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FOREWORD

Water quality monitoring issues in Indian rivers have emerged as a critical challenge
in the country; Contaminants, whether industrial effluents or domestic waste, are finding their
way to the rivers, adversely affecting their health. Lack of monitoring and enforcement also
makes it difficult for countries and regions to understand and deal with this challenge. Metal
contamination in the environment is one of the persistent global environmental problems.
This contamination is caused by continuous growth in mining, fertilizer, tannery, paper,
batteries and electroplating industries which subsequently has shown noxious effects on
human health around the globe. Unlike organic contaminants, heavy metals are non-
biodegradable and also carcinogenic. Heavy metals such as Zinc, Copper, Nickel, Mercury,
Cadmium, Lead, Chromium and Arsenic tend to accumulate in organisms, which may lead to
a reduction in species diversity.

Central Water Commission under Ministry of Water Resources, RD & GR has been
playing a major role in the monitoring water quality of river water since year 1963 and at
present, is observing water quality at 429 key locations covering all major river basins of
India. The present report attempts to provide the water quality scenario of Indian rivers in
respect of trace & toxic metals. Based on the analysis results of various metal elements, first
edition of the Status of Trace and Toxic Metals in Indian Rivers was published by River Data
Directorate, CWC, in May 2014. The revised and comprehensive edition of this report is in
your hand which includes the data of eight elements viz; Arsenic, Cadmium, Chromium,
Copper, Iron, Lead, Nickel and Zinc for the period from May 2014 to August 2017. The report
brings out the identified locations having these metal concentrations beyond the exceeding
limits according to the BIS 10500:2012.

| would like to place on record my appreciation of Shri Pradeep Kumar, Member
(River Management), CWC, Shri Ravi Shankar, Chief Engineer (P&D), CWC and his team
for excellently bringing out second edition of this publication.

| hope this report will provide meaningful tool to all concerned agencies in identifying
remedial measures to check pollution caused by these metal elements in Indian rivers.
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New Delhi

17 April, 2018 (S. Masood Husain)
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PREFACE

River pollution is an environmental problem in the world. Because of unprecedented development,
human beings are responsible for choking several aquatic ecosystems to death. Storm water runoff
and carry out of sewage into rivers are two common ways that various nutrients and other pollutants
enter the aquatic ecosystems resulting in pollution. Heavy metal contamination particularly the non-
essential elements may have distressing effects on the ecological balance of the recipient aquatic
environment with a diverse of organisms including fish. It has particular significance in eco-
toxicology, since the heavy metals are highly persistent and have the potential to bio-accumulate
and bio-magnify in food chain and become toxic to living organisms at higher tropic levels in nature.
Trace & toxic metals, as their name indicates present in water in very minute quantity and a few of
them are somewhat essential for proper nutrition, but may prove hazardous if their presence
exceeds the permissible limit in the water. “Toxic metals” are one of the environmental problems.
Today, there are new dimensions of the problem, such as the production of metals in developing
countries, leading to occupational exposure and exposure to the general public through the ambient
air, drinking water, food, and consumer products.

In CWC, the water quality data generated, as a result of analysis of water samples, are utilised in
publication of various water quality Year- Books basin-wise. To observe the current status of toxic
metal content of Indian Rivers, river water samples from the water quality monitoring stations spread
over 16 river basins of Central Water Commission were collected in three different seasons viz,
monsoon (August, 2016 and August, 2017), summer (May, 2014; April, 2016 and April, 2017) and
winter (November, 2014; February 2015, December, 2015 and December, 2016). These samples
were analyzed for selected eight trace and toxic metals at National River Water Quality Laboratory,
Central Water Commission, New Delhi.

| appreciate the commendable efforts put by Shri Ravi Shankar (Chief Engineer, P & D) for bringing
out 2" edition of this book. Efforts put in by the officers of River Data Directorate-2, Shri Rajesh
Kumar, Director, Manoj Kumar, Dy. Director, Dr. Jakir Hussain, Research Officer, Shri Sunil
Chauhan, Assistant Research Officer, Shri N. Prabhakar Rao and Dr Sakshi Sharma, Senior
Research Assistant in the preparation of the report are also appreciated. | also express sincere
thanks to all field Chief Engineers of CWC for making arrangements for collection and submission of
river water samples to the National River Water Quality Laboratory, CWC, New Delhi

| hope this publication will provide a vision of state of Trace & Toxic Metals in Indian rivers to all
stake holders and then ponder to search for remedial measures to check the pollution.

New Delhi M)

13" April, 2018 (Pradeep Kumar)
Member (RM), CWC






EXECUTIVE SUMMARY

In the developing countries like India, facilities of dmgkwater treatment before supply are not
always available or possible. In many parts of the countgpfeetake water directly from the
source for their domestic use. Because of the rapid urbamizand industrialization, availability
of good quality and quantity of water is a threat.

To observe the current status of toxic metal content ofiémdRivers, river water samples from the
water quality monitoring stations spread over 16 river basifi Central Water Commission were
collected in three different seasons viz, monsoon (Aug@t6zand August, 2017), summer (May,
2014; April, 2016 and- April, 2017) and winter (November42@&bruary 2015, December, 2015
and December, 2016). These samples were analyzed for selected eight tratexanochetals at
National River Water Quality Laboratory, Central Water Commiskiew, Delhi. Toxic metal wise
summary of the results are as under:

Arsenic (As)  Total 1734 numbers of Ag permissible Limit as BIS 10500; 201 10 pg/L

water samples  from '\ of Samples Tested 1734

414 water  quality "N "of Samples Exceed the Limit 0

monitoring  Stations [\ o o Stations 0

e Sl e o
No. of Rivers where it exceeded more

content in Indian Rivers
in the period May, 2014
Maximum arsenic concentration (9.53 ug/L) was observed at Bweder

guality monitoring station on Ganga River during April@0During the study
period, all the River water quality stations are reported thatsemic

concentration well within the acceptable limits accordingttee Bureau of
Indian Standards (BIS) and no toxicity of arsenic in the Raters is observed.

than one WQ Stations 0

Arsenic
7492\60

Cadmium (Cd) ~ Out of 2349 water| cd Permissible Limit as BIS 10500; 2{ 3 pg/L
samples, thirty eight| No of Samples Tested 2349

water quality stations "\q "ot Samples Exceed the Limit 38

A— from. Ganga, Kopili, No. of Stations 31

Rapti, Thungabhadr No.of RIVers o5

Cd and Yamuna river ' : .
: were found to have No. of Rivers where it exceeded more
Cadmium than one WQ Stations 4

112.411 cadmium content more
than one station above the acceptable limits. The highest caaimiu
concentration (70.51 pg/L) was observed in the Vautha watatityumonitoring
station at Sabarmati River during February, 2015. It is alserebd that a
Cadmium concentration exceeds the acceptable limit during nonsoon
period.




Chromium (Cr) BIS (Bureau of Indiam=, ‘50 s ciple imit as BIS 10500; 2 50 pg/L
Standard) 10500-2012
have recommended a No of Samples Tested 2400
acceptable limit of 50 No. of Samples Exceed the Limit 41
ug/L of chromium in No. of Statlons 28
drinking water. | No.of Rlyers | 21
Chromium No. of Rivers where it exceeded more
concentration was | than one WQ Stations 3

450.26 pg/L at Paliakalan water quality monitoring stattonSharda River in
August 2016, which is reported as the maximum

concentration during entire study period. Out of 240@ter samples, total 41
numbers of water samples from 28 water quality monitoring stasilocated on
21 major Indian Rivers were found above the tolerance lirhib@ug/L with
respect to chromium. Some Indian Rivers viz. Ganga, GhagRegtichave two
or more water quality monitoring stations which are podld with respect to
chromium concentration.

Copper (Cu) 2400 water

Iron (Fe)

26

Fe

samples| ¢, permissible Limit as BIS 10500; 2{ 50 pg/L

from 414 water quality "Nq of Samples Tested 2400
staélons Iwerdefcollected No. of Samples Exceed the Limit 12
and analyzed 101 COPPEI N, “ ¢ Siations 11
content from May, 2014 .

