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This poster presents the findings of a part of a study investigating the
movement of bacteria in aquifers. It briefly describes two confined sandstone

artesian basins, the sampling and analysis procedures and discuss the results.
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Introduction

Groundwater is considered to be of excellent quality because of the soil barrier
providing effective isolation of this high quality source water from surface pollutants.
This is true for most groundwater resources although we know that many aquifers all
over the world are polluted and/or is being polluted (Engelbrecht, 1993). 

Habitats containing only a single kind of microorganism are found only in the laboratory.
Natural habitats contain many kinds of organisms which interact in complex ways. The
great reservoir of bacteria in nature is the soil, which contains both the largest
population and the greatest variety of species.  Most bacteria that are found in surface
waters are derived from the soil. However, the quality of subsurface waters may be
impacted both by naturally occurring processes as well as by actions directly
attributable to human activities. 

The number and variety of the microorganisms in natural waters vary greatly in different
places and under different conditions.  Bacteria are washed into the water from the air,
the soil and from almost every conceivable object. Significant numbers of bacteria can
move through media even when the percentage retained is very high.  The faeces of
animals contain vast numbers of bacteria and many enter natural water systems.  The
sizes of openings in subsurface material can be assumed to be variable and are
generally not measured, but porosity and permeability measurements on aquifer
sediments indicate that adequate spaces for bacteria exist in many sediment types,
even in some rather dense porous rocks (McNabb and Dunlap, 1975).  The interstices
of the shallow aquifer sediments can easily accommodate bacteria and probably
protozoa and fungi as well.  Larger organisms will be excluded from most subsurface
formations, except for gravelly and cavernous aquifers (Ghiores and Wilson, 1988).

Groundwater Pollution

Over the larger part of Southern Africa, groundwater has an excellent quality which
complies (in the raw state) with  drinking water criteria.  However, in certain areas the
natural groundwater chemistry is such that it does not comply with the criteria for most
uses due to salinity, nitrates, fluorides, iron, manganese, or trace elements, such as
arsenic and uranium, and also microorganisms.

Microbiological pollution derived mostly from human and animal activities such as,
unsewered settlements; on-site sanitation; cemeteries; waste disposal; waste disposal;
feedlots; etc. Microorganisms certainly will be the dominant forms of life and, in most
cases, they will be the only forms of life present in aquifers.  However, with very few
exceptions the only waterborne microbial pathogens of man are essentially human
bacteria, viruses and protozoa, and in considering the safety of drinking water from the
point of view of infectious diseases one can almost completely ignore any source of
infectious agents except human excreta. In relation to microbial pollution of groundwater
it is therefore only necessary to ensure that at the point of extraction no contamination
with human excreta occurs. 

What most people do not know is that all groundwater naturally contains bacteria from
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various families and sometimes in very high numbers. Although the original water
source may be without bacteria, the  largest reservoir of bacteria is the soil zone.
Consequently, shallow as well as deep aquifers all show a variety and diversity of
bacterial populations.  Certain naturally occurring organisms which, for example, form
a part of the nitrification/denitrification cycle, can be pathogenic under certain
conditions.

Movement

The factors that control the transport of bacteria through porous media are not well
understood while the study of microbial movement in the field under unsaturated flow
conditions has received only limited study to date. Advection, dispersion, deposition
(clogging) and entrainment (declogging) are all processes that affect transport  in
noticeable ways.

The outbreaks of typhoid fewer at the turn of the century from eating raw vegetables
grown on soil fertilised with raw sewage resulted in extensive studies of the survival of
enteric bacteria in soil (Gerba, Wallis & Melnick, 1975). Viruses are more resistant to
environmental changes and may have a larger lifespan in the subsurface than bacteria.

The survival time of some bacteria and viruses are listed below:

Bacteria Survival time Environment 

Escherichia coli 63 days 
90 - 105 days
120 - 135 days

Recharge borehole
Groundwater in the field
Groundwater in the laboratory

Salmonellae 44 days Sand columns 

Shigellae 24 days Sand columns 

Polio-virus 63 - 93 days
32 days

Sand columns
Soil irrigated with wastewater
effluent 

Enteric-viruses 25 - 170 days Loamy and sandy-loam soils

Bacteriophage 175 days + Sand columns

In most cases it appears that 60 - 90 days are sufficient for reduction of pathogens to
negligible numbers once they have been to the soil, although survival times as long as
five years have been reported.
 
