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+ Asked by Satya
Please help me with this doubt

Q10. A fully penetrating well of radius 0.2m, pump at a constant rate of
400m3/nT, confined sandy aquifer of thickness 40m and porosity 0.25.

Considering only microscopic flow velocity how long it will take for a pollutant
to reach the well if introduced into the aquifer at 100m from it.
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FOREWORD

This Indian Standard (Second Bevision) was adopied by the Burcaw of Indian Standards, after the draft finalized
by the Drinking Water Sectional Committee had been approved by the Food and Agriculiure Division Council
Thiz standard was of |!_":r|;|||: ublished in 1983, A PR ared |"-:. thee Whoald Healih € er!_'.-.|||.-' on in CORpsErairen
b the World Bank showed that in 1975, some | 230 million peo vere without safe water supplics. These
appalling facts were central to the Umited Nations decision to declane an International Danking Water Supply and
Sanitation decade, beginning in 1981, Further, the V1 Five-Year Plan of India had made a special provision fos
:1'-..|||,|5!1|'||I:.. ol siile i |||L|.|:|;: waler for the masses, Therefore, the standand wasz formulated with the -.'-|||-._'-.'I|'. & il
assessing the quality of water resources, and (o check the effectiveness of water treatment and supply by the
concerned suthoritaes,
Phe Tirst revaseon wis underaken (o ke e account the up-to-date mlormanton avialable aboat the nature and
effect of vanouws contaminanis as also the new technegques [or wdentifying and determimng their concentration
Based on experience gained additional requirements for alkalinity; aluminium and boron were incorporated and

e |l|.':|||i-1=.i|1]L_' limmts for diszolved solids, moteane and |1|_'1Ei-._'|-:||,"- resiidlues modihed

125, thene are about 2,17 lakh |||'-:'.||I'-. affected habitations

wintry with more than half afTected with excess iron, followed by Muonide, s iy, mitrate and arsenic in

L Further, approximately, 10 milhion cases of diamrhosa, m tham 7.2 lakh typhod cas il 1.2 kakh
viral hepatilis cases ocour ¢ vear 4 majornty of which are coninbuted by unclean water supply and poaos
sanitation, The eleventh five vear plan document of India (2007-2012) re izes dealing with the issue of walter
|_|||.||i|:. o L r||.|i||| .,'h;||||_'||.!:| .|:|..| Al il :Llh!ir-._'-.\:m:__' WL TET ,-|:|;-_||.r_:. ['l-'-|||-._'|1'|\. i -||| ||1|.|.|.:I!_'. ;\!I..'r[q;d Naibatations wall
emphasis on community parficipation and awareness campaigns as well as on (op most priecity (o water quality
survelllance and monitonng by sctting up of water qualiy festing laboratones strengthencd swith qualihed
manpower, equipmenis and chemicals,

The second revision was undemaken tow ¢ the requirements of the standard and align with the internationally

ovailak ifications on drinking er. In this revision assistance has been dernved from the following

a)  EL Directives relating toihe quality of water inten for human consumpiion (3T TREEC) and Council
Directive ORR S EC

USEPFA standard National Pamary Drinking Water Standard. EPA B16-F-02-001 3 dated _I|||:.._ L)
WHO Guidelines for Drinking Water Quality. 3rd Edition Vol. | Recommendations, 2008,

Manual on Water Supply and Treatment. third edinon revised and updated May 1999, Minisiry of
Urban Development, MNew Delha.

This standard specifies the acceptable limits and the permissible limits in the absence of alternate source. I is

alue exceeds the limils indicated under “permi

es 1 o4, the sources will have 1o be e

sl mmethods £IVET
The limits have by Pl i WHO guidelines, wherever avai
mlable, the 1dards ible from other countmes have beer

and Incorn : ; conditions

In this reviseon, sdditional TeCuEremEnLs for ammonia, chloramines, bariam |||-.'-|.:-. bdemum, silver. =.'.||||h|||-.;I mickel,
;'-.l!'. chlornguled h||1h-.'|'.:. 15 and inbilomethanes have been incOrporabed w hale the recjuareiments [org UL, Il.||'!'-i|_||‘.:.
tostal hardness, fred resicual chlonnme, ron, magnesium, maneral oil, boaron, cadmau il arsemie, lead, polyno

arcmatic hyvdrocarbons, pesticedes and bac 1l reguin 1% have been modibied,

I thes mevisaon, requimemient and fest method Tor verologecal examonation have been meluded. Forther, regquinsminls

and test methods fog cry -|'r:-|'|-.!'.'r.|||| andl .|.'|.||'l.11.| have also been S ified

Routime surveilllance of dimking water supplies should be carmed out by the relevant authonties to understand

risk of 1.|.-.'-.'|I-:r |'l.|l|!l||:'_|.'r|=. and 1o define proper coniral o edures. The WHO Guidelines for Dninking Waler
Quality, 3rd Edition, Vol, | may be referred for specific recommendations on using a water safety approach
incorporating rsk wennficanon. PrecautionsCare should be taken (o prevent contamination of drinking water

from chlornne resistant parasites such as eryplosporidiom specees and glrdia
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Indian Standard

DRINKING WATER — SPECIFICATI

( Second Revision /

1 SCOPE

This standard prescribes the requirements and the
methods of sampling and test for dnnking water

2 REFERENCES

The stamdards histed in Annex A contain provisions
which through reference in thas text, constipte
provisions of this standard. At the time of public

the editions indicated were valid, All standards are
subject 1o revision and parties 1o agreements based on
this standard are encouraged o imvestigate the
possibility of applying the most recent editions of the

standards indicated i Annex A,

JTERMINOLOCGY

For the purpese of this standard the following definition

A TH1L ;:[:-|1]_'.

