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(i) 

ABSTRACT 

A comparison is made of the bacterial populations at 

two geographically similar near-shore marine sites. The 

difference between the sites is that one is influenced 

by a raw sewage outfall. Sea.-water samples were drawn 

directly by means of a hand held all-glass bacteriological 

samplin~ device. Sea-water samples were analysed for a 

total coliform count, presumptive E.coli type I and a 

total bacterial count on a marine agar medium. A propor­

tion of the isolates on the total count plates were 

subjected to a number of physical, biochemical and anti­

biotic tests and classified into genera. Bacteriological 

differences between the sites were shown by the coliform 

tests. Total count isolates and in particular the pseudo­

monads also showed bacteriological differences between the 

sites. It is indicated that these organisms could possibly 

be used to demonstrate stressed conditions in near-$hore 

marine environments resulting from sources other than 

sewage contamination. 
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INTRODUCTION 

Marine Pollution has become a problem of widespread 

concern. Various methods of monitoring the long-term 

effects of pollution including low-level pollution are 

·being investigated to an increasing extent to.prevent a 

situation arising where eventual restoration costs are 

prohibitive. ' Over-intensive use of natural areas can 

have deleterious effects. For ~xample liquid organic 

wastes can resul~ in organic overloading of aquatic systems 

causing oxygen depletion in the system and consequent 

ecological disturbance. Riverine disposal of raw sewerage 

serves to disperse pathogenic bacteria. 
I 

Grindley (1972) and Oliff (1976) have described the extent 

and possible effects of using the oceans as the eventual 

sink of man's refuse. It is concern for the ability of 

the oceans to adequately cope with ever-increasing effluent 

loads that has led to the recent controversies regarding 

ocean dumping. 

Man's expanding resource utilisation has taken him into the 

most production areas of the world's oceans, the coastal 

zones, and these shallow waters are experiencing his 

intervention via waste discharges, thermal and radio-

active pollution, dredging, ·coastal construction and mining 

(Inman and Brush, 1973). Lee and Rooth (1973) believe that 

the water quality of coastal bays and estuaries is a 

function of the particular water body's ability to remove 

pollutants/•••• 
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pollutants, that is the impact of discharged pollutants 

is dependent on their residence time in a particular body 

of water. Water quality is also a function of the amount 

' of pollutant discharged. Riddle (1976) agrees that the 

removal of pollutants from an area is dependent on the 

lateral mixing rate and on the residual drift currents. 

Inman and Brush (1973) support these views. They state 

that while the surf zone characteristically has high mixing 

rates, the coastal zones are beginning to show water quality 

deterioration due to receiving man's biological and chemical 

wastes, as wind- and wave-induced surface currents tend to 

produce circulation patterns that favour the retention of 

particulate material near the coast. Waldichuk (1~73) 

concludes thus that international control of pollution such 

as dumping at sea, continental run-off, atmospheric emissions, 

effluent discharges by pipeline and other shore-based acti-

vities can only be achieved by effective environmental 

management via collaborative international marine pollution 

research and monitoring. Brummage (1973) agrees that the 

in-shore pollution load must be controlled and warns that. 

with the increasing scale of human activity it is fallacious 

to regard the sea as an infinite sink. 

Although control of wastes in the marine environment dates 

back to 1926 (Lee and Rooth, 1973), the pollutant that has 

attracted most Attention in recent years has been oil and 

associated petroleum products (Atlas and Bartha, 1973a). 

While studying petroleumlytic bacterial population 

densities/ •.•• · 
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densities in different Pacific Ocean watermasses, Seki 

et al (1974a) obtained increasing petroleumlytic 

bacterial counts in increasingly oil-contaminated waters. 

Atlas and Bartha (1973b) reported similar findings in 

Raritan Bay and these authors quote in support of their 

results work by ZoBell (1969) and Mironov (1970). 

Biological indicators of water pollution are today being 

widely researched. Buikema et al (1974) employed Rotifers 

as monitors of heavy metal pollution. Similarly, Bryan 

and Hummerstone (1973) have successfully used brown seaweed 

as an indicator of heavy metal pollution particularly of 

manganese and zinc in an estuary. This study also showed 

the roll of brown seaweed as a measure of the seasonal 

variation of heavy metal pollution. Sparks et al (1972) 

and Cairns and Sparks (1971) established a respiratory 

response of Bluegills as indicative of zinc pollution. 

Cairns and Messenger (1974) and Staufer et al (1974) studied 

the effects of th~rmal loading in aquatic systems on snails 

and fish distribution respectively. Cairns et al (1972) 

utilised the optical spatial filtering of diatoms when 

studying diatoms as indicators of water pollution. 

A bacteriological survey of the distribuion and occurrence 

of coliforms and pathogenic indicators of pollution in 

near-shore coastal waters along a section of the Natal Coast 
' 

has been described by Livingstone (1968). After subsequent 

data analysis, Livingstone (1969) developed a bacteriologi-

cal method of appraisal for sewage contaminated coastal 

waters / 
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waters. Values were applied to the quality indicators 

E. coli type Ii Ascaris and Taenia ova, coagulase and 
' 

mannitol positive staphylococ~i, salmonellae and shigellae 

and salinity. Values were w~ighted according to the pol-

lution significance of each indicator. The sum of the 

:values ascribed to each of the quality indicators for a 

particular sea-water was rated on a scale of I to IV classes 

which classified the sea-water quality. A class I water was 

classified as a clean water and a class IV water polluted. 
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BACTERIA AS ENVIRONMENTAL MONITORS 

Bacterial indicators of water quality have long been 

recognised (APHA, 1971). It is, however, the traditional 

physical and chemical parameters such as pH, BOD
5

, DO, 

temperature, turbidity and chemical composition which 

_have formed the basis for water quality standards. 

Bacteriological standards for drinking water (SABS, 1971) 

have been laid down, and in certain countries recreational 

or bathing waters today have statutory bacteriological 

limits (Cabelli and McCabe, 1974). Oliff (1976) quotes 
'-

that an often used sea-water quality standard is 1000 total 

coliforms per 100 ml. Bact~riological monitoring in t~ese 

standards, however, serves only as an indication of faecal 

pollution. Considerable research effort is currently being 

expended to determine the most suitable parameter or par-

ticular parameters which effectively describe the environ-

mental condition. Experimentation in the food industry 

· (Hunter, pers. comm. ; Breyer-Menke, unpub.) indicated that 

bacterial observation by a particular direct microscopic . 

technique of certain canned food products proved more accu-

rate and rapid in predicting food spoilage than chemical 

monitoring of the products. 

This experience and the fact that bacteria have specific 

requirements stimulated this investigation into the role 

of bacteria as pollution indicators. 

In / •••••• 
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In this study an attempt is made to evaluate the possi-

bility of using bacteria as indicators of low-level 

pollution from a marine sewage outfall. It is thought 

that if the bacterial population in the proximity of the 

outfall is compared to that not influenced by the outfall, 

all other conditions such as temperature, wave action and 

meteorological conditions being as closely similar as 

possible, anticipated differences between the populations 

will indicate the influence of the outfall. These 

differences would expectedly show as species differences 

between the populations or differences between the relative 

number of the species in the populations or, more probably, 

both. 

Having chosen a sewage outfall as the polluting feature, 

allows for comparisons to be drawn between this site and a 

reference site on the basis of their coliform populations. 

Coliforms are the traditional monitor for faecal contamina-

tion and in this study formed th~ foundation for comparing 

the bacterial populations at the study sites. 

Bacterial population analysis could be affected as a result 

of long-shore currents introducing bacteria from points 

outside the study zone. This effect is lessened in this 
\ 

study by not culturing spore-forming organisms which could 

have been transported for very large distances. The possi-

bility of bacterial contamination between the sites is 

limited by the dilution effect. 

Samples I ..... . 
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Samples should be drawn as near to simultaneously as 

possible. Simultaneous sampling would nullify local 

effects such as total bacterial count variance ~hich 

could vary considerably over a matter of hours at any one 

site as a result for example of wind-induced increased 

wave action churning more sediment and bacteria into the 

water column. 
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SAMPLING SITE SELECTION 

3.1 CHOICE OF SAMPLII\X3 AREA 

As the microbiological procedures were to be con­

ducted in the laboratory, one of the prime considera­

tions in the choice of sampling sites was access. It 

was felt that despite using cool boxes during sample 

transport no more than 2 hours should elapse between 

drawing the first sample and the initiation of bac­

teriological analysis in the laboratory. APHA (1971) 

recommends that coliform studies should be conducted 

not longer than 1 hour after the sample has been drawn. 

or after 8 hours if th~ sample is iced. 

Initially sampling to depths of between 10 m and 15 m 

some distance behind the surf zone was to be under­

taken. Access to this point could most easily be 

achieved using a ski-boat. 

Both the abovementioned considerations were met by 

joining an existing research programme on the kelp-bed 

ecosystem established on the western side of the Cape 

Peninsula (Fig. 1). 

3.2 SPECIFIC SAMPLIN3 SITES 

In choosing the specific sampling sites, these. had 

necessarily to approximate each other as closely as 

possible in respect of climatic and physical conditions. 

It I .... 



Camp18"f. 

BAKOVEN BAY 

HOTTENTOTSHUISIE 

34• 00' 

34• 15' 

w 
Q 
<( 
u 

F/4, I.~ LOCALITY PLAN. 

False 8a_'J 

a 
2 

34• ' 

34• 15' 



- 10 -

It was thought that such factors as the prevailing 

wind and weather conditions, temperature and wave­

action could affect the bacterial load in the water 

column and that these extraneous influences on the 

bacterial counts between the sites should be limited 

where possible. 

I 
I 

The prevailing summer winds in the Western cape are 

south-easterly and these strengthen upwelling of the 

cold Benguela current due to the off-shore water 

transport resulting from wind-induced drift. Two 

effects of this are the good mixing achieved and the 

fact that on-shore water temperatures are lower than 

the off-shore water temperatures, the reverse of what 

occurs in winter. During the winter months north-west 

winds prevail on the Western Cape, the isotherms tend 

to be parallel to the water surf ace and strong tempera­

ture stratification 'can occur. This even close to the 

wave-line and despite the strong surges which are pre­

valent in winter. Good vertical mixing of the water 

does nevertheless occur in strong winds. 

3.2.1 Bakoven Bay Sampling Site 

Bakoven Bay was chosen as the most suitable site which 

included a sewage outfall. This Municipal outfall 

discharges the raw domestic sewage of the Camp's Bay 

residents I ..... . 
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residents of the City of Cape Town. At the time of 

this study this outfall although still in use was 

being replaced. The outfall pipe WpS in d~srepair, 

and raw sewage was being discharged on the rocky shore­

line at a point where the water was 3 m to 4 m deep. 

The schematic diagram (Fig. 2) below shows the study '· 

site. 

Strong marine algal growth occurred on the ocean floor 

at this site despite the poor sunlight penetration 

limited by the turbidity caused by the discharged sewage. 

Two sampling points were chosen at this site, one (A) 

approximately S m from the outfall and the second (B) 

approximately 50 m from the outfall, with a large rock 

sited between the outfall and B (Fig. 2). 

·, 

These two sites were chosen to give some empirical idea 

oi bacterial die-off and dilution if these occur. It 

was also felt that although the structure of the bacte­

rial population between A and B may differ, greater . 

bacterial similarity should exist between A and B than 

between Band C (the reference site). 

3.2.2 Hottentotshuisie Sampling Site 

The sampling point (C) in Fig. 3 was chosen as the 

reference site. This site was approximately 4,5 km 
from the polluted site (sampling points A and B) and 

largely remote from the city's influences such as 

urban / .•.••• 



- 12 -

m VJ 

Flt;. 2: 5AMPLJN<f STATIONS A ANO B AT 13AKOY£AI BAY 

.. 