4 No.of Rivers 10
to August, 2017. Out of No. of Ri h T ded
2451 water samples, 12 0. of Rivers where it exceeded more

than one WQ Stations 1

samples were found to
contain copper concentrations above the acceptable limits qigQ during the
study period, the maximum Copper concentration 314.98 wgas observed at
Pingalwada water quality station on Dhadher River in April,720Dbtal 13
numbers of water samples exceeded the BIS prescribed acceptablatliffit
numbers of WQ monitoring stations situated on 10 IndiaveR during the
study period. Dikhow, Brahmaputra, Buridehing, Damangangagiidr, Ganga,
Pranhitha, Sabarmati, Subarnarekha and Tel are the rivers wher@rotveo
water quality monitoring stations were found coaminated with copper.

Iron
55.845

According to BIS the Fe permissible Limit as BIS 10500; 2¢ 300 pg/L
acceptable limit for [ No of Samples Tested 2400
Iron is 0.3 mg/L'No. of Samples Exceed the Limit 524
(300ug/L).  Higher o "of Stations 234
concentration of iron 7\ "¢ Rivers 137
>300 pg/L has bee . -
observed in 524 wate No. of Rivers where it exceeded more

than one WQ Stations 44

r samples collected

from 234 WQ stations of 137 Indian Rivers during thespetiod. The highest
concentration of 14.55 mg/L is observed at Chenimari ondBbimg River.
Bagmathi, Baitarni, Bhadar, Brahmani, Brahmaputra, Buridehiagye®y,



Lead (Pb)

Nickel (Ni)

Zinc (Zn)

Desang, Dhansiri, Dikhow, Gandak, Ganga, Ghagra, Godavari,i, Gomt
Hemavathi, Indravathi, Jaldhaka, Kanhan, Kamala-Balan, Kopili,adistnit,
Mahananda, Mahi, Narmada, Neo dihing, Purna, Puthimari, Raidakti, Sap
Sone, Subansiri, Subarnarekha, Ta@pgsta, Thungabhadra, Tors and Wainganga
are the Rivers where three or more water quality stations hbeen found to

have Iron concentration above the acceptable limit througholoe study
period.

As per Bureau ofl pp permissible Limit as BIS 10500; 2014 10 ug/L
Indian  Standard| Ng of Samples Tested 2400
(10500, 2012) has no. of Samples Exceed the Limit 122
recommended  that '\, "of Stations 91
the accgptable limit No.of Rivers 69
* forlead is 0.01 mg/L : ,

or 10ua/L in drinkin No. of Rivers where it exceeded more th

H9 91 one WQ Stations 11

45 water. Lead

concentration was maximum (374.58 ug/L) at Lowara water qualkiiiost on
Sheturni River during April, 2016. 122 water samples from 91 water quality
monitoring stations were observed having lead concentrati@mve the
acceptable limit for drinking water in 69 Indian Rivers dyitime study period.
Brahmaputra, Buridehing, Cauvery, Ganga, Ghagra, Gomti, Ramganga, Rap
Sone, Thungabhadra, and Yamuna are the rivers where two or morbersrof

WQ monitoring stations were found to be contaminated wehd.

It is observed that['Nj permissible Limit as BIS 10500; 2017 20 pg/L
Nickel concentration "Ng of Samples Tested 2023
found more _th_ar_1 the No. of Samples Exceed the Limit 35
prescribed limit in 35 No. of Stations 31
water samples out of No.of RIVErs o5
2023 samples No. of Rivers where it exceeded more

according to the BIS tha.n one WQ Stations 3
limits. Nickel

concentration at Lowara water quality station on Sheturni riierf~ebruary,
2015 is reported to be the maximum (184.64 ug/L) during thérerstudy

period. Seonath, Subarnarekha and Thungabhadra are the riversewher

more WQ monitoring stations were found contaminated with MBIciB5 water
samples from 32 water quality monitoring stations over 29dndRivers were
observed to have nickel concentration that exceed the acceptihbié during

the study period.

Total 2400 water samples from the 414 water quality monistations were
analyzed during he reporting period. Maximum Zinc concentration (2.65 mg/L
was observed at Manot water quality monitoring station on Narmdiver
during August, 2016. In the study area, all the River watelity stations are



reported to have 7, permissible Limit as BIS 10500; 201 5000 pg/L
Z'n”C cor)t(;]gntratlr]on No of Samples Tested 2400
well— within € |'No. of Samples Exceed the Limit 0
acceptable and No. of Stations 0
permissible  limits : .

of Bureau of Indian No.of R|yers . 0
Standards (BIS) andt'\:]o' of Rlv\;evrs Vé?etre it exceeded more .
no toxicity of Zinc in an one WQ Stations

the River waters is observed.
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1. INTRODUCTION

The environmental pollution is caused by a variety of patita in
water, air and soil. One of the major concerned pollutasftiving
environment is “Hazardous Metals” also termed as “Tra
Elements or heavy metdlsThe term “heavy metal” refers to any
metal and metalloid element that has a relatively high dens
ranging from 3.5 to 7 g/ctnand is toxic or poisonous at low
concentrations, and includes mercury (Hg), cadmium (Cd), ars:
(As), chromium (Cr), thallium (Tl), zinc (Zn), nickel (No)perqCu)
and lead (Pb). Although “heavy metals” is a general term defin
in the literature, it is widely documented and frequently épd to
the widespread pollutants of soils and water bodies (DuffQ82.

According to the World Health Organization (WHO), 20¥lctimmon toxic ‘heavy metals’ that
can be of public health concerns include beryllium (Bdyminium (Al), chromium (Cr),

manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Gu)Zn), arsenic (As), selenium
(Se), molybdenum (Mo), silver (Ag), cadmium (Ca), tin (Sn), antimony&8bin (Ba), mercury

(Hg), thallium (Tl) and lead (Pb). This beryllium, which isgbensl lightest metallic element (an

alkaline earth metal) after lithium with an atomic number of foas, well as aluminium, one of
the most widely used industrial light metals with a densit2.7 g/cnf, and arsenic and selenium,
which are not even metals, but a metalloid and a non-metal, respslgtiv

These metals are found widely in the earth’s crust and are-modegradable in nature. They
enter into the human body via air, water and food. Metals inimmmental waters arise from

both natural and anthropogenic sources. In many cases, aptigenic inputs of metals exceed
natural inputs. Living organisms require some metals as essentiants, including calcium,

sodium, potassium, magnesium, iron, zinc, chromium, colwdpper, nickel, manganese,
molybdenum, and selenium. Excessive levels or certain oxidsii@es of some essential metals,
however, are detrimental to living organisms. In addition tonmutrient metals generally

recognized as toxic, such as antimony, arsenic, berylliadmmm, lead, and mercury, health-
based water quality standards will also include the nutrient aeichromium, copper, nickel,
selenium, and zinc, all of which can be toxic at taghhievels or in certain oxidation states
(Weiner, E.R. 2013).

1.1 Sources of Metal Pollution

Environmental pollution caused by the rapid industrializatmd urbanization is one of the most
significant problems of the last century. The main soumelseavy metal pollution are mining,
milling, plating and surface finishing industries thattarge a variety of toxic metals such as Cr,
Cu, Cd, Ni, Co, Zn and Pb into the environment. Over theelasddcades, the concentration of
these heavy metals in river water and sediments has increased rapipsequently,
concentrations of toxic metals in grains and vegetables grawmontaminated soils have
increased at alarming rates. This poses a serious threaint@ans and the environment because
of its toxicity, non-biodegradability and bioaccumulati®aladir et al., 2007; Perez-Marin et al.,
2008; Reddad et al., 2003).



