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srarures ahove $0°C- 457°C while some Zrow 1n Ol springs D .‘f!".ﬂ.i’”ﬂ;;ﬂ
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hich normally grow 1n the Icr:.-pci;i..:c range of 25°C-80°C though the
ptimum temperature is 37°C for most microbes, and (c) Psychrophileg
Cryophiles) whach acuvely grow beiow 20°C. They are cold tolerant and are
len found 10 arclc and aniarcuc regions

Thermal resisiance of bactenal spore can also be calculated, since bacterigl
spores are more resistant 1o lemperatures than the vegetative cells, where Dhe

1s the tme in minutes referred 10 one log cycle (90%) reduction In populatiog
of a given mucrobe (spores) in a given medium at a process temperature of
250°F

For Clostridium B., Dysg = 0.2]1 minute

From 1 spore to 107'* spores = 12 log cycles

Thus if 1 log cycle = 0.2] minutes at 250°F, then for 12 log cycle, time
required = U 21 x 12 = 2.52 minutes at 250°F

But for vegetauve cells it takes 1| minute at 160°F

(1) pH. It intfluences microbial growth througb the action oo cHZYIne.
acuvity and cell permeability. Normal bacierial growth can occur at a pH
range of O-8, while a few can tolerate it below 4, c.g. for E coli, it is
-7, Tor Thichacilluz, 1-4, while for nitrate bactena i ranges from 6.5-Y.

(tv) Owmonc pressure (OF). A1 higher osmotic potential. microbes can

laar walcr by staGais, Whie al lower OF, watcr comes ot of oclls (cxosmos )
ilus fcanur » cxplonied m f00d preservation with higher salt or separ use
SULLE SPELics Cal gIOWw al a very ww Osiuols potcalial and are called halopéhiles

Control of bacterial growth

{he growth of bactena can be controlled cither by physical or by _hemical
means. When a germicidal agent kills a bacterium by way of lysis © cell
wmbrane it 15 called bacteriocidal. Otherwise if it DRIy prevenis & T g0, @
though still viabile ), 1t 1s called bacteriosiari

e

L} Ph}luuf dagenis ?iiijul physiCal agenis Incio. ey v |, by
Jv-radiaton. ulurasonic Waves, oL
Tempersture above 120°C or below -20°C /' “crigonta,. “hen 4 death

Ume refers 1o the shortest penod 0 kill bactenia U SUB P8

3.47) For E coli, it 1s 20-30 mins. a1 57°C. » weas for Salmoncile i

S muns. a1 6U%¢
UV-radianion. The germicidal effectivencss of ultraiolet radiation lies
A I disrupts the protoplasm and the enzyme s ysiem
Ullrasomic waves. Yibmation of the uivrasound (>20000 Hz) causes 2
 Cavily s Ihe waler around the microbial cell and thus puts &

ahical pressure Causing decomposiion of prowis and disrupive of e
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Microbial antagonisin may also deler U growil
It s effecied Buough the production of Walus 10
U‘ HH““‘J *‘" t 'L‘i;i 1Y 1'#: t:t""i ti! Lihdii
Saimonella and Shigelid

3.6 BACTERIOLOGY OF WAITER AND SEWALL




cause VEDORA dscascs m both man and animal Some of the water bOrRe
Sacascs sz cholera, tvphosd, paratvohosd d}m}f ha.nllu'y d)"“ﬂ"m-
jasTocnicnis ek, whach sometimes turn mto epidemics and cause havoe.
AR e e we Bacdlus, Vibro, Saimonella,
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spumerateq (Cabelli, 1982). It gives indication hat the pollution is of faecal
mpna:fadmgly. sullabie steps can be undertaken within 2 short period.
Moreoverithe members of this group remain viable for s loager ime and
allow sufficient time for testing. But faecal |

that the pollution is of recent origin (Wilkun and Dorris, 1968 Train, !

Hl’“ N il =

30&1, 1982).
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Eum of _{ﬁcal m the non-faecal ope. Raw SCwage contains
rg Ve

WA iOns S0

approximately 107 E. coli/100 ml. On the basis of &

microbial siandards ¢ - water quality from different sc

Vii.

