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ABSTRACT

In model experiments carried out in the laboratory the survival of bacteria in groundwater
kept at 101 OC was tested. Only two of the tested bacteria species did not survive longer
than 10 - 30 days. Escherichia coli, Salmonella typhimurium, Pseudomonas aeruginosa and other
pathogenic or facultative pathogenic bacteria survived up to 100 days or even more in ground-
water with or without the addition of sand from an aquifer. These results can be of importance
for determining groundwater protection zones.
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INTRODUCTION

Improper draining off of wastewater, land application of sewage and wastewater, and an acci-
dental contamination of groundwater can lead to contamination of aquiferswith pathogenic or
facultative pathogenic microorganisms. If no elimination or inactivation of these microorgan-
isms takes place, the sanitary quality of the groundwater can be affected. For securing sani-
tary safe drinking water supply it is therefore important to verify whether the "50 days die off
theory" for the bacteria introduced into groundwater aquifers(Knorr, 1951) holds true. This
theory finds wide application in the dimensioning of the groundwater protection zones in Ger-
many. .

Several reports exists on the survival of indicator bacteria in water or soil (see review by
Althaus et al., 1982), however, only few studies were carried out using natural groundwater
and especially at temperatures of 10t1 OC. The influence of mineral substrates constituting a
groundwater aquifer has up to date received very little attention. In the experiments reported
here, not only indicator bacteria were used but also a number of microorganisms which are of
direct sanitary importance. This was because the survival patterns of indicator bacteria may
not completely reflect those of pathogenic microorganisms.

MATERIAL AND METHODS

The bacterial strains used in our experiments and their pathogenicity or other characteristics
are 1isted in Table 1. These strains were maintained on BHI-Agar (Difco) at 4 ©C, except Clo-
stridium perfringens which was maintained in Robertson’s Meat Medium covered with sterile par-
affin _at room temperature. Three-days cultures were suspended in sterile water at concentra-
tion of approximately 5 to 6 x 108 cells mi1-1, With this cell suspension a final concentration
of about 10 x 106 cells mi~1 was reached in a volume of 500 ml of groundwater used for the ex-
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TABLE 1 Origin and Sanitary Importance of the Bacterial Strains under.Test -

Bacteria Origin - " Sanitary Importance

1. Escherichia coli ' ATCC 11229 Enteritis, local infections (potential)

2. salmonella typhimurium ~ Surface water "Enteritis.dfbod poisoning -

3. Pseudomonas aeruginosa . DVG . .. otitis, urogenital inflammations, skin

E TR +'. -t . gangrene, a.0. - ,

4, Yersinia enterocolitica BGA 8980/77 Diarrhoea, appendicitis, septaemia

5. Staphylococcus aureus ATCC 566511 Skin inflammation and suppuration,
o ' : enterotoxin formation -

6. Streptococcus faecalis ~ ATCC 6057 " Non specific infections

7. Bacillus cereus ATCC 12826 Non specific food poisoning and infec-

: tions of animals
8. Bacillus megaterium ATCC 14511 Food spoilage .
9. Clostridium perfringens - NCTC 8238 - . Gasoedema, tissue necrosis, enterotox-

in formation, food poisoning

T

periments.

The groundwater was obtained from the Water Works of Berlin (West). 1t originated of a pleis-
tocene-glacifluviatile aquifer which was opened by a 40 m deep well. Its physico-chemical pro-
perties (year average values) are as follows: T = 10%1 OC; pH = 7.3; 02 = 0.8; COp = 233 Ca =
77; Mg = 6.4; Na = 42; K = 2.6; Fe (tot.) = 0.95; Mn (tot.) = 0.26; NHg = 1.04; NO3 =03 C1 =
44.0; S04 = 52.4; POg4 = 0.25; F = 0.25; Si0z = 15.0; C (Org.) = 3.4; total residue after evap-
oration 486 (data inmg 1-1). ‘ : .

The sand used in the experiments was obtained from a depth of approximately 14.5 - 16 mof a
pleistocene groundwatgr aquiter in the Segeberger Forest, 40 km north of Hamburg. The geochem-
ical and sedimentological characteristic of the sand have been reported by Matthes (1980). -

Groundwater was sterilized by means of filtration using Sartorius membrane filter Nr. 11406 of
0.45 ym pore diameter. The sterile groundwater was then filled in portions of 500 ml in ster-
ile 11 Erlennayer flasks. The sand used was not sterilized, it was however examined for the
presence of any of the test microorganisms and found to be free of them. The unsieved sand and
those fractions of 0.2 mm and 0.63 mm were weighed out in 250 g portions and then trans-
fered separately into sterile Erlenmeyer flasks where 500 ml sterile filtered groundwater were
added. The groundwater and groundwater plus sand were then inoculated with the individual bac-
terial suspensions and the flasks were transferred into a dark room where they were kept at 10
oc. The experiments were run in triplicates for each bacterial strain. For the microbiological
analysis samples were taken at 0, 2, 5, 10, 20, .... 100 days interval.Before a sampling was
made, the flasks were shaken well for 5 minutes on a horizontal shaker. After decimal dilu-.
tions were made, 0.1 ml of suspension was spread out from each dilution in triplicate on ap-
propriate agar plates. After incubation of the plates for 24 hours at 37 OC (48 hours at 22 o¢
for Y. enterocolitica) colonies on plates were counted and recorded. _