. · .. · }:.}:• 
·.· ... ~: .. \ .. ·.·;.. \" .. 

·-: ·. :· 
. . 

····: 

.. :::: .;::: 

\~·:::::: SCALE: 1: 7200 ::;:;:;::: 

F/4- .3 .. SAMPL/N~ STATION C JIT f!OTTEAITOTS'HV!SIE. 



- 13 -

urban run-off. There is no agricultural activity in 

the on-shore vicinity of the sampling site and rain· 

water run-off would not be expected to contain ferti-

liser or pesticide leachings. 

One difference between C and A in particular is that 

sunlight penetration at C is usually good. Sunlight 

penetration is temporarily reduced when strong verti-

cal mixing occurs as sediment is then churned into the 

water column. 

3.3 DETERMINATION OF THE VARIATION ABOUT THE SAMPLING POINfS 

I 

The initial experimentation was planned to investigate 

two aspects of bacterial distribution. Firstly, any 

differences in the vertical distribution of the bacteria 

in the water column had to be determined. Secondly, the 

spatial distribution of the bacteria over the site at 

different water depths was determined. This work was 

carried out at Hottentotshuisie and conclusions drawn 

from these results presumed to apply at both sampling 

sites. 

The three sampling points having been determined, 

further experimental work was conducted as described in 

section 6. 
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SAMPLER DESIGN 

Many different samplers suitable for various types of 

marine sampling have been designed (ZoBell, 1946.; Kriss, 

A.E., 1963; Gunkel and Rheinheimer, 1972; Sieburth, 1965; 

Ruppert, 1972; Williams, 1969 and Clasby et al, 1972). 

Most of the remote water sampling devices are designed to 

operate at depth (Williams, 1969; Sieburth et al, 1963a). 

Sieburth (1963b) and Seki et al (1974b) have designed remote 

samplers for use in shallow waters. All these sampling de-

vices rely on taking snap samples which are statistically 

questionable (Chermisinoff, 1974). 

Remote samp'lers have other deficiencies in that they are 

usually unsuitable for use from a small boat, expensive, 

difficult to sterilise and transport and contamination from 

the upper water layers can often occur. For these reasons 

it was decided that snap samples using a hand-held sampler 

and utilizing SCUBA equipment would be the most practical 

and reliable means of sampling in this programme. Further-

more, a number of samples could be drawn at one time without 

great inconvenience. 

The required sampler would have to fulfill the following 

criteria : 

(i) easily steam sterilized; 

(ii) easily opened to draw a sample at depths of up 

to 20 m; similarly must withstand the expanding 

pressure effect on rising from 20 m to surface; 

(iii) easily I 
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(iii) easily handled underwater; 

(iv) sufficiently robust to withstand shocks 

of transport in a small boat in heavy 

seas; 

(v) inert material which would not contaminate 

the sample must be used in sampler con­

struction. 

4.1 BRASS BACTERIOL03ICAL SEA-WATER SAMPLER 

Initially four brass samplers were made. The marine 

brass tubing used in the construction of each sampler 

was approximately 5 cm long of internal diameter 

18 mm. Each brass tube was threaded internally and 
I 

fitted with a stopcock with a teflon washer to prevent 

leaking at each end. 

Each brass tube and its respective stopcocks were 

identified so that the same combination was used in 

each instance. They were also notched to ensure the 

stopcocks were always tightened equally on re-assembly 

of the sampler after cleaning. 

Suspecting that some metal migration from ·the sampler 

to the sample might occur, two of the samplers were 

internally coated with Desicote (a silicone-based inert 

coating by Beckman Instruments). The samplers were 

standardised, sterilised in an autoclave at 121 C for 

20 minutes ~nd cooled 6vernight in a refrigerator prior 

to beirig transported in a cool bag to the sampling site 

at I 



16 

at Hottentotshuisie. 

One each of the coated and uncoated samplers was 

used to draw a surface water sample and this was 

repeated at a depth of approximately 10 m. Unfor-

tunately the surface sample in the coated sampler 

was lost. 

The interval between the time the samples were drawn 

and returned to the laboratory was 3 hours which is 

thought to have had an adverse affect on the samples. 

One in twenty and one in two hundred dilutions of the 

samples were filtered through 0,45 gridded Millipore 
I 

filters. The filters were placed on sea-water Nutrient 

Agar and incubated for .4 days at 21 c. The surface 

sample gave a count of 250 bacteria/100 ml and the 

coated and uncoated 10 m samples 3 200 bacteria/100 ml 

and Boo bacteria/100 ml respectively. This discrepancy 

seemed too large to be explained by natural variation 

and it was ·decided to investigate the metal pick-up of 

the sample during transport. 

The brass samplers and a screw-topped glass bottle were 

steam sterilized for 5 minutes at 121 C and filled with 

sea-water on cooling. Copper and zinc levels in the 

samples were measured after 5 minutes and 2 hours using 

flame ionisation atomic absorption. The results are 

given in Table I. 

TABLE I I ..... . 
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TABLE I 

Atomic Absorption Analyser Readings for Copper and Zinc 
Concentrations in Sea-water contained in Brass and Glass 

Bacteriological Samplers 

Sarrpler Copper Zinc 
(A.A. reading) (A.A. reading) 

5 min. 2 hr. I 5 min. 2 hr. 

Glass Bottle 0,008 0,012 0,017 0,014 

Brass Sarrpler 1 0,096 0,605 0,621 off-scale 

Brass Sarrpler 2 0,120 0,885 0,676 off-scale 

Brass Sarrpler 3 ~ 0,114 0,733 0,502 off-scale 

Brass Sarrpler 4 0,136 0,823 0,522 off-scale 

Although the atomic absorption equipment was not standardised 

the very marked differences in metal pick-up between the 

brass samplers and the glass bottle was su·fficient to indi-

cate that despite their greater fragility glass samplers would 

be preferable to the brass samplers. 

4.2 GLASS BACTERIOLOGICAL SEA-WATER SAMPLER 

Glass samplers of volume approximately 50 ml. were 

decided upon. Similar in design to the brass prototypes, 

the glass samplers were constructed by welding a 6 mm all 

glass, high vacuum stopcock to either end of a boro-

silicate glass tube approximately 12,5 cm long and 5 mm 

in diameter (internal diameter 18 mm) (Fig. 4), 

Five I .. ~ ... 
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Flt;. 4 .' tfLASJ' .BACT£RIOLOt;ICAL SEA-WATER .SAMPLER 

Five samplers were made, each one identified by an 

attached strip of linen water resistant automobile 

tape with a number of punched holes to allow for 

identification. 

4.2.1 Calibration 

The volume of each of the glass samplers was determined 

by filling each of them with unfiltered, aged sea-water 

at 20 C and 100 kPa and emptying the sampler into a dry 

50 ml measuring cylinder. This procedure was repeated 

five times. The reason for accurately knowing the 

volume of the samplers is that a 1 in 2 dilution of 

the sea-water sample was immediately obtained in the 

laboratory by emp-tying the contents of a sampler 

directly into an equal amount of diluent which reduced 

the number of manipulations and therefore the time 

elapsed between the sea-water sample being drawn and 

plating of the filtered sample'. 

4.2.2 Copper I .... 
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) I 

4.2.2 Sample Pick-up of Copper and Zinc using 
Glass Bacteriological Sea-water Sampler 

One glass sampler was measured for metal pick-up 

against the brass samplers. The samplers were cleaned 

washed and dried. Two of the brass samplers was re­

coated with Desicote and allowed to dry for 24 hours. 

Thereafter all the samplers were steam sterilised at 

121 C for 15 minutes. 

Prior to filling the samplers with unfiltered, aged 

sea-water, the atomic absorption equipment wa~ stan-

dardised using standard copper and zinc solutions. The 

calibration curve obtained is given in Appendix 1. 

The samplers were filled with sea-water and the sea-

water in the samplers analysed for copper and zinc 

pick-up after 2,0 and 3,0 hours (Appendix 2). The 

concentrations of copper and zinc in the samples were 

obtained from the calibration curve (Appendix 1) and 

are recorded in Table II below. 

These results show that while the Desicote coating 

reduces the metal pick-up of the brass samplers, no 

metal pick-up occurred in the glass sampler. 

TABLE II I . ' .. 
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TABLE II 

Copper and Zinc Concentrations in Sea-water contained 
in Brass and Glass Bacteriological Samplers 

(a) Copper 

Sampler 

Brass 
Sampler l* 

Brass 
Sampler 2 

Brass 
Sampler 3* 

Brass 
Sampler 4 

Glass 
Sampler 

(b) Zinc 

Sampler 

Brass 
Sampler l* 

Brass 
Sampler 2 

Brass 
Sampler 3* 

Brass 
Sampler 4 

Glass 
Sampler 

* Sampler 

Oh 
(ppm) 

o,4 

1,4 

1,0 

1,1 

0,1 

Oh 
(ppm) 

0,7 

1,1 

o,8 

0,9 

0,1 

internally coated 

2h 
(ppm) 

5,3 

8,1 

5,8 

6,8 

0,1 

2h 
(ppm) 

3,2 

3,8 

2,0 

2,1 

0,1 

3h 
(ppm) 

7,3 

9,3 

7,3 

7,2 

0,2 

3h 
(ppm) 

3,8 

4,o 

2,7 

3,1 

0,1 

with Desi cote 

EXPERIMENTAL I .... 
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EXPERIMENTAL DESIGN AND BACTERIAL IDENTIFICATION 

Traditionally bacteria as indicators of water pollution 

have centred on the presumptive E.coli test for potable 

water supplies. It was decided in this programme that 

total coliform and presumptive E.coli tests would be 

undertaken, including occasional E.coli type I (i.e; coli­

forms of undoubted faecal origin) confirmatory tests. 

Bacterial water quality analysis based on the traditional 

indicator bacteria has only been applicable io the sanitary 

quality of water. Utilising bacteria as indicators of 

coastal stress necessitates a broad approach to quality 
I 

assessment. It is most unlikely that a single bacterial 

species would be suitable as an all-emo~acing pollution in-
I 

dicator. In order therefore to use bacteria as indicators 

of marine pollution as a whole rather than only as a health 

hazard, the nature and number of organisms within the bacte-· 

rial population must be analysed.· It is the differences that 

exist between bacterial species in their requirements for 

growth and multiplication that indicates their usefulness as 

biological indicators in marine quality assessment,. as each 

species or group of bacteria will respond differently to 

its environment. Because of the large number of different 

bacteria present in nature it is unlikely that a particular 

bacterium will undergo mutational changes to adjust to a 

modified environment, but rather that it will.be superceded 

by a bacterium whose requirements make it better equipped to 

exist in that changed environment. This is the benefit of a 

wide I ..... . 



- 22 -

wide bacterial analysis in pollut~on monitoring. However, 

bacterial identification is time-consuming, and it is im­

practical to identify all the bacterial species in a 

monitoring procedure. 

In this programme, apart from the coliform analyses, part 

of the aerobic, heterotrophic bacterial population was 

cultured in order to attempt to relate the structure of 

this population to that of the coliform counts. The total, 

aerobic, heterotrphic bacterial count was obtained by cul­

turing the bacterial samples on a suitable nutrient media. 

A number of randomly chosen colonies were sub-cultured, 

obtained in pure culture and subjected to a number of bacte-
' riological tests (physical, chemical and biochemical) based 

largely on the determinative scheme for the identification 

of certain genera of Gram-negative bacteria as designed by 

Shewan et al (1960) and incorporating the vibriostat test 

described by Shewan et al (1954). 
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MATERIALS AND METHODS 

6.1 SAMPLING 

Samples for bacteriological analysis were drawn using , 

the glass samplers described in 4.2. 

