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WATER QUALITY AND
WASTE WATER MANAGEMENT

X SR H, U @ STANT 7 WReF, THRI 3R dearer & fafi
3Tl AR =Tl &Ik Hed! ot ufafdfad fear © | a8 faar fa o
Hifcrep, AAISTG IR IRReIfTed araeReT & 9 U Ao Bl
STITAT 8 Usel 9 & Ui fafhedr # <@ S FavdT 8 | oI 4000 99
qd, YRART ®I Ul Bl SAADR Y& DI BT o AT| 918 H,
fewished Uil @ I[OTaT Bl 98 9 @ o1, Ul BT BT 31R
AT, QM & SUIRT BHRA & ol ST ST o7 (IR, 317 gAY,
2011) | U AT H MY ISP, 997 STt BT YA ST DI IS &l
T A o | Wb 918 & AT I U1 Fell b U1 81 © | au1 Bl
aTl, JAfeTeIfTd wU | STofash § 9a9 Yg U 7, ofd e W
IIATEReT H a9 Sfcl & FRA G931 | D3 Al Feiim gferd araft ufa
SlTex Uil H U 81 Fahll © | a9 STed, 519 gedl 1 IR e &, 394
gaT ¥ I 3R g1 I Y arg S AERR B BN DI el Bl
TITeT IR fAeTdr ® | 39 YR, I9T ol U A3 seldcialise a4
ST & o =1 73 | W SR &g ORI 92 R0 B & |
IifeTd, uelRry, IRRE, $fvd, deiRiss, digdEi-e 3R
Aohe YW UTH o | AT 3R faf= Arggror i mdk )

AIoE B § | AN e, a9 ST dal iR ARy &5 H#
IR Y ¥ g @ BT 9 O © | [ AMTRT BRI H SI a9l el
&I HIE BT el H AEaYUl Bl Hhd &, SATTE!, aTHH, SR
3R g & BUN GRT IcANIT TR & | ASANR & ARIATH a97 & U=
H AEId: 1.0 el I Ui elex | &S sl fAefumd ufdelier d&
FARTSS BIAT & o] SHD! AT TS AT AR Y BT fem # aon
J gl Sl 2 |

Throughout the history, the use of water has reflected various
experiences and interpretations of and values about health, illness and
well being. The idea that water reflects a harmony between the physical,
social and ecological environment can already be found in ancient
medicine. As long as 4,000 years ago, the Indians were having the
knowledge of purifying the water through boiling. Latter, Hippocrates
was known to use both water filters and boiling to improve water quality
(UNESCO, IHP, 2011). The modern scientists at one time, used to consider
rainwater as pure like distilled water. But later studies revealed that it is
not so. The water of precipitation is characteristically the purest water in
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the hydrological cycle, but even so it may collect from less than 1 to
several hundred milligrams of dissolved material per litre of water during
its fall through the atmosphere. Rainwater, as it falls to the earth, has
ample opportunity to dissolve gases from the air and may also dissolve
particles of dust or other air borne materials. Thus, rain water becomes a
mixed electrolyte containing varying amounts of majorand minor cations
and anions. Sodium, potassium, magnesium, calcium, chloride,
bicarbonate and sulphate are the major constituents. Ammonia and
various nitrogen compounds are generally present. Dust particles are
added locally in industrial areas, large population centres and desert
areas. Among the land based factors which may be significant in altering
the composition of rainwater are the sulphur emitted by volcanoes,
fumaroles, springs, and dust particles. Rainwater close to the ocean
commonly contains from 1.0 milligram per litre to several tens of
milligrams per litre of chloride but the observed concentration generally
decreasesrapidly inalandward direction.

ael #H, faRIy U 9 Jfrdde H, 9 Sl YUl & {8 AaH Held & |
TR e, g AT (M g a1 URME dig ) SR ST
eI Sfedr (odi TrdTe] Sw), JMgde (S & fI9i) W ugel & g
@ ARM WA 99 @ 9SR © | 37 991 Ureie A Gl H, Uil o
T[OTAT TR HHTHUT 3TdS T Agwayol Uge] 2 | HIaffT &7 {1 YahTel
(169 ercTeRT ST, S BRIG—DBRIG U BIed & T MY fadh TAT
BT U Ao ¢, A fIga w0 A U &1 Torai § Hefoa 2 |

In Vedas, we get some references to water quality, especially in Atharv
Veda. Charaka Sambhita, Susruta Samhita (both of pre or early Buddhist
era), and Ashtanga Hrdaya Samhita (9" century AD) are the repositories of
knowledge accumulated on Ayurveda (Science of Life), during the earlier
period. In all these ancient standard texts, discourses on water quality
constitute an important aspect of Ayurveda. Bhavamisra's Bhava Prakash
(16" century AD), which is more or less a compilation of all the Ayurvedic

texts of earlier antiquity, also elaborately deals with water quality.

IS H TAld V, 83.4 H JEIRIULT, I HREVT 3R IS & R H g1l
T 2 dIfh Ad ST B 9l & ol IYg AR T IIareRvT AR
3T T[OTa @ Siet B (1107 BT Hebi—

In the Rig Veda, the verse V,83.4 speaks about the tree plantation, forest
conservation and yajna (I<l) so as to create pure and healthy
environmentand good quality of water for well being of mankind as:

g arar arta gt e Semveified U= @ |
)1 fIvat Yo S acsi=g: gedl awmafa | | RV, V,83.4 | |

H1aref - A9 @1 A1 $ 59 79§ FIH1 Ul BT 2@ DI Ihg

2

Y€ SIel Ud TR ATTaRYT 8 TRV & He<d Pl dal # gfofd faar war @
Importance of plantation for pure water and healthy atmoshphere is described in Vedas
(|1 / Source : Leek Gardem)

90 ¥ U 9RT # SRy 9@ ———



el @ T, a1 DI &M PR AR B B I g P I A1
Tl g 9 Bl |

X1 TRE, IAS B Tl VII, 50.4 § A1 Uil @l gfg & ol Il & He<
BT U1 I © | IS H (|, 12), B YTl & AT & BRI HGY]
3R UgTef Bl BIC—BIC BN H AISHR, AT T GIRT 3T DI YfGHROT
& UIE 9Id & ®Y A ggd 8, T R g o fHol urh B g e &
I © | 3FAT

Likewise, verse VII, 50.4 of the Rig Veda also reveals the importance of
Yajna (I1) in relation to purification of water. In Yajur Veda (1,12), we read
about the contamination due to combination of substances and about
fire as the prime source of purification, by breaking the substances into
minute particles, i.e. yanja, heat and sunrays are the agents to purify the
water. viz.

