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Abstract. The objective of the bacteriological analysis of a water is not to make an in-
ventory of all the species present, but to search for those which are likely to be pathogenic or,
what is often easier, those which the companions and who are in greater numbers often present in
the intestine of mammals and are by their presence indicative of fecal contamination and there-
fore diseases associated with fecal contamination. In this article, we will see how to perform a
bacteriological analysis of water. An analysis that begins with the sampling procedure that must
implement methods to ensure the absence of contamination of the sample and bacterial survival
(storage conditions). The following are general methods of bacteriological examination of labor-
atory water; Finally, a selection of applied techniques is presented for the detection of pollution
indicator bacteria and treatment efficacy (Aerobic revivable bacteria, total Coliforms, thermotol-
erant Coliforms, Enterococci, Sulphito-reducing Anaerobes), then specific bacteria, strict patho-
gens or opportunistic pathogens. It can be noted that the absence of faecal contamination does
not suggest the absence of any potentially pathogenic species (eg.Salmonella, Staphylococcus,
Pseudomonas).
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AHHoTauus. llenp GakTepHOIOrMYECKOro aHalu3a BOJBI COCTOMT HE B TOM, YTOOBI
MIPOBECTH MHBEHTAPU3ALIMIO BCEX MPHUCYTCTBYIOIIUX BHUJIOB, a B TOM, YTOOBI HAalTH T€, KOTOPHIE
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Ikonozusa (buonozuueckue nayku)

MOTYT OBITh ITATOTEHHBIMH, UM T€, KOTOPHIC YacTO BCTPEUAIOTCS Y CIYTHUKOB M B OOJIBIINX KO-
nuyecTBax. bakrepun MpUCYTCTBYIOT B KUIIEYHHUKE MIICKOMMTAIONIMX M CBOMM IPUCYTCTBHEM
yKa3bIBalOT Ha (heKajIbHOE 3arps3HEHUE H, CIIEJ0BATEIbHO, 3a00JIeBaHMsI, CBA3aHHBIC C (heKasb-
HBIM 3arpsi3HEHUEM. B 3TO# cTaThe MBI YBUIMM, KaK BBIIOJIHUTh OAKTEPUOJIOTMUYECKUI aHAIN3
BOJIbI. AHANIM3, KOTOPBIH HAYMHAETCS C MPOIEIyphl 0TOOpa Mpo0, KOTopas JODKHA PEaTn30BbI-
BaTh METOJbI, 00ECIECUMBAIONINE OTCYTCTBHE 3arps3HEHUs] oOpasla W BBDKMBAHUS OakTepuit
(ycroBusi XxpaHeHus). Hroke mpuBeeHbl 0OIIHE METOJIbI OaKTEPHOJIOTHYECKOTO HUCCIICIOBAHUS
nabopaTtopHoii Boabl. HakoHel, npencTaBiieH HaOOp MPUMEHSIEMbIX METOJIOB Uil OOHAPYKEHHS
OaKTepui-UHANKATOPOB 3arpsi3HEHUS U A(h(PEKTUBHOCTH BOCCTAHOBJICHHS (a9pOOHBIE OaKTepuu,
obmue KonupopMbl, TEPMOTOIEPAHTHBIE KOIHU(OPMBI, SJHTEPOKOKKH, CYIb()UTpeyUupyIOIIne
aHa’poObl), 3aTeM crenupuieckue OaKTepHH, CTPOTHE MATOTCHBI MM YCIOBHO-TIATOT'CHHBIC
MHUKPOOPraHu3Mbl. MOXHO OTMETHTb, YTO OTCYTCTBHE (PEKAIBHOTO 3arpsi3HEHUsI HE Mpearosa-
racT OTCYTCTBHSl KaKMX-TUOO W3 MOTCHIMAIBHO MATOTCHHBIX BHAOB (Hampumep, Salmonella,
Staphylococcus, Pseudomonas).

KawueBble cjioBa: 0aKTEpHOJIOTUYCCKHI aHAIU3 BOJbI, MeMOpaHHast GWIbTPALUs, HH-
IUKanus (HeKaIbHOTO 3arpsi3HeHHUsI, TATOTEHHBIE M ONIOPTYHUCTHYECKHE OaKTepUH.

Jast uutuposanusi: Xaddapeccac SAcun, Xamynu C., Myddok Das3us. Mukpobuoio-
rudeckuii  ananu3 Boabl //  EcrectBennsie Hayku. 2022. Ne 1 (6). C. 20-39.
https://doi.org/10.54398/1818-507X 2022 1 _20.