Prior to steam sterilisation at 121 C for 15 minutes 

the stopcocks on the samplers were opened, a few drops 

of distilled water were injected into each sampler 

the open ends of which were then plugged with non-

absorbent cotton wool and each end enclosed with alu-

~inium foil. After sterilisation, the stopcocks were 

closed. The practice of adding a sodium thiosulphate 

crystal to the sampler (State Health Dept., pers. comm.) 

in instances where sample waters contain residual 

chlorine was not adhered to. It would have been difficult 

with resultant contamination of the sample a strong 

possibility to introduce a crysta~ or sterilised solu­

tion of sodium thiosulphate into the sampler after it 

had been sterilised. Furthermore, as the sewage was 

untreated, the residual chlorine in the .waste-water would 

likely have been neutralised by the organic sewage 

fraction. 

A foam' cool box was used to tran13port the samplers be-

tween the laboratory and the sampling sites. 

Prior to the samplers being used they were cooled in a 

refrigerator overnight. Samples were drawn by opening 
,. 

the I ..... . 
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the stopcock at each end of the sampler after re-

moving the aluminium caps and the cotton wool plugs, 

Contamination by surface bacteria when the samples 

were drawn at depth was minimised by the presence of 

the aluminium caps as these were only removed on 1 

reaching the sampling depth. On being returned to 

the laboratory, the ends of the glass samplers were 

rinsed with sterile, distilled water before the sampler 

contents was drained into a pre-sterilised, screw-

topped glass bottle. 

The samples were always drawn behind the surf zone 

apart from those taken at A where, at times, depending 
I 

on the weather conditions, samples were drawn in the 

surf zone. During the initial experiments, single 

samples were taken, but subsequently duplicate samples 

were taken. The time elapsed between the first sample 

being drawn and dilution in the laboratory was never 

more than 2 hours. 

A disadvantage of the samplers is that all the air is. 

excluded from them when a sample is drawn which could 

result in lowered bacterial counts, Particularly at 

the site of high organic loading, dissolved oxygen 

depletion within the sample during transportation could 

well increase bacterial die-off in the sample. For this 

reason samples were always drawn last at A and the 

elapsed time between sampling and dilution was never 

more than 45 minutes. Later in the programme when only 

surface I .... , . 
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surface samples were taken, sterile, screw-topped glass 

bottles in which an air.,.filled headspacewas maintained 

were often used. 

6.2 DILUTION 

Serial dilutions were made in pre-sterilized, pre-cooled, 

aged sea-water contained in strew-topped, glass bottles. 

Serial decimal dilutions ~ere made by transferring ~O ml 

or 20 ml of the sample or diluted sample into a sub­

sequent, bottle containing 90 ml or 180 ml respectively 

using 10 ml pipettes which had been sterilized in aq 

-oven at 180 C for 3 hours. 

Accepted aseptic techniques were followed while conduct­

ing the dilutions, although, in this instance the likeli­

hood of airborne coliforms or halotolerant bacteria 

contaminating the samples must be small. 

6.3 FILTERING AND CULTURING 

The filtering of the samples prior to culture followed a 

standard procedure. The membrane filter technique used 

was principally the same as that employed by the Natal 

Regional Laboratory of the NIWR of the CSIR. 

The following membrane filter procedure was adopted : 

A stainless steel Millipore 100 ml filter.,.holder was 

used in conjunction with a 500 ml filter flask. Vacuum 

was drawn via a trap and cotton wool filter using an 

Edwards I 
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Edwards High Vacuum Pump. The filters used were pre­

sterili~ed, 47 mm, black-gridded, 0,45~ S-pak Milli­

pore filters in conjunction with pre-sterilized 

absorbent pads dispensed via Millipore pad dispensers. 

Where sea-water Nutrient Agar plates were used, the fil­

ter~ were laid directly onto the plates. Filters were 

at all times handled using Millipore forceps sterilized 

between each filter handling by flaming the tips after 

th~se had been dipped in alcohol. 

Twenty-five ml aliquots of the dilutions were filtered 

for culture in each insta~ce, the aliquot obtained 

using a sterile syringe. In each particular diluti~n 

series, the highest dilutions were filtered first, se­

quentially until the lowest dilution was finally fil­

tered. By this means one syringe was used during a 

particular dilution series, the syringe merely being 

flushed with liquid_ from a lower dilution before drawing 

that aliquot. Similarly, th~ filter~holder was neither 

rinsed nor re~sterilized during one series~ This proc~-

dure saved both time and equipment and was rationalis.ed 

by the argument that contamination between filtrations 

was negligible as at least ten times .lower dilutions 

were Iiltered sequentially and this would negate the 

contamination from a higher dilution. 

For a different dilution series, either a sterile 50 ml 

filter apparatus was used or the 100 ml filter-holder 

was re-used after sterilising it by coating it inter-

nally with alcohol and then flaming it, followed by 

subsequent' I ..... . 
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subsequent cooling of the filter-holder by flushing 

it internally with sterile, distilled water. 

Dilutions were filtered which from experience were 

known to result in 20•200 colonies growing on the fil­

ter after incubation. Generally it was sought to have 

20-80 colonies per filter. Duplicates of the dilutions 

filtered were obtained. Apart from the aliquot dis­

pensing, usual aseptic precautions were adopted, 

6.3.1 Coliform Culture 

-The dilutions used in coliform culture, the methods of 

identification and the ~edia used were largely the same 

as those of the Natal Regional Laboratory of the NIWR 

of the CSIR. 

6.3.1.1 Total Coliform Counts 

Total coliform counts were obtained by filtering a 

sample as described in 6.3. The bacteria retained on 

the filter were cultured by initially placing the 

filter on a sterile Millipore absorbent pad contained 

in a sterile, glass petri dish and saturated with 

sterile Oxoid Resuscitation Membrane Broth which had been 

dispensed using a sterile pipette. The filters were 

incubated in an incubator for 1 hour at 37 C. The 

absorbent pads were saturated with the Resuscitation 

Membrane. Broth prior to the samples being drawn. 

Thereafter the filters were transferred· to sterile 

nutrient I 
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nutrient pads impregnated with steril~ Oxoid MacConkey 

Membrane Broth and re-incubated for a further 17-19 
.. 

hours at 37 C. After incubation the filters were 

examined using a stereo dissection microscope (lOx 

magnification) and all yellow colonies were recorded 

as. total coliforms. The total coliform count was ad-

justed to a count per 100 ml of the sea ... water sample, 

allowing for the dilution factor. 

6.3.1.2 Presumptive E.coli Counts 

The procedure to obtain pres ump ti ve E. co.li counts is 

·similar to that of the total coliform count. In this. 

instance, however, the ,filters were first placed on 

Membrane Resuscitation Broth impregnated pads for 

2 hours before being transferred to MacConkey Membrane 

Broth pads, These petri dishes were then placed in 

weighted, heavy duty, polyethylene bags, the air ex­

pelled from the bags, the bags sealed and placed in a 

water-bath sufficiently deep to cover the bags and 

incubated for a further 16-18 hours at 44 C. At the end 

of the incubation period, the filters were examined (lOx 

magnification) and all yellow colonies were.recorded as 

presumptive E.coli bacteria per 100 ml of sea-water 

sample after the necessary adjustments had been made. 

6.3.1.3 Confirmatory E.coli Type I tests 

Although serotyping is a useful means of coliform 

identification, it is expensive and the requisite sera 

are I . , , .. ~ 
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are not always readily available in South Africa. 

For this reason and the fact that the confirmatory 

tests necessary in this instance were easily executed, 

established techniques were .used. 

Randomly selected yellow colonies growing on MacConkey 

Membrane Broth at 44 C were sub-cultured to Difeo 1% 

Bacto-Tryptone Broth to asc~rtain indole production 

using Kovacs test reagent and for growth in Difeo 

Koser's Citrate Medium (Society of American 

Bacteriologists, 1957). 

'The bacteria were differentiated by these tests as 

follows : 

Indole Pro­
duction 

+ 

Growth in 
Koser's Citrate 
Medium 

+ 

E.coli Type I, faecal 
origin 
E.coli Irregular Type II, 
origin unknown 

E.coli Irregular Type' VI, 
and paper origin 

The typed E.coli bacteria were compared to the original 

presumptive E.coli count to obtain the relative counts 

of each type. A gram stain reaction (Society of 

American Bacteriologists, 1957) was the only othir 

confirmatory test conducted. It was found that almost 

all the presumptive E.coli bacteria sub-cultured were 

categorised as E.coli Type I bacteria. These confir-

matory tests were conducted on thre~ occasions during 

the I ..... . 
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the study. 

6.3.2 Culture of Aerobic, Heterotrophic Bacteria 

Samples for what is termed the total bacterial count 

were diluted and filtered as described in 6.2 and 6.3. 

The term 'total bacterial count' is a misnomer as the 

bacteria cultured on the medium used represent only a 

portion of the non-sporeforming, aerobic heterotrophs 

and exclude for example anaerobes and specific bacteria 

such as the sulphur bacteria. 

The total bacterial count was obtained by counting all. 

the colonies growing on a filter placed on ZoBell's 

2216 Medium (ZoBell, 1946). This medium was later 

replaced by Difeo 2216 Marine Agar. The filters were 

not placed on nutrient pads, but on sterilised agar 

medium in pre-sterilized, disposable petri dishes 

(BTL plastic pre-sterilized; disposable, petri dishes, 

100 mm diameter). These agar plates were prepared 

before each sampling cycle. Incubation temperature 

for the samples was initially 15 C, but due to circum­

stances this was changed to room temperature (20 C-23 C). 

This temperature was within the range of ZoBell's 

(1946) stated optimum incubation temperature for maximum 

counts. 

Total counts were usually made after 5-7 days incubation. 

In some instances, however, incubation periods were_ 

reduced as certain bacteria swarmed across the plates 

and f ••••.. 
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~ 

and masked any other growth. Incubation periods longer 

than 7 days had little effect on the total count. 

The vibriostat compound 0/129 used in the antibiotic 

tests was a pteridine compound, 6:7 di-isopropylpteri­

dine, described by Collier et al (1950). 

The 0/129 sensitivity discs were made by aseptically dis­

solving the vibriostat in acetone to make a 1% solution 

and by applying 0,2 ml of this solution to each disc. 
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RESULTS 

7.1 VERTICAL BACTERIAL DISTRIBUTION 

Vertical distribution of the bacteria in the water column 

at Hottentotshuisie was determined in March, April and 

May 1975 (by total counts of the bacteria on ZoBell's 

nutrient agar). The results are given in Table III below: 

TABLE III 

Vertical Distribution of Bacteria at Hottentotshuisie 

Sampling Period Total Bacterial Temperature, c 
1975 Count 

Surface. Bottom Surface Bottom 

March 226 220 13,7 11,0 

April 540 472 11,0 9,8 
May 1960 1280 13,0 13,0 

The samples taken in March and April were drawn at a 

water depth of 12 m and those in May at a water depth 

of 4-7 m. Despite the consistently higher counts 

obtained in the surface samples, it was decided that 

the variation was sufficiently small that the in-

fluence of vertical distribution on the total bacterial 

count could be discounted. It is interesting to note 

that the presence of a thermocline in March and April 

did not affect the vertical distribution of the bacteria. 

The surface samples taken in May showed coliform counts 

of 600 coliforms/100 ml, but they were absent in the 

bottom sample counts. 

7.2 COMPARATIVE I .... 

\ 
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7.2 COMPARATIVE SAMPLING AT A, Band C 

Samples for bacterial analysis were drawn at A, B and C 

on five occasions, namely, 17/10/75, 4/11/75, 16/11/75, 

20/1/76 and 28/1/76. Apart from the bacterial sampling, 

DO, temperature and pH were measured in situ or on-shore 

on each ·sampling occasion at each site using a YSI 

Model 57 DO meter, thermometer and/or a YSI DO meter 

and a Fischer Accumet Model 150 portable pH meter. 

7.2.l Non-biological Measurements 

The results of the DO, temperature and pH measurements 

are given in Table IV below. 