) el S Sfagd: e SapmEfRed o e <R

QIRTISIERIAISIIUAISTSSHAE Tsi IR I=iufc Gerg g=idfc

SagaH || YV.I,12 1|

Araref : S ueref WA 9 AR @7 o B € 9 &ift & fe @
SICIIEH URATY] Y IR Y & §1dl R8T B4 © AR B G A1 81 S
£ IRV ORI IS & IS W a7y 3R gfie 5t Y S Yfg ok gfe
BICi © I¥1 GO SUTd ¥ Bl 81 8 Aebdll | g9d fagTl Bl =iey &
EMHAT 3R arg AR Ter anfe usred T Rreu fJen | e
AR G & 3D UBR & oAt SoTd 3FITq T AAIBH Rig PR
3IRT 1 WY BT g BN | S STel 59 Yodl A IA=IReET DI TSDHR a8l
H AlcdR R oAl a71fe yaTlf T UT 81 & d UM 3iR Sl 7Y H W&+
qTel & I O HEA @ | UHT YT STET0T § He 6T I3 90 G &l 575
M ¥ aUE TS JEOU HAT B FHIe I Hafden feeens 2 |

ATAE (s 11, 187) H &9+ QT © fb I & favol <21 Sl §hg aui

@ g ©U H 3 BT HROT ¢ & |

In Sam Veda (Previous 11.187), we read that the Sun rays cause the rain to
comein purestform like white curd as:

ARG 7% YAl gd gEd 3MRRA|
TR g || S.VPILIST ||

Jerdde (T, 22.5) BT Udh Tlid NS O, S 97 3R W STl
O aTel &A1 | B dTell SR & fIog FaR® SUr™ a’+1 &1
fcer qar g | germ

A verse of Atharv Veda (V, 22.5) directs to take preventive measures
against the diseases caused by the areas with much grass, high rainfall
and bad water quality, viz.

JTPT IRY Hold— ATDI Y HSTIET: |
TSI KAART dfegdy =er: | | AV.V,22.51 |

Hraref : 980 O drel 3R 984 gfte Tl Qi H Sar ATfe T 3ffereh
B &, TS SHdT UG 3 |

URIg AETHT HETRA (X1, 184.31 31X 224.42) H 9 U & WG &
TR S9S A= 701t & IR H UeT B | 39 PR, I8 WK & & 34
HHY S WG & AR U Dl ora<l] b e B & g fdby
MY o |

In the celebrated epic Mahabharata (XI1,184.31 and 224.42), we read
about the various qualities of water according to its taste. Thus, it is clear
that during those days efforts were made to specify the water quality
accordingtoits taste.

<Al Fgfae: urad F=Rf: g |
HERT AGUIRGRT: BT Hewel | | M.BXIL184.3 1|
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g el & "THFI " ATHE 54d AL H, X U B YOI & b
A e 8 | Tolih 54.2 § BT 1 & b oidt dl SIia SHS JITaRoT
@ g H BT ST AR |

In the Vrhat Samhita, we find many references to water quality in the 54"
chapter named“Dakargala” Verse 54.2 states that groundwater should be
investigatedin relation toits environment.

<€— Filter

€——Clean Water

STl e @ 9 ugfa

Traditional technique of water treatment
(@T‘r / Source : Kiran Enterprise)

U quid A AR A9RAT ageTfaRIvT |
AR 9gavidl @ Td wRied fAIfIgerma | | Vr.S.54.21 |
JIhHY] dEHe] HUR &N a1 BfueT B |

JAUTUSIIAT TV Ufae & QT ATAIGERIAH | | Vr.S.54.104 | |

ga W2 (54.104) H FACET & T DI STet OTAI BT LA ST TAT
2| I8 dedl 2 fF T Jad dhsad iR el At urit &r FHterm
1 < & | R T D e AR gl B o7 <l 7, Uiell me
AT @R i iR <ol 37 @ et urh &l g SiR WieT a9 |
ST I 0TI H R B ol T STet SUAR fafer +ff e it o |

Soil colour has been described as an indicator of water quality in the Vrhat
Samhita (54.104). It says that “pebbly and sandy soil containing copper
makes water astringent (&ietT). Brown-coloured soil gives rise to alkaline
water, pale white soil to salt water and blue coloured soil makes water
pure and sweet”A water treatment method was also suggested to
improve the quality of drinking water as:

TSR SRS IRITABMHAG: |
HADHATAIRIINT: HY U&TT: | | Vr.S.54.121 | |
HIY bod oaul favd el Al argwafy 9ad |
e HIHe GRE G TORUNEE o | | Vr.S.54.122 | |