I — DISEASES WITH WATER TRANSMISSION OF BACTERIAL
ORIGIN

I-1 — Typhoid and paratyphoid fever

They are true septicemia due to Salmonella: Salmonella typhi and S. para-
typhi A, B, C. They are characterized by a fever accompanied by an extreme
abatement and can have serious complications, sometimes mortal: intestinal hem-
orrhages. Contamination occurs through the digestive tract from water contaminat-
ed with faeces, spoiled food or dirty hands.

I-2 — Cholera: causal agent?

Short incubation disease ranging from a few hours to 5 days. It is accompa-
nied by vomiting and epigastric pain with anuria and muscle cramps. Its evolution
is fatal in the absence of rehydration and antibiotic therapy. The mechanism of ac-
tion is due to a 103 amino acid toxin that binds to the duodenum cells responsible
for the absorption of water from the intestinal lumen to the inner environment and
reverses the mechanism, leading to a loss of water 8 to 10 1/d.

1-3 — Acute gastroenteritis

Disease caused by Escherichia coli strains called enterohemorrhagic EHEC.
These cause bloody diarrhea and produce a powerful toxin. Although very numer-
ous, these bacteria are hardly pathogenic: 5 to 6 % of strains only in children. Only
in very rare cases do they enter the blood, causing sepsis or urinary tract infections.
Short incubation disease ranging from a few hours to 5 days. It is accompanied by
vomiting and epigastric pain with anuria and muscle cramps. Its evolution is fatal
in the absence of rehydration and antibiotic therapy.
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II - BACTERIA RESEARCHED IN WATER

II-1 — Total Aerobic Mesophilic Flora

Definition

Total aerobic mesophilic flora is a health indicator that can be used to evalu-
ate the number of CFUs (Colony Forming Units) present in a product or on a sur-
face. This count is at 30 °C which allows to count three major types of flora:
Thermophilic flora, optimal growth temperature at 45 °C; Mesophilic flora, opti-
mal growth temperature between 20 °C and 40 °C. The psychrophilic flora, opti-
mum temperature of growth at 20 °C. As this is an ordinary medium, most micro-
organisms can grow except those that are demanding and strict anaerobic microor-
ganisms. It is therefore better to talk about Mesophile Aerobic Flora at 30 °C than
"total flora". The unit is the CFU (Colony Forming Unit) because an observable
colony on the agar may come from an isolated microorganism, a spore or an asso-
ciation of microorganisms.

I1I-2 — The Coliforms

I1-2-a — Total coliforms

Definition

Total Coliforms are Gram negative (BGN), aerobic or facultative anaerobic
bacilli, non sporulating, oxidase negative, capable of multiplication in the presence
of bile salts, and capable of fermenting lactose with the production of acid and gas
in 24 to 48 hours at a temperature between 36 /-2 °C. These are bacteria used as an
indicator of the microbiological quality of water. Either 10 coliforms per mL and
more, announces a contamination of drinking water.

Although they do not belong to the coliform group, Aeromonas bacteria
have the B-galactosidase enzyme and can ferment lactose, leading to false positive
results for total coliforms. Aeromonas species are widespread in the environment
and exist among others in lakes, rivers, seas, sewage effluent and drinking water.

Table 1 — Some coliforms of the Enterobacteriaceae family
Ortho-nitrophenyl-beta-
D-galactoside

Budvicia +
Citrobacter
Enterobacter
Erwinia
Escherichia
Klebsiella
Leclercia
Pantoea
Serratia

Coliform group Fecal origin No fecal origin

+

+ 4]

+ 4|+

N S A S S
4]

|
|+ |+

I1-2-b — Fecal Coliforms

Definition

Fecal coliforms, or thermo-tolerant coliforms, are a subset of total coliforms
capable of fermenting lactose at a temperature of 44.5 °C. The species most

22



Ikonozusa (buonozuueckue nayku)

frequently associated with this bacterial group is Escherichia coli (E. coli) and, to a
lesser extent, certain species of the genera Citrobacter, Enterobacter and Klebsiella.
However, E. coli bacteria account for 80 to 90 % of the detected thermo-tolerant
coliforms. The interest in detecting these coliforms as indicator organisms lies in
the fact that their survival in the environment is generally equivalent to that of
pathogenic bacteria and that their density is generally proportional to the degree of
pollution produced by the bacteria feces. Moreover, since fecal coliforms do not
usually proliferate in a distribution network, they are useful for verifying its water-
tightness, making it possible to detect fecal contamination resulting for example
from infiltration of polluted water into the pipes. They are also good indicators of
the effectiveness of water treatment, but since they are less numerous than total
coliforms, they are preferable for this function.