STATUS OF TRACE AND TOXIC METALS IN INDIAN RBVERS, 201

Metal Pollution from Mining and Processing Ores

Digging a mine, removing ore from it, and extraction andcpssing of the minerals sometimes
cause environmental damage. For example, mining operations can gdsatutat, farmland,
and homes; produce soil erosion; and pollute waterways exctdrainage. Emission of toxic
materials from smelters such as arsenic (As), selenium (Se), lead @@biyroa(Cd), and sulfur
oxides, among others- causes serious air pollution. Surface mining produces akight times
as much waste as underground mining, but deep mining catyz®even worse problems, such
as earthquakes. When underground mines cave in, not onlthdyp kill miners but they also
cause subsidence of the surface, forming holes into whigtus and houses may collapse. As
near-surface minerals are depleted, miners have to dig deeptmddhe mineral. A study by the
National Academy of Science predicted that copper (Cu) mining opesatiothe year 2000
would produce three times as much waste per ton of coppepautompared to the same ac-
tivities in 1978.

Exposure of pyrite (FeS) and other sulfide minerals to atmogpb&ygen and moisture results
in oxidation of this mineral and the formation of acid-minaidage water. The release of acid-
mine drainage from active and abandoned mines, particularly mi@es, has been widely asso-
ciated with serious water quality problems. It dissolvedd@®lements from tailings and soils and
carries them into waterways and even groundwater. Water qualigbfems involve relatively
high levels of metals such as iron (Fe), manganese (Mn), zinc (Epg¢r ¢Gu), nickel (Ni) and
cobalt (Co).

Ore processing, smelting, and refining operations can cause dieposf large quantities of trace
metals such as lead (Pb), zinc (Zn), copper (Cu), arsenic (AslvanAg), into drainage basins
or direct discharge into aquatic environments.

1.2 Other Sources of Metal Pollution

1.2.1 Domestic Wastewater Effluents

Domestic wastewater effluents contain large amounts of trace metals fmetabolic waste
products, corrosion of water pipes - copper (Cu), lead,(Bbg (Zn), and cadmium (Cd), and
household products, such as detergents - iron (Fe), manganese ¢Mojmium (Cr), nickel (Ni),
cobalt (Co), zinc (Zn), boron (B), and arsenic (As). Wastewastmint usually removes less
than 50% of the metal content of the influent, leaving thdwefht with significant metal loading.
The sludge resulting from wastewater treatment is also rich inatlseDomestic wastewater and
the dumping of domestic and industrial sludge are the majafieidl sources of cadmium (Cd),
chromium (Cr), copper (Cu), iron (Fe), lead (Pb), and mercu)yp@Hgtion (Csuros & Csuros,
(2002).

Stormwater Runoff

Stormwater runoff from urbanized areas is a significant soaferetal pollution in the receiving
water streams. Metal composition of urban runoff water is degent on many factors, such as
city planning, traffic, road construction, land useddhe physical characteristics and climatology
of the watershed (Csuros & Csuros, (2002).
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Industrial Wastes and Discharges

In general theconcentration of heavy metals in industrial eluents is mucteater than their
prescribed permissible limits in the aqueous solutiomsthere is an urgent need to treat the
metal containing e!uents before they are discharged into the aqudtibdies. Metés and their
concentrations in industrial waste discharges are spedificepend on the profile of that par-
ticular industry (Csuros & Csuros, (2002).

Table 1: The anthropogenic sources of heavy metals in theimmment

S. No.| Pollutant Major sources

1. Arsenic Arsenic containing fungicides, pesticides and herbicides, msetal-
ters, by products of mining activities, chemical wastes

2 Cadmium | Cadmium producing industries, electroplating, welding. Bgpobs

from refining of Pb, Zn and Cu, fertilizadustry, pesticide manufac
turers, cadmiumnickel batteries, nuclear fission plantsoduction
of TEL used as additives in petrol

3 Chromium | Metallurgical and chemical industries, processes using chrer
compounds, cement and asbestos units
4 Copper Iron and steel industry, fertilizer industry, burninfveood, discharge

of mine tailings, disposal of fhsh,disposal of municipal and indu:
trial wastes are the sources of copper in the atmosphere

5 Iron Cast Iron, Wrought Iron, steel, alloys, constructitansportation,
machine manufacturing

6 Lead Automobile emissions, lead smelters, burning of coal andeait] ar-
senate pesticides, smoking, mining and plumbing

7 Mercury | Mining and refining of mercury, organic mercurial’'s useplsticides,
laboratories using mercury

8 Nickel Metallurgical industries using nickel, combustion of $uebntaining

nickel additives, burning of coal and oil, electroplatingtsi using
nickel salts, incineration of nickel containing substances

9 Zinc Zinc refineries, galvanizing processes, brass manufacture, metal
ing, plumbing

Sanitary Landfills

The metal contents and average concentrations of sanitary-latetithates are Cu (5 ppm), Zn
(50 ppm), Pb (0.3 ppm), and Hg (60 ppb) (Csuros & Csurog).(200

Agricultural Runoff

The metal content of agricultural runoff originates in sedimeamsl soils saturated by animal
and plant residues, fertilizers, specific herbicides and fudgs, and use of sewage and sludge
as plant nutrients (Csuros & Csuros, (2002).

Fossil Fuel Combustion

Fossil fuel combustion is a major source of airborne metatagnination of natural waters(Csu-
ros & Csuros, (2002).
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2. INDIAN WATER RESOURCES SCENARIO

2.1 WATER RESOURCES:

India lies in the south-central peninsula of the Asian caminBesides the main land, there are
two groups of islands, namely Lakshadweep in the Arabian SkArstaman & Nicobar Islands
in the Bay of Bengal. The mainland of India lies betwédiNgand 376’ N latitude and 6% E
and 9725’E longitude. India occupies29. million knt geographical areas, which forms 2.4% of
world’s land area. It however supports over 15% of werfzbpulation.

The geographical area of India is 3,287,59G.Kkrhe length of its Coastline is about 7500 kms.
The climate of India varies from tropical monsoon in soottemperate in north. Its terrain have
upland plain (Deccan Plateau) in south, flat to rolling ptdong the Ganges, deserts in west,
Himalayas in north. India is enviably endowed in respect of wadsources. The country is
literally cress-crossed with Rivers and blessed with higgtipitation mainly due to the
southwest monsoon, which accounts for 75% of the anmnaialifall.

Out of the total annual precipitation, including snowfaif, 4000 BCM on the entire Indian land
mass, the rainfall during monsoon months (June-September)tieeasrder of 3000 BCM. It has
also been estimated that 700 BCM is immediately lost to the aphere, 2150 BCM soaks into
the ground and 1150 BCM flows as surface runoff. Theralacevery large temporal and spatial
variations of rainfall during monsoon period. While the averagnual rainfall of the country is
about 1170 mm, the rainfall varies 100 mm in the western paft Rajasthan to 10,000 mm at
Cherrapunji in Meghalaya.

2.2 RIVER BASIN OF INDIA

India is blessed with many rivers. A river basin is the natanatiext in which water occurs and is
perhaps the most appropriate unit for planning, development and mansnt of water
resources. The drainage area of a system of rivers normallynily into a common terminus
constitutes a drainage basin. Table 2: Classification of River Basin in India.

On the basis of size, the river basins | River Basin Catchment Area (in ki)
India could be divided into thre€ yajor
groups, major, medium and mino
river basin. According to the abov
classification, the numbers of majorMinor Basin catchment area is below than 2,000
and medium river basins are 12 and 46

respectively and these contribute nearly 92% of the total ffimo the country. Minor rivers
account for about 8% of the total runoff. Of the majorens, the Ganga-Brahmaputravieghana
system is the biggest with a catchment area of about 1.10 mikit?, which is more than 43%
of the catchment area of all the major rivers in the countryhe other major rivers with a
catchment area more than 0.10 million krare Indus, Godavari, Krishna and Mahanadi. The
catchment area of medium rivers is about 0.25 millior’lkend Subarnarekha with 19,300 km
catchment area is the largest river among the medium rivers in thiatcy. The classification of
River basin based on catchment area is given in Table 2.