3.1 Drinking YWaler
|.|:I_u|'|_||_'|_| 14¥F |||u:|::|r| |_'|,1:|-1:;||:r|||I||:-|| | ER)] q||1|1l-.1|'|:_'

|]||J'.J-.1||;_' waler is walef

couking purpos
{treated or untreated ) supplied by any means for homan

; I!'II'-IJ!:I."I':iIII'.

froom any sowree, Woincludes water

4 REQUIREMENTS

Drmnkimg water shall comply with the requiremaents
=it i Tables | o4, The analys
EIVEN 1N Tahle all be conduced |'|:-. a oo

|.,||:1-:||::||-.|r:. |.|-1i||:_- |||:|,-|:||.,|r.:|:-|1:1'=l:-. established rest method

[ pestecude res

meeting the residoe limits as given in Table 5.

Drinking water shall also comply with bactenolagical
requirgments (see 4.1, virological requirements

(see 4.2) and biological requirements {see 4.3)

4.1 Bacteriological Regquirements
d. 1.1 Warer in [isiriition Svaterm

Idcally, all samples taken from the distnbution sysiem
including consumers’ premises, should be free from
coliform orgamisms and the following bacteriological
guality of drnkimng water collected in the distrbiition
system, as given in Table 6is, therefore specified when

testied inm aecordance with 15 1622
4.2 Virological Requirements

d.2.1 Ideally, all samples taken from the disunbution

Table 1 Organoaleptic and Physical Parameters

{ Foreword and Claiese 4)

Sl M. Charscteristic Reguirement

Chcdoar

mH valoe

hal the pocept
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sl in Lhe
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15 Jaiz

marce bt cated under
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Table 2 General Parameters Concerning Substances Undesirable in Excessive Amounis

{ Foreword and Clawse 4)

Clhinrmcierisiic M e Permisaihle S Bethed ol Tesd, Hemarks
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Table 3 Parameters Concerning Toxic Substances

{ Foreword and Clawse 4)

Sl N Clhinrncierisiic i Permisaible Wletheod ol Tesd, Hemarks
I ikl b thse Kl Bis
1L immii ) Ahsence ol
Altermale
SoUroe

lI.III 1
See Tab
LR - -
o AFHA Bl

LPH A G400

o APFHA
ASTN [ 19
o AFHA
ASTM

o AFHA

active Subsiances

{ Fevreworrd and Ol 49

Characieristic Reguirement Ifermissibie Melethasd of Test, Kemiarks
{Acceptnbie Limit in the Kef 1o Part af
Lismin} ; 3 = 14194
Altermate

Sourve




1% 10KS0dD = 2] 2
Table 5 Pesticide Residues Limits and Test Method
{ Fovreweord and Tab

Limin

sopmers ol LaLxd | a REEAL EE LN

1d. Beta, and sulphaic) i SN SEAET T W

HCH (Lindanc) 4 S0 ALRAL Do O

IS0k JOS

Fhawr

MOTE Text methods are for guidance amd reference for tes wy. In case of wuls, LISEPA method shall be the

(e 4.1.10

Requirements

Whiall mol be detectable i any | IHD sl saimsgple




system including consumers premises, should be free

ITOIn VIrs

4.2.2 None of the generally ac e reatiment
methods vield vimus-free effluent. Although a numbe
rators hay

of iny found activated sludge treatment

to be superior o trickling filters from this point of view,
il seemis possible than chenncal po

will prove 1o be the mast effective,

patation methods

4.2.3 Virus can be solated fron from
. Enlerovimns, T irus, ol ad us have

1 Ffound in water, 1 first named being the most

ant o chlorination. IFenterovirus are absent i

chlommuted waler, 1l can be

sumied that the water 15
safe to drink. Some uncertamty still remauns abowt the
virus of infectious hepatitis, simce it has not 50 far been
isolated bot in Vi wrphology and resisiance
that. 1l they have boen

will have been inactivated

4.2.4 An exponentusl relationship exists beltween the

rate of virus inaci and the redox

fedox i calial of 6530 mY {(measured between
platinum and calomel electrodes) will couse almaosi
mstantaneous e vatien of even high concentrations
of virus, Such ; can be obiained with even a
oW COng ) e | wilth an
exiremiel

s oxidative o

nu 1 af other

orone and potassium permanganate, but the eifect of
the oxidamis will always be counterscted, if reducing
l.'l"|||i1l'-|'ll.'r||'-. which are 'I:ii‘:lrll:- AN, e |'|!'I."-l.'r||.
A oo consequence, the sensitvity of virus towards
disinfectanis pend on the mlicn just as much as
on e |1._|:I:|;|.||:'.| il
425 Vinses ane j
well as gel pro
paarticulate and
difference betw

ame matter 1o wiakter, Becawse the
¢n the resistance of coliform
organisms and of vires o disinfection by oxidanis
ncreases with increasing concentration of reduciin
-omponents, for example, organic matier, it cannol be
that the ilable colilorm
: implies B active virus under
circumstances where a free chlonine residual canmo
and Mlration

s may contnbute W the removal of virus

b mai itaned. Sedimentaton and =
in themse

4.2.6 In practic 1o Tree chlonne lor 1 has
salts
originally |

parteculates
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4.2.7 M52 phage are indicator of viral contamanation

