MICROORGANISMSIN COASTAL WATERS

Juhee Kim

Pathogenic viruses, bacteria, and fungi are present in the find effluent discharged through
submarine wastewater outfdls, but the techniques for determining their presencein
coadtd waters are difficult and are rarely applied. Instead, other more common
organisms, such astotd coliform bacteria, are monitored as tracers and indicators of the
possible presence of pathogenic formsin coastd waters, on beaches, and less frequently
in shdllfish.

During the past year, we have initiated a program to investigate the surviva and
digribution of common human and marine pathogens in the vicinity of outfadls and to
examine the influence of waste discharges on native marine microbia populaions. We
have conducted severd specific sudiesto date, including

- Aninvestigation of the abundance and digtribution of terrestrid, freshweter, and
marine microorganisms around an outfal in Santa Monica Bay during and after discharge
of chlorinated secondary effluent.

- A survey of marine bacteriain Santa Monica Bay.
- A laboratory study of the surviva of pathogenic bacteria and virusesin seawater.

In each of the seven microbiology cruises conducted this year, samples of surface,
middepth, and bottom waters, and cores of bottom sediments were screened aboard ship
for the microbiologica criteria and specific organismslisted on Table 1 (confirmative as
well as presumptive tests were used). In severd cruises, we aso obtained samples of
floatable materids, using a phytoplankton net or a5 in. diameter floatables collector.

The cruises produced 144 samples, which were processed and analyzed in the Project's
microbiology laboratory at California State College at Long Beach. Some of the results
are presented here.

MARINE BACTERIA IN SANTA MONICA BAY

During fal 1973, we conducted two cruises to obtain a preliminary estimate of the
abundance and digtribution of marine bacteria populations near the Hyperion outfdlsin
Santa Monica Bay. Three stations were sampled one inshore, near the base of the outfals,
one a the end of the 5 ml outfal, where acombination of primary and secondary effluent
is discharged, and one at the end of the 7 ml digested dudge ouitfall.

A genard andysis of the samples showed that aerobic marine bacteria were most
abundant in the sediments, we aso found arather high number of these organismsin the



water column above the end of the 5 ml effluent outfal (Table 2). Anaerobic bacteria
showed asimilar trend.

We found that the water column samples from these cruises contained concentrations of
aerobic, sdt resstant bacteriaranging from 51 to 4,920 cdlls/ml. By comparison,
coliform "MPN" (most probable number) counts for the same areas and times ranged
from 0.3 to 2.3 per ml in surface waters to 3 to 240 at the 47 m depth (these values were
furnished by Mr. J. Nagano, Hyperion Treatment Plant).

A number of samples from the cruises were positive for species of Vibrio, Aeromonas,
Pseudomonas, Streptococcus, and coliforms. But we did not find pathogenic species of
StaphyZococcus, Salmonella, and Shigella.

Overdl, this survey indicated the presence of rdatively abundant bacteria populations
near the outfalls in Santa Monica Bay, especidly in the sediments, and confirmed the
occurrence of active, enhanced communities containing both aerobic and anaerobic
marine bacteria

GENERAL EFFECTS OF THE DISCHARGE OF CHLORINATED SECONDARY
EFFLUENT

In 1974, we conducted four cruisesto sample five stesin a1 sq km grid around the
unused 1 ml outfdl in Santa MonicaBay (Figure 1). The purpose of these cruises was to
observe microbiologica populations during and after the weekly flushing of the outfal

with chlorinated secondary effluent. On 31 January and 21 May, we sampled during the 4
to 6 hour flushing period, samples were aso taken on 28 February and 9 May, 7 days
after flushing.

Aswe expected, populations of fecal and freshwater bacteria were large during discharge,
had declined after discharge, and did not survive in high numbersin the sediments. But

the discharge had a surprising effect on the sediment and surface water concentrations of
marine bacteria: These were present in much higher numbers 7 days after discharge than
during the flushing the populations may have been enhanced by feeding on the organic
meatter released in the discharge.

The surface samples (Table 3) reveded another interesting result. During the flushing of
the outfal with chlorinated secondary effluent, surface organisms appeared to be
dominated by marine aerobic bacteria (about 74 percent of the populations measured)
followed by freshwater aerobic bacteria (17.0 percent), freshwater anaerobes (8.5
percent), marine anaerobes (1.1 percent), and fecal streptococci (O.1 percent). Feca
coliform counts were low (less than 0.03 percent), as were counts for fungous yeasts and
molds. These observations differ from those previoudy reported by R. Selleck of
University of Cdifornia, Berkdey, who found very high numbers of coliformsin surface
films around Hyperion's 5 mile effluent outfal. There are severa possible reasons for the
discrepancy. Firs, asthe sampler used in the Project's survey was small and not
necessarily designed for surface sampling, smdl particulates and oil droplets may have



been inefficiently sampled. Secondly, during our study, the discharge was chlorinated
secondary effluent; the previous study was conducted around the 5 ml outfal, where a
non-chlorinated mixture of primary and secondary effluent is discharged. Thiskind of
surface sampling study should be repeated, using a device specificaly designed for
surface particulate sampling.

Although pathogenic bacteria, such as Salmonella species, were present in the effluent
before discharge on 21 May, they were not detected in samples from any of the four
cruises. These organisms may ether bewd| diluted or suffer Sgnificant mortality during
discharge. Smilarly, we did not find human pathogenic fungi, such as Candida albicans
and Cryptococcus neoformans, in the samples, dthough we did isolate and identify
hundreds of other species of fungi.