’ e ornuiates

Hi >hly poiduted 2 10,000 bacteria/litre
Mod:rately polluted 2 1,000 bacteriaflitre
Stightly pabluted 2 100  bacteria/litre
VW ater of s.iisfactory quality W bacteria/litre
Yure dnniing water S bactena/litre

-~ 3.6.4 ‘Routine Bacteriological Analysis

The most Im

poriant

3.6.3 Why Coliform?

-y
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thiosulphate and their testing in laboratories within shortest possible time is
absolutely essential, although samples can be preserved at 4°C for 6 hours.
But 1n no case the sample can be kept for more than 24 hours o avoid rapid
changes in bactenal content. The methods of analysis comprise various tests
that indicate the presence of coliforms and pathogens.

(@) Standard plate count (SPC)

It 1s done to enumerate total viable population and not to detect either coliform
or other pathogenic forms present therein This is pnmanly to check the

efficiency of water treatment methods, and is done periodically. 4 bacterial
1S assumed to form a color IS _expressed in pumbers per ml.

SPC =m x 10°
e ;'-.;""‘*- ﬂﬂd n . thc dﬂuﬁm fﬂClﬂf.

¢ DUNDEr O

where m )

(b) Tests for coliforms
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Multiple tube fermentation. 1t is essentially an acid fermentation system
where fermentation of lactose broth is tested at 35-37°C for 24 and 48 hou;;

In a series of test tubes (Fig. 3.18). It actually involves th
(Pelczar et al., 1986). ’ Fee sequantial tegh

Large test tube

Lactose broth

Gas from fermentation
Small test tube

FIG. 3,18 MTF test,

L. Presumptive test.  The source sample is di o s¢ ‘

the expected bacterial population and allowed 1o incubate in I.h:: gmwnh mcdlum

for 24 hours, The acid and gas production 18 checked after the scheduled

mhlﬂmul.,ﬂum the test is positive. If there is no gas formation,
% negalive,

L. Counfirmed test. A no gas is [grggcd in the previous test, it is again

weubated foe another 24 hours 1f gas is formed now, 1t confirms thI:: nre

confirms th sence
of coliform. On the Olher hand, if there is no gas formati wation even nowpr:]c lest

18 considered negative, Le, it can be presumed that thtre 15 no coliform in the

tested sample.(1t is a conﬁnnatory test for the presence of coliform, because

gas production in the previous test could also be due to the presence of
organisms other than cohform)

3. Completed test, ‘This test ascertains the presence of coliforo in the

5amp]<;__ Here a portion of the sample from the positive test is grown on I nde

or EMB._ (eosin_and_methylene blue) agar plates and is incuba

I incubated fg;
24 hours at 35°C. In this medium, E. coli will pmduce bluc-hlack wlonju

thh a greenish metallic sheen: whcrcas other nmmbera of the LJOUE._H”L
£ Od,?,ﬁel’ﬂlwnk colonies without a metallic shee e

: Membrane filtration technique. The technique was first suggested hy
oetz and Tsureishi in 1951 and named originally as molecular filter techniquye,
Membrane filter (MF) is madé)of cellulose acetate ester Elm

,QLQZ!JQ..O,S_J.Lm_’Ihe f ltratwn unit has the e _ffgmxi.ﬂ-l-ﬂmﬂtﬂuilﬂ_nm_ﬂthg_

embray at 80°C fo
r20 n distilled water and the en
put on the fi ltratmn on_unit aseptlcally, which is fixed to a vacuum pump,

(F1g. 3.19). If necessary, a s
, @ special type of syringe is also used f.
placement of the membrane (Stainer er al., 1990)8 gl

!
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Membrane filtration
To vacuum

FIG. 3.19 Membrane filtration.

When the water sample 1s poured, the bacteria are held on the membrane

i ——— —— '-'r—“‘"'""‘--'--—qll"""

, surface (samplc taken may be 0.1 to | ml of pnllutud walter). lhq.., iller with

the trapped bucteria is then dried and stained with g red dyg called ¢rytluasine.

f'_n 30-60_ming. The filter 15 now placed on another “fillgx mmu Witk
distilled water ansbsspemed (0 remove the excess stain, Fioally, JUDK
colour remaing and the filter 1§ microscopically examined and the microbes
munwd.__,_

The result 1s expressed as

where,

X = total no. of microbes
V = volume of water examined (uaual_ywl ml)
S "'_“w ———
_N = average no. of microbes in one mu,mscuplc field of view
K = coeff

oefficient of microscope, i.e. ratio of the alzc  the fiel,
eye piece erid) to the area.c

-

NN

L PR

Large sampling 1s, however, nccessary to have a statistically significant
result.