i drink witier. M52 phage shall be absent in 1 it

when tested in acs lance with USEPA

miethod 1EO2, 1T MS2 |1|'|.|
cal examunaton shall be done by 1

s¢ Chain Eeaction (PCR) method for

cxamination as given in Annex B, USEPA

i Manmal of M

l,,l;l,,l_ll_'-il n ||I|._' |_|I!I:I|'.'.r E

v for Viroloey 1."||;|||[L_': 165,

I, the cause shall be determuned by immediate

further investigation

4.3 Biological Requirements

431 Ideally, all samples taken including consamers
|l|.u|||i1.|.'=. should be al organisms
Bl
Cluses ol

controll

e from biolog
cal Examunalioda s ol '..;IIIII.,' H ] .,I:_'r_.;1||||||||1:._' the

ind odours i water and
 remmcdial treatments, in helping o interpoet
the resulis of various chemical analysis. and in
'-.|||.|i||||'.'__' thee causes af ¢l geing in diztribetion PIpes
and filers. In some instances, i1 may be of wse n
demonstraling that waler from one source has been

mixed wath that

4.3.2 The o

i|||'|'l wiance when the SRIpHHY has nol um one (he
sndonal Focculation and filiration proeCe SICE
increased growth of methane-utilizmg bacteria on
baological slhimkes in pipes may then be expected, and
the development of bryvozoal growths such as

, "
rincrteNler imay Calisg |'-|u'1.|l'.|:-||.|| difficulties

{ the animalcules found in water mains
roliving in the water, but others sug
il andd Asedi

10 thie inswde of the ma

are mone oF less firmiy
Altho

are nod themselves pathogenic, they may harbowr

QTR ECL

pathogenic organisms or vinus in their intestines, thus
protecting these pathogens from destruction by

Sallen
chiorine

s cerlain parasiies,

can be excluded anly

cin be ated without subsequent dechlorination
Amoeinasis can beé conveved by waleér completely Tree
from ¢ntenc bactena; microscopic cxamingaion after
i i%, Dhes e, the only safe method of

wlentfcitron
4.1.5 Sinict pre

chions are reglar

fosumdd i distribsulion system contaneg

L9 LER R

led waler

4.3.6 The cercariae of schistosomiasis can be detected

by similar microscopie examimation, but there 15, in
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any case, no evidence 10 suggest that this disease 15
nogmially spresd through piped water supples

4.3.7
Dracunculus medinensis which causes draconiiasis oo

Ciinea-worm dizease can be found i open wells ina

The ow |.|||\. vactor af the embrvos

number of tropical argas. They are identifiable by
microscopic examination. Such well supplies are
Irequently used untreated, bul the parasile can be
relatively easily excluded by simple physical
I proveImenis 1 the form of curbes, draing B ,and THRILRL]
surrounds and oiher measures which prevent physical
contact with the water source

+.3.8 Cryptospondium shall be abzent in 10 Liter of

water when wested in accordance with USEPA meethod
1622 or USEPA method 1623® of 1500 |55

4.0.9 Giardia shall be absent in 10 liter of water when
lested in accordance with USEPA method 1623% on
IS 15553 = 200,

4.3.10 The drinking water shall be free from
TICTUSLLRPIL h as ;

flagelial I toxin pr

An llustrative {and not

Annex O for _!:lli-.l.l:u:-:;

4 38 snd 4.3.9 hall ke

5 SAMPLING

Representative samples of water shall be drawn as
|l!-:_'\.;_'|.|.r'-._'-.:i in IS 1622 and 15 2025 (Part 1)

ANNEX A
(Clanse 2)

LIST OF REFERRELD INDIAN S TAMNDA RIS

Methods  of

microhiplogical examination of

sampling and

Wl |_|_i_| 5 Fevisnod )
Methods of samphng and esi
{ physacal and chemcal ) for water and
Wasle waler
:'ﬁ-:LlII;"lIII!_' (first revizion)

(Part 2} : 2002 Determination of 33 elements by
mductively coupled plasma atomig
COUSSHM SPCCITOsCopy

{Part 4 Coloiar §fir

{Fart /) : ] sh

{Part 8) ; 1984 ° e (i
{Par Turbvidity |
{Part H value (frsr revi
{ Fart - Erlterable

sl s frm

{Part 2 i Total hardness (i

if Fevisfoe)

{Part 2 B3 Alkalimity (firsr revis

{ Fart ARG sulphates (fres rev

{ FPar

{Part 27 1

{Part 29 EG Sulphide (f

{Part 32 188 Chlonde (first revis
(Part 34} : 1988 Mitrogen {firs! revision)
(Part 37} ! Arscnic (first revisian)
{Part 34 (Hl andd grease

{ Part 198 Calcium

IS ik i

(Part 41 ;1992 Cadmaum (first revision)
(Part 427 @ 1992 Copper (first revision)
(Part 43} : 1992 Phenols (f
(Fart 46) 0 1994 Magnésium
(Part 47) @ 19094 '.1

(Part 48) : 1994 Mercur
(Part 4499 199 A

(Parl 3 QJHE Chromisum
(Part 53} : 2003 Iron

(Part 545 : 2003 Nickel
(FPar 55 003 Aluminim

51 FEVIRLEAR )

(Part 56 (03 Selenium
(Part 57 K5 Boron
{(Par 5

iPar § MR Fluonde
1428 ¢ 2003 Pi | natural mineral water

on o first Frevision)

I3 154 dionuchdes in environmental
samples Method of estimation:
(Part |): 1Y
(Parl 2): 1994