Basin catchment area is more than 20,000

Medium Basin catchment area is between 2000-20,000
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There are few desert Rivers, which flows till some distancegaidost in deserts. There are
complete arid areas where evaporation equals to rainfall and herneetis no surface-flow. The
medium and minor River basins are mainly in coastal area. On 8teeast and part of Kerala
State, the width of land between mountain and sea is about Ki®@, and hence the Riverine
length is also about 100 kms whereas, the Rivers in the west @are much shorter as the width
of the land between sea and mountains is less than 10 t&m8. Yet, in-spite of the hare’s
bounty, paucity of water is an issue of national concesuiting in deterioration of water quality
in aquatic resources (Bhardwaj, 2005).

3. INDIAN RIVER SYSTEM

The Indian River Systems can be divided into
four categories the Himalayan, the Rivers
traversing the Deccan Plateau, the Coastal
and those in the inland drainage basin (Fig.
1). The Himalayan Rivers are perennial as
they are fed by melting glaciers every
summer. During the monsoon, these Rivers
assume alarming proportions. Swollen with
rainwater, they often inundate villages and
towns in their path. The Gangetic basin is
the largest River system in India, draining
almost a quarter of the country.

The Rivers of the Indian peninsular plateau
are mainly fed by rain. During summer, their
flow is greatly reduced, and some of the
tributaries even dry up, only to be revived in
the monsoon. The Godavari basin in the
peninsula is the largest in the country,
spanning an area of almost one-tenth of the
country. The Rivefdarmada (India’s holiest
River) and Tapi flow almost parallel to each
other but empty themselves in opposite
directions. The two Rivers make the valley rich in allueidbsid teak forests cover much of the
land. While coastal Rivers gush down the peaks of the $uesbhats into the Arabian Sea in
torrents during the rains, their flow slow down after th@onsoon. Streams like the Sambhar in
western Rajasthan are mainly seasonal in character, draining iaetimidind basins and salt lakes.
In the Rann of Kutch, the only River that flows throughghi desert is the Luni. The major River
systems of India are discussed below.

==

igure 1: Indian River Basi

3.1 - INDUS RIVER BASIN

The Indus basin lies in four countries viz. Afghanistakisia, India and China. The basin is
bounded on the north by the Karakoram and the Haramosh rargethe east by the Himalayas,
on the south east by the Arabian Sea and on the westhbySulaiman and Kirthar ranges. In
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India, the basin lies in the States of Jammu & Kashmir, Punjab, HimaatesPrHaryana and
Rajasthan.

The upper portion of

the basin lies in J&K and
Himachal Pradesh is
mountainous and the

lower portion lies in

Punjab, Haryana and
Rajasthan consist of
fertile plains. Total

drainage area of the
basin is 11, 65,000 Kn

out of which 3, 21,289
kn? lies in India. The
Indus River rises from
Mansarovar in Tibet at
an elevation of about

5,182 m and flows for
about 1,100 kms in India before entering into Pakistan. Mabutaries of the River are the
Sutlej, the Beas, the Ravi, the Chenab and the Jhelum.

3.2 - BRAHMAPUTRA RIVER BASIN

As per the Hindu belief,| =’
Brahmaputra means 'son of the |<;
creator, Lord Brahma'. Thq| % ¢
Brahmaputra rises in Tibet wheré
it is known as the Tsangpo. |
India, it emerges from the
foothills in Arunachal Pradesk
where it is known as the Sian
and the Dihang and it become
the Brahmaputra after being«"{
joined by the Dibang and the\ t. If
Lohit Rivers in its flow through g et P s -l

the Assam valley.

et
L

The Brahmaputra River travel: Figure 3: Brahmaputra River Basin.

a distance of 2880 kms before

joining the Bay of Bengal through three countries, @kina, India and Bangladesh. It has total
catchment area of 580,000 KmThe basin lies between 28 to 32N latitude and 8% to 9750’

E longitude. The River has a smaller catchment than either the Ganiga lmdus and gathers in
its long course through Tibet, India and Bangladesh, watkttse Raka, Tsangpo, the Ngang Chu,
the Giamdachu, the Dibang, the Lohit, the Subansiri, the Kantlemd/lanas, the Tista, the Burhi
Dihing, the Disang, the Kopili and the Dhansiri. After em¢ein Bangladesh near Dhubri, it flows
southward to join the Ganga at Goalundo.
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3.3 - GANGA RIVER BASIN

Undoubtedly,
the Ganga is
the most
sacred River of
India. The

catchment

areas of the
River Ganga
are in four
countries viz.
India, Nepal,
Tibet (China) &

Bangladesh.
Figure 4: Ganga River Basin. The major part
of the
geographical area of the Ganga basin lies in India. After meogjiihg two rivers the Alaknanda
& Bhagirathi at Deafayag, it is named as “Ganga”. Many important tributaries of Ganganate
in the Himalayas in India and Nepal; Bangladesh lies in ¢heid region of the basin. Ganga
flows towards south and then south-east through the gnelains of India in Uttar Pradesh, Bihar,
Madhya Pradesh and Bengal, which is the apex of the Ganga Te#dotal length of the Ganga
River is 2,525 kms which makes it the"d6ngest River in Asia. The index map of the basin is
given in figure 4. The Ganga basin lies between east loregitt@30' to 890" and north latitudes
22°30' to 3P30'. The drainage area lying in India is 861452 Which is nearly 26.2% of the total
geographical area of the country. In its long coursetigh the foot hills and plains, it gathers
the waters of the Ram Ganga, the Yamuna, the Tons, the Gomati, tggh&ida, the Sone, the
Gandak, the Burhi Gandak, the Bhagirathi, the Kosi and the Naldan

The river Yamuna, a major tributary of river Ganges, origirfabés the Yamunotri glacier near
Banderpoonch peaks (389" N 7827' E) in the Mussourie range of the lower Himalayas at an
elevation of about 6387 meters above mean sea level in distri@rk#shi (Uttrakhand). The
catchments of Yamuna river system cover parts of Uttar Pradesh kb#tral, Himachal Pradesh,
Haryana, Rajasthan, Madhya Pradesh & Delhi states. The Yamuna, aftengeeeidr through
other important tributaries, joins the river Ganga and the argtound Saraswati at Prayag
(Allahabad) after traversingbout 950 Km.The Chambal and the Betwa are the two important
sub-tributaries of Yamuna. Some channels which flow in nsotlith direction run into Bay of
Bengal. Most important of these are the Bhagirathi-Hooghlg #alangi, the Bhairab, the
Mathabhanga and the Gorai. The Damodar which rises in tleediiChhota Nagpur flows into
the Hooghly which is a branch of the Ganga.



Figure 5: Barak River Basin.

Figure 6: Narmada River Basin.



Figure 7: Tapi River Basin.



Figure 8: Godavari River Basin.




Figure 10: Cauvery River Basin.



Figure 11: Mahanadi River Basin.

Figurel2: Subernrekha and Burhabalang River Basin.




Figure 13: Brahmani and Baitarni River Basin.




Figure 14: Pennar River Basin.

Figure 15: Mahi River Basin.






Figurel7: West Flowing Rivers Basin from Tapi to Tadri.










4. RIVER WATER MONITORING BY CWC

Central Water Commission is monitoring River water quatig29 key locations covering all the
major River basins of India. The details of basin wise waigitg stations are given below. The
basin wise WQ stations monitored by Central Water Commissiemnepicted in Table 3.