SUYaRT TED Had © [ ST BT U W80T (iferRam, SAffeHIT a1
JMAITH BT 3D), AR B (ANRART), SRR (TN), qHNISH Bl
ISR (ARS), IR FHAABI (IT) HedhT 7cH & el FIad wd
T §Y H STl ST AT | A g iaT 8, AR ©, THDI, WX
WIS 3IR e Y BT 81 ©, g T, Wiate, FIHd AR I [
T ATAT BT SITQAT | 59 YRR, I FHI )18 MAfeR =1 gfUd ol & A
A YN AW U 9T R @ ol o IRt ey g &1 off | STad
|1 diel &1 FrEEl ST Jog 31 8 &R STHdR IR 9RA & ST
a1 el | Sueed © | U fafdear veif 7 o fs =eRe e,
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JH[a 2T 3R reiged Higdl (@rvee gR), o= |rfed wu A
FEA (A8 ) & ®Y § ST ST & 31RO 31 Tgdiad Uy
AEIaeH, ARITERT | iR 91d U, ¥ arffes wu 9 g3
(BT 37) & W W ST S &, S99 W |/ U1 Bl o & FaH
U ¢ | 91T UBRT H $g R a_dp, Jo[d, a9 AR qHdH B
ferferear gt A 2nfAe b 7Q € | 9T YT T <] ey T 86
Tl &, AN AT A A ST SITdl &, Ul o fafer=T gggall | Heferd
2 | I IWYad UTS (AR I WIT BT 109 3rer) # A T Ut b
UG & Y YB3 Bl f3AT AT & 3R YATE (1979) §RT W1 SHDI
fareeryor foar 2 2 | Telie 2 ® ST & Hecayet 7[or 3iR Sfat @ forg
D! STAAAT 918 T 8, oivd—

The above verses say that a mixture of Anjanam (collyrium, autimony or
extract of ammonium), Musta tubers (Nagarmodha), Usira (Khas),
Powder of Rajkosataka (Torayi), and Amalaka (3T7dlT), combined with
Kataka nuts should be put into a well. If the water is turbid, pungent,
saltish, of bad taste and not of good odour, it will be rendered clear, tasty,
aromatic, and with other good qualities. Thus, Varahamihira at that time
presented a simple method for obtaining potable water from a
contaminated source of water. All above plant materials have medicinal
value and are commonly available in almost all parts of India. In ancient
medical texts such as Charaka Samhita, Susruta Samhita and
Astangahradaya Sambhita (by Vagbhata), collectively known as Brahattrayi
(Great triad), and three other ayurvedic texts Madhavanidanam,
Sarangadhara Samhita and Bhavaprakasha, collectively known as
Laghutrayi (small triad), some references to water quality are available. In
Bhava Prakash many parts have been incorporated from the medical texts
of Charaka, Susruta, Vagbhata and the Tantrik texts. The tenth chapter of
Bhava Prakash with 86 verses named as Vari Vargah deals with different
aspects of water. Here some aspects of water quality are presented as
given in above text (10" chapter, Vari Vargah part) and also analyzed by

Prasad (1979). The shloka 2 states the important properties of water and
its usefulness for the living beings, as:

T ST defiex ﬁa‘rﬁcrmlg‘\! dRresaldarggela (e quuM |
T JaRE goiveEe M 3 Wiidd deaes [qeRY Frrfed

GrguaSoiiaTq | X.2 1|

Araref - ‘Ol IRR AR AF B AB DI T BT ©, PAGARI Bl T
PRI B | I8 g9 & [T 31981 B, AYfe odl &, DFc], W, 4l B
AId & 31R T, g BT YGRT IR FHeol BT T HaT © |

Meaning: “The water eliminates the fatigue of the body and mind,
destroys weakness. Itis good for heart, gives satisfaction, soft, clear, origin
of rasas, and destroyer of vomiting, sleeping tendency and constipation”.

ol 3 3R 4 §, g & A= ®Ul BT TfThRor 3R AHHROT 39 bR
o T -

Inshloka 3 and 4, the classification and nomenclature of different forms of
water have been given as:

o gt giad e SafAfa fgem ) X3
foed agfde Uiadd eRTS HRBIeH |

AR T der 29 Y 9R JenfreH | | X4 |

O ST SATHTRT W SR & S T’ HBT ST 2 3iR 99 I8 gl R
AT STl & ©Y § UHd &1 91T &, a1 39 Fal gRT A1’ S8 ST 2 |
e Sd @ AR AR # 9ieT T 3— IR MRl 9 FRaR
dIBR & wU H ARAT 8, ‘SREHWI T4 T8 GRRl & Chel &I aRE
FIRaT €, ‘AR gu 3ffe | Jad Bidl & iR TAY fRA1ed & 9% 3
IAAT © | SHH "ERISTAH J80R &, ToTaH 07 &l WRAR 2 |

Water which rains from sky is called 'Divyam' and when it gets collected
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on the earth or as ground water, it is termed as 'Bhaumam’ by sages.
'‘Divyan' water is divided in four categories: 'Dharajalam' falls as
continuous shower from sky, 'Karakabhavam' when it falls like the pieces
of stones, 'Tausaram' is free from the smoke etc. and 'Haimam' is caused
from the snow of Himalayas. Among these 'Dharajalam’ is better, having
full of qualities.

S TRE, Teld 25 H RIIT STet (¥ STetd) &7 aRfThRoT feam = 2 |

Similarly, shloka 25 gives classification of Terrestrial water (Bhauma Jalam).

A ferfed ger Fifae g |
ST URHTY T ATEROT AT | | X.25 | |

@T 3t B, MW Se I UBR BT 2 O SITe, JguH, iR
GERAA | SUYFd Tiet faTeT S &3 a0 faRivdmell w smenRd g 8
378 S9! gafaReiy Rl & orgaR fanfad favam ST 8, S—

It means, “the Bhaum Jalam is of three varieties viz. Jangalam, Anupam,
and Sudharanam. Above water divisions are based on the characteristics
of the regions which are differentiated according to their environmental
conditions, as:

a

fRarera & 29 smeoifed e I Mol e

A water stream in the snow clad Himalayas
(| / Source : Shutterstock)