TABLE IV 

DO, Temperature and pH at A, B and C 

(a) DO (in ppm) at A, B and C 

Date A B c 

17/10/75 

4/11/75 10,4 10,4 10,5 
16/11/75 10,4 10,4 10,4 
20/ 1/76 10,0 10,4 10,4 
28/ 1/76 9,6 10,0 10,0 

(b) Temperature I ... 
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(b) Temperature (in C) at A, B and C 

Date A B c 

17/10/75 14,0 13,0 15,0 

4/11/75 11,0 11,0 11,0 

16/11/75 13 '5 13,0 13,5 
20/ 1/76 . 13 ,5 13,5 14,0 

28/ 1/76 14,0 13,5 14,5 

(c) pH at A, B and C 

Date A B c 

17/10/75 7,6 7,3 7,3 
4/11/75 7,4 7,4 7,4 

16/11/75 7,4 7,3 7,4 
20/ 1/76 7,5 7,4 7,4 
28/ 1/76 7,3 7,2 7,4 

Apart from a DO at A on 28/1/76 of 9,6 ppm, all the 

other measurements are within accepted limits of a 

good quality water. A DO of less than 10 ppm is 

generally considered suspect, but 9,6 ppm is not so 

low as to cause concern. 

7.2.2 Bacterial Counts 

The bacterial counts conducted were coliform, presump­

tive E.coli and total counts as previously described 

in Section 6. 

The results obtained are given in Tables V, VI and VII. 

Confirmatory E.coli type I tests were not rout~nely 

carried I 
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carried out, but when these tests as described in Sec­

tion 6.3.1.2.1 were applied ~o organisms isolated at 

sites A and B, almost all the isolates were confirmed 

as E.coli type I bacteria. 

TABLE V 

Coliform Bacteria I 100 ml Sea-water 

Date A B c 

17/10/75 280 5 000 0 

4/11/75 2 120 1 360 160 

16/11/75 400 400 0 

20/ 1/76 1 910 1 200 40 

28/ 1/76 80 250 0 

TABLE VI 

Presumptive E.coli Bacteria I 100 ml Sea-water 

Date A B c 

17/10/75 72 1 080 0 

4/11/75 992 476 40 

16/11/75 
20/ 1/76 440 232 12 

28/ 1/76 20 66 0 

TABLE VII I .... 
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TABLE VII 

Total Bacterial Count I ml Sea-water 

Date A B c 

17/10/75 240 320. 140 

4/11/75 2 800 2 300 280 

16/11/75 3 Boo 2 200 580 

20/ 1/76 2 760 2 140 706 

28/ 1/76 1 280 2 310 160 

These results show a wide variation in the counts 

between the polluted and reference stations. The 

variation in the counts between A and B is most likely 

explained by the localised current patterns which can 

occur on any particular day. The counts at A and B 

in most cases are, however, very similar, and are· 

markedly higher than those at C. 

That the coliform counts and particularly the pre-

sumptive E.coli counts at A and B are so similar ap­

pears to be in conflict with previous work (Breyer­

Menke, unpublished) conducted in Table Bay which showed 

a rapid die-off or dilution of these organisms at dis­

tances of 100 m and 200 m from the mouth of the coliform 

source. ~owever, the residence time of the coliform 

bacteria in the marine environment at different sites is 

unknown. Also the coliforms in Table Bay would have 

been exposed to sunlight for some time before arriving 

in Table Bay. Finally, nutrient enrichment of the sea 

at I ..... . 
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at the Table Bay station would be insufficient to 

benefit the bacteria. 

Randomly chosen colonies from the total count plates 

were picked off the plates and streaked onto ZoBell's 

Nutrient Agar or Difeo 2216 Marine Agar. Isolates were 

sub-cultured at least three times to obtain a pure cul­

ture. Amongst the flavobacteria in particular a peculiar 

phenomenon was a persistent association with cocci. 

These extremely small cocci could not always be satis­

factorily stained and it was very difficult to eradicate 

them from the Flavobacterium colonies, It is possible 

that these contaminants persisted in certain instances of 

'pure' flavobacteria cultures. Subsequently, staining 

showed these cocci to be Gram-positive bacteria, and they 

were thought to belong to the genus Micrococcus. 

Having obtained randomly selected pure cultures from the 

total count plates, the cultures were classified 

according to the hierarchical classification scheme 

proposed by Shewan et al (1960) for the identification 

of certain Gram-negative bacteria, especially the 

Pseudomonadaceae, 

·7.3 IDENTIFICATION I ... 
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7.3 IDENTIFICATION OF TOTAL COUNT ISOLATES 

The scheme of Shewan et al (1960) was largely applied 

as follows :-

Motile 

Kovacs 
Oxidase +ve 

Marine 
Oxidative- I 
Ferment. Oxidative, 
Medium acid only 

Gm-negative 
Isolate 

Kovacs 
Oxid.ase -ve 

"Paracolon" 

I 
Alkaline 

Non-motile 

N 
. I 

on pigmented 
colonies. Short 
stout rods, 
often coccoid 

I 
Achromobacter/ 
Alcaligenes 

I 
. I Pigmented 

colonies 

Fla vobacteri um 

I . 
No Action 

I . 
Fennentati ve 

I 
Acid, little 
or no gas 

I . I 
Acid, much 

gas 

p1 -ve P -ve P -ve 
~ ~ 

P -ve P -ve P -ve P -ve 
I 2 I I 
Oxy -ve Oxy +ve Oxy 
I I I 
011293 -ve 011293 -ve 01129 

I 
Pseudomonas II 

I I J 
+ve Oxy +ve Oxy +ve Oxy 

I I I 

-ve 01129 -ve 01129 -ve 01129 

I · . I . 
Pseudornonas IV Vibrio 

I 
+ve Oxy +ve 

I 

+ve 01129 -ve 

I 
Aeromonas 

Pseudornonas I Pseudomonas III Spirillum 

1 Penicillin 

2 Oxytetracycline 

3 Vibriostat 0/129 

In their tests Shewan et al (1960) used Penicillin with 

an activity of 2, 5 I. U., Terramycin of lOh per disc 

and I ..... . 
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and Shewan et al (1954) Streptomycin at 80~ per disc 

and Chloramphenicol at 100~ per disc. Colwell and 

Wiebe (1970) recommend the use of penicillin of 10 I.U., 

Tetracycline at 30 ~ per disc and Dihydrostreptomycin 

at lO~per disc. In this study, apart from the vibrio­

static agent, compound 0/129, the following antibiotic 

discs available from Mast Laboratories were used : 

Penicillin G 4 I. u. per disc 

Oxytetracycline 25.)Aj per disc 

Streptomycin 25~ per disc 

Chloramphenicol lOh per disc 

The scheme as applied in this programme varies from 

that described by Shewan as follows : 

1) The presence and position of flagella was not 

examined. The flagella staining technique is 

time consuming and flagella stains are often 

misinterpreted (Hodgkiss, 1960). The electron 

microscope is not suitable for routine use. 

2) Terramycin as used by Shewan et al (1960) was 

not available and was replaced by Oxytetracycline~ 

Although Oxytetracycline has the same chemical 

formulation as Terramycin, dissimilar results were 

obtained. For this reason, the Oxytetracycline 

test has been ignored, and Pseudomonas I and 

Pseudomonas II grouped together, 

3) Chloramphenicol I .... 
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3) Chloramphenicol and Streptomycin were included 

in the antibiotic tests as described by Shewan 

et al (1954) and Colweil and Wiebe (1970). 

These antibiotics proved of little use in the 

classification scheme, but had been included 

because the number of Gram-positive and other 

Bacteriaceae that would be isolated was un­

known, and also to ascertain whether any of the 

isolates, •Paracolons' in particular, showed 

multiple drug resistance, 

Multiple drug resistance was recorded in three isolates, 

namely a Flavobacterium and two Pseudomonas I or II 

organisms. It is thought likely that the seeding of the 

plates in these instances were unsuccessful and that 

these results are erroneous. A few other less marked but 

unexpected antibiotic test results were found probably 

because great sensitivity of certain isolates to one or 

more antibiotics masked their reactions to other anti­

biotics, This may also have been true for some of the 

Oxytetracycline reactions. 

The organisms classified ac6ording to the hierarchical 

classification scheme on each sampling occasion are 

listed in Appendix 3. Table VIII gives the number.of 

bacteria in each genus or group as a proportion of the 

total count. 

TABLE VIII I 



- 41 -

TABLE VIII 

Genera as Proportions of the Total Count 

(Q) Bacteria a~ A 

Bacteria I ml 

Bacteria 17/10/75 4/11/75 16/11/75 20/1/76 28/1/76 

1. Flavobacterium ·1003(25%) 690(26%) 256(20%) 
2. Achromobacter/ 431(15%) 230( 8%) 

Alcaligenes 
3, 'Paracolon' 80(33%) 215( 9%)-1432(38%) 597(47%) 
4. Pseudomonas I 

or II 53(22%) 1003(25%) 1150(42%) 171(13%) 
5. Pseudomonas 

III 27(12%) 
6. Pseudomonas IV 431(15%) 281( 6%) 

) 

7. Vibrio 80(33%) 646(23%) 281( 6%) 
8. Aeromonas 646(23%) 
9. Spirillum 431(15%) 230( 8%) 

10. Gram-positive ' 460(16%) 256(20%) 

TarAL COUNT 240 2800 3800 2760 1280 

(b) Bacteria I .... 
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(b) Bacteria at B 

Bacteria I ml 

Bacteria 17 /10/75 4/11/75 16/11/75 20/1176 28/1/76 

1. Flavobacteriurn 16( 5%) 560(25%) 458(21%) 462(20%) 

2. Achromobacter/ 46(14%) 186( 9%) 308(13%)' 
Alcaligenes 

3. 'Paracolon' 46(14%) 210(10%) 
4. Pseudomonas I 

or II 120(38%) 256(11%) 1220(55%) 1310(61%) 1386(60%) 

5. Pseudomonas III 

6. Pseudomonas IV 16( 5%) 767(34%) 186( 9%) 

1. Vibrio 76(24%) 511(22%) 
8. Aeromonas 511(22%) 

9. Spirillurn 255(11%) 210(10%) 154( 7%) 
10. Gram-positive 

TOTAL comrr 320 2300 2200 2140 2310 

(c) Bacteria at C 

Bacteria I ml 
Bacteria 

,. 
.17/10/75 .4/11/75 ' ' ' 16/11/75 20/1/76 28/1/76 

1. Flavobacteriurn 49( 8%) 152(22%) 62(39%) 
2. Achromobacter/ 18(13%) 17( 6%) 49( 8%) 50( 7%) 24(15%) 

Alcaligenes 

3. 'Paracolon' 70(25%) 
4. Pseudomonas I 

or II 88(63%) 140(51%) 19303%) 454(64%) 62(39%) 
5. Pseudomonas III 18( 6%) 48( 9%) 
6. Pseudomonas IV 18( 6%) 97(17%) 50( 7%) 12( 7%) 
7. Vibrio 17(12%) 96(17%) 
8. Aeromonas 17( 6%) 

9. Spirillurn 17(12%)' 48( 8%) 
10. Gram-positive 

TOTAL COUNT 140 280 580 706 160 

The I , ..... 



The data in TAble VIII is summarized in Fig. 5. The 

groups in Fig. 5 are listed in the following sequence 

in each time period : 

Column 

1 Flavobacterium 

2 Achromobacter/Alcaligenes 

3 'Paracolon' 

4 Pseudomonas I or II 

5 Pseudomonas III 

6 Pseudomonas IV 

7 Vibrio 

8 Aeromonas 

9 Spirillum 

10 Gram-positive bacterium 

Although this form of presentation is initially confusing­

it has the following merits 

(i) the data is presented concisely 

(ii) this presentation allows comparison of the complete 

community structure at ~ach sampling station at 

each time period (this point is stressed in the 

discussion on p. 57 ) 

(iii) the graph indicates the relative abundance of the 

organisms at each sampfing station and one can observe 

the relationship between abundance and diversity (this 

is further emphasized in Fig. 6 and the significance is 

discussed on p.53-55 ). 

