapidly declining as they did at La Gata
Island, they did not significantly decrease in density for the first 48 hours at
the effluent site. Immediately after the effluent discharge stopped, the density
for E. coli at the outfall site began to decline. Chambers at the uncontaminated
site had significantly lower densities of E. coli than chambers at the effluent
site according to both direct count methods after only 18 hours. The decline
in E. coli density at site B, however, was much less than either site at La Gata
Island.

This last observation was reinforced by the much higher percentage of activity
and respiration for E. coli at both sites of Ensenada de Boca Vieja. Again,
bacteria at site B had significantly lower activity and percentage of respiring
cells after only 18 hours; however, the activity and respiration were greater
than 40% at both sites for the first 48 hours. This shows that although densities,
activity, and respiration for E. coli were declining at site B, the adverse nature
of the environment was not as great as La Gata Island. This was further em-
phasized by the observation that there was also a significant decline in respi-
ration and activity for E. coli at site B after the effluent stopped at 48 hours.
It would also seem that since water quality differences were negligible, the E.
coli could respond to environmental changes that may not normally be mea-
sured.
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These studies suggest that under high nutrient loading, E. coli cannot only
survive extended periods in marine environments but also remain physiolog-
ically active. On the other hand, potential pathogens like K. pneumoniae, while
appearing to survive under all conditions are nearly completely inactive phys-
iologically. This became apparent after looking at changes in physiological
activity in the diffusion chambers at these same sites. Other survival studies
using Aeromonas hydrophila at these same study sites have shown that in the
rum distillery effluent, 4. Aydrophila not only survives but proliferates, whereas
in the other areas it declines dramatically [5]. The different survival charac-
teristics of pathogens like K. pneumoniae compared to E. coli would seem to
make fecal coliform bacteria poor indicators of the presence of pathogens in
tropical marine environments, using the criteria of Bonde [6]. This study has
further demonstrated that bacteria of enteric origin may respond to marine
environments in a species-specific manner. Indeed, their density and physio-
logical activity may be quite different for marine environments receiving ef-
fluents.

Acknowledgments. We are grateful for the technical assistance of Andres Calvo, Enid Elias, Fran-
cisco Fuentes, Carmen Ortiz, Maria Guerra, Emilia Medina, Carlos Aranda, and Laura Vazquez.
Dr. Gary Toranzos added many helpful suggestions to the manuscript. We are indebted to Dr.
Ivette Garcia-Castro for the use of her Coulter Counter. The Puerto Rico Department of Natural
Resources and the Department of Marine Sciences, University of Puerto Rico, Mayaguez, gener-
ously supplied facilities and cooperation for these studies. This study was part of a Master of
Science thesis in the Department of Biology, University of Puerto Rico, Rio Piedras. This work
was supported by Public Health Service Grant RR-8102 from the National Institutes of Health
and in part by Sea Grant R/LR-08-87-THAI, University of Puerto Rico, Mayagiiez and by Public
Health Service Grant RR-2657 from the National Institutes of Health.

References

—

. Almy R, Carrion L (1963) Shallow water stony corals of Puerto Rico. Carib J Sci 3:133-162
2. American Public Health Association Standard Method for the Examination of Water and
Wastewater (1981) 15th ed. American Public Health Association, Washington, DC
3. Bagley ST, Seidler RJ (1977) Significance of fecal coliform-positive Klebsiella. Appl Environ
Microbiol 33:1141-1148
4. Baker RM, Singleton FL, Hood MA (1983) Effects of nutrient deprivation on Vibrio cholerae.
Appl Environ Microbiol 46:930-940
5. Biamon EJ, Hazen TC (1983) The distribution and survival of Aeromonas hydrophila in
tropical near-shore coastal waters receiving rum distillery effluent. Water Res 17:319-326
6. Bonde GJ (1977) Bacterial indication of water pollution. Adv Aquatic Microbiol 1:327-450
7. Brown C, Seidler RJ (1973) Potential pathogens in the environment: Klebsiella pneumoniae,
a taxonomic and ecological enigma. Appl Microbiol 25:900-904
8. Cabelli V], Dufour AP, McCabe LJ, Levin MA (1983) A marine recreational water quality
criterion consistent with indicator concepts and risk analysis. J Water Poliut Cont Fed 55:
1306-1314
9. Campbell L, Roth RL (1975) Methyl violet: a selective agent for differentiation of Klebsiella
pneumoniae from Enterobacter aerogenes and other gram-negative organisms. Appl Microbiol
24:258-261
10. Carrillo M, Estrada E, Hazen TC (1985) Survival and enumeration of the fecal indicators
Bifidobacterium adolescentis and Escherichia coli in a tropical rain forest watershed. Appl
Environ Microbiol 50:468-476



56

11.

12.