FATCDISIETTd fUcRadT =ad: |
I STl QNG STTel STt | |

X27 ||
AsfeEsy O <o 9 & A’Re: W/ |
TRAE Igadh g ARVl o | |

X.28 ||
STl Aforel el ofavi oy e |
Ifegehedwl f[AeRM &d 987 ||

X.29 ||
U I warg R o % |
dfegdphheye fAbRTged a8 ||

X.30 |1

AR g AR <9 2ol g |
qYOT A JOMRTEEIRTHIN | |

X371 11

94 K wrEH 9RT § FafagTa @ ——



SUH TAIdl & ATAR, I 7 4 Us R Uil A & o oy
3R a1 fapR UeT BT & O STt &1 © 3R 3 &3 § S~ el dl
STRT UTil el STl & | 57 &3 H uril 31k U UgR A3 3 2 8fik ara
3R &% T BT AT H FeH & SHD Sl Bl I ST Hal A1 & |
SITAT B, 3R 9@ Ul Bl ARIRYT STofH HEl STl © | STTel I aTHl
WRT, )7 &, fOxT 3R $% BT WH HRAT 8, Ura Pl 9aIdl T 8, 3R N
¥ U 3G JMMER 7 | 34 UM W, detrd, forferdy, weR, ura & &4
PR dTell, B DI deTdT o aTell AR 3 fABRT &1 AT 2 | Ao
RT) BT FAT BRAT & | 39 UPBR, T Tal <&d & 1 Ul & IegI ¥,
RIS B 3h BRBT IR 9 faaR fbar T 2 |

According to the above verses, the country having sparse trees and less
water and having bad effect of causing pitta and vata disorders are the
Jangala region and water originated in this region is termed as Jangala
water. The region having plenty of water and abundant trees and able to
cause Vata and Kapha diseases is called Anupam and its water as Anupam
water. The regions having mixed characteristics of above two types is
called Sadharanam region, and its water is called Sadharana Jalam.
Jangala water is saltish, soft, eliminates Pitta and Kapha, promotes
digestion,and agood dietin diseases. Anupa water is tasty, oily, viscus, hard,
retards digestion, promotes Kapha and is a creator of other disorders.
Sadharana Jalam is sweet, promotes digestion, soft, cool, pleasant and
eliminates tridosa (three diseases). Thus, we see here that in the study of
water,alarge number of factors of ecology have also been considered.

5 [¢) JJUIC]CCII Hlclh
Water Quality Standards

SR ey Y fafr=t dewt 4, = el w, fawre (W, W@, 9,
IRt fe), wWeew (W), MRy (]9 IM2d), dguH (I5fvd) ik

et @ (Tguor 3fed) o ores e & |

In the various reference quoted above, at various places, we come across
the words such as fa21g (clear, clean, pure, pellucid, etc.), ¥d=sH (clear),
T (blemishless), 5% (polluted) and f<¥eT & (unpolluted).

YA 78—81 TN U @ fARISTRAT BT $H UBR F0IH el o

Shlokas 78-81 describe the characteristics of the contaminated water as:

ffeed Hfie foer~ uoiarcesmdd: |
faeof foRe @ g 71 f&d Se™ || X781
BT BTHHISTIOATA GO Y: |
SRYITAAGE ARATERIA: | | X.79 ||
3FIid AT g UerH ded T |
I~ IRETS AIQIIYDHIIU | | X.80 | |
TR RATTATARRI TOEATRRAR |
BTG hUgIUsSIiah AT || X.81 |

Hraref - S So—Ufsd, Hfgad, U, RaR T1 die 9 ©RI9 g3,
X JUTaTCT, IERIE, TIGT 1T i+ Jad &1 I8 feddmrl &1 =T | a9
B HINT (el A & U, AR qn Jonfas | rerfed, 3%
LRI 1, A AT AT Dl fbhRoll | e, 9471 g gl o o qui
& UHT Tt AR TSI A Tl AT <7 AR | HROT fh— I T
A HYUl &Y U B © | 39 YR & Sl I T DR oI Ul 4 Jur
(RIT7), STHRT (M), SivfsaR, Wi, 1RF @& Avadr, srfasg=],
HUG, TATUS IS I I & 91 & |

S Tl & STFAR "I Sl faferdY uesfa &t 21, s @l &, 8iiR
ORI IR B | TWRIE &, WRE Y HI 8, 98 WReI & o1y 3reeT
TEI BIAT 2 | a1 YT, HHA & Ui, 19 3ME | THT T+ iR G AT
=le Bl AT & 1877, {991 fobedl gereret @, a1 e 95 awf & BRoT
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IT gl a9 BT U1 S STHIF H Uehd 8 ST ©, UAT Ui dg f[dbRI
FT AT 2| 39 IBR, U9 & IUINT AR FHIQ GG & foIv S
ff¥g fbar S =ifey wifs g9 av8 & Ol & ST | g,
BT U Aoyl e A1 fa= SudT & forg ur=il &1 [ora<t A1+
@ forg U wRAT & gReHIv BT T ®Y A YdHe FRAT 2 |

3iIgfE araRel a1 B a1 Uiy = |

IR IRFQ AT ARAYED WA || X.61 ||
far Al T ehamergf: |

LGS AW Rve ISR || X.62 ||
sFfrsfe QT ARSI |

I AT A oA oY gUTaEA | | X.63 ||

According to these verses“waters which are of sticky
nature, containing worms and spoilt by leaves and mud,
of bad colour, thick, of bad smell, are not good for health.
Muddy water and water covered by lotus leaves, grass |,
etc., un-illuminated by sunlight or moonlight, lacking
movement, caused by untimely rain or the first rain water %=
which gets collected in the ground, such waters are the
source of many disorders. Thus, they should be prohibited
because the use of such waters for drinking and bathing |
purposes, cause JUT, JTEITTH, SIIUIGER, AR, HUS,
TusT and so on. A critical study of other shlokas also
clearly reveals the approach of ancient Indians for water
quality standard for different uses.

fafe=1 AIai Ud g & TR Ul &l J[oradt H =TT
DI T 59—67 ¥ FHSIRAT TATE |

Variation in the quality of water with seasons, as also from
different sources, has been explainedin shlokas 59-67.