.. The I ..... . 
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The disadvantage of this presentation is that it is not 

easy to see fluctuations of the organisms or groups with 

time. Changes taking place with time are shown in Fig. 7 

where each genus or group is presented separately, By 

including results from A, B and C together in one sequence, 

changes in time whiqh tend to be obscured if the stations 

are presented separately, are, apparent. 

Flavobacteria were present on the last three sampling 

occasions and absent or rare on the first two sampling 

dates. Gram-positive organisms were also recorded on the 

last two sampling dates. In contrast, Vibrio were identi­

fied on the first three and Aeromonas on the second 
J 

sampling dates. Other organisms or groups either did not 

occur regularly or did not show clear trends. The existence 

of these trends in community structure with time emphasize 

the need for comparison between a polluted and a reference 

station at the same time to avoid confusion.with seasonal 

or other time changes. 
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DISCUSSION 

8.1 THE MEMBRANE FILTER TECHNIQUE FOR THE 
ENUMERATION OF MARINE BACTERIA 

A number of techniques have been used for the enu-

meration of bacteria in sea-water. These are principally 

of two types, direct microscopic cell counts and colony 

culture methods. 

Direct microscopic cell counts may be done by means of 

a Petroff-Hauser counting chamber 1 but unfortunately 

these are no longer available in South Africa. Another 

technique (Shanahan.et,al, 1955 and Jannasch and Jones, 

1959) involves concentrating the bacteria on a membrane 

filter, staining this with a suitable dye and direct 

microscopic observation of the filter which is mounted 

on a slide using an oil with a suitable refractive 

index. In this study it.was felt that confusion of 

bacteria with particulate material could occur, especially 

as bacteria tend to adhere to particulates. The great 

amount of particulate material found at the polluted 

sites could lead to large inaccuracies. Furthermore, 

this technique does not differentiate between living and 

dead bacteria. In recent years, however, vital stains 

have successfully been used in staining bacteria from 

a marine environment. Hobbie et al (1972), Francisco 

et al (1973), Jones (1974) and Daley and Hobbie (1975) 

have stained formalin-fixed slides with acridine orange 

which I ..... . 



- 48 -

which causes living cells to fluoresce when seen 

in ultra-violet light. 

Culture counting techniques indicate only those bac-

teria capable of growing on the enumeration medium 

used. The most common bacterial enumeration methods 

which rely on cell multiplication are the most-probable­

number method (Gunkel and Rheinheimer, 1972), the pour 

plate, the spread plate (Buck and Cleverdon, 1960) and 

the membrane filter technique (Oppenheimer, 1952). Of 
-

these, the membrane filter technique has been widely used 

for the enumeration df coliforms in aquatic systems by 

Taylor et al (1972), Dufoux and Cabelli (1974) and 

Presnell and Andrews (1976). This technique of concen­

trating th~ bacteria onto a filter is equally applicable 

to total counts and was the favoured enumeration method 

~hroughout the programme. Seki (1973) described a solid 

medium incorporating silica·gel instead of agar to prevent 

agar-decomposing bacteria from liquefying the plates. In 

this study a number of flavobacteria were found to be 

agar digesters. This did not, however, interfere with 

the laboratory work, and agar was used as the solid~fying 

medium. 

Schaeffer et al (1974) found that higher total coliform 

recoveries were obtained using Gelman rather than Milli-

pore membrane filters although no differences between 

the filters were found in faecal coliform·enumeration. 

The reasons for these differences are as yet unclear, 

and in this study Millipore filters were used. 

8. 2 THE I .... 
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8.2 THE EFFECT OF DO, TEMPERATURE AND PH ON 
THE BACTERIAL COUNTS 

DO, temperature and pH data recorded in Table IV 

show that these parameters vary little between the 

sites, and it is unlikely that they would have 

affected the bacterial distribution or the total counts 

at the three sites. The DO of 9,6 ppm recorded at A 

on 28/1/76 is, however, slightly low and could possibly 

explain the reduced counts at A on 28/1/77, although 

further investigation would be needed to verify this. 

It is interesting that the DO, temperature and pH 

results at the three s~tes are so similar. The loading 

at A appears to be sufficiently small that the dilution 
I 

affect of the sea negates Do, temperature and pH 

variances that might be expected between A, B and C. 

This despite the fact that the sampling site A was close 

to the sewage outfall. The relatively heavy wave action 

at A would, however, greatly assist the mixing of the 

sewage effluent into the sea-water. 

In this study, ZoBell (1957) found that temperature 

seems to have only an indirect effect on the bacteria 

in the sea, although Sieburth (1967) found that the 

growth range of natural bacterial populations in an 

estuary varied with water temperature. However, there 

was no apparent suppression or enhancement of any 

taxonomic group due to temperature, 

A I 
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A physical parameter that is believed to profoundly 

affect the bacterial counts is wave action. This pre~ 

mise is supported by Mazure (1976). The turbulence 

caused by strong wave action would serve to mobilise 
\ 

sediment particles into the water column and towards 

the water surface. This would increase the bacteri~l 

load in the water as bacteria tend to adhere to 

particulate matter and would likely increase bacterial 

counts even via culture techniques. 

Visual observation of the sea ori the sampling days and 

experiences during actual sampling periods give rise to 

this opinion, The sea was very still on 17/10/75, 

whereas a heavy sea was running on 4/11/75 and a strong 

surge was felt on the sea bottom, The appearance of 

the sea on 16/11/75 would seem to belie the supposition 

that increased wave action increases the bacterial 

count, because although high bacterial .counts ~ere 

obtained the sea was very calm, However, evidence of 

turbulent sea conditions a short time before sampling 

on 16/11/75 was indicated by the white foam on the sea, 

the poor visibility in the water and the large number 

of broken kelp fronds suspended in the water column. 

Similarly, a strong swell was running on 20/1/76, but 

sea conditions were quiet on 28/1/76. 

8,3 COLIFORM COUNTS AT A, BAND C 

Gameson et al (1973) found that the rate of disappearance 

of sewage coliform bacteria in the sea was generally 

much I ..... . 



- 51 -

much faster than could be accounted for either by the 

effect~ of physical dilution-or the mortality that 

was found to occur in sea-water samples incubated in 

the dark. These workers concluded that bacteria were 

inactivated by ultra~violet radiation. The effect of 

this radiation on the bacteria was ameliorated depend-

ing on the degree of the turbidity of the water. There 

are, however, many variables in the natural aquatic 

environment, and McFeters et al (1974) caution that 

water quality, phage and competing or predatory organisms 

may also influence bacterial survival. Vind et al 

(1975) conducted in situ E.coli survival studies in the 

sea and concluded from their results that E.coli are 

very sensitive to sunlight. Unless protected inside a 

grease ball or faecal mass, E.coli discharged near the 

open surface-would perish within a few days, To add to 

the multiple factors affecting coliform survival, 

Bissonette et al (1974) conclude that E.coli survival 

rates from ~treams would be· greater if the isolates were 

cultured on nutritionally rich, non~selective media and 

that selective media inhibited multiplication of E.c9li 

cells injured during exposure in natural waters. 

It is therefore apparent that a number of .unmeasured 
I 

influences could affect the counts obtained at A, B and 

C. From the foregoing, it would appear that coliforms 

isolated at A and to a lesser extent at B would be better 

protected against.injury or inactivation than those 

coliforms isolated at c. Particularly at A the effects 

of I ..... . 
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of sunlight would be minimised due to the turbidity 
I • of the water and bacterial cells might persist through 

incorporation in faecal material. Also the nutrient 

enriched water at A would encourage cell multiplication. 

As expected, the col,iform counts and pres ump ti ve E.coli 

counts were generally greater at A than at B and both 

these sites gave higher counts than C. The coliforms 

and presumptive E.coli isolated at C probably resulted 

from faecal contamination from a nearby construction 

camp rather than being transported from A. That greater 

coliform and presumptive E.coli counts were obtained at 

B rather than A on 17/10/75 and 28/1/76 could possibly 

be ascribed to a local' current regime which could 

transport the sewage in a circular pattern around 

Bakoven Bay and deliver it first to B before reaching A. 

The total coliform and presumptive E.coli counts ob-

tained at· A, Band C confirm that coliform analysis 

remains an eminently.suitable means of identifying 

faecal contamination of sea-water. 

8.4 AEROBIC, HETEROTROPHIC BACTERIA AT A, B AND C 
(Refer Fig. 5, 6, 7 and 8) 

This study showed a high number of Gram-negative, rod­

shaped bacteria in relation to the other isolates in 

plate counts on marine nutrient media. This is in 

accordance with the findings of ZoBell (1946), Ingram 

and I ..... . 
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and Shewan (1960) and Shewan et al (1960) although 

in the last instance isolates were obt~ined from 

fresh and spoiling white fish. MacLeod (196~) found 

that most of these Gram-negative bacteria were motile 

as was the case in the present study. Murchelano and 

Brown (1970) in a study of the heterotrophic bacteria 

in Long Island Sound found in contrast that non-motile 

bacteria were more abundant than motile forms unless 

examined using phase contrast microscopy as was done 

in the present study. Mµrchelano and Brown (1970) 

found that over 90% of population comprised the genera 

Pseudomonas, Flavobacterium and Achromobacter. In the 

present study although such high percentage representa­

tion by these genera dld occur in the total count, the 

average was ?Ot as high as 90%. The average percentage 

representation of the three genera in the total hetero­

trophic population in this study was nevertheless of 

interest. At A it was 48%, 76% at B and 84% at C. The 

effect of this can be seert ·in the b~r chart (Fig. 6). 

In this bar chart because of the usually overwhelming 

preponderance of Pseudomonas I or II group over the . 

other pseudomonads, they have all been placed into a 

single Pseudomonas group. In this bar chart, the rela­

tive numbers of each group as a percentage of the total 

population at each site are given. Unlike in Fig. 5, 

in this case the group with largest percentage popula­

tion representation has been placed in the first 

column, the second largest group adjacent to it .and so on. 

As I ...... 
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As this bar chart is a function of both the number of 

genera or groups at each site and the number of indi­

viduals per genus, it is more complex than the bar 

charts of both Crossman et al (1974) and those in a 

study directed by Cairns and Dickson (1973) which com­

pare either the number of taxa or the density of orga­

nisms at any site. The bar chart in this study because 

of the lesser number of groups in the population is not 

as elaborate as the histograms designed by Patrick and 

described by Cairns et al (1973). Patrick's histograms 

uitilise a diatom community structure to describe 

stream pollution level. 