13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

A. ]J. Lopez-Torres et al.

Costle DM (1979) Effect of distillery wastes on the marine environment. US Environmental
Protection Agency, Washington, DC

Daley RJ (1979) Direct epiftuorescence enumeration of native aquatic bacteria: uses, limita-
tions, and comparative accuracy. In: Costerton JW, Colwell RR (eds) Native aquatic bacteria:
enumeration, activity, and ecology. American Society for Testing and Materials, Philadelphia
Duncan DW, Razzell WE (1972) Klebsiella biotypes among coliforms isolated from forest
environments and farm produce. Appl Microbiol 24:933-938

. Fuentes FA, Biamon EJ, Hazen TC (1983) Bacterial chemotaxis to efffuent from a rum distillery

in tropical near-shore coastal waters. Appl Environ Microbiol 46:1438-1441

. Fuentes FA, Hazen TC, Lopez-Torres AJ, Rechani P (1985) Klebsiella pneumoniae in orange

juice concentrate. Appl Environ Microbiol 49:1527-1530

. Gonzalez JG, Yoshioka PM, Zimmerman RJ, Lopez JM, Hernandez-Avila M, Suhayda JN,

Roberts HH, Cruz Baez D, Pesante D, Velazco AT (1979) Biological effects of rum slops in
the marine environment. US Environmental Protection Agency, Washington, DC

. Hazen TC, Aranda CF (1981) Bacteria and water quality in the Rio Mameyes watershed. In:

Seventh Natural Resources of Puerto Rico Symposium. Department of Natural Resources,
Commonwealth of Puerto Rico, San Juan, pp 87-111

. Hazen TC, Esch GW (1983) Effect of effluent from a nitrogen fertilizer factory and a pulp mill

on the distribution and abundance of Aeromonas hydrophila in Albemarle Sound North Car-
olina. Appl Environ Microbiol 45:31-42

. Hazen TC, Prieto L, Lopez-Torres AJ, Biamon E (1982) Survival and activity of fecal coliform

bacteria in near-shore coastal waters. In: Eighth Natural Resources of Puerto Rico Symposium.
Department of Natural Resources. Commonwealth of Puerto Rico, San Juan, pp 128-161
Hobbie JE, Daley RJ, Jasper S (1977) Use of Nuclepore filters for counting bacteria by fluo-
rescence microscopy. Appl Environ Microbiol 33:1225-1228

Jones KL, Rhodes-Roberts ME (1981) The survival of marine bacteria under starvation con-
ditions. J Appl Bacteriol 50:247-258

Knittel MD (1975) Occurrence of Klebsiella pneumoniae in surface waters. Appl Microbiol
29:595-597

Knittel MD, Seidler RJ, Eby C, Cabe LM (1977) Colonization of the botanical environment
by Klebsiella isolates of pathogenic origin. Appl Environ Microbiol 34:557-563

Lavoie MC (1983) Identification of strain isolates as total and fecal coliforms and comparison
of both groups as indicators of fecal pollution in tropical climates. Can J Microbiol 29:689-693
Matsen JM, Spindler JA, Blosser RO (1974) Characterization of Klebsiella isolates from natural
receiving waters and comparison with human isolates. Appl Microbiol 28:672-678
McFeters GA, Stuart DG (1972) Survival of coliform bacteria in natural waters: field and
laboratory studies with membrane-filter chambers. Appl Microbiol 24:805-811

Niemela SI, Vaatanen P (1982) Survival in lake water of Klebsiella pneumoniae discharged
by a paper mill. Appl Environ Microbiol 44:264-269

Seidler RJ, Knittel MD, Brown C (1975) Potential pathogens in the environment cultural
reactions and nucleic acid studies on Klebsiella pneumoniae from clinical and environmental
sources. Appl Microbiol 29:819-825

Seidler RJ, Morrow E, Bagley ST (1977) Klebsielleae in drinking water emanating from red-
wood tanks. Appl Environ Microbiol 33:893-900

Sjogren RE, Gibson MJ (1981) Bacterial survival in a dilute environment. Appl Environ
Microbiol 41:1331-1336

Taylor SL, Guthertz LS, Leatherwood M, Lieber ER (1976) Histamine production of Klebsiella
pneumoniae and an incident of scombroid fish poisoning. Appl Environ Microbiol 37:274-
278

US Water Resources Council Caribbean Region (1978) US Water Resources Council, Wash-
ington, DC

Vasconcelos GJ, Swartz RG (1976) Survival of bacteria in seawater using a diffusion chamber
apparatus in situ. Appl Environ Microbiol 31:913-920

Xu H-S, Roberts N, Singleton FL, Attwell RW, Grimes DJ, Colwell RR (1982) Survival and



Colliforms in Tropical Seas 57

35.
36.

viability of nonculturable Escherichia coli and Vibrio cholerae in the estuarine and marine
environment. Microb Ecol 8:313-323

Zar JH (1984) Biostatistical analysis. Prentice-Hall Inc, Englewood Cliffs, NJ

Zimmerman R, Iturriaga R, Becker-Birck J (1978) Simultaneous determination of the total
number of aquatic bacteria and the number thereof involved in respiration. Appl Environ
Microbiol 36:926-934