A< ARY Ard drer a1 & W |
A= fafed i fRIRRSR yer=ad 11 X.59 |
THTUTHAT: DI a1 AR T |
AT IR AT SIS | | X.60 ||
[CECERE NIRRT CH

i TRIPT §RT ATATd STl BT A
Treatment of pond water by natural techniques
(|1 / Source : NIH Roorkee)
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IR EeBHEATTRARIS 29 | | X.64 ||
Uy AR ARSI A8 e, TSRToH |
BIAH HAFd a3 ds(od fad Aqq || X.65 ||
T BIY 9: IRHAIRET FIS[oaHd 4 |

PIfcid ANTINY o SToT™Ta USRI | | X.67 | |

wrare : g9 3R RIRR kg # WRIER T TS BT S bR & |
I IR HST g # B, AL qA A B IRA BT ol fRABRY B |
IfEAm o9 & forg g iR Mo g # T4 &1 STet =181 AT a1y |
HRYT {5 37 &A1 § Sa & favel geii & Ul JMfe | Sfel gfud sram
2| a9 g ¥ Mg, aRer (i) 3ferar &U &7 ol Ui
IRV | TRE g H T4l Bl Siel a1 579 STAerd & HUR AYof 3 33
& faol gt & e Ay # = @) fhRel gl 8 U SR @t
O fRABRY 2 | 399 TRE B Sil STATed & S oiel Bl 3iTEd HEd & |

AP o : Ry, FHRIvARe, sFfs, e, saiRer (3rare)
ST & AGY1, TABRD, AR WU, HET DI [BddR], e, bl AR
3Md & A 2 | PIs—dblg VAT 4l Had & b IRG Fd H WA B
IS BN WR HYUT SieT 3B © | 95 G DT S & b 4y 7414 o
IR (31e) BT e, AT H TSNT BI, BIS[A H BU BI, A H Alehl
3R HIfcies qT AFTANY (3FTE) H Tt STl & oot fRdd R ® |

Meaning: “Water belonging to ponds and tanks during the season gF+
(winter, i.e. November-January) are good; during 3R (the cool season,
i.e. January—March) also the same waters are superior. During s
(Spring, i.e.,, March—-May) and I (summer, i.e. May-July) the water
belonging to wells, stepped deep wells and rocky springs are good.
During §9=d and U™ seasons waters of rivers should not be used for
drinking because during these seasons the river water becomes
contaminated with the leaves of poisonous trees etc. During rainy season
aubhida water (ground water of artesian character) or antariksha water

(the atmospheric precipitation) are good. During ?R< season, waters of
the rivers and waters, illuminated by the sun during day time and by the
moon during nights, called amsudakam, are good. Ansudak water is
destroyer of the Tridosa, not causing abhisyanda and is free from bad
qualities. It is equal to akasodakam, good for brain, soft and cool. During
YRq season after therise of star Agastya in the skyall waters become pure.
Vriddha Susruta said that during the month of Pusya waters from lakes or
ponds, during Magha waters from tanks, during Phalguna waters from
wells, during Chaitra Chaunjya (valley stream water), during Vaisakha
Nairjhara water etc., during the months of Jyestha the water of artesian
character, Asadha the well water and in Kartika and Margasira all kinds of
waters are good”.

UTofl <l T]UTerT bl GHTfdld <hiel dicd chReh

Factors affecting water quality

ST & W19 U @ IWRIGd IAldl | Q@I Sff Adhdl &, &H ofal
O D1 YT B dTel BB HIRDI D UgaT B Abdl &, oI b
& ST AT fRAG T T+, |1 STotH a1y [oTdl, ATed STefH (4T BT
qTe1), &G STerd (FoTel ¥ IMMCRII JAMTAAUT & ATS F&+1 aTall),
SR (It JuTd aTelT STel), TEIT Sie (ATelTd &7 UTh), HiY el (il
&1 YN, Aroord Siel (AT 91T BT ST, Tl 65) 3R D 01 BT
HTg YT H quiF 5T 17 &, ST O1=h T I[oTeTT UR Tifors Rerfa
@ YITd & ST BT ST 8 | ST foh TelTdh 26—27—28 H Ugel afdfd &,
A ReIfodl gedt & fafi=1 wul, o, SiTel IR AERY H iR |
AT 2 | 9Tl I[oradT R B B S drell [HeEl &1 gqa W (SR
Siel, Tellh 57) aford & | Jfeifd -

As seen from above shlokas of Bhava Prakash, we can identify some
factors affecting the quality of water. 21 STei i.e. glacial water {19 STetq
i.e. ground water, ey STt (river water), 3 gfig STeTH (ground water
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PERAT : BH STcl BT S8R0

Kedartal : An example of glacier water
(@FT / Source : Discovery Hike)

flowing with artesian character), sk (water fall water), TSFT STeT pond
Water), d1T STeT (wells water), dosd o7d (i.e. valley stream water, Shloka
65) and their qualities have been described in Bhava Prakasha in details,
indicating the knowledge of the effect of geographic condition on the
quality of water. These conditions are related to the differences in the
earth as 317U, STTeT and STENROT regions as described before in shlokas
26-27-28. The effect of agricultural soil on water quality (TR STdT,
Shloka 57)isalso described. viz.

DHER: T DR Toulel T |
$HeR aAfTfte 9EgR TS qIvad | | X571

g8 YTl DI TERT IR TS arell g & G
&1 A1 IO BT © | AT B U A G B AR B
e BT HHI AR U & S8Id A U DI I[ora
TR g dTel Y9Td &1 =l &l T8 © (IAid 78 3iR
81) | ¥ TP 9N © fob MY STel YoTaT Hael
JAIROME MR H Y BTl H 3T axg I ST
NI

It also describes the effect of decaying vegetation on
water quality. Also the effect of stagnation and lack of
the penetration of sun light in water, on the water
quality have been discussed (Shlokas 78 to 81). These
verses show that the modern water quality related
concepts were well known during ancient times in
India.