A number of interesting points emerge from this bar : 

chart. Bar graphs described by Cairns (1967) are used 

to characterize different degrees of stream pollution 

by means of the community structure of the aquatic 

stations. Relating the bar charts of Cairns (1967) to 

those in Fig. 6, the horizontal width of the bacterial 

bar charts are a function of the number of bacterial 

genera or groups and give an indication of the diver­

sity of the population, 'The greater the horizontal 

spread, the greater the diversity. The bacteria in 

this· study substitute £or the wide range of aquatic 

organisms studied by Cairns which he placed into classes 

and represented in his bar charts. Applying Cairns' 

interpretation of his own bar graphs to those in Fig. 6, 

A would be considered a healthy to semi-healthy station 

and C, which in comparison to A has fewer genera and a 

greater I ..... . 
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greater variation in the number of individuals in 

each genus, a polluted site. This result is based on 

the argument that most forms of stress (or pollution) 

cause a reduction in the complexity of the system, a 

simplification. The analysis of the bacterial
0

popula­

tion in Fig. 6 shows that A i~ a more complex and 

therefor apparently healthier site than C. The dif-

ferences between A and C are, however, small and it 
' must be noted that the total counts were far higher 

at A and significantly higher at B than at C. There 

is therefore an increase in diversity from A to B to 

C •. This is demonstrated in Table IX. This table uses 

the diversity index of Menninick (1964), d =~,where 

d is the diversity inde'x, S the number of groups 

isolated and N the total count, 

TABLE IX 

Bacterial Diversity Indices at A, B and C 

Diversity Index 
Station 17/10/75 4/11/75 16/11/75 20/1/76 28/1/76 Mean 

A 0,26 0,11 0,08 0,10 0,11 0,13 
B 0,34 0,10 0,09 0,09 0,08 0,14 
c 0,34 0,36 0,29 0,15 0,32 0,29 

A number of workers have indicated the effects of 

nutrient limitation on bacterial numbers. Sykes (1973) 

has described the effect of nutrient limitation on the 

specific growth rate. Organic nutrients have been 

described I ..... . 
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described as being important by Gundersen et al 

(1972) to the distribution of bacteria and by Anson 

and Ware (1974) to the total number of viable aerobic 

bacteria. In a bibliography, ZoBell (1957) summarizes 

the work of Reuszer and notes that the organic content 

of sea-water and mud appears to be the most important 

factor affecting the abundance of bacteria. The total 

counts obtained at A, B and C support this last state­

ment, and the presumptive evidence is that the organic 

enrichment at A and also B could be responsible for the 

differences in the structure of the bacterial populations 

at A, B and C. 

Attention should also be drawn to the striking decrease 

in evenness in community.structure appearing-in the data 

from Band C (Fig. 6). The true diversity is probably 

greater than that_ appearing in the present results 

because the number of organisms that will grow on any 

particular medium is limited. As described earlier most 

workers have found an abundance of Gram-negative, rod­

shaped, motile bacteria in their studies and it is 

generally accepted (Ferguson-Wood, 1965) that these 

bacteria form the largest percentage of the hetero­

trophic bacterial population (about 80%) in the ocean. 

In his studies ZoBell (1946) found that the medium used 

in this study gave the highest total count and the 

greatest diversity of species. However, certain bacteria 

such as the slow-growing alginolytic organisms and 

bacteria with specific nutrient requirements such as .the 

sulphur I ..... . 
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sulphur bacteria amongst a number of others would either 

be overgrown or would not grow at all :'on this medium. 

Aprart from the result on 28/1/76, the total count at 

c rose markedly and steadily during the sampling period. 

The increase in the total count at C was also noticeable 

in relation to the fairly static counts at A and B, 

apart from the increase in th~ counts at these sites 

between i7/10/75 and 4/11/75. A possible explanation 

for this could be the result of increased availability 

of nutrients at ·c as a result of upwelling, a condition 

known to occur at. C. Sorokin (1971) says that dis-

solved organic material made available by upwelling is 
I 

the main source of external energy for additional bac-

terial production in tropical waters. Grindley and 

Taylor (1968) described the positive influence of up~ 

welling on the occurrence of plankton blooms in False 

Bay. 

From Fig. 5 and in particular Fig. 6, it is apparent that 

although there exists a continuous observable difference 

between the sites, particularly between A and C, the 

sites in terms of vertical and horizontal spread in 

Fig. 6 can only successfully be compared on a day to day 

basis. This means that each time a suspected polluticin 

site is sampled, a sample must be drawn for the relevant 

reference site and ~imilarly analysed before comparisons 

between the sites can be made and conclusions drawn. 

For I .. ' ... 
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For the purposes of comparing the degree of pol­

lution at different sites, the procedure followed 

in Fig. 6 of incorporating all the pseudomonads in 

a single group seems to be satisfactory. This would 

obviate the need for including the response of any 

bacterium to the antibiotics penicillin and terramycin 

and retain only the vibriostat 0/129 in the classifi­

cation scheme. Also 6nly the reaction of an isolate 

in the anaerobic marine oxidative-fermentative medium 

would have to be monitored. This simplified system 

would remove the subjectivity which is at times present 

in applying Shewan's classification scheme as can be 

seen in Appendix 3. The difficulties in classifying 

Gram~negative, rod-shaped bacteria are apparent in a 

paper by De Ley (1964) concerning Pseudomonas and re­

lated genera wherein he states that differences between 

strains are inconspicuous and numerous tests are re­

quired to reveal them, concluding that apart from other 

properties which should be·known a definitive divis~on 

of this group into genera requires the knowledge of 

the bacterium's DNA base composition. 

One method of obviating the subjectivity which can 

enter into an hierarchical classification scheme is to 

employ numerical taxonomy based on Adansonian prin­

ciples. Sneath (1962) described numerical taxonomy as 

having the advantages of yielding stable, precise 

taxonomies based on objective criteria. The tenets of 

Adansonian classification are that all possible 

characters I ..... . 
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characters are tested for each strain, that each 

feature carries equal weight and that taxa are based 

on similarity (Sneath, 1957). 

Colwell et al (1974) used numerical taxonomy for the 

classification of the Eubacteriaceae and Colwell and 

Wiebe (1970) developed a numerical taxonomy system 

for classifying aerobic, heterotrophic bacteria. 

The advantages of numerical taxonomy are many, but· 

its consideration for use in a rapid, routine monitor­

ing procedure is less attractive. In order that a 

successful and stable division into taxa be achieved, 

.numerical taxonomy demands that a large number of 

characters be measured. To do this is time~consuming 

and conflicts with the requirements of a rapid, 

routine monitoring procedure. Because of this, it was 

decided to maintain a hierarchical classification 

scheme in this study, and investigate the possibility 

of simplifying the Shewan scheme without influencing 

the bacteriological integrity required in this study. 

The Pseudomonas group was the most numerically powerful 

group throughout the study and it was decided to review 

this numerical superiority to establish whether it was 

consistent. Fig~ 8 shows graphs of the relative number 

of pseudomonads as a percentage of the total aerobic, 

heterotrophic count at A, B and C on each of the 

sampling occasions. As was apparent in Fig. 5, day by 

day I ...... 
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day comparisons between the reference station C 

and the polluted sites A and to a lesser extent B 

show distinct differences. This result suggests 

that in the case of sewage pollution in a marine 

environment, analysis of the pseudomonad population 

in relation to the total count between a suspected 

polluted site and a comparable but unpolluted refe­

rence site might indicate whether or not the suspected 

site is polluted. 

The benefit that this would have on the laboratory 

manipulations would be very great. The only bacterial 

examinations that would have to be undertaken would be 

the Gram stain, motili~y test, the Kovacs oxidase test 

and the reaction in a marine oxidative~fermentative 

medium. It would also allow for a greater number of 

isolated cultures to be examined, thereby minimising 

the influence one incorrect classification could have 

on the number of bacteria· in one group in relation to 

·the population as a whole. 

8.5 A COMPARISON OF THE COLIFORM AND HETEROTROPHIC 
BACTERIA.AT A, B AND C 

The total coliform count, the presumptive E.coli count 

and the total count were always higher at A and B than 

at C. This in itself shows the bacteriological differ-

ence between the water at Bakoven Bay and at Hotten­

totshuis ie. 

Uncertainty I ..... 



- 62 -

Uncertainty about the success of using coliform 

bacteria as indicators of faecal pollution persist. 

Nusbaum and Gaver (1955) in their study of coliform 

organisms in Pacific Ocean Coastal waters commented 

that the survival of enteric bacteria in sea-water 

is highly variable. Boyd et al (1972) conducted in 

situ studies of pure cultures of bacteria in a polar 

lagoon at a temperature range of 9,4 C. Boyd's 

study showed that indicator organisms died off 

rapidly, while as might be expected indigenous 

Pseudomonas species showed greater stability. 

Smith et al (1973) quoted earlier work which showed 

that Salmonella densities could vary while faecal 

coliform counts were high. These workers nevertheless 

concluded that the faecal coliform concentration re­

mains a useful method for making a qualified judgment 

of water quality. Womack et al (1973) undertook a 

comprehensive study of the survival of enteric 

pathogens and indicator organisms in natural waters, 

and their research showed the validity of using faecal 

coliforms as indicator organisms. An interesting 

statement by Grabow et al (1974) called for a reapprais­

al of water quality criteria. These workers ~aintained 

that due to the possibility of plasmid combination 

conferring drug resistance to coliforms, these bacteria 

could no longer be regarded as only indicator organisms, 

as the drug resistant R factors are transmissible 

among Gram-negative bacteria such as the enterobacteria. 

In I .. , . , . 



In this study the results have confirmed that either 

the total coliform or the presumptive E.coli count 

can be used as indicators of faecal pollution in 

sea-water. Similarly (Fig. 8), it has been shown 

that the percentage of Pseudomonas to the total count 

could equally be used as an indication of pollution. 

In cases of suspected sewage pollution, it is sugges­

ted that both indicator organisms and the Pseudomonas: 

total count ratio be monitored. It could be postulated 

that in cases of organic enrichment from sources other 

than sewage, a comparison of the Pseudomonas:total count 

ratio between the stressed site and a reference station 

might show meaningful differences. It would also be 

worthwhile to investig~te the use of the Pseudomonas: 

total count ratio in stressed conditions resulting from 

causes other than nutrient enrichment. In a recent 

report, Cabelli et al (1976) when comparing Pseudomonas 

aeruginosa - faecal· coliform relationships in estuarine 

and fresh recreational waters found that high 

Pseudomonas aeruginosa densities could be expected 

wherever recreational waters are subject to a combined 

nutrient discharg~ resulting from a textile finishing 

plant, private wastewater lines and several marinas. 

The data of Cabelli et al (1976) showed that 

Pseudomonas aeruginosa alone was a poor indicator of 

faecal pollution and therefore of itself could not be 

used as the basis of water standards for the prevention 

of enteric disease during the recreational use of 

surface waters. They suggest that although no 

conclusive I 
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conclusive evidence exists of a correlation between 

coliform levels in recreational waters and the inci­

dence of illness in populations bathing therein, the 

assay of faecal coliforms or some other indicator 

organism in conjunction with Psedomonas aeruginosa 

determinations could be of considerable value in the 

development' of criteria for recreational wat~rs. 
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CONCLUSION 

The results of this study have shown that despite reser­

vations concerning the coliform indicators of faecal 

pollution, the use of total coliform or presumptive E.coli 

counts as indicators of sewage pollution in a coastal 

marine environment has been validated. Therefore in 

instances of suspected marine contamination by sewage, 

these bacterial analyses could be employed. 

It has also been shown that a wider bacterial population 

analysis, in this case using aerobic h~terotrophic bacteria, 

is a possible means of analysing faecal pollution in the 

marine environment. In fact, in the case of marine faecal 

pollution, th~ Pseudomonas:total count ratio seems to be a 

satisfactory means of analysis and would, be particularly 

suited to a routine monitoring programme. High numbers of 

Pseudomonas in relation to the total count appear to indi­

cate unpolluted conditions. On the basis of the findings in 

this study, it is necessary that a site chosen for bacterial 

analysis be assessed in relation to a reference station. 

Although the suitability of coliform indicator organisms for 

marine faecal contamination has been indicated the inclusion 

of an easily executed heterotrophic bacterial analysis when 

sewage pollution is suspected would be an advantage. The coli­

form tests would immediately confirm sewage pollution if this 

was the cause of the stressed environment. However, a stressed 

coastal marine environment might be identified using a 

method I ..... . 
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method of heterotrophic bacterial analysis the pollution 
\ 

was due to some other cause, or at least if it resulted 

from organic enrichment other than from a sewage source. 