The advantage of ME over MUK technique 15 lMuA 1 be done rapidly

and on the spc a]d) using a hand pump. Bu ot be used in case the
e

water is turbid and heavily palluted, as the filter guts clogged.
. The degr lon is generally expressed in terms of (a) Colild
which is the smallest volume of water (in ml) contaning one £, coil, m

(b) Coli index that is.the number of E, coli present m.mgmm
However, both MTF and MF methods are subject to false- pmmw

false-negative results (Border and Wmtcr 19‘? 8) Hem a mmd ert 5y

_’d &Ti r-':"'-_.,r:-l'.. I-J
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(defined substrate Leghnology) has been developed for the detection of total
coliform and E. coli in water. This method can simultaneously determine the

presence of total coliforms with yellow colour as indicator and production of
fluorescence 1n the same tube demonstrates the presence of E. coli (Vahﬁﬁ

et al., 1991). It is based on the concept that for each target microbe, there is

a e

2 substrate for a specific enzyme. When the microbe digests the substrate

#——l-r---'-""' b e i el e . i -

chromagen is produced, The substrate for total coliform ip this case is ONBG
‘o-mitrophenyl P-D-galactopyrannoside), which tu hi

L coll, e subsitate js MIG.(4-methylumbellifery] B-D-glucuronide), whigh

3.6.5 Methods for Differentiating Faecal from Non-faecal
Coliforms '

Among the enteric bacteria that can ferment lactose by producing acid and
gas (1.e. coliform), all may not be obligate (completely) intestinal parasites
ke E. coli. For example, Enterobacter (Aerobacter) aerogenes, though can
ferment la-c:u,-s-c i$ also found in nature in decaying plant materials. Therefore
IS presence in waler may not necessarily indicate a faecal contamination.
Thus 2 is esseafial 10 .determine whether the coliform is of faecal o
non-faccal origin

Some of the preliminary differences between the two OIganisims are:

S

Characters E. coli Ent. aerogenes
| .
(1 Colony stze Smaller (2-3 mm) Larger (4-6 mm)

(1) Colony surface With metallic sheen Without metaliic sheen

(111) Colony confluence Discrete Tend to coalesce
(1v) Colony elevation Concave Convex
(v) View under reflected Dark Light brcvn
l1ight ;
(vi) Incubation at 44°C It can grow It cannot row
for 24 hrs. 1

IMViIC test

It consists of a series of four tests 1o rapidly identify E. cali (faccal) and

Worid of Microbées i Helalbion 10 Enviroiunent e 1° )

limerobacter aerogenes (non-faccal). The leters in IMVIC have different

e i e —— i il - S

connotations which are as follows:

‘I’ represents Indole test

‘M’ is the Methyl red test

‘V’ stands for Voges-Proskauer test, and

‘C” is the citrate test, while ‘i’ is used only for phonetic purpose and has
no significance with the test systems.

Indole test

" l‘&tm Jd s

- L ]
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| fl' ¥ b 1}"

ole 1s produced from §

where i
e LYRILODNABASE 15 DICLEN! OF 18 |

Hlis

‘.;-J_.-"
s

=

, ism.

J—L‘ﬂ-m;.__d——h
Tryptophan + O, ~ Indole + Pyruvic acid
(Kovac's Heagen! used 1s v Kovac's reagent gives
~-gicncniny! arunobenzaldehyde) Bright red colour mdicating

indole producton

Methyl red lest

Voges-Proskauer test
It is a colour test of acetoin production from glucose, which is au wntcnnediale

stage in the production of butangdjol from pyruvic acid, Acetyl methyl carbinol
(AMC) in presence of 40% KOH. and aigis fusther oxidized and gives the
characteristic pink colour within 2-4 hrs, which is a positiye test 10: EnleroQagicr

aerogenes,

Citrate test

It attempts to ascertain the ability to utilize citrgle from sodivm cilfale a5 e
'sole carbon source, E. colickds not = yme Cilrale penmnease

%cannol utilize the san as Ent gercgenes can assimilate 1t and

so that turbidity develops during the culluge.
Thus IMVIC test differentiates the two organisms in the foliowing manuer,

_~ ~Organism Tests (e
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viost Probable Number (MPN) Estimation
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SOXA expressaon of estmating the number of bactenal cells in a
- s -
SRETT O & WERT SR il §IVes an pproXimate esumaton of the number
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of CoTorm daclena present per mil I a given decimal senal dilution in the
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FIG. 3.20 Serial dilutions of sample.