U1 &1 HSRAT BT S B3 IADI (7, 19, 21, 24, 29
3R 43) ¥ aftfa fsar a7 B, S Ao & SR
fAf=T STt & [oN BT Sgd B & -

The knowledge of the hardness of water has been
described in many shlokas (7,19,21,24,29 and 43) quoting the properties
of various waters according to origin as:

IRAR PRvemf gy oy |
AR I ged U § oTfe Staee || X7 ||

Arared : eRIS1 ST RIEART®, 3Yd 9 dTell, S, WIR, A,
I, DR, A<D, Sia= By, Ure, igaeid iR J=oi,
SR T8, YRS, AT TAT JUHRIS & |
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PRDIS STel el faere % 9 Rery |
Tl Yol s fOcigchardad || X191 |

Hraref - 3 9y iR AT & HAWT F TR & Thsl Fge Sl ofel
IR B, SHDI FRBH™T STt (3ATT) HE 2 |

TET, NI 1 372 & Hg SR el A7 G100 o1 31ef & B3R UrH! |

Here, W (Saumayam) means soft and & (ruksam) or S0l
(darunam) means hard water.

O & el § AT BT 9o fhar 7 8 | T8 ToAldh X27—31, X78—81
3R §{B 3 TEAID! I W & | YT Bl I[orac AR Faferd
v W™ I8 HUE FH! ASHG © IR URE IRAE &
FATqD GREPHIVT BT T & |

Diseases in relation to water have been described. This is clear
from the verses X.27-31, X.78-81 and some other verses. This
discourse on water quality and related subjects is quite
scientificand shows broad outlook of ancient Indians.

ol JUdR

Water Treatment

TP 5 3R 6, UM B HUS A B & 18 A, Fial, T
3R HiE & 9= a1 AT & 99 § FUg & ga <d 2|
A I ST U e B oIy Sd gRT Y Y a1 Bt
T TIeAa 2 |

Shlokas 5 and 6 suggest collection of water in golden, silver,

o

P . :
ot
/:w.\““:

7

— — =
’ & B,

TR R b S AR -

YR gfid aRi T[Erd SIcanT |
Rretran agem a1 diara ufd = aq 11 X511
Aot IS AT I Braffnd |
Ao JoRd aTfY wifid aRyg=ad || X.6 | |

HATaTf : ERTST STl Bl IRHTYT— eRT—%0 A RIRT 31T STl W28 YR TR
fORT 31T 81, 312ran gefl g3 Y2l WR FIRT 81 | ST I I BITHR Jav],
1<), AlaT, Thicd, I frar el & U # wRax il 39 a7 91T ©
TET ERTST STeT HEATT B |

Il 82 H, gH 9T AT © {6 U9 & Ul &1 SUaR T8 e AT

SITAPR 3R BB (hT ST AMRY | Tl 83 H TH Vo, TRl fe

/

%

/
®
- :
R, LI VTLRE WL Y 2
=

=i T e
7 R~ vt e i e e e T i
S R VTSR o L e =

copper and glass vessels or earthen pots, after filtrating from
cloth. Itreveals the attention paid to get clear water.

et & ga+1 § U9 & gl BT g
Storage of drinking water in earthen pots
(JTd / Source : Dreamstime)

* 99

Hydrological Knowledge in Ancient India

S



@1 FSTIT ¥ 31X ST Tl & |1 Ul & SUAR BT Ul Il © |
7T :

In shloka 82, we are told that water treatment for drinking purpose should
be done by heating or boiling and filtration. Shloka 83 reveals the
treatment of water with the aid of heated sand, stones etc. andaromatic
materialsviz.
fHifed =y g Fafd e |
gavl IoTd g ool Resarf | | X.82 1 |
I I (g e Arferd e |
HURSATAYRTATC AT G GaTRITH | | X.83 | |
g AlgueHnd gastgiaarsia |
TS HAGHAS: YE AR | | X.84 |
U T eIda: |

TS o 990 HAlagusaTq | | X.85 ||

araref AT U BT [T |, I DI B0 & S | A AT
TH I, FTe), ST, TR I1 XA H gSIhR Y& (AT ST Fehall 8 3R 5
SHEBR, il (THEAT, STTHAH TSHARH), T (ARTHER), AT
SAHRICH), UTdTe (TER, HHRIAA IS dgdee) e H GIRIT B
3R fhR AT HUS W BEHR BIC DIV I Jad U -7 S & |
U 9, ARN 3T I g B |l UGu0T Gad fbar S 2 | Il Bl
ST =Ry |

Meaning: “Contaminated water can be purified by boiling, by exposure
to the sun'sray or by quenching with fire heated gold, silver, iron, stone or
sand and flavouring it with the smell of Camphor, jati (Chameli; Jasminum
grandiflorum), Punnaga (Nogkesar; Calophyllum inophllum), Patala
(Padhar; cocsalpinia banducella) etc. and then filtration through clean
cloth makes water free from small germs. Purifying it with gold, pearl, etc.

also makes it free from pollution. Water should be made free from leaves,
roots, stalks of lotus leaves, gold, pearls, cloth etc.”

ST IUAR UlhaT & g uar gerdr € % O gu, 9, e, 9|
IR T gedl & M & FoRISTS YHTal & T § T w9 |
quE © | U1 & SexMd, Uil §IRT Ul & gNd 8, ¥aTdl e & )
g7l T AT quie fhar 7 7 | & T8 SUeR fafer | fed 78 awg
BT AATIHAT &1 & AR TN & DI o+ o7 gRafdd &1 8, i
I el SUAR & IARATD TRID] Dl Th T1 HHI & |

From above treatment procedure we gather that the positive effects of
intense sunlight, heating, filtration, aeration and addition of aromatic
components are clearly revealed in the treatise. The bad effects of
stagnation of water, contamination of water by leaves, algae etc. are also
described. The treatment methods given need no costly inputs and no
desirable qualities of water will be changed, which is a major drawback
ofthe modern chemical methods of water treatment.