I1-3 — Fecal Streptococci (Intestinal Enterococci)

Definition

It is Gram Positive Cocci (CGP) spherical or ovoid, in chains more or less
long, non sporulating, aero-anaerobic facultative, possessing neither catalase nor
oxidase. The persistence of Enterococci in various water types may be greater than
that of other indicator organisms, in particular because of their known resistance to
disinfectants, which makes them preferred indicators for assessing the efficacy of
the treatment. water. In addition, their high resistance to drying makes Enterococci
indicators for control during repairs to the distribution network requiring drying.
Moreover, since there is generally no growth of Enterococci in a distribution net-
work, their detection usually indicates recent faecal pollution. In this context, the
role of enterococci as an indicator of faecal contamination in aquifers (groundwa-
ter) has recently been recognized, as studies in the United States have demonstrat-
ed their usefulness in detecting faecal contamination of groundwater. groundwater.
This interest in Enterococci is explained by the fact that, compared with coliforms
(including Escherichia coli), they are more resistant to harsh environmental condi-
tions and persist longer in water; such conditions are typical of groundwater where
the temperature is generally colder and nutrient poor.

I1-4 — Sulphito-reducing Anaerobes

Definition

Spores of anaerobic sulfite-reducing microorganisms (clostridium) are wide-
ly distributed in the environment. They are present in human and animal faeces, as
well as in wastewater and soil. Unlike Escherichia coli and other conforming or-
ganisms, spores survive in water for a long time because they are more resistant
than vegetative forms to the action of chemical and physical factors. They can thus
provide indications on distant or intermittent pollution. They can even be resistant
to chlorination in the proportions usually used for water treatment, and are thus
useful for the purposes of controls. Their presence in the absence of fecal germs in
the water can be interpreted as a lack of protection of the water table against the
presence of a foreign bacterial flora. Spores are a good indicator for these microor-
ganisms. In addition, these forms resist chlorination. This explains that for this par-
ticular parameter, it is not the bacteria themselves but their spores that are sought.
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I1-5 — Vibrio cholera

Definition

Vibrios are gram negative, curved, aerobic-anaerobic bacilli that can be
moved by a single polar eyelash. Vibrio cholerae, responsible for cholera, was dis-
covered in 1854 by PACINI in Florence and cultivated in 1883 by R. KOCH in
Cairo. Vibrio cholerae is found in the stools of the sick and some subjects (healthy
carriers). It survives in polluted waters as well as on contaminated objects.

I1-6 — Salmonella

Definition

Salmonellae are enterobacteria whose essential characteristics are not to
ferment lactose and not to produce urease. Salmonella belongs to the Enterobacte-
riaceae family. These are bacilli Gram negative, moving for most (ciliature peritri-
chous), but some are stationary, optional aero-anaerobic, oxidase-, nitrate reduc-
tase + fermentative glucose, lactose — H2S + (or-), urease- , lysine decarbox-
ylase +, using the way of the mixed acid, indole, lacking beta-galactosidase, highly
contagious, responsible for gastroenteritis, food poisoning and typhoid and paraty-
phoid fevers (S. typhi and S. paratyphi). They cause diseases such as typhoid fever,
paratyphoid fever and salmonellosis in humans, one of the main causes of collec-
tive food poisoning (TTAC). The main mode of contamination in humans is inges-
tion in humans. from water (especially S. typhi), food (eg dairy products, eggs,
meat) or carrier pets (turtles).

I1-7 — Pseudomonas aeruginosa

Definition

Pseudomonas are bacteria GRAM (—), bacilli right and isolated or diplo-
bacillus, oxidase (+), Glucose (-), Lactose (—), no production of H2S (-), Indole
(-), strict aerobic, oxidase positive, mobile, naturally resistant to very many antibi-
otics. Saprophytes, they are found mainly in water. They can contaminate intrave-
nous fluids, antiseptic solutions, liquid drug preparations. The main species,
Pseudomonas aeruginosa, has the following characteristics:

e Proteolytic,

e P. aeruginosa secretes a number of pigments: among others pyocyanin
(blue-green), pyoverdine (yellow-green fluorescent).

e Production of a necrotizing exotoxin by some strains.

e Pseudomonas aeruginosa expresses its pathogenic potential when intro-
duced into areas with diminished immune defenses. Major opportunist, he is thus
responsible:

e "Blue pus" suppurations of wounds and burns;

e Septicemia in the burned;

e Superinfection of the bronchi in cystic fibrosis, thanks to the production
of elastase.
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I1-8 — Staphylococcus aureus

Definition

The bacteria of the genus Staphylococcus are Gram-positive hulls (Cocci),
grouped into clusters in the form of bunches of grapes, immobile, non-sporulating,
catalase positive and oxidase negative. Among the 27 species of the genus current-
ly listed, there is the species

S. aureus which is a commensal of the skin and mucous membranes of man
and animals (rhino-pharynx, intestine). It is found on the nasal mucosa of about
one-third of normal subjects. Eliminated in the external environment, this bacte-
rium can survive for a long time in the environment. Pyogenic germ by excellence,
S. aureus is the microbe of suppuration. Staphylococci 30/122 Bacteriology — Bac-
teriology Service 2002—-2003.