155012

Caross bela activily measunement
Ciross nlpha sctivily measuremin
2Ky 2 Determunation of alumimum and
bariom i water by direct nibrous
oxide-aceivlene flame atomic
:||r-.||'.pli||:|| SPCCIIOmMeLry

E hl'||'l EL T HANERE ] I'dl..IJI.|IrIII|!I:| AFLENR .|r|-:|
selemium in water by electrothermal

atcamic ahsorpiion speciron
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ANNEX B
(Clause 4.2.7)

POLYMERASE CHAIN REACTION (PCR) METHOD

B-1 GENERAL

he method mvolves the concentrmtion of viruses (rom
PO Jitre of drinking water to | mil by membrane filie
technigue, The concentrate is subjected o amplification
using polymerase chain reaction (PCR) and primers

cd on heghly conserved regrons of virsl genomes,
This method can detect as bow as 1 genoane coples,
Stringent precautions are needed to avoid
contamination with amphhed DNA products lesding
to false positive reactions. Detection of hepatitis A virus
(HAY ) BMA and enterovimus (EY ) BNA 15 considerad
ol JAE] ||]|.I||. ALECEN I:'I F‘l'.""-n.'l.ll.'l.' ||| VINESCS A0 SWaler. I";ll.'l""-
involved include concentration of water. BENA
extraction, complementary DNA (cDNAJ synthesis and
PCH.

B-2 CONCENTRATION OF DRINKING WATER
B-2.1 Apparatus
H-2.1.1 Pressure Pump

B-2.1.2 Membrane Filter Assembly with 144 mm

IHameter with .r'fr_ri-:lu Keetrd

B-2.1.3 Pressure Vessel (30 litre capacity) with

Prescnre Ciirnir
B-2.1.4 Infer-conneciing Pressure Thbes
B-21.2 Reagents

hwptoclaved double distlled water shall be used for the

preparation of reagenisuflers in this study.
H-2. 2.1 Alsrniriran Chiloride
B-2.2.2 HCINaOH Urea { Extra Pure)

B-2.2.3 Disodivm Hvdrogen Phosphate (Na PO,
2HN — 0.2 M, hilter sterilized.

B-2.2.4 Sodium Dihvdrogen Phosphate (Naf{,PO,

2HN 1,2 M, hilter stenlized

B-2.2.5 Citric Acid 0.0 M. Geleer stenlized

B-2.2.6 L-Areinine (.5 M, Nilter sterilized.

B-2.2.7 Urea-Argintne Phosphate Buffer (U-APE)
Mix 4.5 g of urea with 2 ml of 0.2 M NaH-.PO, and
2mlof 0.5 M L - Arginine and make up the volume (o
S0 ml with stenle distilled water. The pH of the eluent
shall be 9.0

B-2.2.8 Magnesinm Chloride (MgClLL) | M

B-2.2.9 Mefl Viaines Buffer (pH 5,00 AMix 9.7 ml of

0.1 M entne acsd with 10,3 ml of 0.2 M Na.,HPO, .2ZH.0

LIF, II.':I SIeT '.]I.' condilions.

B-2.3 Procedure

Filter 100 litre of drinking water '-:|.|:L||'-||.'
membrane filter assembly using either positively
charged membrane of 144 mm diameter or 0,22 micron
diameter pore size mtrocellulose membrane. For
LU -.'|:-. cha ::'l.'-.l membrane the test water .r!H ned
TCE] I .|.||i|,|-|.,'-:| Bt for the 0,22 micron nitrocellulose
membrane adjust the pH w0 3.5 after adding the
aluminium chlonde as a coagulant o & final
concentration of (UMK 5 M,

Al lower pH pass the water through the membrianeg
The Mow rate shall be 40 litreh approximately. After
the completion of the Oliration, elute the adsorbed
particles using 100 ml of ure o phate
buffer (U-APB) Precipatate th spended particles
using | ml of magnesium chlonde (1 M), Dissolve the
resultant precipitate centrifuged out of the sample in
B0 1.0 ml of Mcll vaines buller. The processed sample

can b stored ot relngerator ot reguered
B-3 ENA EXTRACTION

B-A.1 Apparatus

B-A. 0.1 Cosling Cenrrifinge
B-2.1.2 Deep Freezer (-20°C)
B-3.1.3 Vortex Mixer

B-3.1.4 .""Ilrl.-'.'l'.- o

B-3.2 Reagenis

B-3. 21 Cervd Trimethvl Anmroniim Bromide (CTAR)

ierfier
CTAB | percent
Sodivm Dodecy] Sulphate (SDS) I percent
EDTA 200 mM
Sodium Chlorde 1M

B-3.2.2

radfio of 25:2

el errrny chined Sxoscrmrviad ool B fRe

B-3.23 Ethanl
B-1.24 TE Buffer {pH 8.0}

Tris base

EDTA 05 M

B-3. 2.8 Soalinin Ace il 1M
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B-3.3 Proceduare

Prear 00 pl of comncentrated water sample with egual
volume of CTAR and 1/10th volume of PCL Yortex
and centrifuge at 5 (00) = ¢ for 30 mun ag 4°C, Add 1/
[l volume of 3 M sodium acetaie and double the
volume of cold ethanol 1o the agueous laver. Keep the
mixture i either ot =20°C for overmight or in Hguid
nitrogen for 2-5 muin. Centrifuge at 1O (00 = 2, for
Wk man at 4°C, Discard the supernatant and air -:JI:_‘- the

pellet and dissolve iin 20 pl TE buffer.