The results also seem to indicate that sewage pollution 

causes a reduction in diversity in the marine bacterial 

community. 
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•APPENDIX 1: CALIBRATION CURVE FOR ATOMIC ABSORPTION 
ANALYSER 

0 

• 

0 



/ 

, - 80 -

APPENDIX 2: ATOMIC ABSORPTION ANALYSER 

Readings for Copper and Zinc Levels in Sea-water 
contained in Brass and Glass Bacteriological Samplers 

(a) Copper 

Time. 

Sampler Oh 2h 3h 

Brass 
Sampler 1 0,024 0,319 o,438 
Brass 
Sampler 2 0,083 o,486 0,559 
Brass 
Sampler 3 0,059 0, 350 o,436 
Brass 
Sampler 4 0,065 o,4q8 o,432 
Glass 
Sampler 0,003 0,007 0,008 

(b) Zinc 

Time 
Sampler Oh 2h 3h 

Brass 
Sampler 1 0,111 0,520 0,609 
Brass 
Sampler 2 0,177 0,612 o,654 
Brass 
Sampler 3 0,123 0' 321 0,436 
Brass 
Sampler 4 0,150 0,331 0,502 
Glass 
Sampler 0,015 0,015 0,012 
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APPENDIX 3: HIERARCHICAL CLASSIFICATION OF BACTERIA 
ISOLATED FROM THE TOTAL COUNT MEDIUM 

The classification tables are given on pages p. 82 - 86. 

The isolate number is constructed as follows 

1. The first letter refers to the sampling station 
where the sample was drawn. 

2. The second letter refers to one or other of the 

duplicate samples. 

3. The first number refers to the sample dilution. 

4. The second number refers to the number of the 
isolate from a particular dilution. 

The following symbols are used to describe the bacterial 

_growth in the marine oxidate-fermentative medium : 

O Oxidative 

F Fermentative 

G - Gas producing 
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+3 - + WHIT£ SlfOliT, JTIZ. ~ .SIN(fl.£ + 0,F"t; + - - - + - A~OOONAS 

# - + COUXIA!l£SS SNORT.~ .f!OOS,SIM:;/..£ + F - - + + + + YIBRIO 

4-5 - - WHIT£ SHOR.r, .me.~ $M/<;i.£ + AEl!OSIC - - - - + + ACHROMOBACTE.R 
t;.f!OWl"H ALCAUt;€.NES 

~ - + COUXJIU£SS srR. R01>S,.S1N17u + AIOACTICW - - - - + + PSWOOMONAS IY 

47 - + CA?EAM sne. RO.os, SJNt;L.£ + F"'t.; + - - - + + AeRlW!ONAS 

48 - + CE'bCM SNaeT ~. $1Nt.;l.E. + F + - - - + + ?A£ROMONAS 

C8 41 - - CRE.AM' SNo.rar; sne . .eaos - 0 - - - - + + ACHRoMOBACTcR 
7V COCCI, SINt;i.E ALCAL.lt;E.NES 

42 - + CR CAM SHORT li!OC>S, S/Al<;L.£ + F - + + + + + Vt BRIO 

+3 - s CREAM SN0.€7' .(IODS,Sfie. ro + NOACTIOA/ 
C(A(l/1£/), SINyLc 

- - - - + + S/'l.f!Jll(/h! 

# - + CRC:AM SNOlf!T ~.S: .SINl;L£ - F"tf - - - - + + A4RACOL.ON 

.(.S - + o.e-wt;c SNaer .eoL>S. + F+t; - - + + + + VIB.f!IO 
C(IRY££), S..Wt.;L£ 

/ 



- 84 -

SAMPLING DATE : 16th lv'OYD!BeR,l!J7S. 

ANTIBlOTICS 
2 I 

z a: z < !;( I I 

Q >- MORPHOLOGY VI~ 
w 

~u 
:::; a: w I- Z-' 0 GENUS wa: I- ~~ w u. :J: _, 1-z VI <o I-

!;{W I- :::; a: !J Cl. z :J:u u< Z I:::> 

~= 
0 w_ QO> oz 

~~ j:: 00 ~g - ci i5 I-_, W-<< _,_, 
~ )( w z >-U a:"' ...JW a: u a: w 0 88 0 >< w x>- a> - :r :r I->----_z C) a: z ~o :J:o:J: C)<{ Cl. OU >O un. Vl :::£ 

AA JI - + oewqe STR. ANO CVl!VCIJ + 0 + - - - + + P.SCOLl<'.lMOWIS I OR.II RODS, S1Nt;U: 

J.Z - + YD..LOW -€.:IDS, SINC;LL + O+r - + - - + + rlAVOBACrE.e!llM ANL> PA!'.'<S 

.JJ - s O-€AM(c .eaos, ~,e..t<., Ji'~a + NO<fROIYT1I + + + - + + SP!-e/lUJM. 

,J4 - + 'f'Cll.OW .waer R«JS,SINt;l.£, + 0 + - - - + + P.Seut>Olf.:WAS I CU!II 134/RS ANO CYAIAIS 

JS - - tfR£Y .WlQr .srour ~ + ANAEROBIC - - - - + + ACHROMOB~/ 
SIN<;U ' lfRc;wm AlCAL-lt;elVCS 

.3.:; - + CREAM R~PL.EOMMPllS + M?ACnOA/ - - - - + + PS£VDOA1a11AS Ii'. 

41 - + CR£4H OVAL. .8.ACTERIA + F - + + + + + VIBRIO 
SIN<;Le AN.O PAIRS 

42 - + RB!~ COCCI CUTVR£ l.OST 
CIXtWY 

A8 41 - + tl€AN<;e ST/C . .eaDS, SIN<fU + 0 + + - - + + P.S"~ONAS J a€1l 

4Z + + MRK ca..rvRe LOST 
fiROW'N 

4.3 - + YE.L.L..OW .5ne. /<OIJS, .SIN'fU + 0 + + - - + + P.l°Clt'.lOA1aAIAS I OR.JI 

-14 - + Y£LLOW lON'f STR. RO.OS, _, 
SIN<;/..£ + AU:::Al/NE + + - - + + P.5°£ll£1?MONAS Jll 

45 - + W1t1n:: ~Sn;J(/T~ + F 
SIN<;U 

- + + + + + V!.B.eto 

4<0 - + ~qc ~.sr.t.~.$1~c + NOACTIOIY + + - + + + PS£Uf)aMONA.S .U 

BA 41 - + oe.IN<fE .fr.e. MID CVRYEL> + 0 - - - - + + PS€ltD<:»IONAS I aRJ[ 
~ J'/Nt;L.£ 

-1.G - + C,.Q£iAf STR. ,I.ND CV.f!Y£lJ + t;A10Wnl - + + - + + .SPIRIU(l,tt 
taxJS, S'INt;l-£ . 

4.3 - + CRe;Mf SrR AN.O ct/RVC.O 
.ROl:IS, S/M;U + 0 + - - - + + P.5~0NAS I tJ€ II 

# - + C.R&AM Jn<. AN.O a.<lYED + 0 + - - - + - MEL!LlOM.:WAS I tleJ1 
R~SYM;tfi 

4S - + c.e£Mf ~ .rrour .Q:10$, - F+y + - - - + + 114'RACO.U:W 

&J 41 - + YEUO>r sm.~J:IM;u + Of'F - + - - + + FL.AYo.BAcn;ercm 

4<! - + Y£U..OW STIG.~~U + O+F - + + + + + FlAYO&ACT&e/t/M 

4.3 - + YE.LL.OW ST.e. ,.a:uis, .JNt;U + 0 + + + + + + P.fC°ubOMO#AS I tJ.ell 

ff - + o.RANt;e STlf!. .Q:IAs; .9'~ + 0 - - - - + + PSELIOMfall'4.r Iaf!1l 

45 - + CRCMf sne. ,Q:1A>, .s:tM;L.e + 0 - - - - + + ~e~Iae.11 

4/0 - + O.e4N't(E sne. ~ S/MfU: + O~F - + + + + + FU41Q!iACTE.e/CIM 

CA 41 - + AeoWN laMi RO/)S,~u; + 0 - - - - + + Jll'£V.Q;)41£W'IS Iae1l 
AN.O PAIRS 

42 - + ~ Sile. Ral)S, SIM';t.5 + 0 + - - - + - P.s"~A& IMII 

43 - + CR&W ~ SJ.eNt>e.e + Au:ALIN£ + + + + + + PSCi/l)()MOAfAS .//I 
.e:lAS, SIM;l.£ 

# - + WHITE .utAL.L., S/Nt;U - F~t; + + - - + + PARACOUW 
&creetA 

45 - + &€OWN .!NO.er, srovr ~ + 0"r + + + + + + FLAVOB~Af 
StNrL£ 

# - + ae.4Nt(£ ~ S70t/T ,eao.s; + O,.F + + - - + + Fl..Al'l:'llA~VM 
.1/~U • 

47 - + CR£AM STR. ~, S!N<;L.e + F - + + + + + lt'lll.eto 

C.8 41 - + .8.WWN SJ?e. Rc:IDS 70 OWIL. + O,.F + - - - + - FLA VOBACTE.RIVM. 
S'IA!t;lc 

42 - + 8-e?WN sr,e. RaDS, S/Nlft.G - ,O + + - - + - A4RACOLON 

43 - + WHITE "2at>S TD COCCOID - AERLJ8IC + - - - + - PA.<e4COL.CIN' 
-""<W11S,S~ t;RLWT"N 

44 - + cevi.+1 S7X!. R~ SIN<flG + 0 + + + + + + P.S'~~avAS Iaur 

4-5 - + Beall"N ST.e. AND CURYE:D A!MT - 0"F + + - - + - PA.€4COl.QN 
SIN'fl.E MID A41.e> 

~ - + C,€£AM .JTR. RODS, SINt;LE. + 0 + - - - + - PSCl.WMONASI~.lf 
AN.o A4AeS 

47 - + 8£LJWN STR. ~ S/Nt;L.e + O+F + + - - + - ,C£A l'Z18ACre.etllAf 

4!J - + &f!OWN 
.STR. ANO Cl/RYeb - O+F + + - + + + AllJ€ACOU:W A!Oi:>S, SIN<(t.e 
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SAMPLING DATE : 20 tlJ JAl/t1A11Y, l.'J76 

ANTIBIOTICS 
:i ' z a: z < !;( I I 

> UJ :i a: UJ 
;:[ ...J 0 Q MORPHOLOGY Vl~ ~u 

.... <o GENUS LI.I a: .... > a: UJ u. ;:[ ...J 1-z Vl .... 
!;(LI.I .... :::; z ::> ~~ z •.::> 

~::; 0 W- Q°' a: I.! O..z 

~~ 
zu j:: 00 

~gfil z 1-...J CZ:N oz W-
<< ...J ...J >- >U ...JW a:u 
ffi~ 0 88 0 )( w x> a> - xx 1-> ;:[~;:[ «!>!;( ----Z ;:[ :.:o 0.. OU >O u Q. Vl :I: 

AA 41 - + YU~IY S~. RIJ~S, Slk.;t,£ + 0 + - - -- + + ~AsfoR.Jf 
~ - + YUU>W SHa.er A!tJJ)S, s.w~ + 0 + - - - + + ~cut'.WA.f I a.€$ 

4.3 - + Yett.aw .Snt! . .eM.S; .S/N.,<-e + 0 + - - - + + /'.ftV'L!O#fOYAS.Tt:Jd 

# - + ~Nye ~ . .l!aAS, S/A/~U + 0 + - - - + + ,O.r£C/~A.UaeJ 

4.S- - + a.eANf6 S71e . .eaM, SIVff-6 + 0 + - - - + + /J.rW.L>CJMOMM f a(>j/ 

~ - + .&eGIWN ST:e.~S/~U + 0 + - - - + + P.u:v~s.ra-er 

47 - + .6'.a:IW,Y ~. ,€/UJS, SINt;Le + 0 + + ·- - + + .PSOW410HAS.Ed.e./I 

AtJ .,µ - + Y&l.aW s~.~S/M;t.£ + ACAa?'M' - AO ;.eoH rN PSW~AS.Zil 

42 - - yeu,aw ~. RaAS; S/Nyu!!. + NOACrtdN - + + - + + rt.A11:J8Acreelf/"f. 