Some strains also act by release of one or more toxins (food poisoning, toxic
shock syndrome, impetigo).

III — Sampling equipment

III-1 — Choice and sterilization of containers

The container used must once clog, a total protection against any contamina-
tion and must not yield toxic substances for bacteria. One can use either 500 and
1000 mL glass vials or single-use plastic vials sterilized by the manufacturer. Be-
fore use, the glass vials and stoppers are carefully washed, rinsed, dried and then
individually wrapped in a piece of paper and then filter sterilized either by auto-
claving (120 °C) for 15 min or at the Pasteur oven (170 °C) during 1h. It is desira-
ble to arrange each bottle in a case adapted to its size, to ensure its protection dur-
ing transport and prevent tearing of the filter paper envelope.In the case of sam-
pling of chlorinated or ozonated water, the disinfectant may, during transport, con-
tinue to exert its action on the bacteria present, and it is necessary to destroy it.
Add to the sampling bottle before sterilization of sodium thiosulfate at a rate of
17.5 mg/l (approximately 8mg per 500 mL bottle).

III-2 — General methods of sampling

III-2-1 — Sampling at the tap

In this case, the manipulation is carried out under the best conditions of
sterilization. Before proceeding with the actual sampling:

e Remove the baffles and rubber hoses adapted to the selected faucet, re-
move if necessary limestone concretions, which may have been deposited there.

e Wash hands and forearms very thoroughly, rinse with alcohol, allow to dry.

e Flame the faucet for at least 1 min, using, for example, a portable butane
gas torch.

e Open the tap and let it run for 3 to 5 minutes before taking the sample.
During this wait, and during the sampling, it is useful for an assistant to keep the
soldering lamp on, a little above the tap; the operator, in his manipulations, can use
it as a Bunsen burner in the laboratory.

e After clearing the sterile packaging, take the flask with your left hand,
bring it close to the free fingers of your right hand, remove with them cotton cork-
ing the neck.
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e Quickly flaring the edge of the neck; fill the bottle almost completely,
flaring quickly again the edge of the neck and put the cap on.

e Once the sample has been collected, write on the label the information
needed to identify the sample. Replace the bottle in its paper envelope, preferably
protecting the cap and the neck. On an attached sheet, write down all the infor-
mation you need to interpret the analysis. Introduce everything, possibly, into the
metal case.

III-2-2 — Griffon sampling from sources

It 1s advisable to isolate first the point of emergence of the water, and to pre-
pare a location of capture, either by pushing in the griffon a pipe which will chan-
nel the water and facilitate the sampling is, if the water goes out without gushing
out of the ground, by arranging a channel. Anyway, these manipulations should be
done immediately before the sampling, but at least 24 hours in advance.

I1I-2-3 — Sampling in a well using a plunger

e Use a sterile plunger wrapped in a protective paper and a rope, the length of
which is adapted to the depth of the well, terminated by a carabiner (= metal loop that
a spring blade or an articulated lug keeps closed constituting a safety clip).

e Place the plunger on the ground, tear the upper part of the paper so as to re-
lease on the one hand the packet of the cap, on the other hand the loop of the cord.

e Engage this loop in the carabiner of the rope, release with the left hand
all the upper part of the apparatus and in particular the neck of the bottle.

e During these operations avoid putting the rope in contact with the
ground.

e Remove the cotton closing the neck, lift the device, release it completely
from the paper and slowly lower it into the well, avoiding touching the walls of it.

e [f the sample is made about 50 cm from the surface, which is the most
common case, stop shortly before the carabiner, connecting rope and rope, reaches
this surface.

e When the bottle is full (no bubbles coming out of the plunger), reassem-
ble the device, disengage the bottle by taking it by the base of the neck (the handle
of the plunger being lowered to clear the opening), to empty some of water, possi-
bly flame the edge of the neck, and seal it with the cap clear of its package.

I11-2-4 — Sampling of seawater

The strategy and the sampling plan depend on the objectives and criteria set:

e The first: taking deep water.

e The messenger bottles are available in two positions, horizontal and ver-
tical. The choice of one or the other must be made according to the knowledge of
the environment and mainly of the currents; as well as conditions of the surface of
the water to the right of the levies.

e The trigger is the messenger, the opening of the cap or the overturning of
the bottle must be done when the cable is in the upright position. Obtaining the
verticality of the device and therefore the insurance.

e The second corresponds to sampling in the nearshore strip.
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e Investigations in this area require a boat but generally small (between 5
and 10 meters). The possibility of reagent storage is generally almost impossible
and, depending on the state of the sea, the addition of these reagents is very deli-
cate, even dangerous. In this case, the bottles will be equipped with reagents, and
their filling should be done carefully so as not to overflow the sample and thus lose
all or part of the reagent.