Table 3: Basin-wise Water Quality Stations of Central Wa@mmission

Type of Stations
Name of the Basin Total

. wilm|m|s|e



Type of Station




5. REVIEW OF TRACE & TOXIC METALS

Heavy metals are one of the most widespread causes of pollitath in water and the soil;
Further, increasing levels of these metals concentration ineiin@ronment is causing serious
concern in public opinion owing to the toxicity showy most of them. Heavy metals are usually
defined as metals with high atomic number, atomic weight and aitlegseeater than 5.0 g/ci)
but in the literature it is possible to find so many diffnt definitions. Recently, International
Union of Pure and Applied Chemistry (I1ldBAefined the term “heavy metal” as a confusing and
misleading one. Generally speaking, metals are natural compserétihe Eartfs crust and some
of them (e.g. copper, selenium, and zinc) are essential as traseeals to maintain the
metabolism of the human body although at higher concentragidhey may show toxic effects.
Many other metals (e.g. mercury, cadmium, lead, etc.) have dirett &ffects on human health.
Owing to their chemical characteristics, metals remain in therenment, in many cases only
changing from one chemical state to another one and eventuallyraataiing in the food chain.
These pollutants enter the environment through a variety ofmaum activities such as mining,
refining and electroplating industries. The effluents produdsdthese industries contain a
variety of heavy metals such as cadmium, copper, chromiumehiead and zinc, subsequent
release of these effluents into water bodies may significanthtrdoute to the increment in loads
of toxic heavy metals in aquatic environments. Because of thehwater solubility, heavy
metals can be easily absorbed by living organisms and, dtteetomobility in natural water
ecosystems and their toxicity to living forms, have bestked as major inorganic contaminants
in surface and ground waters. Even if they may be presentlitedialmost undetectable
guantities, their recalcitrance to degradation and consequesrsistence in water bodies imply
that, through natural processes such as bio-magnificatibejrtconcentration may become
elevated to such an extent that they begin exhibiting toxiceel. Out of the 35 metals
considered dangerous for human health, 23 have been defineldeasy metals: antimony,
arsenic, bismuth, cadmium, cerium, chromium, cobalt, @ppgallium, gold, iron, lead,
manganese, mercury, nickel, platinum, silver, tellurium, thadli tin, uranium, vanadium, and
zinc. However, the major lethal effects to human health causedhlege heavy metals are
associated with exposure to lead, cadmium, mercury and argtngcelement is a metalloid but
it is usually defined as a heavy metal). Large amounts of amesétmetals may cause acute or
chronic toxicity (poisoning), resulting in damaged or @il mental and central nervous
functions, modify blood composition, damage the lungnkig, liver, and other vital organs.

Long-term exposure to the above-mentioned heavy metals may resuwdloinly progressing
physical, muscular, and neurological degenerative processasniimic Alzheimer’s disease,
Pakinson’s disease, muscular dystrophy and multiple scierédlergies are not uncommon and
repeated long term contact with some metals or their compounds magn cause cancer. Heavy
metals may enter the human body through food, water and aiit aray be absorbed through
the skin when they enter into contact with humans in agtiod and in manufacturing,
pharmaceutical, industrial or residential settings. Althougivesal adverse health effects of
heavy metals have been known since a long time, exposutieege metals is continuing and
even increasing in some parts of the world. Thus, therobrtf heavy metal dumplings and the
removal of toxic heavy metals from waters has become a challemgkedgdwenty-first century.



6. METAL TOXICITY:

Important issues related to selected toxic metals like occurremecasature, sources of water
pollution, toxic effects etc. are described here under:

6.1 - Toxicity of Arsenic

Arsenic is ubiquitous and ranks™@ natural abundance, comprising about 0.00005% of the
earth’s crust, 1% in the seawater, and 12in the human body (Mandal and Suzuki, 2002). Arsenic
occurs in the environment in rocks, soil, water, air anbiata.

The element occurs in the environment in different oxidaticetss e.g. As as As(V), As(lll), As(0)
and As(-1ll). The chemical forms and oxidation states of &rse@ more important as regards to
toxicity. Generally, inorganic forms are more toxic and madh#e organo-arsenic species, while
arsenite is considered to be more toxic than arsenate. It has beported that As(lll) is 4 to 10
times more soluble in water than As(V) (Squibb and Fowler 1988t 2u1988; Lambe and Hill
1996; US EPA, 2002). Moreover, it has been found that As@D)times more toxic than As(V)
and 70 times more toxic then Mono Methyl Arsonate {MMA(V)} @&idMethyl Arsinate
{DMA(V)}. However, the trivalent methylated arsenic species, i.BIAWI) and DMA(III) have
been found to be more toxic than inorganic arsenic because #neymore efficient at causing
DNA breakdown (Styblo et al. 2000; Dopp et al. 2004). Arsenérs the human body through
ingestion, inhalation or skin absorption. Most ingested anhalated arsenic is well absorbed
through the gastrointestinal tract and lung into the bl@bam.

People drinking arsenic contaminated water generally show arseskoa lesions, which are a
late manifestation of arsenic toxicity. Long term exposure t@mics contaminated water may
lead to various diseases such as conjunctivitis, hyperkeisgtohyperpigmentation,
cardiovascular diseases, disturbance in the peripheral vasmthnervous systems, skin cancer,
gangrene, leucomelonisis, non pitting swelling, hepatomegalysphehomegaly (Kiping, 1977;
WHO, 2001, Pershagen, 1983). Chronic symptoms caused lhy exjposure to As are unspecific
(weight loss, chronic weakness) but a long exposure prov@kesnicosis, cardiovascular
diseases, skin lesions among other organ function disordBissen and Frimmel 2003).
Arsenicosis is a chronic illness resulting from drintuater with high As level over a long period
of time (Kapaj et al. 2006). The effects on the lungs, uterus, gemtry tract and other parts
of the body have been detected in the advance stages of arsemicitio Besides, high
concentrations of arsenic in drinking water also resultan increase in stillbirths and
spontaneous abortions (Csanady and Straub, 1995).

6.2 - Toxicity of Cadmium

Cadmium is an element that occurs naturally in the earth’stcitiss uniformly distributed in the
Earth’s crust, where it isstimated to be present at an average concentration of between 0.10
and 0.50 pg/L. Cadmium occurs in nature in the form of wgrimorganic compounds and as
complexes with naturally occurring chelating agents; orgasdirdum compounds are extremely
unstable and have not been detected in the natural environment. Caunsuproduced during
extraction of zinc and is used in plating industry, pigmeimsnanufacture of plastic material,
batteries and alloys. The water is contaminated with cadmiurmbuystrial discharge, leaches
























7. WATER QUALITY CRITERIA

As it is a well-known fact that the sources of usable watethenearth are limited, any kind of
pollution in such sources will further reduce its avaligpiPolluted water cannot be utilized for
drinking because of its inherent health risk. Water wliigh salt contents is not suitable for
agriculture and most industries. The quality of water alsterferes with the aesthetic and
economic pursuits of water bodies by affecting marine and freater life. However, the water
which is not suitable for irrigation may be quite suitafdeindustrial cooling. Every use of water
requires a certain minimum quality standards with regarddhe presence of dissolved and
suspended materials of both chemical and biological nature désirable quality of water
ensures no harm to the user.

To maintain the minimum quality standard for diverse user haddettie formulation of water
quality criteria and water quality standards. Water qualitifecia can be considered as specific
requirements on which a decision or judgment to support a pafér use will be based. The
criteria for the various uses are developed based on the experimefatidl and our current
knowledge of the health, ecology and other issues and asgp#isiroverall economical effect
these are not a set of fixed values, but subject to modificatie the scientific data get updated
and more and more knowledge is gathered. The term standard appliasyt definite principle
or measure established by an authority by limiting concentratof different constituents in
water to ensure the safe use of water and safeguard the environment.

7.1 - Drinking Water Standards

In view of the direct consumption of water by human beintp® domestic water supply is
considered to be most important use of water and drinking bas been given first priority on
utilization of water resource in the National Water Policylridia, agencies like the Bureau of
Indian Standards (BIS) and Indian Council of Medical ResgaMR)lhave formulated drinking
water standards. The World Health Organization (WHO) has laidodown drinking water
standards, which are considered as international standabdmking water standards for trace
and toxic metals according to BIS code 10500-2012 are gidem in table 5.