B4 COMPLEMENTARY DNA e DNASYNTHESIS
B-4.1 Apparatus

B-d.1.1 PCR Maciine

B=d.1.2 Deep Freezer (=200C)

B-4.2 Reagenis

!:-4,1.' .'.ll.r."l-.'l Svrithesax F....'I'

B-4.3 Procedure

Suspend the extracted BNA in 20 pl of cDNA reaction
mixiure, which consists of 4 pl of 53X reverse
iranscripiase reaction buffer [250 mM TRIS-HC

(pH 8.5 40 mM KCI, 150 mb "-1!_'1"|_._ 5 mM

dithiothreitol (DTT)), 0.5 pl of 10mM deoxynucleotide

phosphate (dNTP), 2 pl of kexa nucleotide mixiurne,

| pl of 25 U of Maloney Murnine Leukacmia Yirus (M-
MullV j reverse transcniptase, (0.5 pl of 20 U of human
placental RMase inhibitor. Heat the resction mixiure (o
9550 lor 5 man and rapadly chall om see, ths s Tollo

by the addition of | pl (25 Ufpl) of M-Mul¥ reverse
rranscriptase. Incubate the reaction mixiure as given
by the manufacrer of the kit and quickly chill the
reaction tube on ice,

B-5 PCE AMPLIFVCATION
B-5.1 Apparatus

B-5.1.1 PCR Machine

H-5.1.2 Deep Freezer (=200C)

B-5.1.3 Micropippeii

B-5.2 Reapents
B-5.2.1 Primers for EV amd HAV
EY SCNMse primer, 5° 'CC TOC GGC CCC

1A ATC CG 3"
antisense pomer, 5° ATT GTC ACC
ATA AGC AGC CA — 37

HAY sense primer, 5" GTTTT GCTCC
TCTTT ATCAT GCTAT G-3°

ANISENse prmer GhaAAA TGO
FACTTT CTTTG-3°
B-5.2.2 PCR Master Mix

B-5.2.3 Mireral O

B-5.3 Procedure
B-5.2.1 PCE Amplificanion for Hepatitis A Vieas { HAV)
In 5 pl of cDNA. sdd 95 pl of a PCR Master Mix (10
mM TRIS-HCI {pH 8.3}, 50 mM KCI, 2.5 mM MgCl.
(U] percent gelatin (12 PCR butferd, 200 phd of each
dNTE 1.5 U of The

25 pico moles of sen

scificns polymerase), Add
= and an se oligonucleonde
primers of HAV and overlay with mineral oil
.-‘-.|'-;'-|1-|'-r|.-.l-.' posiiive and nci controls shall be
included with each run. 5et the following reaction at

thermo cycler
Denatpration at 94°C for 2 min

Denaturation for | min

Anncaling for Ly min @l

Extension for l.Amin at7

Final extension at 7250 for 7 min
B-5.1.2 PCR Amplificasien for Enieroviras { V)
In 5 pl of cDNA, add 95 pl of a PCR Master Mix ( 10
mM TEIS-HCI{pH 5.3}, 30 mM KCL, 2.5 mM Mgl
(L0 percent gelatin (1 X PCR buffer), 200 pM of each
dNTR 1.5 Ul T0

25 pico moles of sense and antisense oligonuclentide

ganciiicny polyvmerase), Add

primers ol EY and overlay with mineral ol
Appropnate positive and negative controls shall be
inclwded with each run. Set the following reaction al
thermo cycler

Denaturation at 94°C for F min

at 945

H -;-.1 i

Denaturation for 1.0y min

.-"I.I'Jrll._'.lllll!! fof ARG TT] 15 :.,._-I._-,.

Extension o 20min  al TIC

Final extension at 72°C for 7 min
B-6 AGAROSE GEL ELECTROPHORESIS

B-fi.l Apparatus

B-6.1.1 Micropippette

B-6.1.2 Electrophoresis Apparatus

“-1'1-i . I!r‘l'lI ‘I.:II'-'l PRSI Ny siEn

B-6.2 Reagenis

SOX TAE buffer

B-6.2.1 Rumning Buffe

Tris baseS Tris buffes 12100 g




28

S (M) ml

WHLAS ml

Calacial acetic acud 55 mi
(.5 M EDTA
Distilled water

{aunoelaved)

Make the final volume upio | 0 ml with deionised
distilled water. sterthize and store ot 4°C, The final
concentratwen or the preparaton of agarose gel and to

run the eel shall be 1X.

B-6.2.2 Tracking Dye — 6X bromophenol blue.

B-6.2.3 Ethiciron Bromnide g/mil

I5 10500 : 2002

B-6.3 Procedure

Run the PCR amplified produect of EV and HAV
1.5 percent agarose gel using 1X TAE buller. Load

10 pl of amplified product after mixing i with 1 pl

10X loading dve. Run the molecular weight marker

along with the samples. Run the electrophoresis al

100 Y Tor 30 min. Stain the gel with ethidium bromide

(0.5 plfml) tor 20 min, Wash ot with distilled we

.|||II Lt I.II-II.I'u'I 1.1'|. ||-||'J"||“|||:|'I|r||||||:| .II'III F'IIII."I'I.'

the gel to analyse the band pattern. EV gives the band
335 |

a5 155 base pair and the HAV
pair.

gives band as HLTE

ANNEX C

[ Cleanise 4

e (4]

ILLUSTRATIVE LIST OF MICROSCOPIC ORGANISMS PRESENT IN WATER

5 Cla crtion of
:"I. ik .II f].: L ERTH .'.|||'r.|-;
CArgdnism

Grroup and Name of the Organism

il

1) Alpoe

(2} i3

a) Chiorophyoeae:

1) Species of Coelastrum., f:-:|1:!|p]m-..|1|!h_'|||:r||_

Micractininm,

Euasiram, Loencdesmus,

Mougeotis

f."H-:'-: i |-'._.