Bottles

In view of the parameters envisaged for the analyzes, it will be important to
use specific packaging for the bottle. Material characteristics and type of closure
can influence and modify the sample.

Contamination

Depending on the type of study you must be aware that all the means used
can disturb the environment. Boats, gear and sampling equipment are sources of
contamination. The use of disposable gloves is proving to be an essential reflex
during the various sampling and sampling operations.

III-3 — Transport and conservation in the laboratory

The initial germ content of the water may be modified in the bottle after col-
lection. That's why any analysis should be done as quickly as possible. If the
transport time exceeds 1 hour and the outside temperature is above 10 ° C, the
samples must be placed in a refrigerated chamber (cooler).The vials should be kept
at 4 to 6 ° C in a suitable container. A mobile refrigerator connected to the vehicle
battery is preferable to a portable cooler. The ideal is to have an insulated vehicle
whose entire box is refrigerated. It is therefore accepted that the maximum delay
between the sampling and the start of the analysis must not exceed 24 hours, the
sample being kept below + 4 °© C and that it is preferable to shorten this period
when the water 1s presumed to be highly polluted. After taking the test, it is rec-
ommended to place the remainder of the unused sample in the refrigerator. It may
happen that the first bacteriological readings, 24 or 48 hours after seeding, give un-
expected results, prompting to verify the analysis.

IV — Samples, Germs sought and Culture Media used in cultivation of
Bacteria

Germs sought . Cul‘Fure‘Media used . Volume of water
in cultivation of Bacteria to analyze, ml
a — Mineral water, Spring and Drilling
Total Aerobic Mesophilic Flora TGEA Agar 1
Total coliforms and Fecal Coliforms TTC Tergitol 7 Agar 250
Pseudomonas aeruginosa Cetrimide Agar 250

Slanetz and Bartley Agar, BEA

Fecal Streptococci (Bile-Esculin-Azide) 250

Sulphito-reducing Anaerobes Liver Meat Agar 50

Salmonella Rappaport Broth, SFB Medium 500

Staphylococcus aureus Chapman Agar 250
b — Well water

Total coliforms and Fecal Coliforms TTC Tergitol 7 Agar 100

Fecal Streptococci Slanetz and Bartley Agar, BEA 100
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Germs sought . Cul‘Fure.Media used . Volume of water
in cultivation of Bacteria to analyze, ml
(Bile-Esculin-Azide)
Sulphito-reducing Anaerobes Liver Meat Agar 20
Salmonella Rappaport Broth, SFB Medium 500
¢ — Swimming pool water
Total coliforms and Fecal Coliforms TTC Tergitol 7 Agar 100
Pseudomonas aeruginosa Cetrimide Agar 100
Fecal Streptococci Slane(t}zg SE?E]S(?;%?_, Af‘z %22’) BEA 100
Sulphito-reducing Anaerobes Liver Meat Agar 20
Staphylococcus aureus Chapman Agar 100
d — Tap water
Total coliforms and Fecal Coliforms TTC Tergitol 7 Agar 100
Fecal Streptococci Slane(tlzg SE?EESSE}_] ,fz %32’) BEA 100
Sulphito-reducing Anaerobes Liver Meat Agar 20
Table 2 — ISO standards used in bacteriological analysis of waters

Parameter Standard
Enumeration of revivable microorganisms at 22 °C, 30 °C and 37°C ISO 6222:1999
Enumeration of total Coliforms ISO 9308-1:2000
Enumeration of E. coli ISO 9308-1:2000
Enumeration of intestinal Enterococci ISO 7899-2:2000
Enumeration of Spores of Anaerobic Sulfite-Reducing Bacteria NF T90-415 (85)
Research of Staphylococcus aureus XP T90-412
Research of Salmonella ISO 19250:2010
Research of Pseudomonas aeruginosa ISO 16266:2006
Research of Vibrio cholerae ISO/TS 21872-1:2007

Enumeration of revivable microorganisms at 22 °C and 37 °C
Incorporation technique
e In the sterile area.

e Mix the water bottle to be analyzed and aseptically take 1 ml in duplicate
in two empty Petri dishes, numbered and prepared.

e From the water to be analyzed, dilutions 10" and 10> are made (Scheme 1).

e Distribute the inoculum into the Petri dishes.

e Then complete with approximately 20 ml of TGEA (TRYPTONE GLU-
COSE EXTRACT AGAR).

e Then make "8" shaped movements to allow the inoculum to mix with the
agar.

o Let the Petri dishes solidify on the bench.

e Incubate the Petri dishes: The first series will be incubated at 22 °C for
72 hours and the second series will be incubated at 37 °C for 24 hours.
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Reading and interpretation

Colonies of microorganisms appear in bulk in lenticular and distinct forms.