SURVIVAL OF PATHOGENSIN SEAWATER

The laboratory studies on the surviva of various species of microorganismsin seawater

showed that the physical, chemical, and biologica conditions of the marine environment,
the types of organisms tested, and the nature of the effluent play the magor roles on thar
urvivd.

Figures 2 and 3 show the survival of severa gpecies of microorganismsin seawater.
Under the test conditions, asignificant percentage of surviving cells were observed even
after 1 week of incubation at 4°C. When the temperature was increased to 25°C, their
aurviva was dightly less than that of the lower temperature. When the seawater was
filtered through a bacteriological membrane, surviva rates were higher than those of
populations placed in raw seawater, indicating thet the filteration had removed most of
the predators (marine bacteria and protozoans). When we enriched the seawater by
adding some nutrient, surviva was better, demongtrating the protective action of the
nutrient for the cells. When the hydrogtatic pressure was increased to the deep sea
pressures (up to 1,000 atmospheres), the death rates of the microorganisms were
accelerated. But increased pressure failed to kill or inactivate dl the cells even after 1
week of incubation. It is aso interesting to note that viruses tested in this study
(Bacteriophage 0X 174 (Figure 3) and Bacteriophage T4) showed remarkable stability
even under the increased pressure. Since primary and secondary sewage trestment
procedures, including chlorination, are generdly known to be insufficient to inactivate
the enteroviruses, which are most frequently found in wastewater, further investigations
of the surviva of viruses in the seawould be of a great importance.

We plan to continue these studies, as well as aprogram to study bacteria associated with
fish diseases, in the next year.



FIGURES

Figure 1.
Changesin populations of marine bacteria during and after discharge of chlorinated
secondary effluent in Santa Monica Bay, winter and spring 1974
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Figure2.
. Surviva of pathogenic bacteriain filtered seawater at 25°Cand pressures of 1 to 1,000

atmospheres

| | | | | |
E. coli at

1 atm

CELLS PEA ML
o

108 |~ ¥ ; =
s ESCHERICHIA COUL £, coli at
1,000 atm
S 54 LMONELLA
TYPHIMURIUM, 1 ATM,
10— =8
s STAPH Y LOCOCTNS
AURELS, § ATM,
| 1 | | |
o 1 2 3 a 5 & 7

TIME (DAY S



Figure3.
Inectivation rate of avirus, Bacteriophage ~X 174 in filtered seawater at 25°Cand

pressures of 1 to 1, 000 atmospheres.
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TABLES

Table 1.

Microbiologicd criteria and species examined in samples of waters, floatables, and
sediments from Santa Monica Bay, 1973-74.

General Criteria

Saphyl ococcus aureus

Aeromonas hydrophilia

Totd coliform (MPN)

Salmonella species

Aeromonas liquifaciens

Fecd coliform (MPN)

Shigella species

Aeromonas salmonicida

Fecal streptococcus (MPN)

Mycobacterium tuberculois

Erysipelothrix insidiosa

Aerobic marine bacteria
(No./sample)

Esherchia cali

Mycobacterium marium

Anaerobic marine

Chondrococcus columnaris

bacteria (No./sample)

Aerobic freshwater . . . Clostridium botulinum
bacteria (No./sample) Specific Marine Bacteria TypeE
Anaerobic freshwater . : :
bacteria (No/sample Vibrio alginolyticus

Specific Human and Patho-
genic Bacteria

Vibrio anguillarum

Fungi, Molds, and Yeasts

Streptococcus pyogenis

Vibrio piscium

Totd No. fungi/sample

Sreptococcus fecalis

Vibrio ichthyodermis

Totd No. molds/sample

Vibrio parahaemolyticus

Total No. yeasts/sample

Vibrio cholerae

No. Candida species

Pseudomonas punctata
(Aeromonas)

Candida albicans

Pseudomonas fluor escens

Cryptococcus neoformans




Table?2.

Number (MPN) of marine bacteriain the water column and sediments from stationsin
Santa Monica Bay. Numbers are average values from two cruises (September and
November 1973).

| | 'No. of Bacteria/ml

|
Nearshore
Sludg7e8Cr)nutfaII, Effluegzt rCn)utfall, ‘ Station,
38m
| Aerobic Bacteria | | |
| Surfacewaters | 58 | 620 | 655
| Middepth waters | 67 | 2,905 | 420
| Bottomwates | 180 | 285 | 580
| Sediments | 37,200 | 30,200 | 53,250
| Anaer obic Bacteria | | |
| Surfacewaters | 12 y 89 | 10
| Middepth waters | 55 y 2,007 | 610
| Bottomwaters | 106 | 235 | 41
| Sediments | 25750 | 45,600 | 33,000

s | s— | — — — — —  — | — —




Table 3.

Microorganisms in surface tow- net samples taken during and after discharge of
chlorinated secondary effluent in Santa Monica Bay, May 1974.

During Discharge

7 Days
After Discharge

Organl\il;ﬁ(s);sq m* % of Total Organl\ilsﬁgsq m*
Marine aerobic bacteria 10?28%%%)0 00 74 43?338%%%)000
Freshwater agrobic bacteria 1’7(()2556600 17 No Data
Freshwater anaerobic bacteria 4%3302())0 8.5 No Data
Marine anaerobic bacteria (jgg) 42(55”54)'00
Feca streptococcus 1(233(;530 %2)5
Fecd coliform 1(' 11)0 1(- 11)0
Freshwater molds 0?12(;3 O?fjl
Marine molds 0. (13 2%8 0. (18431
Freshwater yeasts 0-?3‘2%-1 0'(1(581')76
Marine yeests O'(()g.’zg-?’ 0(3221)3

*Numbers are range and, in parentheses, median value.