In a natural ecosystem (i.e. the subsurface) populations of the many different organisms
interact in many ways.  These interactions may be negative (decreased growth rate) or
positive (increased growth rate) for one or all the different populations in the
subsurface. In very low populations there is little or no interaction. At some somewhat
higher populations, positive interaction may predominate and the growth rate may
increase. At maximum population, negative interaction like nutrient exhaustion and
production of toxic metabolites, begin to predominate (Updegraff, 1991).
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The above interactions are categorised and tabled as follow:

Interaction Very brief definition 

Neutralism Both populations are unaffected by the interaction 

Commensalism One population benefits while the other is unaffected

Synergism Both populations are capable of surviving on their own

Mutualism (symbiosis) Both populations benefit, but is an obligate relationship

Competition Harmful to both populations   

Antagonism One population produces a substance that is inhibitory to others

Parasitism The parasite benefits while the host is harmed

Predation One population attacks and ingests another

This interaction between populations is also indirectly related to the movement of
microorganisms through the subsurface and needs to be taken into consideration when
evaluating contaminant movement. 

The survival of microorganisms is affected by a number of environmental factors such
as the bacterial type, sunlight, rainfall, soil moisture & holding capacity, temperature,
soil composition, pH, presence of oxygen and nutrients and the availability of organic
matter and the antagonism from soil micro flora.

Some of these factors affecting the survival of enteric bacteria with remarks are tabled
below:

Factor Remarks 

Moisture content Greater survival time in moist soils and during times of high rainfall 

Moisture holding
capacity

Survival time is less in sandy soils than in soils with greater water-holding
capacity

Temperature Longer survival at low temperatures (longer survival in winter than in summer)

pH Shorter survival time in acid soils (pH 3-5) than in alkaline soils

Sunlight Shorter survival time at soil surface   

Organic matter Increased survival and regrowth when sufficient amounts of organic matter are
present 

Antagonism Increased survival in sterile soil
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Methodology

In order to understand the occurrence of bacteria in unpolluted aquifers (groundwater
age of >1000 years) groundwater samples were collected from 57 boreholes in the
Auob and Nossob sandstone artesian aquifers. Previous studies has indicated that
groundwater in this area is 5 000 to 20 000 years and more of age (Tredoux, 1978).
The study area is shown in the circle on Map 1.

Map 1: Study area location 

Samples were collected aseptically and stored in the dark in cool boxes. A
heterotrophic plate count were conducted on the water samples. The measured
groundwater temperature at sampling were used as test temperature in order to isolated
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the specific temperature bacteria. All types of colonies from the heterotrophic  plate
growth media was identified using “APILab” procedures. 

Results

None of the water samples were without bacteria. The heterotrophic plate count varies
from 98 000 to 780 cfu/1mL as shown in Figure 1.

Figure 1: Variation in heterotrophic plate count

Five present of the water samples produced a single bacterial group on the
heterotrophic plate growth media. The rest produced up to six different bacterial groups.
The bacterial groups identified includes Achromobacter, Actinobacter,
Chromobacterium, Citrobacter, Edwardsiella, Enterobacter, Flavobacterium, Hafnia,
Klebsiella, Proteus,  Pseudomonas (including Pseudomonas aeruginosa)  plus various
others that could not be identified.

The growth media used for the heterotrophic plate count also exclude many bacteria
like anaerobes. The list of bacteria in the groundwater is therefore far from complete.
Research is continued in this field. 

Conclusion

Groundwater contains many species of bacteria with various survival rates. Various
known and unknown factors increase and decrease bacterial numbers in groundwater.
It is also obvious that groundwater not only transport bacteria, but also sustain bacterial
growth. What is unknown is where the bacteria originated from in artesian groundwater
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that is 5 000 years old.
   
It is important that when groundwater is analysed for microbiological parameters, one
needs to specify what you are looking for. Otherwise many groundwater sources would
be rendered unfit for human consumption without knowing that these bacteria are totally
harmless in the water. However, it is  true that some of them can be pathogenic under
certain conditions.
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