Hold the dishes containing less than 300 colonies at two successive dilu-
tions. A box must contain at least 15 colonies. Then calculate the value of the
number N, of revivable microorganisms at 22 °C apart and that of the N number
of microorganisms revivable at 37°C apart, as a weighted average, using the fol-

lowing equation:
N = Xc
S 1,1xd

Yc: i1s the sum of the colonies counted on two boxes of successive dilutions re-

tained.
d: is the dilution ratio corresponding to the first dilution.

Round the calculated results to two significant digits after the decimal point.
The final result of revivable microorganisms counted at 22 °C and 37 °C
per ml of water is denoted by a number between 1.0 and 9.9 multiplied by 10* where

x is the appropriate power of 10.
Example
A count of microorganisms at 37 °C gave the following results:
at the first dilution retained 10 *: there are 158 colonies.
at the second dilution retained 10 °: we have 14 colonies.

N = Ic  148+24 172
“1,1xd 1,1x10°2 0,011

Round to two significant digits: 16000
1.6 x 10* microorganisms per mL of water at 22 °C or 37 °C.

= 15636.

Iml ¥ TmL ¥
S00mL Distilled water E
Volume of water ImL
to analvze 4
U it o
10" 10°
1 ml ml 1ml
TGEA Agar el
Ny °
) St O s RO e
1 ml 1 ml Iml

Scheme 1 — Enumeration of Microorganisms Revivifiable at 22 °C and 37 °C
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Figure 1 — Appearace of total on PCA

Enumeration of total and fecal Coliforms
Membrane filtration technique

Filtration of 100 to 230 mL of water to analyz=

17 Fusmsl
&

>

= O T
N ] [ ] |

Scheme 2 — Filtration systerh

The search for coliforms by membrane filtration is done according to the fol-
lowing steps:

e Sterilize the graduated funnel and the porous membrane with a bunsen
burner.

e Cool them immediately afterwards with the water to be analyzed if it is
available in sufficient quantity or with sterile distilled water.

e Aseptically install a 0.45um porosity membrane between the porous
membrane and the funnel using a sterile forceps.

e Then aseptically deposit 100 to 250 ml of water to be analyzed, depend-
ing on the type of water to be analyzed, in front of a bunsen burner.
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e Then activate the vacuum pump to absorb water through the membrane.

e Remove the funnel and immediately and aseptically transfer the mem-
brane using a sterile forceps onto the surface of a previously prepared TTC
Tergitol agar plate.

e Incubate at 36 = 2 °C for 21 + 3 hours.

This box will be used to count coliform bacteria, followed by biochemical
identification.

Reading and interpretation

Count the colonies after incubation in the form of small pigmented colonies
of yellow-orange or yellow (positive lactose). Repeatly transplant 5 colonies on
Triple Sugar Iron (TSI) agar for confirmation based on the oxidase test and indole
production.

Oxidase test

e Deposit a characteristic colony on an oxidase disk.

e The positive reaction is immediate and translates into a dark purple turn.

Indole test

e Transfer each characteristic colony separately into a tube containing 3 ml
of tryptophan broth or indole-free peptone water broth.

e Incubate at 44 + 0.5 °C for 21 + 3 hours (water bath).

e Look for indole production by adding 2 to 3 drops of Kovacs reagent.

e The presence of a red stain on the surface of the broth reflects the pro-
duction of indole from the tryptophan present in the medium.

In conclusion

Germ Feature Oxidase test Indole test
Coliform yellow colony — (-) 44°C
Escherichia coli Orange-yellow colony — (+) 44°C

e Count the colonies characteristics in each case.
e The results will be expressed in colony-forming unit CFU according to
the type of water to be analyzed.

e o p— e ———

Figure 2 — E. coli on TTC Tergitol 7
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Research and enumeration of intestinal Enterococci

The technique used in this analysis is membrane filtration.

Technique:

e Sterilize the graduated stainless steel funnel and the porous membrane
with a bunsen burner.

e (ool them immediately afterwards with the water to be analyzed or with
sterile distilled water.

e Aseptically install a 0.45 pm nominal porosity membrane between the
porous membrane and the funnel using a sterile forceps.

e Then aseptically deposit 100 to 250 ml of water to be analyzed in front
of a bunsen burner.

e Then activate the vacuum pump to let the water through the membrane.

e Remove the funnel and immediately and aseptically transfer the mem-
brane using sterile forceps to the surface of previously prepared SLANETZ and
BARTLEY agar.

e The latter will be incubated at 36 + 2 °C for 44 + 4 hours.