3TUfreC 5T Y el debeilch

Waste water Management Techniques

TSl B HHI AT ABTT BT SHY AT SEA Y 31ferh A1 dh gTfad
BT & 1T 6 o STl & AT | STafd Ui STl SUAR R a4l
PRI THI U JIfIRTT ATBT 8 Ahd &, eodl Dl AH ©F I
o= 8k o ifcres A=l & ATI—a1et |19 d SiIfa & fadr R Udh
Hewaqul &1d & ®Y H AT S & | f[I9e) 200 (1892) & AR, ‘ANd
BT gfer Wik & sfagr # IRAfRIT 811 27 | I8 PeTad weodT iR
Jufdre ydee & He<d Bl JATW] ©9 | SRIT Bl © |

Lack of sanitation affects human development to the same or even
greater extent as the lack of clean water. While there may be an added
stigma to discussing waste treatment, sanitation is widely perceived as
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meriting a significant claim on financial and political resources as well on
the evolution of mankind. According to Victor Hugo (1892), 'The history of
men is reflected in the history of sewers' This proverb adequately
indicates about the importance of sanitation and wastewater
management.

TSl W DI SUINT &I ®U I A HA & AI—7 M
URE IeUTE | FrI&T /el s o f+ued 3R fge™ & fog far
ST & (3a-TaR iR A1, 2008) | Fafdfed 2 f& Agl, It @i
wewdl © 41 & Gaul |, G ddh, AHISTS iR g1fih BRI &
gqd & HROT ST JAfw gRadd < U & (ARRIeel, 1998,
dIeh, 1999, ST fihaT 3T FAUTell, 2007, Ta=ITaR iR AT, 2008, ATHIAT
3R STSH, 2010) | BTAIfP SHIAT ¥, AU SeT BT 7T THST AT 2 |
AR STeT Yaer & A Bl UfshdT &1 g1 4R H By @Dl g
Tl B TS 9N b TR (1985), AR (1994), ARRIe (1998),
faarer (2000), AR (2001) SR =Y A=Y (2007) | 3T BT H, BRI
3R 9134 (2010) =1 HIFG ST & SfTET H SMURNE STel Uded &I T8d
FHIET UG D 7| 39 FHIET B H SR WE w9 | g @
=T AwIarall H, UTeie R AT e, weadl & [dard & f[aug o
T B R |

The term sanitation is primarily used to characterize the
safe/soundhandling and disposal of human excreta aswell as other waste
products(Avvannavar and Mani, 2008). It is well known that the
relationship between humans, water and sanitation has seen substantial
changes, due to the influence of cultural, socialand religious factors
throughout the ages (Sorcinelli, 1998;Wolfe, 1999; De Feo and
Napoli,2007; Avvannavar and Mani, 2008; Lofrano and Brown, 2010).
However, all through the ages, wastewater has been considered filthy
(Maneglier, 1994;Lofrano and Brown, 2010). The process of evolution of
wastewater management through the ages has been discussed by

several authors worldwide such as Tarr (1985), Maneglier (1994),
Sorcinelli (1998), Viale (2000), Sori (2001), and Neri Serneri (2007). More
recently, Lofrano and Brown (2010) have presented an in-depth review of
wastewater management in the history of mankind. In this review work
they have categorically discussed about the evolution of sanitation
through different civilizations of the world, including the ancient Indus
civilization.

g T 1 1 HATSAT D IR H DI (1997) BT el HRAT Sfed
BT o R4 ol o a¥1 Uget faafid &1 18 oS renfifasar =1 gfaror
URRAT 3R T & 37 QR &3l ¥ 919§ IUIRT &I S dredl
qdh-pl & fory =i U™ @1 | JUfTe Sd Uded 3R Wadl gsul
AT & T8l e XTll Bl T faRvarg off (@R, 1991) | 39
3R, ATHRT &R SIS (2010) BT Rebfs et & f6 U= Pradt #,
fRe] TRIaT e Uget S Juldne SuER yorredt ot | et 3iR 5Tt
R Sfed Sead I 991 o, fI9y wU 9 |18 Sics! 3N sSWl &
31X | TiraTerd, ARE- dTel T8¢, Blal, UIsy 3R ITdt Jmuflere fuem
@ g I o | O | Ry 9l 3 @ Q1 ee’l A8 Siigsl 3iR
SN BT STet BTN 3R AHTS AT BT AT TATE |

It would be appropriate to mention Kenoyer (1997) about the new
heights of the Indus civilization, 'that many of the technologies first
developed in the Indus cities provided the foundation for later
technologies used in South Asia and other regions of the Old World.
Wastewater management and sanitation were the major characteristics
of the first urban sites of the Harappan civilisation (Kenoyer, 1991).
Adding to this, Lofrano and Brown (2010) found on records that 'the Indus
civilization was the first to have proper wastewater treatment systems'in
the ancient times. Sewage and drainage were composed ofcomplex
networks, especially in Mohenjo-Daro and Harappa. Latrines, soak-pits,
cesspools, pipes andchannels were the main elements of wastewater
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esdl / O eRiT
Sanitation/Drainage

T TR 1 AR
Outlet of Great Bath

ﬁrgaﬁwwzﬁmﬂﬁﬁmaﬁ?aﬁwaﬁwﬁﬁmﬁsﬁqmww

Drainage and sanitation systems of Mohenjo-daro and Lothal cities of Indus Valley Civilization
(Eﬁﬁ/ Source : Khan, 2011 : Kenoyer, 1998)

disposal. Figure shows drainage and sanitation systems of
Mohenjo-Daro and Lothal cities of Indus valley civilization.

