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Abstract: Nine water wells serving nine different building residents in the Bourj Abi Haydar- Nuwayri region
in Beirut (Lebanon) were tested for contamination with Gram negative bacteria by standard methods. The
samples were obtained from the first outlet from the well that was available for the collection of the water by the
users. Six of the wells grew numerous types of bacteria including coliforms and non-fermentative organisms.
Two wells grew Salmonella and Shigella species respectively, while a third was recognized for the very big
number of CFUs growing from the sample obtained. The three wells that did not grow organisms were obtained
from a central tank in each building that was regularly chlorinated and from which the users collected their
water supply, when needed. The results show that the substantial contamination obtained, prohibits the use of
well-water in the region for any use, without proper treatment to avoid undesired medical consequences.
Further studies and intervention of the public health authorities are needed, as the results of this study indicate
that this problem seems to be of a bigger magnitude than presumed.
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I.  Introduction

Water is supplied to consumers from various sources including water wells, which are structures
formed by digging, driving, or drilling in the ground to access groundwater.

There are different types of water wells. The most ancient type of wells is the dug well, that is manually dug in
the ground with a shovel or a pick. The well is continuously dug until water flowed inside it. Then, the well was
lined with stones or bricks to prevent it from collapsing [1].

The driven well, a more commonly used type of well, is made by driving a small diameter pipe into
soft ground such as sand. The pipe is then attached to a filter at the bottom that filters out sand and other
particles. Like the dug wells, driven wells can only tap to the shallow water, because the source of water is close
to the surface. The disadvantage of shallow water is that it is always exposed to contamination from surface
pollutants [1].

The most modern type of well is the drilled well, in which a drill, attached to a big truck, keeps on
drilling the ground and smashing the rocks, until it reaches the existent ground water. The advantage is that
drilled wells can go deep in the ground (sometimes to more than 300 meters). Often, a pump is placed at the
bottom to push water up to the surface [1,2].

Unless the quality of the water obtained from water wells used regularly by some communities is

compatible with acceptable standards, the health of the users can be endangered and the image of that
community might be affected leading to certain delay in its economic development.
Most studies on contamination of water focused mainly on publicly distributed drinking water or packaged (or
bottled) drinking water, commercially available for the public. Fewer studies were performed to determine the
contamination of the water obtained from water wells. That water is rarely, if ever, used for drinking under
normal conditions as it is expected not to be suitable for human consumption. Well water is, however, used for
different purposes in houses and may therefore, be abused, thus endangering the health of the users, especially
the young, the elderly and the sick [3].

Although Lebanon is considered rich in its water beds, yet, the improper collection, storage and
distribution of the available water led many communities, even in big cities, to be partially dependent on drilled
well water to fulfill their day to day needs for water. For a period of 8 months (July, 2015 till March, 2016)
Lebanon suffered from a garbage collection crisis. Most of the streets in Beirut, the capital (and other cities),
were cluttered with garbage that was not collected, sometimes for weeks. The problem was worse during the
rainy season, when a lot of the garbage was carried about by rain water. It was presumed that a lot of the
garbage content may have leaked deep to reach the ground water.

The aim of this study was to detect bacterial contamination of water samples, collected from private
buildings’ supply wells, located in a particular residence region in Beirut. Of the microbes, the coliforms which
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are a group of gram negative bacteria, are mainly looked for as their presence in water samples is indicative of
environmental contamination and in the case of Escherichia coli, fecal contamination [1].

Il.  Methods
2.1-Sources of samples:

Nine well-water samples from 9 different buildings in the Bourj Abi Haydar- Nuwayri residence region
in Beirut were obtained (Fig. 1). All the randomly selected wells were drilled wells about 80 meters deep, that
had pumps to carry the water to storage vessels from where it was then either distributed to the residents through
the regular water distribution pipes, or was available for them to use whenever needed.

Figure 1: The random buildings from which the wells were selected for the study in the Bourj Abi Haydar-
Nuwayri district — Beirut (Courtesy of Google Earth)

2.2- Collection of samples:

The 50 mis samples were collected in sterile containers from the first outlet (faucet) closest to the well
and accessible to the residents of the randomly chosen buildings. It was common that such an outlet in all
buildings was a faucet from the collection tank in which the well water was pumped in regularly. A mobilized
cooler was used to transport the samples in a cold environment to the microbiology laboratory where they were
put in a refrigerator until their processing, within the shortest period of time.