After incubation, faecal Streptococci colonies appear on the medium giving
red or brown color.

Reading and interpretation

After the specified incubation period, intestinal Enterococci or "D" group
Streptococci appear as small pigmented colonies in red, brown.

Figure 3 — Appearance of intestinal Enterococci on BEA

Confirmation test

Aseptically transfer the membrane from Slanetz and Bartley medium to Bile
esculin azide (BEA) agar. The latter will be incubated at 44 + 0.5°C for 2 hours.

The characteristic colonies then take on a black color, thus reflecting the hy-
drolysis of the esculin present in the medium.

Research and Counting of Spores of Anaerobic Sulfite-Reducing Bacteria

The method used is agar incorporation in deep tubes; it is a method that al-
lows the research and enumeration of spores of sulfite-reducing anaerobic bacteria
in water by incorporation into agar deep tubes.
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Technique

From the water to analyze:

e Transfer about 20 ml into a sterile tube.

e Heat the tubes in a water bath of about 80 °C for 10 minutes, in order to
destroy all the vegetative forms of the anaerobic sulphite-reducing bacteria possi-
bly present.

e (ool immediately under running water.

e Then divide the contents of this tube into 4 different, sterile tubes at a
rate of 5 ml per tube.

e Add about 18 to 20 ml of Liver Meal Agar.

e Mix the medium and the inoculum gently avoiding the introduction of air
bubbles and oxygen.

e Allow to solidify on bench for approximately 30 minutes then incubate
at 36 = 2 °C for 44 +4 hours.

Reading and interpretation:

e Playback will be at 44 + 4 hours.

e Count any black colony 0.5 mm in diameter having grown in bulk and

report the total number of colonies in the four tubes to 20 ml of water to be ana-
lyzed.

Figure 4 — Appearance of Spores of Anaerobic Sulfite-Reducing Bacteria on Liver Meal Agar

Research of Salmonella

In this analysis, the filtration method consists of the search and identification
of Salmonella present in water intended for human consumption by filtration.

Technique

The search for Salmonella by membrane filtration is carried out according to
the following steps:
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e Sterilize the graduated stainless steel funnel and the porous membrane
with a bunsen burner.

e (ool the graduated funnel immediately afterwards with the water to be
analyzed if it is available in sufficient quantity or with sterile distilled water.

e Aseptically place a 0.45 um membrane between the porous membrane
and the funnel using a sterile forceps.

e Then deposit 500 ml or more according to the availability of water to be
analyzed in front of a bunsen burner.

e Then activate the vacuum pump to absorb water through the membrane.

e Remove the membrane with a sterile forceps and place in a vial contain-
ing the SFB double concentration medium and add 20 SFB additive discs.

e Mix the filter well in the medium and incubate it at 37 °C for 24 to 48
hours. This step is the primary enrichment.

e After incubation, carry out a secondary enrichment by transferring 1 ml of
the primary enrichment to the SFB medium in tube (double concentration =D / C).

e Mix the medium well with the inoculum and incubate at 37 °C for
20 £ 4 hours.

e After incubation, isolate on Hektoen medium and incubate at 36 + 2 °C
for 20 =+ 4 hours.

Reading and interpretation:

e Identify characteristic colonies.

e Make a biochemical identification mainly based on ONPG, TSI, Urea-
Indole, LDC...

e Ifnecessary, make an antigenic identification based essentially on agglu-
tination.

Figure 5 — Appearance of Salmonella on Hektoen

Research of Staphylococcus aureus
In this analysis, the membrane filtration method consists of the research and
enumeration of coagulase positive staphylococci.
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Technique

The research of coagulase-positive Staphylococci or more particularly
Staphylococcus aureus by membrane filtration which proceeds according to the
following steps:

e First, the graduated stainless steel funnel and the porous membrane
should be sterilized with a bunsen burner.

e Cool them immediately afterwards with the water to be analyzed if it is
available in sufficient quantity or with sterile distilled water.

e Aseptically install a 0.45 pum porosity membrane between the porous
membrane and the funnel using a sterile forceps.

e Fix this device with the corresponding clamp.

e Then aseptically deposit 100 or 250 ml of water to be analyzed, depend-
ing on the type of water to be analyzed in front of a bunsen burner.

e Then activate the vacuum pump to absorb water through the membrane.

e Remove the funnel and immediately and aseptically transfer the mem-
brane using a sterile round-nosed forceps to the prepared Chapman mannitol agar
surface.

e The latter will be incubated at 36 + 2 °C for 44 + 4 hours.

e Reading and interpretation

e After the incubation period, coagulase-positive Staphylococci, or more
particularly Staphylococcus aureus, appear as small colonies pigmented in yellow
(fermentation of mannitol).

e Take 3 to 5 colonies, one half colony will be used for the catalase test, the
other half will be triturated in a tube containing BHIB broth, incubate at 36 + 2 °C
for 20 =+ 4 hours.