LAreani sy

Habitar

Significance

{4} (]

Polluted water,
impounded

SONCES

Impar

. Docystis, colouration

Actinasinim,

Goniom, Ewdorna Pandorina, Pediastrum,

ZYEDE M,

Chlorella, Chroacoecus,

Chlamydomonas,

Careteria,

Spirogyri,

Tetraedron, Chlorogonium, Stigeoclonium

SENECICS iof
{'.-.u!'.|'||!|.1'|=.'|'||u_':l'i:lllI|.
Hydrodiciyon, Nitella
Species  of
Ankistrodesmus,
Chromulina

4 dpecies

Clostrium, Spira

Uothrx,

Chlorella,

i

1) Cyanophyceae:

1] .*r'.|'?-|'e I

iif Amnaben,

Species

Lyngbya, Arthrospira, Oscills

if Amabena,

Aphanizomenon

Species

-1|-||' WOCTER iif

Coe |l.1=.|'.||'||:|:'i Liim,
Aphanisomenon
Species i

Orcillmorin, Anabena

Pandorina,

Flizosclom um,

i, Palmella

af Anacysis and Cylhindrospermum

Anacyslis,

Anagyshs,

Volvox, Polluted waters

Staurastmim,

Produce taste and
oo

Indicate clean

comdition

Cladothnx, Clean water

Micrasienas,

Clog Dilters amd
i imposundicd
difficulties

Polluted  walers,
impounded

SLMIMLC™s

I mboneme.

L &

Cause water
blooam and umpard
oo

Impart colous

Folluted waters

Phormidium, Polluted waters
iina
Anacysiis,

Palluted waters, Produce taste and

impoanded odour
SONIFCCS
Anabena,  Polluted waters

Clentriching d

Toxin producing

Hivulana, Polluted waters  Clog Dilters
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X Classifiearion of Ceronipr evrved Nozmne af thie Olrgainism Habhitar Effect of the

N Microscapi L gismts aindd
Chrgaisin

i () (3 (4]

v oof Rivularia Calcaredus Bores rocks and
waters and also  calcareous strla
rocks and causes

matted growth
T Species of  Agmenellum,  Microcolens, Clean walers Indicators of
Lemanen purification
Diatoms {Bacillareophyceac
1) dpecies of Fragillana, Stephanodiscus, - Cause
Staurongis discoloration
2} Epecies of Astenionella, Tabellana Hull streams  Taste and odour
|'|1:|__' h altiiug |'||I|||.||||;'||:|!; [ |1|1_'
torreniial and  Tiliers
temperale walers
3 Species of Synedra and Fragillavia Polluted waters  Taste and odour
producing
4) Species of Nitechia, Gomphonema Mlokerately Canise
p-:lilu'ln! wWalers discoloraiaon
3) Species of Cymbela, Synedra, Melosira, Kivers and Clog filters and
Mavicula, 1'.":'.-'. lokella, Fr : llama, Dhatoma, sireams Cause -.IE:-.'l'uI::il.'ullul
Pleurog ; impounded difficulties
SOMUPCES
B Aprecies irf Prinmulara, sunnella, Clean waters Inddscators of
Cychmella, Merdion, Cocconeis puniication
Xanthophyoeac:
Spectes of |:=1I1I'_l.-:ﬂ.'lh.'|._'llh Hill sireams, Produees
high altstude and  coloratioen
femperale Walers
nj Looplankion I Protozoa:
1y Amoehs Giardia  Lamblia  Arcella, Polluted walers  Pollution
Difflugia, Actinophrys indlicators
2) Endamoeba, Histolyic Sewage amd  Parasiu
activabed slulee pathogenic
Ciliates:
Paramaecium, Yorticella, Carchesium, ghly  polluted Bactenia caters
Stentor, Colpidium, Coleps. Euplmes, walers, sewage
l:-u]l.'-FH u.|:|.. Bodo il aclivated
slad e
Crustiacca;
1) Bosmina, Daphnia Stagnant  pollu-  Indicators of
ted wabers pol lution
21 Cywclops Step  wells  in Cammier host of
tropical climate  guinea worm
il Rotifers i Rotafers:
AnuEnes, H.-.:L:hri.u. Philodina Posl luted and Feed on ..I]:'_"il.-L"
Algae laden

WAlETS

Flagellates
1) Ceratium, Cilenaodimium, Perdimum Rocky strata, ron Impan colour
Danobryvon beanng and and Dishy waste
acadic waters

2) Euglena, Phacus Polluted waters  Impan colour




soid fierr e ovf

Microsoapi
Clreamesm

il {2}

ivi Miscellaneous
Organisms

Crreriip dii arre af He Orginixim

(3]

a) Sponges, Hydra

by Tubilex, Erstalls, Chirononids

¢) Plumatella

¢ Dreisseng, Asellus

Hirtrira

(<)

Fresh water

Highly polluted wisers,
sewaee and activaned
sludpe and battom
depaosis

Palluted waters

Pollutesd waters

I5 10500 : 2002

Effect of the Organisms
artd Significance

%)

Clog filters amd affect
purification systems
Clog filers and render
waler unaesthetic

