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roenteritis Salmonella Animal or Acute diarrhea and vomiting
(bacteria) human feces \
yphoid Salmonella typhosa | Human feces Inflamed intestine, enlarged spleen, \
(bacteria) high temperature — fatal
vsentery Shigeila (bacteria) | Human feces Diarrhea- rarely fatal \
"holera Vibrio Comma Human feces Vomiting, severe diarrhea, rapid \
(bacteria) dehydration, mineral loss - high
mortality
fectious Virus Human feces Yellowed skin, enlarged liver,
epatitis ' abdominal pain - low mortality, lasts \
aundice) up to four months
moebic Entamoeba Human feces Mild diarrhea, chronic dysentery
ysentery histolytica
(protozoa) -
iardiasis Giardia lamblia Suspect wild | Diarrhea, cramps nausea and general
(protozoa) animal feces weakness - lasts 1week to 30 weeks,
not fatal

ARACTERSTICS OF PRIMARY WATERBORNE PATHOGENS

'Major characteristics of bacteria, Viruses and protozoa are briefly described below:
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INDICATOR ORGANISMS
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seldom quantitative.

o Analysis of water for all known pathogens would be a very time-consuming and
expensive proposition. '
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presence of various pathogens in water, the
of these is oftefi extremely complicated and

Tests for specific pathogens are usually made only when there is a reason to suspect that those
particular organisms are present. At other times, the microbiological quality of water is checked
using indicator organisms. An indicator organism is one whose presence presumes that
contamination has occurred and suggests the nature and extent of the contaminations.

CHOICE OF INDICATOR ORGANISMS

It is known that most pathogens that are likely to be transmitted via the water route are shed in
human and/or animal feces. Hence, and indicator organism should be a microorganism whose
presence is the evidence of fecal contamination of warm blooded animals. \ndigators_ may be
accompanied by pathogens, but typically do not cause disease themselves. The ideal indicator

organism should have the following characteristics:

be applicable to all waters

always be present when pathogens are present
always be absent where pathogens are absent
numbers should correlate the degree of pollution
be present in greater number than pathogens
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cal coliforms (3herlmo-t(ci)l;:ram coliform) are a subgroup of total coliforms, which live in the
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1igh temperature.

“TERMINATION METHODS FOR INDICATOR ORGANISMS

\ Multiple Tube (MT) Method:
'e multiple tube method is applicable to all kinds of water samples. It can cope with clean,

lored, or turbid waters containing sewage or sewage sludge, or mud and soil panicles,
ovided that the bacteria are homogenously distributed in the prepared test samples.
woretically, the technique is sufficiently sensitive to measure low levels of bacteria in water
- mples, although bigger containers to take larger volumes of sample are needed to be used as
Jture vessels. However for normal water analysis, 10 ml is usually the largest volume used.

iis method is often preferred by microbiologists.

) Membrane Filter (MF) Method:
‘contrast to the multiple-tube (MT) method, the membrane filter (MF) method gives a direct

. unt of total coliforms and fecal coliforms present in a given sample of water. The method is
. 1sed on the filtration of a known volume of water through a membrane filter consisting of a
llulose compound with a uniform pore diameter of 0.45 pm; the bacteria are retained on the
irface of the membrane filter. When the membrane containing the bacteria is incubated in a
erile container at an appropriate temperature with a selective differential culture ms:dium,
aracteristic colonies of coliforms and fecal coliform develop, which can be counted directly.

his technique is popular with environmental engineers.

his method is not suitable for turbid waters, but otherwise it has several advantages. lts

articular advantages and limitations are as follows:

coliform can be assessed in less

Duantages: er of
* Results are obtained more quickly as the number e requires 48 hours both for a

than 24 hours, whereas the multiple tube techniqu

negative or a presumptive positive test.
* Saving in work, certain supplies and glassware.
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. lture tubes prior to sterilization.

everal different culture media are available for th : -

Jovers proth (LTB), (ii) MacConkey broth € presumptive test, for example: (i) lauryl

vp . ‘ . y broth, and (iii) lactose broth. These three media are
»mmon 1N use in many countries. The selectively of MacConkey broth and LTB depends
:spectwely on the presenc§ of bile salts and the surface-active agents, lauryl sulfate; \gctose
~oth is a non-selective medium. ’ ’

lisa copﬂrmatory medium for total coliforms (TC), brilliant green lactose bile broth (BGB) 1s
.ot widely used. To confirm the presence of fecal coliform (FC), either BGB broth or

| “scherichia coli (EC) broth is used.

follows:

| ‘reparation of Media:
| Jedia should be prepared in accordance with the manufacturer’s instructions, as
m in distilled water to obtain the

e Dissolve the stated amount of the dehydrated mediu
jum (for confirmatory analysis,

double-strength or single-strength presumptive med

only singe-strength medium is used).
o Dispense the requisite volume into culture tubes conta

and cap the culture tubes.