2.3- Processing of samples:

The membrane filtration (MF) technique, a fully accepted and approved method to detect coliforms
from water samples which was recommended by the USA Environmental Protection Agency and other
reference bodies [4,5], was the method used in this study. Each 50mls water sample was filtered through a
0.45um pore size cellulose ester membrane filter. The filters were immediately removed aseptically and placed
on a MacConkey agar plates, the medium commonly used to detect the growth of Gram negative bacteria from
water samples [5]. The plates were then incubated for 24 hours at 35°C. The total bacterial and coliform count
was obtained, after incubation, and the different types of colonies growing were isolated on freshly prepared
trypticase soy agar plates (TSA) in order to confirm their purity and then their identity.

2.4- ldentification of isolates

After confirming by the Gram’s stain that the isolated organisms were gram negative bacilli, the
identification of the different isolates was done in two stages. The preliminary set of standard tests included:
catalase and oxidase production tests, Kligler’s iron agar, the IMVIC battery of tests (Indole, Methyl red, Voges
Proskauer, and Citrate tests) and the motility test; all of which were performed as recommended [6]. The
definitive identification of these isolates, however, was obtained using the APl 20E strips (BioMérieux —
France), and performed as recommended by the manufacturer.

I1l.  Results
Table 1 shows the total Gram negative bacterial and coliform counts obtained from the different wells
and the organisms that were isolated from each sample of each well. As is clear from the Table, three specimens
obtained from the wells numbered 2, 3 and 5 did not grow any organism, whereas all the others showed growth
of considerable numbers of colony forming units. Whereas the samples from well 7 grew only non-fermentative
organisms, samples from all the other wells samples from wells: 1, 4, 6, 8 and 9, grew coliforms and at least one
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other organism. Well 6 was recognized for growing a very big number of CFUs, while wells 1 and 9 were
distinguished by growing colonies of Salmonella sp. and Shigella sp. respectively

Table 1: The total Gram negative bacterial and coliform counts obtained from the different wells included in the
study (CFUs/50 mls.), and the organisms that were isolated from each sample. NG: no growth.

Sample Total Gram Negative | Coliform Count Isolated organisms
Count
Well 1 10 1 Hafnia alvei, Salmonella sp., Acinetobacter sp.
Well 2 NG NG -
Well 3 NG NG -
Well 4 79 11 Enterobacter cloacae, nonfermenters,
Well 5 NG NG -
Well 6 >300 >100 Enterobacter cloacae, Morganella morganii, nonfermenters
Well 7 68 0 nonfermenters
Well 8 110 8 Enterobacter cloacae, nonfermenters, Proteus vulgaris
Well 9 57 7 Citrobacter freundii, Shigella sp., nonfermenters

V. DISCUSSION

Water quality refers to the chemical, physical, radiological and biological characteristics of the water
being used. Its importance is to see whether the water conditions fit the requirements for the human needs or
not. If not then the water would be considered contaminated and must not be used for drinking and/or food
preparation or else it will lead to illnesses, a lot of suffering and maybe death [2]. The correlation between the
ingestion of polluted/contaminated water and the incidence of diseases such as gastro-enteritis and some
helminthic diseases, has long been established [7,8]. Thus, the continued consumption of such water, mainly out
of ignorance should be discouraged or legally prohibited.

The common types of contaminants include microbes and various chemicals like metals and minerals,
pesticides, fertilizers and petroleum products [4]. These contaminants are due to agricultural activity, industrial
activity household chemicals, leaking sewer lines, septic systems, irregular sanitary problems, improperly
protected well heads that allow contaminated surface water to drain into the aquifer along the outer well casing
[9]. It should be noted, however, that a water sample’s taste, odor or color aren’t enough to indicate its quality,
for the most dangerous contaminants are usually note detected by the senses. Such contaminants can only be
detected by proper testing. Drinking water contaminated with these chemicals is a health hazard.