RESULTS‘AND DISCUSSION

The survival of the test bacteria in groundwater kept at 10%1 OC is shown-in Fig. 1. The cur-
ves demonstrate that although no apparent mu]tip]icatiqn of the bacteria was observed in
groundwater during the storage, most of the microgrgan1sms under test surv1ve§‘for an extended
period up to 100 days. Only B. cereus, B. megaterium and S. aureus showed a high reduction

* rate even after 10 days of 2 - 6 Tog. B. megaterium disappeared after 12 days completely and
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FIG.1: SURVIVAL OF MICROORGANISMS !N GROUNDWATER

S. aureus was not detected after 30 days. B. cereus showed a large reduction during the first
10 days but the cell count stabilized and remained relatively constant up to 100 days. Like in
case of C. perfringens, it seemed to be the formation of resistent spores that led to a stable
cell count during the period of 100 days. However, B. megaterium which also belongs to spore-
forming bacteria probably was not able to form spores at the given temperature.

The other bacteria, either gram positive such as S. faecalis or gram negative, e.g., Entero-
bacteria-Group, survived under the experimental conditions up to 50 days with a reduction of
less than one log, i.e., less than 90%, (S. faecalis, Y. enterocolitica, P. aeruginosa) or up
to four logs, i.e., 99,99%, (E. coli, S. typhimurium ). Thus, the test bacteria were detectable
in numbers of 102 - 106 ml-1 up to a period of over 100 days. Several prolonged tests indicated
that the same bacterial concentrations remained almost stable up to 300 days.

The survival curves of three relevant bacteria, namely E. coli, S. typhimurium and P. erugi=-
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FIG 2 SURVIVAL OF ESCHERICHIA COLI IN GROUNDWATER WITH AND WITHOUT ADDITION OF SAND
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experiments with the addition of sand to groundwater are shown in Figs. 2 to 4. The
:gzgc:?on ?n cell numbers of E. coli in the presence of sand in comparison to that in . only .
groundwater was much faster. On the 50th day, the reduction was 90-99 %, i.e., from 10° to 10
- 104 cells m1-1 and reached a figure of 99.99 % after a period of 100 days. No significant
differences were observedin the effects of the three sand fractions used. At the end of exper-
iments 102 - 10% E. coli cells m1~1 of groundwater were still detectable. It remained open
whether the lower survival obtained with the addition of sand is a result of a sorptive effect
on the E. coli cells which can influence the plate counting.

£y ' .show any differences up to 50 days in experiments with groundwater
gfé;e :;muzigged;gtgothe addit¥on of sand. Later, up to the 100th day, the number of surviving
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cells in groundwater with the addition of sieved sand fractions were one log higher than in
groundwater alone.

The survival curves of P. aeruginosa show that there was some cell multiplication of up to over
10 % during the first 10 days of the experiments resulting in an increase of bacterial counts
up to 107 mi-1, The addition of the fine sand almost favoured the survival of P. aeruginosa up
to 100 days without any considerable changes in cell counts. A count reduction of about two

logs (99 %) was observed in variants with a not sieved sand whereas only a negligible reduction
of less than 90 % was observed in variants with groundwater alone.

The survival of microorganisms in a groundwater aquifer is no doubt influenced by a number of
factors. Among them the potential biological activities of the respective microorganisms, tem-
perature, pH-value, chemical properties of groundwater, physico-chemical and mineralogical
properties of the aquifer mineral substrate and likewise correlation between the added micro-
organisms and indigenous microflora in the groundwater aguifer should be studied. For the eval-
uation of their complex influence it is also important to study their individual effects. A
number of these factors have been investigated and their effect on the survival of microorgan-
jsms under different conditions reported by several authors (Knorr, 1951; Merkli, 1974; Hage-
dorn et al,, 1978; Wuhrman, 1980). In their extensive review Althaus et al. (1982) showed that
mathematical models can be used for calculating and therefore predicting the survival of micro-
organisms in a groundwater aquifer. In order to obtain basic data on this problem, it is also
necessary to carry out experiments on the survival of different pathogenic and facultative po-
tential pathogenic microorganisms using microbiological methods primarily. Our work was in-
tended to contribute to this goal.

The results of our experiments showed that the "50 days die off theory" for microorganisms in-
troduced into groundwater can not be confirmed with most of the tested bacteria. Further ex-
periments with other microorganisms are being run in our laboratory, taking into consideration
also the possible enrichment of groundwater in nutrients in order to complement our present
conclusions. Their results will be reported elsewhere.
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