o Sterilize in an autoclave or pressure cooker at 114°C for 10 mir}utes (or in accordance
with the manufacture’s specifications). 1t is particularly important that media
containing disaccharides, .8 Jactose, are not autoclaved at higher temperatures- -

e The sterilized medium should be stored at room temperature to maintain sterility-

Since several dyes are light-sensitive, the solution should be protected from exposUT®

to light.

ining an inverted Durham tube

MT) Test of water and wastewater

Test Procedure:
. : be
d in Multiple Tube ¢ emperatures. The procedure 0 be

Figure 1 shows the procedure involve
samples, together with the appropriate incubation times and t



I ———

e AR

v

«ing relatively unpolluted water, such a tre
25 :

ated wat
er from Wwaterworks, is described

W e the paper wrapping from the sample boyle
5 :

M e stopper in position, shake the bottle vj

| . Borously to achj
3) ‘\pel-ation of bacteria. 1f the bottle is completely full of Wi move the opn
(L

A . R ater, re

‘ dhqrd about 20-30 ml of water, then replace the stopper and Sh‘k;?}:’;’:@:\i«: S‘OD}\‘Der and
UB ‘ sures thorough
:ni\-m%- ¢

_ .rile 10 ml pipette, modulate 10 ml of the sample int :
with a ster! i . ; 0 each of five tup i
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N n-ubﬂed the tubes at 35°C or 37°C for 24 hours.
(D) 10

-3 At the end of the 24-hour incubation period, observe each tube for the presence of gas. Gas

(E) i present, can be seen in the Durh.am tube; if none is visible, ge3ntly shake the tube. If an;l
cffervescence (foam, streams of tiny bubbles) is observed, the tube should be considered
poSiTi\’e-

(F) Enter the number of positive tubes after 24 hours in table.

G) Re-incubate negative tubes for a further 24-hour period. At the end of this period, check the
tubes again for gas production as in (E) above. Gas production at the end of either 24 or 48
y  hours incubation is pressured to be due to the presence of coliform in the sample.

(H) Enter the number of positive tubes after 48 hours in the table.

' (I) The confirmatory test should be carried out at the end of both the 24-hour and the 48-hour
incubation. Using a loop, transfer one or two drops from each presumptive positive tube to a

corresponding sterile confirmative 10-ml tube containing, e.g. BGB broth. Before each
transfer, sterilize the inoculation loop by flaming and allow it to cool.

I (J) If the presence of fecal coliforms is also to be investigated, subcultures in two tubes

containing confirmative broth (e.g. BGB broth) should be prepared from each presumptive
positive tube. EC medium is preferred in some areas for confirmation of fecal coliforms.

K) To confirm the presence of coliforms, incubate one subculture tube from each presumptive
positive tube for 48 hours at 35°C or 37°C.

L) Check the tubes at the end of the 48 hour incubation period; the presence of gas coliforms
that coliforms are present in the sample. Enter the results in the table.

M)  To confirm the presence of fecal coliforms, incubate a second subculture tube from each
presumptive positive tube for 24 hours at 44+0.5°C.

N) If, at the end of 24 hour incubation, gas is present in the tubes, the presence of fecal
coliforms is confirmed.
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Determination of MPN -
. For tr:a;;eg SVtV?;ZL,lt\’Vhbere five 10 m1 portions are portions are inoculated, the MPN can be found
’ frog;ts are interpretsed yltmeans of Table 2. An example is given in Fig 2. To show how the test
o :;:Z total coliform groinp. ‘;:"’r'(‘)nf:e;:s;;t:‘at‘tllree conﬁrmf:d positive tubes have been obtained for
9.2 total coliforms per 100 1| sl /,\l 1e corresponding value of the MPN can be seen to be
confirmed positive tube. Con Ple. As regards the test for fecal coliforms, there was only one
s¢quently, the value of the MPN for this group is 2.2 per 100 ml.

Table 2: MPN of vario -
Us combinations of +ve and —ve results when five 10-ml portions are
used

ber of the tubes givin

um 111 .
N Ositive reaction out of five 10-m] tubes MPN

0 0

' 22
p)
) - 5.1
1 9.2
16.0
S Intermediate

B) Membrane Filter Method:

Volume of water Sample for Filtration:

Smce.the ﬁltratlor} area is relativ;ly small, it can only support the growth of a limited number of
colome.& The optimum number is between 20 and 80 colonies with a maximum of 200. If this
ﬁgl-ll'? is exceeded, very small colonies or super imposed colonies may develop, or growth
inhibition due to overpopulations may result. The choice of the volume of sample to be filtered

will depend on the type of water. As a general rule, the following filtration volumes (Table 3)
should be employed.

Table 3: Volume of water to be filtered for various types of water
Type of Water Volume of sample to be filtered (ml) |
Good quality treated water 50-100
Untreated Drinking Water 10-50
Surface Water 1-10 l

If the origin of the sample is unknown and its probable bacterial content is uncertain, water
volumes differing by a factor of ten should be filtered in order to find the appropriate range for
the analysis. If the volume to be filtered is less than 10 ml, at least 20 ml of sterile dilution water

should be placed in the funnel prior to the filtration.