Catalase test

e Separately place two drops of a 20 volume hydrogen peroxide solution
on a microscope slide. Take a half colony with a glass rod (Pasteur pipette) and
gently emulsify it in one of the two drops.

e Observe immediately and after 5 minutes whether there is appearance
(catalase positive) or absence (catalase negative) of oxygen bubbles.

e The observations can be made macroscopically or using a microscope at
low magnification.

Coagulase test:

e After incubation of the BHIB broth, add 0.1 ml of this culture sterile to
0.3 ml of rabbit plasma contained in a sterile haemolysis tube, and incubate again
at 36 = 2 °C for 2—6 hours.

e Examine coagulation of rabbit plasma otherwise re-incubate and exam-
ine again at 20 £ 4 hours.

e (Consider that the reaction to coagulase is positive when the coagulum
occupies more than three quarters of the volume initially occupied by the liquid.
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Figure 6 — Coagulase positive (S. aureus) Figure 7 — Appearance of S. aureus
on Chapman

Research of Pseudomonas aeruginosa

The method used in this analysis is the membrane filtration method.

Technique

The search for Pseudomonas aeruginosa by membrane filtration requires
prior preparation which takes place according to the following steps:

o Sterilize the graduated stainless steel funnel and the porous membrane
with a bunsen burner.

e (ool them immediately afterwards with the water to be analyzed if it is
available in sufficient quantity or with sterile distilled water.

e Aseptically install a 0.45 wm nominal porosity membrane between the
porous membrane and the funnel using a sterile forceps.

e Then aseptically deposit 100 or 250 ml of water to be analyzed, depend-
ing on the type of water to be analyzed, in front of a bunsen burner.

e Then activate the vacuum pump to absorb water through the membrane.

e Remove the funnel and immediately and aseptically transfer the membrane
using a sterile forceps to the surface of a previously prepared cetrimide agar plate.

e The latter will be incubated at 36 + 2 °C for 44 + 4 hours.

Reading and interpretation

After the specified incubation period, Green blue pigmented colonies thus
producing pyocyanin are considered colonies of Pseudomonas aeruginosa.

Pereiirnd Sergensa ATCC FRnT
el T Nve v
t—-+‘-‘-.+:-+-—f-l—++1++-
Figure 8 — P. aeruginosa on Cetrimide Figure 9 — Identification of P. aeruginosa -API
20NE-

Research of Vibrio cholerae
The method used to search for this germ is as follows:

e In a bottle containing 50 ml of EPA (Alkaline Peptone Water), add 450
ml of the water sample to be analyzed (seawater case) under sterile conditions.
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e Incubation 8 hours at 37 °C.

The first isolation: without shaking, using a graduated pipette and a pro pi-
pette flambéed from the surface, a drop is collected and seeded on a petri dish
(GNAB agar) and then incubated at 37 °C / 24 hours, and 1 ml of the stock solu-
tion is also deposited in a tube containing EPA, incubated at 37 °C / 24 hours.

Second isolation: from one drop from the tube onto another petri dish
(GNAB agar),incubate at 37 °C / 24 hours.

Reading and interpretation:

e Aspect of the tube: homogeneous disorder.

e On GNAB: characteristic colonies: round, medium size, about 2 mm in
diameter after 18 hours of culture, bluish translucent with regular edges. But the
appearance of colonies varies greatly depending on the seeded peptone: presence
of Vibrio cholera.

e Not agglutinating or clumping.

Figure 10 — V. cholerae on GNAB

Conclusion

Although it is now possible to detect the presence of many pathogens in wa-
ter, the methods of isolation and enumeration are often complex and time-
consuming. A more logical approach is the detection of organisms normally pre-
sent in the faeces of man and other warm-blooded animals as indicators of excre-
mental pollution, as well as of the efficacy of water treatment and disinfection. The
presence of such organisms indicates the presence of faecal material and thus of
intestinal pathogens. (The intestinal tract of man contains countless rod-shaped
bacteria known as coliform organisms and each person discharges from 100 to 400
billion coliform organisms per day in addition to other kinds of bacteria). Con-
versely, the absence of faecal commensal organisms indicates that pathogens are
probably also absent. Search for such indicators of faecal pollution thus provides a
means of quality control. The use of normal intestinal organisms as indicators of
faecal pollution rather than the pathogens themselves is a universally accepted
principle for monitoring and assessing the microbial safety of water supplies. Ide-
ally, the finding of such indicator bacteria should denote the possible presence of
all relevant pathogens.
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