TRI DI ST (BRI el | SITST T o7 3iR 3MUfrne oo
BT o7 ) SR & 9T I8¢ & AR § ST dl
AT 72T ofl | §ad Ugel, AURME Tl Bl S—PIeT &
Udel UTSY & HIEH | U BIS] 8lal § STl SITdT o7 | 3T
ggref ReR B BT § ST 81 O &, 9 Blal 75% N
Bl off, aRel ueref s TR STt RN a7l # 81 fou
ST o (TR 3R 818, 2010) | STt BRI A=Teli ®r
STl 3R HC YRRl gRT SPhT Sl Ahdl AT, Sl IS
ERETG 3R ABIE Al @ SR gel fau S o
(aTe, 1999) | SH® 3T, Hs ATl B Hf—<erel TR AT
IR T I dife 9ol IR gonferat B staeg B 3
AT ST AP ([T, 2010) | BIFEH 3R 3T (2013) = URIT &
fr A Sies! &1 o 9t IRTAT FpRiT Jeas A

T g off |

The houses were connected to drainage channels and
wastewater was not permitted to flow directly to the street
sewers without first undergoing some treatment. First,
wastewater was passed through tapered terra-cotta pipes
into a smallsump. Solids settled and accumulated in the
sump, while the liquids over flowed into drainage channelsin
the street when the sump was about 75% full (Lofrano and
Brown, 2010). The drainage channels could be covered by
bricks and cut stones, which probably were removed during
maintenance and cleaning activities (Wolfe, 1999). Further,
cesspits were fitted at the junction of the several drains or
where a drain was extended for a long distance in order to
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avoid the clogging of the drainage systems (Wright, 2010). Fardin et al.
(2013) found that almost all the settlements of Mohenjo-Daro were
connected to the drain network.

SR H, IaH AERTSE H, I8 Ui foar a1 ® & STer ey gomedt
1375—1050 §.9, T YA H il (fhah, 1975, BIfST gTS, 2013) | 918
H (G 500 $.9,) ool @ STl (T goTtet! 3 et & qa+l 9 9
ARgT dTel TS IT B dTel §a+ efia o (fhap, 1975), iR I8 AT
AT & b URME STl & AUer & oy HaR arel @il o1 v far
AT AT (A, 1969) | TEIRIT # AT TATed] 6T 4 ¥, B JURIE
STl I TACE] & R UT8Ul §RT BRI ¥ 918X MdTdl &) ARa- dTel TSal
H STt o (Rig 2008) | Ugell ATl ST Yd & QRRTE 9RA @ qfeyofl
T & 3RIDHg H SIdol e & fory 1feral &1 AT favar Sirar o
(BT, 1949) | D ITTAT, 150 ST & JATAUYRT YdTied Al &
SUANT | AURTE STl gonferal # guR fBar | ($rell 1983) |
HREIS (1997) 7 YT f&h I8 UoTrefl 591 &1 & Ui &l dRY &R &l
off, ST BpUsT 3R VTS ST dTel 9RI T 21 9191 SIrdr o | 99
YRA B JIT H, I§ 39 YUTell A I Yob Aol faerwar off, &ial
IR ST (YSH dadt Bxe] URIE YdTs & oIy o] fhar ram o |

In Jorwe, in present day Maharashtra, it has been demonstrated that the
drainage system was implemented from 1375-1050 BC (Kirk, 1975;
Fardin et al., 2013). Later (around 500 BC), Ujjain's 'drainage system
included soak-pits built of pottery-ring or pierced pots' (Kirk, 1975), and it
has been supposed that ring-wells were used for the disposal of
wastewater (Mate, 1969). In the 3rd century BC at Taxila, domestic
wastewater was canalized out from the houses through earthenware
drain-pipes into soak-pits (Singh, 2008). During 1* century BC, drains
were being used for sewage disposal in Arikamedu, the southern part of
India (Casal, 1949). Further, the wastewater systems were improved
around 150 AD with the use of corbelled drains (Begley, 1983). Bhardwaj

(1997) found that this system was draining water from basins supposed to
be a part of a textile and dye industry. This was the unique feature
associated with this system as compared to the rest of ancient India,
where the wastewater disposal was implemented for domestic effluents
only.

.
Epilogue

ST =l | I8 Fepd dTelt 51 |AedT & 6 Ui o1t & SR,
STl U, Weedl SR SMURTE Sfd Yeed Uenfial &1 smegfia
JAIROMY I8 JM<S! IR I T i) 3R IHD 18 & FHI H (U
ITd 2RO H ol | STl gHTehRoT 3R UITaR0T & Heaeg H gHa] YTl
BT g1 IRRATAD!T BT IMYFh ATIROT DI FIE BT & | ST
TOTET HIFD], T DI JOEdT DI JHIfAT $HR daTel HRS, & AR
T YT 1 JOr R G47d, ReR 37X T8 Sl (bl & ara- ol HHl
37fe ST =M & SR 91 o | STl SuaR faferdl 8 fHese
TH YRl I g1, g0 9, T, G APl Pl SIrsr Mt Bl
JITETIT AT AT | A TP Mo T IRAER A fhd S 8 IR
R BICTIATRIG TdiRll B gol-l H 98aR & Hifh g% Ul &
aieg ol 3R el # gRade T8l 8IT € | dalgd a [dbaiad
AR & ArI—A1Y Ry g1l Iadl & SR IfURTE od IUAR

BT & YR TR URNE STel YoTTed! U Uil & Hd el
HABIC AT H SUANT Y S aTel dRIh! | 4T 31fered Sugad o |

From the above discussions it can be concluded that during the ancient
times, modern concepts of water quality, sanitation and waste water
management technology were very well known to the Indians and were
in their advanced stages during the Indus valley civilization and later
periods. Water classification and viewing its quality in relation to
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environment satisfies the modern concept of ecology. Water quality
standards, factors affecting water quality, effect of decaying materials on
quality of water, lack of aeration in stagnating and deep water bodies etc.
were known which are in accordance to modern science. Water treatment
methods using filtration, pots of different materials like earthen, silver,
gold etc., quenching with hot stones, sun heating, aeration, addition of
aromatic compounds etc. were adopted. These methods are frequently

_it"

Panormic view of Sunrise at Har-Ki*Raur,
(|Id / Source : Wikipedia) '
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used even now-a-days and are better than the chemical disinfectants as
there is no change in the desirable qualities and odours of water. Modern
methods of wastewater disposal systems based on centralized and
decentralized concept as well as methods for wastewater treatments
during Indus valley civilization were even better than those used in the
contemporary world.
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