Contaminated groundwater is the most commonly reported source of waterborne disease in the United
States [10]. Contamination of ground and private well (household supply) water was reported from many states
[10, 11, 12, 13, 14] and over long periods of time [11,12]. The problem, however, turned out to be global as
similar findings were reported from Europe [15, 16, 17, 18], Africa [19, 20, 21, 22], South America [23, 24] and
Asia [16, 17, 25]. Assessing the seriousness of the problem and its consequences, standards, as well as,
guidelines for construction of wells, regular monitoring of well water through proper sampling, testing and
decontaminating, in addition to use of well water were introduced and enforced [3, 13, 19, 26, 27, 28, 29].

Our exploration indicated that the only study related to well water contamination in Lebanon, was done

in 1999, by the American University of Beirut’s Water Resources Center in cooperation with the United Nations
environmental program, that conducted that study to assess the groundwater chemical quality in Lebanon [30].
From 13 different regions 31 groundwater samples were collected and analyzed for the presence of 16 pesticide
compounds. The results showed that mainly along the coast, well water had a high nitrate concentration, more
than double of that recommended by the WHO [2]. No reports on bacterial contamination of water in domestic
wells were found. The aforementioned study clearly indicated that water from wells, in Lebanon, were
chemically contaminated, a reason why this study was needed to shed a light on another side of the issue,
whether the often used water from wells was also contaminated by bacteria.
Most bacteria entering the ground surface along with rain water are usually filtered out as the water seeps
through the soil. Several strains of bacteria can survive a long time and find their way into the ground water by
moving through coarse soils, shallow fractured bedrock, quarries, sinkholes, inadequately grouted wells or
cracks in the well casing. Insects or small rodents can also carry bacteria into wells with inadequate caps or
seals. Coliform bacteria are naturally occurring in soil and are found on vegetation and in surface waters.
However, water from a well properly located and constructed should be free of coliform bacteria [9].

The presence of Gram negative bacteria, mainly coliforms, in the sampled wells of this study, was
detected by using the recommended membrane filtration (MF) technique [4, 5]. The use of MacCokey agar in
the MF technique, instead of any other medium, to isolate the Gram negative organisms from the water sample
was favorable as the organisms isolated were very similar to those isolated from contaminated wells elsewhere,
using very specialized media [31, 32, 33, 34, 35].

Six of the 9 wells included in the study, grew the coliforms: Enterobacter cloacae, Cirtobacter
freundii, and Hafnia alvei, indicating environmental contamination. These organisms were isolated with many
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others, mainly non-fermentative bacteria that also reside in soil, but in principle should not be present in the
water of the domestic wells. It was very significant, however, to isolate: Salmonella sp., Proteus mirabilis and
Shigella sp. From 3 wells (W1, W8 and W9 in Fig. 1), indicating fresh fecal contamination, although the usual
indicator of fecal contamination (Escherichia coli) was not isolated.

In investigating the reason of not getting any growth in 3 out of the 9 wells (W2, W3 and W5 in Fig. 1),
it was found out that the same water decontamination process was practiced by the tenants’ committees of the 3
buildings. A standard chlorine containing disc was put regularly in the central tank from which the tenants took
the water. The discs were found to be supplied by the same company, but the amount of chlorine provided by
these discs was not checked by any test. The absence of Gram negative bacteria, in these wells, proved that the
water was cleared from these bacteria in these 3 buildings. No tests were done to detect the concentration in the
storage tanks in these buildings. It was also noted, that no regular tests for biological, or chemical contamination
were performed by these (and all the other) buildings included in this study. Another issue to point out was that
this study aimed at specifically looking for contamination by Gram negative organisms, yet, it was proved that
Gram positive organisms, like enterococci can also play a major role in the contamination of water wells.

V.  Conclusion

This study proved that at least in the region tested, well water bacterial contamination was evident. It is
presumed that many factors contributed towards this including: The cluttering of garbage for long months in the
streets of the region especially during the rainy season, the geological nature of the area which probably
included fractured rock, allowed the contaminating organisms of surface waters to reach the ground water
below. There was also evidence that the unattended sewage system in the region was seeping into the ground
water.

Private water supplies in domestic wells in Lebanon, are not under any official public health sanitary
control, a reason why further studies are needed to detect the extent of the contamination in the numerous wells
used extensively all over Lebanon, even in big cities. Once this has been assessed, it would be expected from the
public health authorities to actively intervene to ensure that, at least, proper sanitary methods are introduced and
regularly implemented to ensure the safety of the users.
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