Produces biological
slimes and causes filter

operational diffwultes

Haurbsouur |!li|.I|'|l.1i:|;|:|.i-c.'
Organisms







Burcau of Indian Standards

BIS iz a slatutory insiiiution established under the Bureau of fndian Srapndards Act, 1986 10 promaote
ent of the activities of standardization, m L,l.l__' and |,||_|.|||::|:. certificaton of _:_'I."I"l.l'-|

andd attending (o G Cled mistters o Lhe country.
Copyright

BIS has the copyrnght of all s publications. No pant of these publications may be reproduced in any form
withoul the prior permission in wrling of BlSy, This does not preclude the free use, in the course ol
implementing the standard, of necessary details, such as symbols and sizes, type or grade designations

Enguiries relating to copyright be addressed 1o the Director (Publications), BIS
Rieview of Indian Standards

Amendments are issied o standards as the need anses on the basisz of comments. Sitandards are also reviewed
perodically; a standard along with amendments is reaffirmed when such review indicates that no changes ane

d; o the review indicates that ¢han are peeded, it is taken up for revision. Users of Indian Standards
should asceriamn that they gre m pos: o Of the latest amendments or ediion by referming o the laest ssue of

"BI% Catalogue’ and *Standands ; Monthly Additions’

This Indian Standard has been developed from Doc Noo: FAD 25 (2047).

Amendments lssoed Since Publication

Yosend Mo, Date of [sspe Texit Aflfected

BUREAL OF INDIAN STANDARDS
Headguarters:
Manak Bhavan, 9 Bahadur Shah Eafar Marg, New Delha T IO02

Telephones : 232300310, 2323 3375, 2323 9402 Website: www. his CFg.in

Regional (OMTices: Teleplones

Central  : Manak Bhavan, 9 Bahadur Shah Zafar Marg
MEW DELHD 11002

Eastern & /14 CLT. Scheme VILM, V. 1L P. Rosd, Kankurgachi
KOLEATA TG
Morthemm SC0 335-336, Sector 34-A, CHANDIGARH 160022

saoutherm  ; CLUT Campus, 1V Cross Boad, CHEMNAL GO0 13

Weslem

Branches: AHMEDABAL, BANGALORE, BHOPAL, BHUBANESHWAR, COIMBATORE. DEHRADUN.
FARIDABAD, GHAZIABAD, GUWAHATI. HY DERABAD. JAIPUR. KANPUR. LUCKNCW
NAGPUR. PARWANDO. PATNA. PUNE. RAJKOT, THIEUVANANTHAPURAM
VISAKHAPATNAM.

Published by BIS, Mew Dabhi




AMENDMENT NO. 1 JUNE 2015
TO
IS 10500 : 2012 DRINKING WATER — SPECIFICATION

(Second Revision)
[Page 2, Table 2, SI No. x11), col 3] — Substitute ‘1.0 for 0.3°.

[Page 3, Table 3, S| No. X) , col 4] — Substitute ‘No relaxation’ for “0.05°.

(FAD 14)
Publication Unit, BIS. New Delhi. India




Free Standard provided by BIS via BSB Edge Private Limited to jaspal singh -
JAIPUTR(jaspalsingh.pec@gmail.com) 193.186.4.185.

AMENDMENT NO. 2 SEPTEMBER 2018
TO
IS 10500 : 2012 DRINKING WATER — SPECIFICATION

(Second Revision)
(Page 1, clause 4.1.1, line 6) — Substitute ‘IS 15185° for *IS 1622°.

|Page 2, Table 2, SI No. (v), col 4] — Substitute ‘2.4” for *1.0".

(FAD 14)

Publication Unit, BIS. New Delhi. India
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AMENDMENT NO. 3 FEBRUARY 2021
TO
IS 10500 : 2012 DRINKING WATER — SPECIFICATION

( Second Kevision )

[Page 2, Table 2, SI. No. (xv), col 3] — Substitute *1.0° for *0.5".

(Page 2, Table 2, Notes) — Substitute the following for the existing Notes:
‘NUOTES

1 Approved and valhidated imternational test methods from 1500 APHAS ASTMS AOACT EPA
EN may also be lollowed.

2 In case of dispute, methods given at column 5 and wherever indicated by **

" shall be the
referee method

3 [t is recommended that the acceptable limit is to be implemented. Values in excess of those
mentioned under “acceptable’ render the water not suitable, but still may be tolerated in the
absence of an alternative source but up to the limits indicated under *permissible limit in the
absence of altermate source” in col 4, above which the sources will have o be rejected.”

(Page 3, Table 3) — Insert the following new entry at the end:
Table 3

sl Characteristic Requirement  Permissible Limit  Method of Test, Remarks
No. in the Absence of Rel to

{Acceptable ,
Alternate Source

Limit)
(1) (2) (3) 4) (5)

xi)  Uranmum, mg/l, Max 003 Mo relaxation IS5 3025 (Part 65)

(Page 3, Table 3, Notes) — Substitute the following for the existing:
‘NOTES

1 Approved and validated intermanional test methods from IS0/ APHAS ASTM AOAC EPA
EN may also be followed.

2 In case of dispute, methods given at column 5 and wherever indicated by **7 shall be the
referee method




al singh -

3 It 15 recommended that the acceptable limit 15 1o be implemented. Values in excess of those
mentioned under *acceptable’ render the water not suitable, but still may be tolerated in the
absence of an altermative source but up to the limits indicated under *permissible limit in the
absence of alternate source’ in col 4, above which the sources will have to be rejected.”