Table 5: Drinking Water Standards for Trace & Toxic me(BIS-10500-2012)

Requwement Permissible Limit in the Absence of
Toxic metal ( Acceptable Limit ) Alternative Source
(mg/L) (Mg/L) (mg/L) (Mg/L)













8. STUDY AREA

A total number of 414 water quality stations covering allt&or River Basins of CWC right from
East to West and North to South were studied for Trace amdcTmetals during May, 2014;
November, 2014; February, 2015; December, 2015; April, 20sf2016; December, 2016;
April, 2017 and August 2017. The details of the 414 roanig stations on the Indian Rivers with
their latitude, longitude, district and states are enclosedfamexure-1 River water samples
were collected by Punjab type sampler. The water samples were storeatith leached
polyethylene bottles and preserved by adding ultra pure niaiid as recommended (APHA,
2012).During the study period, water samples from other than tlegistered water quality
monitoring stations of CWC were also received at National Ritater Quality Laboratory, CWC,
New Delhi.

9. METHODOLOGY

Living organisms require trace amounts of some metals includinglicocopper, iron,
manganese, molybdenum, vanadium, strontium and zinc. Excessiets lof these essential
metals are detrimental to the organisms. Non- essential metals like cadmchromium,
mercury, lead, arsenic and antimony are of more concern ttasarwater system because these
metals produce undesirable effects on human and animal life. Once thesa&s enter into the
system, they remain for relatively longer periods. Once absarbedganic metals are capable
of reacting with a variety of binding sites in the humardpand have strong attraction to
biological tissues. Natural water contains toxic metalsratds. Industrial wastes containing
metals have aggravated the problem of metal pollution. Electropigtmetallurgical industry,
galvanising plants, tanneries and thermal power stations ave d¢f the major contributors of
metal pollution in surface water. All metals exist in surface waterdlloidal, particulate and
dissolved forms, although dissolved concentrations are gelyelalv. The soluble forms are
generally ions or unionized, organo-metallic chelates or dergs. The solubility of trace metals
in surface water is predominately controlled by pH, the tgmel concentration of legends on
which the metal can absorb and the oxidation state of theeral components.

9.1 - Metal Detection Techniques

The analytical methods commonly used in estimation of heavy migtalater and waste waters
are:

Inductively coupled plasma analyser (ICP)
Atomic absorption spectrophotometry (AAS)
Colorimetric methods

Polarographic estimation

lon Selective Electrodes (ISE)

w W W W W

Inductively coupled plasma (ICP) techniques and atomic absorppestrophotometry are
applicable over a broad linear range and are especially sensitiveefractory elements. In
general, detection limits for ICP methods are higher than AASri@elric methods are
applicable when interferences are known to be within the liofithe particular method. Extreme
care should be taken in sampling and analysis to preveniacoin@ation.
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Wave Lot (e analysis

| th :

Parameter

Slit (nm)




10.RESULTS AND DISCUSSION

Details of the Indian rivers and their water quality monmgyisites where the water was found
fit for use in terms of toxic metal contamination in the syugeriod is presented iAnnexure-2
Details of WQ monitoring stations where the water was foumditufor use due to excess
presence of Iron only above the acceptable limits during thelystperiod is presented in
Annexure-3 Details of WQ monitoring stations where the water was founét for use due to
presence of more than two toxic metals above acceptable limitsndutihe study period is
presented inAnnexure-4 Toxic metal-wise details of water quality monitoring statiawvhere
the respective metal concentration was found above the acceptabléslmsi prescribed by BIS is
presented inAnnexure-5

Surface/ground water contamination through toxic metals is abfm since long. Many
countries in the world have experienced menace of metal polfutitowater and large number
of people has been affected. Causes of this pollution have be#idocumented. However, the
main sources of metal toxicity in surface water have been thotgbe natural occurrence and
subsequent degradation of the environment.

The analytical results obtained from the trace and toxic metal amaip the water samples of
Indian Rivers are expressed in pg/L (Microgram per Litre) thraugtin@ report. During the
entire period of study, maximum concentration of all eight alstin the Indian Rivers observed
are as: Arsenic (9.530pg/L), Cadmium (70.518 pg/L), Chnoif@i&0.260ug/L), Copper (314.930
pg/L), Lead (374.580 pg/L), Nickel (304.640 pg/Ly, @658 mg/L) and Iron (14.555 mg/L).

Table 11: Minimum and Maximum concentration of Metal dog the May, 2014 to August, 2017

Cvetal | winiiax | Wos | Ruer | Wontivear



o o | o Lo



o s o Lo [ ol oo e

Minimum | 0.00 | 000 | 0.00
70,52 | 450.26 | 314.93| 184.64| 374.58| 1456 | 2.66

4
unfit ] 0 [ 38 | 41 | 12 | 35 | 122 | 524



Sampling Total Anal. .



n, 7.95%

s, 0.67%y, 0.15%
- Cr, 2.16%
N\ _Cu, 2.12%
Ni, 1.26%

Pb, 1.31%

Cr, 1.20%

0
/ Cu, 0.58%
Pb, 0.31%







Total
number
of WQ
sites

WQ Sites (Period)

-/ joa | 31| 38 |



Chromium is used to call as metal with two faces, that it lsareither beneficial or toxic t
animals and humans depending on its oxidation state and corateois (Zayed et al., 1998)
can exist in valences from -2 to 6 but is present in tharenment mainly in the trivalent
hexavalent state. Cr(lll) is considered to be a trace element déakémtthe proper functionin
of living organisms (Wang et al., 2009). Nutritionally, aater concentrations, Cr(lll) is

essential component of a balanced human and animal diet for pravgidverse effects in t
metabolism of glucose and lipids, e.g., impaired glucose donta, increased fasting insul
increased cholesterol and triglycerides, and hypoglycemic tymgp (Zayed and Terry, 200
Cr(lll) at increased concentrations can interfere with severabbaic processes because of
high capability to coordinate various organic compoundsulting in inhibition of som
metalloenzyme systems (Zayed et al., 1998).
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11.CONCEPT OF NORMALIZATION:

In statistics and applications of statistics like dataiptetation, normalization can have a range
of meanings. In the simplest cases, normalization of ratingsmaedjusting values measured on
different scales to a notionally common scale, often prioraveraging. In more complicated
cases, normalization may refer to more sophisticated adjustments whermtention is to bring
the entire probability distributions of adjusted values antlignment. In another usage in
statistics, normalization refers to the creation of shiftedd scaled versions of statistics, where
the intention is that these normalized values allow the comperisf corresponding normalized
values for different datasets in a way that eliminates the effectseofain gross influences, as in
an anomaly time series

In this present case normalization concept is adopted domalize the water quality
Trace & Toxic parameters for data interpretation to attain afignt in representation and to
make its respective permissible limit value into one unique valuk (@se).

Normalized Value:Each parameter is divided with its own permissible lifallowing that,
permissible limit for all parameters also turns as 1 (one)takitg it as Threshold Value.

Threshold Value for all parameters is - 1

Seasonal wise normalized value graphs plotted here by @imgidthe parameters such as
Cadmium (Cd), Chromium (Cr) and Lead (Pb) with respect to thelrdagaity and Iron (Fe)
taken into account because of its more availability adupant during the study period.

11.1 GANGA RIVER

The Ganga is the 20th longest river in the Asia and the dagest in the world (Source: Philips
World Atlas). The headwaters region of Ganga is the Himalayasddbt number of mighty
tributaries. The Bhagirathi river that rises from the Ganiggiticier near Gomukh at an elevation
of about 7,010 m above mean sea level in the Uttarkashi digificktarakhand is considered as
the source of Ganga river. It descends down the valley updoeprayag where after joining
another hill stream Alaknanda, it is called Ganga. Flowimgddl, the river is joined by a number
of streams, such as the Mandakini, the Dhuli Ganga and ti@aPi The principal tributaries
joining the river from right are the Yamuna and the Son. The Bagay the Ghaghra, the Gandak,
the Kosi and the Mahananda join the river from left. The total lerajthiver Ganga (measured
along the Bhagirathi and the Hooghly) up to its outfalbiBay of Bengal is 2,525 km with 631 km
navigable length.