The value 1s amived at by assuming that the smallest gas-forming portion
1D A goamelnic senes contains only one coliform organism. Therefore, reciprocal
of the volume expressed in ml will equal the number of organisms per ml. It

~often happens that from a combination of posmive and negative results, one

bas 1o draw an approximate valpe.

i the frmentation tube containing 0.1 ml of the same gives positive
result, while the tube with 0.01 ml does not, then the MPN is considered as
10 per ml In this, a statistical estimation is made and compared with MPN
index value table (APHA, 1971). In fact, a sanitary bacteriologist is not

specifically interested in exact number, but the approximate one to take effective
control measurcs./

3.7 FUNGI

F ung:‘i(sing. fungus) are a class of eukaryotic, spore-bearing non-chlorophyljapg
Organisms and include molds and yeasts. Molds are those which hé,:vq
multicellular filamentous bodies and yeasts are unicellular. They have a v»;ldb
range of appearence from small microscopic filaments to large macroscapla
structures (Fig. 3.21). The filaments (thread like structure) known as hyphae
(sing. hypha), which form a wooly mass called mycelium. These ﬁlameﬁtu
may be made up of several cells put end to end, or within one long thread
there may be many nuclei, when it is called coenocytic. The mycelia (sing
mycelium) may coalesce and form a regular macroscopic vegetative structtirc‘I

called‘ fmir'-body as in higher gmups of fungi. The study of this group of
organisms 1s termed mycology (mykes = mushrooms). .

i ’
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Chiet characteristics

Lack of chlorophyll (green pigments)

Cell wall 1s made of chinin, instead of cellulose

Food reserve is giycogen (like animals) and nor starch as in plants.

. Nuclelr within cells are very small.

. Major mode of reproduction is asexual by spore formation. Some may
reproduce sexually by conjugation.

They may be sub-terranean (grow under the soil), terrestrial or aquatic.
Some grow as parasites on plants or on organic food stuif and make
them rot (as on breads and fruits like oranges and lemons). There are
also pathogenic forms causing discases in human beings, plants and
animals.

.

L g 8 "o
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Although fung: are cconomically important for some industries hke
pharmaceutical yiciding drugs (alkalowds, vitamins-and antibiotics) and brewernies
in the alcohol fermentation, they cause heavy loss as parasites of crop plants
and forest trees, and in rotting food matenials. Some of these fungi are edible
100, for example, mushrooms of the varnieties called toad-stool, morel, morchella,

- ete. " Edible mushroom cultivation“has ‘become: an industry ‘by itself. Some
- fungi grow:inassociation with' the: roots -of higher plants for mutual bepelit

and are-called mycorrhizae.
fFrom environmental standpoint, fungl can grow i1 .agualc eSCIVOLS,

- sewage structures, air-borne spores of many fungi cause various £ian disecases

of man and the fungal toxins (mycotoxins).called aflatoxins produced by
some. fungi (Aspergillus, Fusarium) are very much harmful (Ross,. 1979).

3.7.1 Classification
Fungi are broadly divided into three groups:

Lower fungi or phycomycetes

They are alga-like filamentous, primitive and microscopic. The mycelium is
non-septate (1.e. not partitioned by wall), i.e. coenocyric. No fruit body is
produced. Spores are produced endogenously (inside the hyphae). Aquatic

fungus Saprolegnia belongs to this group having a long, much branched
multinucleate mycelium.

Mucor and Rhizopus, which are called bread molds, also belong to this
group. Rhizopus arrhizus mycelium is now frequently used to recover winerals
from mine waste effluent through adsorption on its biomass.

Higher fungi

They have definite fruit bodies made of compact my%!h@ pLae
hyphae with partitions formed in them, and are evolutionary adya
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