(Page 5, clause 4.2,7) — Substitute the following for the existing clause:

*4.2.7 MS2 phage are indicators of viral contamination in drinking water and
have been taken as representatives for presence of viruses for the purpose in this
standard. MS2 phage shall be absent in 1 litre of water when tested in accordance
with USEPA method 1601 or USEPA method 1602, In case of dispute, USEPA
method 1602 shall be the referee method.
NOTE (for guidance purpose only) [f MS2 phage are detected in the drinking water, the
virological examination 1s (o be done by the Polymerase Chain Reaction (PCR) method as given
in Annex B or the USEPA method in Manual of Method for Virology Chapter 16, June 2001,
If viruses are detected, the cause must be determined by immediate further investigation by the
concemed auhonties,”

(Page 5, clause 4.2.7) — Insert the following new clause:

‘4.2.8 The information given in clauses 4.2.1 to 4.2.6 is for guidance purposes
only.”

(Page 6, clause 4.3.10) — Substitute the following for the existing clause:

*4.3.10 The drinking water is expected to be free from microscopic organisms
such as algae, zooplanktons, flagellates, parasites and toxin producing organisms.
An illustrative (and not exhaustive) list is given in Annex C for guidance.”

(Page 6, clause 4.3.10) — Insert the following after clause 4.3.10:
‘4.3.11 The information given in clauses 4.3.1 to 4.3.7 and 4.3.10 1s for gmidance
purposes only.”

(Page 6, clause 5) — Substitute the following for the existing clause:

"5 SAMPLING

Representative samples of water shall be drawn as prescribed in IS 1622 and IS
3025 (Part 1). For bacteriological requirements, representative samples of water
shall be drawn as given in IS 15185




(Page 6, Annex A) — Insert the following new entries at appropriate places:

IS No. litle

3025 (Part 65) : Methods of sampling and test (physical and chemical) for
2014 water and waste water : Part 2 Application of inductively
coupled plasma mass spectrometry (ICP-MS)
Determination of 62 elements
15185 : 2016 Water quality — Detection and enumeration of Escherichia
coli and coliform bacteria — Membrane filtration method
for water with low bacterial background flora (first revision)

(FAD 14)

Publicanon Umit, BIS, Mew Delha, Inclig
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Free Standard provided by BIS via BSB Edge Private Limited to jaspal singh -

JAIPUTR(jaspalsingh.pec@gmail.com) 193.186.4.185

AMENDMENT NO. 4 NOYVEMBER 2021
TO
IS 10500 : 2012 DRINKING WATER — SPECIFICATION

( Second Revision )
|Page 3, Table 3. 5I. No. (x), col 5 (see also Amendment No. 3)| — Substitute
‘IS 3025 (Part 65)* or IS 14194 (Part 3)’ for *1S 3025 (Part 65)".
(Page 6, Annex A) — Insert the following reference at appropniate place:

15 No. fitle

14194 (Part 3) : 2021 Radionuclides in environmental samples — Method
of estimation: Part 3 Uranium (first revision)

(FAD 14) —

Pubhicaton Uimt, BIS, Mew Delba, India




Q. Following observations were made on a raw water sample:

1. A crucible was dried to a constant mass of 65 gm.
1. 150 ml of raw water sample was placed in crucible if it was

dried to a constant mass of 69 gm at 104°C.

111. Crucible and residue was placed in muffle furnance for 1
hour at 600°C and reduced to constant mass of 67.59 gm

Find concentration of TS and Volatile Solid in mg/I.



Q. Find the concentration of TS, fixed dissolved solids, OSS 1n
given sample of water

PPM

Mg CO, 20
Mg (OH), 30
CsHyp Of 15
510, 20
NaCl 35
Algae 50
Ce H O 5
Fe,0, 2
CaCO, 3
Plankton S
MgSO, 15

CO, 40






Q. t=0 pH=6
t=24 hr pH = 8.5

Find time mean pH value of effluent over 24 hr period. Assume
[. Assume H" 1on concentration varies linearly

2. Assume H' 10on concentration varies parabolically

3. Assume pH varies linearly



Q. If water contains 420 gm of CO;, 244 gm of HCO, and 68
gm of OH . Report the alkalinity of this water as CaCO,

(mg/l).



Q. A 400 ml sample of water has initial pH = 10, 60 ml 0of 0.02 N
H,SO, 1s used to bring the pH of this water at 4.5 and 22 ml of
0.02 N H,SO, 1s used to bring the pH at 8.3.

Calculate

. Total alkalinity as CaCO, (mg/1)
2. Concentration of all alkalinity as CaCO, (mg/1)
3. Methyl orange and phenolphthalein alkalinity



Q. A water sample as 120 mg/l of Ca**, 96 mg/l of Mg>*, 27 mg/l
of AI°" in it. Find total hardness of water.



Q. Find TH, CH, NCH and alkalinity of given water sample.

2+ HCO, =244 mg/l
& =40 mg/I . e

2+ SO,* =96 mg/l
Mg™ 48 mg/I ) .
Na" =46 mg/l NO; =103 mg/I
Al’* =18 mg/l

pH=/



Q. Find NCH for given sample of water.

_—y 2 4.5

8.5

8.5



Sample size No. of (+ve) tubes
(ml)
10 4
l 2
0.1 |
0.01 0

MPN table 1s as tollows:

Combination of (+) ve
(100 ml, 1 ml, 0.1 ml)

5-4-3
4-3-1
4-2-1
2-1-0

No. of (-ve) tubes

|
R
4
5
MPN/100ml
280
33
26
7