Ganga has been a cradle of human civilization since time immaindillions depend on
this great River for physical and spiritual sustenanas.dtlife-line, a symbol of purity and virtue
for countless people of India. But due to rapid indusizetion, increase in urban population,
change in lifestyle, use of artificial fertilizer has tedieterioration in water quality of holy river
Ganga. At certain stretches the river water is grossly pollutexstly due to industrial and
municipal sewage discharge in the river Ganga. There are 18 quaéty stations at Deoprayag,
Rishikesh, Haridwar, Garhmukteshwar, Kachlabridge, Fatehgarh, BAakikGnpur, Bhitaura,



BIS Standards-
Cadmium- 0.003mg/L (3ug/L) ; Chromium- 0.05mg/L ¢a0u
Lead- 0.01 mg/L (10ug/L) ; IrerD.3 mg/L (300 pg/L)

BIS Standards-
Cadmium- 0.003mg/L (3pg/L); Chromium- 0.05mg/L (50ug/L
Lead- 0.01 mg/L (10ug/L) ; IrerD.3 mg/L (300 pg/L)







0.05mg/L (50ug/L)
Lead- 0.01 mg/L (10ug/L) ; Irer0.3 mg/L (300 pg/L)




11.3 RIVER CHAMBAL









From the above graphs it is observed that, during the stuaod in monsoon and non-monso
seasons almost all the parameters observed below the threshaldevexcept for iro
throughout the ramganga river stretch in both the seasonghis study area, all the Ramga
River water quality stations data reported that arsenic, cadmiwmpper, nickel and zi
concentration lies within the acceptable and permissible Bnot Bureau of Indian Standa
(BIS) and no toxicity of arsenic, cadmium, copper, nickiekarc in the River waters is obser
during the study period. The concentration of the cadmiuhrpmium, lead and iron varies
the Ramganga River are 0.032-1.749 pg/L; 0.040-230.9 u§10-32.850 pg/L and 0.008-1
mg/Lrespectively during the May, 2014 and August 2017. Duhie study period approximate
4%, 25% and 50% of samples are found above the permigsilitievith respect to Chromiu
Lead and Iron.

11.6 RAPTIRIVER

The Rapti is a tributary of Ghaghra river. The Rapti riseth=f a prominent E-W ridgeli
midway between the western Dhaulagiri Himalaya and the MahabharateR#&§,500 metre
summit on this ridgeline marks a triple divide. North of ethtriple divide
the Karnali and Gandaki basins are adjacent; south of it the Raghtsianilar but smalleBaba
Riverseparate the two larger basins. After crossing into Indiea Bhbai and Rapti separately |
the Karnali's continuation calleé@haghara The Ghaghara ultimately joins the Ganges, as
the Gandaki.Four (04) water quality monitoring stations atddapur, Birdghat, Reguli and Ba
are being operated by CWC on the Rapti River.




From the above graphs it is observed that, during the stuaiod in monsoon and non-monso
seasons almost all the parameters observed below the threshaldevexcept for iro
throughout the rapti river stretch in both the seasonsthis study area, all the Rapti River wg
guality stations data reported that arsenic, copper, nickedl zinc concentration lies within t
acceptable and permissible limits of Bureau of Indian Standat&3 é8d no toxicity of arsen
copper, nickel and zinc in the River waters is observed gitine study period. The concentrati
of the cadmium, chromium, lead and iron varies in the Rap@rRixe 0.009-3.493 pg/L; 0.04
229.73 pg/L; 0.030-18.650 pg/L and 0.006-1.362 negfhectively during the May, 2014 8
August 2017. During the study period approximately 10986,326% and 45% of samples
found above the permissible limit with respect to Cadmium, Chuomi_ead and Iron.







From the above graphs it is observed that, during the stuaiod in monsoon and non-monso
seasons almost all the parameters observed below the threshalidevexcept for iron fro
manot to hoshangabad stretch during monsoon season. Irstbdy area, all the Narmada Ri
water quality stations data reported that arsenic, cadmium, ohign, copper and zi
concentration lies within the acceptable and permissible Bnuit Bureau of Indian Standa

(BIS) and no toxicity of arsenic, cadmium, chromium, copperzamd in the river waters
observed during the study period. The concentration of ¢aemium, chromium, lead and ir
varies in the Narmada River are 0.002-1.201 pg/L; 0.08862[6g/L; 0.080-21.930 pg/L a
0.002-1.1 mg/Lrespectively during the May, 2014 and AugQ&¥2During the study perig
approximately 3%, 1% and 13% of samples are found above the pdrismit with respect
Nickel, Lead and Iron.




From the above graphs it is observed that, during the stuahod in monsoon and non-monso
seasons almost all the parameters observed below the threshaldevexcept for iro
throughout sone river stretch during monsoon seasonhisistudy area, all the Sone River wa
guality stations data reported that arsenic, chromium, coppeckel and zinc concentration li
within the acceptable and permissible limits of Bureau ofdndstandards (BIS) and no toxi
of arsenic, chromium, copper, nickel and zinc in the rivaters is observed during the st

period. The concentration of the cadmium, chromium, lead iron varies in the Sone River
0.006-3.034 ug/L; 0.240-16.650 pg/L; 0.010-16.7%0Lpand 0.002-2.050 mg/Lrespecti

during the May, 2014 and August 2017. During the stuelyod approximately 3%, 6% and 2
of samples are found above the permissible limit with respec&dmium, Lead and Iron.

11.9 GODAVARI RIVER




From the above graphs it is observed that, during the stuaod in monsoon and non-monso
seasons almost all the parameters observed below the thresholdevekcept for iron a
mancherial in monsoon season. In this study area, all thdaGi River water quality statio
data reported that arsenic, cadmium, chromium, copper, nickdlanc concentration lies with
the acceptable and permissible limits of Bureau of Indian Stalsd@8lS) and no toxicity

arsenic, cadmium, chromium, copper, nickel and zinc irritrex waters is observed during t
study period. The concentration of the cadmium, chromilead and iron varies in the Goda
River are 0.009-1.489 pg/L; 0.010-21.510 pg/L; 0.028722 pg/L and 0.002-0.6
mg/Lrespectively during the May, 2014 and August 2017. Duhie study period approximate
5% and 19% of samples are found above the permissible linhitrespect to Lead and Iron.




11.10 WAINGANGA RIVER



11.11 KRISHNA RIVER



11.12 TUNGABHADRA RIVER

Tungabhadra River is formed from the union of the two riveasnely Tunga and Bhadra, wh
together rise in Varahagiri in the Western Ghats of Karnatakée St an altitude of abo
1,196m. The two rivers confluence at a village called Kudsdr tshimoga. The unitg
Tungabhadra River flows for about 531 km in a generally radterly direction, through Myso

and Andhra Pradesh and joins the Krishna at an elevation of &&@utn beyond Karnool. T
length of the river is 786 km. The important tributaridgtee Tungabhadra River are the Vara
the Hagari, the Vedavati, and the Kumudvati. The total drainage @rélae Tungabhadra

71,417 km. There are four (04) water quality stations at Bawapuram, Halfiatdonnali an
Holehonnur on Tungabhadra River.







The Mahanadi River is one of the major rivers which flow fngat to east and finally drains i
the Bay of Bengal. The Mahanadi River rises in a pool, ®kmRharsiya village near Nagri to
in Raipur district of Chhattisgarh at a height of 442m. Wladaanadi flows for a total length
about 851 km of which, 357km is in Chhattisgarh amddhlance of 494 km isin Odisha. The
enters Odisha state below Baloda Bazaar and crosses the Easternt&Gbater the Plains
Odisha near Cuttack. It is finally debouches into the B&eofyal through a series of branc
The Seonath, the Jonk, the Hasdeo, the Mand, the Ib, the Onghanidiel are the princip3
tributaries of Mahanadi. There are four (04) water quality stasi at Tikarapara, Basantp
Seorinarayan and Rajim on main stream of river Mahanadi.



