43 - + 0~£ 3rR . .Q:W; SIM;l.6 + 0 - AO ,-.e,ow r7V .P.s'6UMl1t:tVAS I a.e./I 

#- - + <leWf£ sr.e . .eaas; si-vt;ce + 0 + + - - + - P.reUJOMONAS' .rae.1£ 

4S - - ~ ~.~~.s1,,,,,;u + 0 + - - - + - RAYOBA~~ 
Mlb .IHl.e& 

~ - - ((R£Y CXCO-iJACllll, + 0 - + + + + + ~>Se/ $1NY;U,Ml.tS t Ol'A-"'S' ALCAU<;6VES 

47 - - &eowN =~TlJUWt;~ + 0 - + + - + + RA YO.tJACllY!ltlM. 

&I 41 - - YllUJW t.cM;, sr~. ANP cPl!YtJI> 
~,S1M;G8 

+ 0 + - - - - - rlAtv.BAc~uAt 

~ + + Ylll.,OW sre. J!Ot)s, SIM:;i.£ - NOACrt<W - Jt:) , .eow r"N y.eAM-/tJSI TIV£ 

+3 - - a&A/Y6 t::OCG0-8ACILLJ, + 0 
$/~L.IJ, PAIU 

- + + - + - Ac11.eaM08AC~/ . Au:A(A;GAIE.S 

# - + ~OJYN Jnll. A?Ms, S/M;l.£ + 0 + - + - + - PS~AS' I a.ell 

45 - - YE.L{,l)W Sl€N/)£e,~.~AS. + 0 
JIN<;U + - - - + - Ft.A l'CJ&fCT6.eltl.+1 

~ + + B.lilJIYN .YI! . .EW&, SINr;u; + O<f'F + - - - + + t;Jf!M1-/tJGIT7V£ 

lJ/j 41 - s Y£L.LOW I.Mr;, Srl!l!a/JS,SIM;ll + 0 + - - - + - SPtl!/'U(l,4(. 

4.2 - + YB.LAIY L<Wy, $7/P . .EtlAl; .SIM;ai + 0 + + - - + + P.fc:tt,,:tQffONAS I OR.,lf 

4.:J - - ~e cv.evu~.~ + 0 + + + + + + R.AVo&4CTG!elllAf 
Af1es 

44 - + &ei>'P',Y ~- Sre.AJ.16 c.atv66 + 0 
' S/Nt;t.G 

+ - - - + + ~~srae.JI 
4-5 - + MGIWN ST~.~ S/Htf'.U + 0 + 110 .,.eoH rll ~ONA.S"Iae.ff 

4t: - + PllVK ST-€. Ra.15., SINY"t.e + 0 + - - - + - ~ASitM!,lL 

47 - + &Ae.t: SrR. ~ SIM;L£ + 0 + t.1 ~~ t;&I ,,,, !' INJ"&1 '~ 

CA 41 - + YCL/..()W Si~. ROM, SIM;!.£ + 0 + NO ~.eo11 TN .P.f6UIJoA<t!NAI I o.e /1 

42 - - t::O£()(//(!.- cocco-&4c11.,u + 0 + .VO 1.eo11 rll ACRl?4.tttJBACrli.e/ 
us.; At.cAt.l~GN6S 

' 43 - + &eM'N STR.~SI~ + 0 + - - - + + /'S@MtftJHAS I dl!J/ 

44 - + ~WAI sne . .eoA;. StN<f't.e + 0 + - - - + - .P.r~c:W-«S' I aeJ! 
4b - - .8MJYN sr;e ·~ S!Mfe.£ + NO ¢J/V11I + ~ .,lltJlf tr# Fbfl'OBACTSeltlM. 

47 - + MOJYll sr.e . .€~ Sl,YYU + 0 + + - - + + PS~OIHA'.l'ASiae./E 

CB 41 - s ~- Sri!. R<W; SIN<;U + () + + - - + + SP/R/UD.41 
~ ,W/) "W.es 

42 - - (;Cl{,00/G - STlXIT; NGA VY .l!aJjS, + 0 + - - - + + AcHAl'w~cn:,e/ 

USS Sr.e. At.CAUt;Ma 

43 - + ~- L.ONf ~.SI~ + 0 + 't:> ';J?.t)WlV AS"WllOttt:WAS I a.ez 
f.6$S 

41- - s COUil/A!- .tne.l!tJIJS, SIM;'t& + 0 + - - - + + Sl'1,!!1t,1.,t1#f 
USS .&WR$ AN..0 °'"INS 

4~ - + ~- S~. RoLJS, SI~ + 0 + + - - + + f'.rEU..ooAto"-'AJ' I cJe JI 
USS 

4~ - + &A~ $7',e. -El:lN, Sl~U + 0 + + - - - - ! 



86 

SAMPLING DATE 28tJ, JAN(IA.€Y, l~'!'o; 

ANTIBIOTICS 
:z ..( z a: ~ ~ 

I I 

Q >- MORPHOLOGY VI~ 
w 

~u 
_J a:w :z5 0 GENUS w a: .... ~~ wu..::a: _J .... z VI <r.1 

,_ 
~w .... a..z :::.: u ::; ~~ Z I::::> 

~= 
0 W- Q.,, ~z _J II) j:: 00 ~go z .... _J a:"' W-

o~ << _J _J >- >-U -'W a:u 
ffi~ 0 88 0 )( )( w w x >- m- :r :r .... >----':!! z :J: ~o :::.: 0 :I: Cl<( a.. OU >O ua.. Vl::i[ 

AA 31 - - ()l(!A~£ Sr{)(,lr, OVAL,.51'HERICN. ? O~F - - + - + + FL.Atv84c~UM A//Jos . S/,vr' ~ 

A8 ,µ - - CRt:AM sne. AN/) CLIRVCL> ~PS, + IAL-ML!N£' - + - - + + ACNR~Oi!Ac JC:Rj 
J:'~l.£' ALCALIC(CNES 

4.2 - - o.€4Ny£ LAet;E, ST"R. RaA5, + O+F - - - - + + FL.A VCJBAC 71!:Rlt!A!. 
SIM:;l£' 

4.3 - + C-ecA-+t .sne. li?oDS,SIM;U + Au:AUN€ + - - - + - PS£V~NAS J1/ 

# - - o.eAMfc Sn€. ROtJS, S/Nt;U: + O+F - - - - + + rLAYOMCJZ:,12/VAf 

.BA 41 - - LW0wN LA"!t;e S77f!. M/l> + O+F - - - - + + FLA~V"1 /ZlleYEI> ~' SWt;L.£' 

42 - + COUJVli!.- STR. SIMPi.£ ROM + 0 - - - - + + PS£Lltx:U<t11VAS ..Toli!.Jl ass 

43 - + ~fie SUNMR~S,~ + 0 + - - - - - P.>Eta:JMONAS I OR.1£ 

14- - + a11:a1£- tA.et;'6 SlX! .:l€ + 0 + - - - + + PS£LIA:MttWAS I ~Jl 
L£SS ct1era ~<tt>s, ~u 

45 - + eot.OCIN.- sne. li!a/JS, s1~u + 0 - - - - + + Afet/L':>O/HONAf J a€.l£ LE.SS 

#> - + .de<:vt'N srour. oi04l. AAtt> s~. + O+F - - - - + + r=L-4Y08AC1'CRIU~ 
ROOS ,S#lt;t£ I fWRS 

47 - + CtXLX.,/R.- SHOkr .e:w; s~ + 0 + - - - + + l'SCt.IL!CUttJNAS I M!.ff tess o.e "Ht.es 

48 - - ~,e- s~r; srovr ..att>s, + Al.KAUAI€ - - - - + + AcHRoMOBACrER/ 
USS SNt;u ""' &111/,.r ALL:ALJ,,. ..,CA/,&_. 

t!M 41 - s ~y SINt;l.€. li!IX>S + IA'O~ - + - - + + SPt.ellj.(/M 

.µ - - LJ,e:)WN STt:Ju'J'; OVAL. ~ + O+F - - + - + + FLAl-t:lBACr6€/VAf 
.f!Nt;U 

4.3 - Cotovlil- - CC/~'/V,ec U7ST 
USS 

14 - - COL.()tlli!. - SNo.er; snwr -Qo,/)s, + A~ALIAIE, - - - - + + A~ne,e/ USS !'HllZS N.LAUt;&+'6S 

~5 - + CCUXJR- SLOVl>£e, CURYB> + 0 - - - - + + PS~O/VASfO,€ff t£.SS ~ S/AJ~U. 
4J; - + COlLJ(IA!- uw.i;e, sne. A-W> + 0 - - - - + + ~AJ'Ic.e.L USS caevu. ~ s1MfU 
47 - + i!JJ(!OWN GAR<6 .ea.M', S/M;Ui + 0 AN<> PA/,(!$ 

- - - - + + AS2W~S Iae/I 

./.S - + .&a:WN /A.llt;6 J2t:JAf, MOSn.Y + 0 
.rtN<'"·r 

- - - - + + ~CWASio.e/T 

CA .JI - + BRtWN sne . .('a6, s'Nft.6', S-6 + O~F - - - - + + Fc.AM:78Acr&e/(/Af. 
~,MA/.Rlll!MC,, 

Jz - - oe.q,y,£ ~ a!AS", SIM;:'L£ + 0 - + - - + + FLAV08AC'TER/VA! 

..'-3 - + Y£UOW L.A/Jt;E .sr;e: Abl.S', ~ + O.,.F + + + - + + PARAco~oN 
.-%"~ PAii!. =tliA!S 

.34 - + BR<lWN Sl'R..RObS,~ + 0 - - - - + + ~oNAS.IoR.1£ 
i;,eons~t11i Jn'"ffS 

.3S - + ~R- ~ S711!.~ 0/M(., - 0 + + - - + + At.ef=c.oN' 
USS S~L.E,"fANY~~ 

36 - + y~ ~.s; .sn'·.6lttr, Sl¥fll" - 0 + + - - + + ~cau:;.r 

.37 - + aE'M~z· .t:.AR,li, ~.~ S/~U - 0 S'T'A.(! CLL/ST!.RS' ' + - - - + + /14 RAc.oc.aN 

.38 - - CO<'.OV'Al - LJAc/U.uS-U-e& A!4'lS - 0 (.ES!> + + - - + - A4.e4CX<:W 

CB ,µ + - Yet.WW £AR•6 COCCI /N PAIRS + ANt> '17'TRADS 
NOAC770N - + - - + + <(~-/Osfrw£ 

42 OA?Allf£ CVl.?l/A!6 LOST 

43 + - Yt:LUJW Z-C:ii:Jt/' A'/ll!S + O.,.F ;· - - - + + t;RAAf-A:Js/7'7~ 

44 - + Y£LUJW sne . .l!oJ>S,S/M;-tL 
AN<> M/l!S 

- F + + - - + + PA.e.f C(J.UW' 

4'5 - - MOH',,_. i!JAC/U..US-<./A:e ,(!at> + 0 + + + - + + RAl/0&4C7U!/VM. 

~ + - ~- ~~(/Pl'I:) - 0 + + + + + + <(-eM<.-lbsmrc: 
<-ESS zs_,u:,srie I o1"l'la!.-s 

,/.7 - + Y~JY S'r"I ( CUR~/J J!a/JS, - O'f'F + - - - + - A«l4couw 
J!Nft.£ AV/J Ml.er 

+ + + 48 - + BROWN ~f S7DU7 RcM, 0 - - + + PSCU'L>Q,ff,;WAS J' OR.ff 
SlhY't.e -

~I.JUN ·1977 