11.18 PALAR RIVER

The Palar Basin is an important basin among the 12 bagits between the Pennar and the
Cauvery basinshis basin is divided into three major topographicalsioris namely, i) the hill
ranges of Eastern Ghats ii) the plateau region and iii) tlested plains. Though most of the
drainage area lies in Tamil Nadu, its dramagea extends to cover the South-East and South-
Western parts of Karnataka and Andhra Pradesh respectively. The shidygebasn is rhombus
and finds its outlet in to Bay of Beng@&lentral Water Commission is operating three (03) water
quality monitoring stations at Avarankuppam, Arcot and Cherggalp this river









12.INDEX VALUE CALCULATION:
Index Value = Average of Normalised Values of all parameters.

Parameters considered for Index Value calculations:
(a) Cadmium (Cd) (b) Chromium (Cr)  (c) Copper (Cu)
(d) Nickel (Ni) (e) Lead (Pb) (M) Iron (Fe)
Threshold value = 1 (One)

Index Value Trends along the Rivers during the studyig@er






















13.CONCLUSION

A comprehensive study of the results reveals that out of ®Rivder water quality stations
monitored, water samples collected at 136 water quality stations &und within the
permissible limit for all purposes. While 57 stations welgained beyond the permissible limit
due to presence of two or more toxic metals. There are 168 lmers of stations where water
was considered unfit for drinking purpose due to presemdelron concentration beyond
permissible limit. Similarly water is found unfit forrking purpose at ninteen stations due to
presence of cadmium, at four stations due to presence of eoppt seven stations due to
presence of Chromium, at seventeen stations due to presencéckel and sixty three stations
due to presence of lead contamination. Nevertheless, it waslooed that Arsenic and Zinc
concentrations are found within the acceptable limits as paeBu of Indian Standards (BIS) and
no toxicity of Arsenic and Zinc in the River waterdiseoved during the study period.

Furthemore, it is evident from the Annexure-4 that few waterabfy stations and
stretches which are located on the major rivers were found aomnhation with more than two
toxic metals where it is necessasary to take immediate attentioretoediate the river waters
as far as drinking purpose concern. The details thereof ishaer,

Dibrugarh WQ Station has contaminated with respect to Pb andezpul WQ Station
was contaminated with respect to Cu, Cr and Fe which areddeat Brahmaputra River.
Chenimari and Margherita WQ Stations located on Buridehing Raxex been contami-
nated with respect to Pb and Fe.

Bihubar WQ Station with respect to Cr, Cu and Fe, Sivasag&t&tiQn with respect to
Pb and Fe got contaminations which are located on BurideRiner.

Locations on Ganga River like Ankinghat WQ Station has contamingltectspect to Pb

and Fe, Bhitaura, Fatehgarh and Kanpur WQ stations have beesntoated with re-

spect to Cr, Pb and Fe, WQ Station at Kachlabridge has been caatdnwith Cr, Cu,
Ni, Pb and Fe.

WQ Stations located on Ghagra River such As Elginbridgeuatiohr have been contam-
inated with respect to Cr, Pb and Fe.

Huvenhedgi WQ Station situated on Krishna River having jwilutith respect to Ni and
Pb.

Gopalkheda WQ Station was contaminated with respect to Pb, Cu andahewa WQ

Station has contamined wih respect to Cr and Fe which are locatdturna River.

WQ Stations located on Ramaganga River such as Dabri contamindiadspiect to Pb

and Fe, Moradabad WQ station contaminated with respect té°6rand Fe.

Locations situated on Rapti River like Balrampur, BirdghaguR&yQ Stations contam-
inated with respect to Cr, Pb and Fe, Bansi WQ Station contamiitiedespect to Cd, Cr,
Pb and Fe.

Vautha WQ Station located on Sabarmathi River contaminated esgbect to Cd, Ni, Pb
and Fe.

Ghatsila and Jamsolghat WQ Stations located on SubarnarekhahBeebeen contam-
inated with respect to Cu and Fe.









14. RECOMMENDATIONS

Based on the evaluation of the results obtained from the analylsiRiver water samples of 414
water quality station spanning all over India, it is recomnmehthat the trace and toxic metals
in the river water samples may be monitored at least four tirdagng the water year. It was
concluded that water quality of the Indian rivers partialjyan some identified polluted stretches
have been affected adversely by manmade activities by overcrowdingmpamied by
inadequate treatment or non-existent sanitation and also by unkaigal enormous discharge of
untreated industrial waste waters into riverine system. Thighhbe caused by the population
growth and also due to the compulsory growth in agrigtdt & industrial activities. The effluent
discharge from the industry in localized areas due ts thater pollution is creating situations
which are dangerous to health of human and aquatic life.

1. All the toxic metallic elements like chromium and its otheroagsed heavy metals com-
ing from the tanneries, mining & other industries should bEated chemically and bio-
logically before such wastes are founds its way to River.

2. Promotion of effective and efficient implementation of water pibn control laws and
regulations.

3. There is an urgent need for stringent Government policy and taong for effluents dis-
charged from agriculture and industries into the several Indiaers such as Ganga, Gha-
gra, Rapti, Ramganga, Subernarekha, and Thungabhadra etc.

4. Speciation of the toxic metals e.g. Chromium*{@r Cr and Arsenic (A3& Asd) in
Indian rivers need to study.

5. The metal fractionation study should be carried out in tiverrisediments to identify the
inorganic load (Metal Load).

Special studies for particular stretches of the rivers may ladsondertaken suitably by the con-
cerned basin organization. The number of parameters and freqasrafi sampling can be in-
creased for better observations, interpretation & modeling pasps, for other important param-
eters also such as biological parameters.
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Total Monsoon Hige | Eean
I\/Ionsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Arsenic (|n ug/L) BIS 10500: 2012

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 10 pg/L | 10 pg/L



Cadmium (|n ug/L) BIS 10500: 20113

Water Quality Site Average NO Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l | 3 g/l



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Cadmium (|n Hg/L) BIS 10500: 2014

Water Quality Site Average No. Of Stations
Total Monsoon Above | Below
Monsoon 3 g/l [ 3 pglL



Chromium (in ug/L) BIS: 10500: 201}

. . Average Statlons

Water Quality Site g
Total Monsoon Above Eiel
Monsoon 50 pg/L | 50 pg/L




Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Chrom|um(|n ug/L) BIS 10500: 2011

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon Hipee ) B
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average No of Stations

Water Quality Site g
Total Monsoon AV | R e
Monsoon 50 pg/L | 50 pg/L




Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Copper BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 50 pg/L | 50 pg/L



Nickel (|n pg/L) BIS 10500;2012

. . Average [\[o} of Stations

Water Quality Site g
Total Monsoon o
Monsoon 20 pg/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Nickel (m Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Mz EEE
Monsoon 20 pug/L | 20 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average No of Stations

Water Quality Site g
Total Monsoon HEBVE | ER e
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Lead (|n Hg/L) BIS 10500;2012

. . Average (\[o} of Stations

Water Quality Site g
Total Monsoon Hipee | EEEw
Monsoon 10 pg/L | 10 pg/L



Zinc (|n mg/L) BIS 10500;2012

. . Average No of Stations

Water Quality Site g
Total Monsoon HIBE | ER e
Monsoon 5mg/L | 5mg/L




Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Zinc (m mg/L) BIS 10500;2012

. . Average \[o} of Stations

Water Quality Site g
Total Monsoon Moz EEEw
Monsoon 5mg/L | 5mg/L



Iron BIS 10500;2012

. . Average (\[o} of Stations
Water Quality Site g
Total Monsoon Ao Cielis
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L



Iron BIS 10500;2012

. . Average [\[o} of Stations
Water Quality Site g
Total Monsoon Mz ) 2l
Monsoon 0.3 mg/L | 0.3 mg/L









