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Executive Summary
Ranipet SIPCOT area is known for soil and water pollution since decades. Many scientific

materials, and manufacture Phthalic Anhydride, Fumaric Acid and Malic Acid. Phthalic
Anhydride is manufactured by the Oxidation of O Xylene with oxygen in the air and the off

Anhydride. TCL maintaing a ZLD status from 2006 onwards,

Topographic Survey using GPS, 1D & 2D mapping of the area to decipher the Resistivity and
Thickness of the subsurface strata, soil and rock profiling, water level measurement and analysis

of water and soi] samples drawn from Auger holes for contamination of water, soil, weathered

rock, and fractured rock were carried.

One objective of the study was to investigate the surface and subsurface drainage pattern of the
existing sub-watershed and delineation of contaminated geological formation, if any. Another
objective was to explore the geochemical status through the analysis of physio chemical
parameters, heavy metals (Iron and Chromium), and organic acids (Formic Acid and Oxalic
Acid) in water and soil samples surrounding to TCL,



well as selected monitoring wells reveal that the subsurface flow direction follows the
topography i.e. NW-SE and North to South. The groundwater velocity determined from the
permeability test at selected location show that the predominant flow is NW-SE with a higher
velocity followed by North to South due the presence of shallow water levels in the weathered
and fractured subsurface layers as well as the steep terrain gradient. The flow direction is

supported by the inferences obtained from geophysical investigations.

The Vertical Electrical Sounding (VES) was done in 26 locations around the study area with
seven profile directions reveal the types of soil, hard and soft rock formations, and aquifers
present under the study area. The zone ranging from 0 to 20 meters depth from the surface
demonsirates that weathered and fractured rock conditions indicating possible contamination.
The geographical contour explains the flow of ground water and surface drains from NW to SE
of the study area. A total of 25 auger drills have been done and soil samples were collected from
the maximum depth for chemical analysis. Totally 59 water samples were collected from natural
drains, bore wells, industrial drains, river, lakes and ponds. The physiochemical analysis of
water samples such as pH, turbidity, specific conductivity, hardness, total alkalinity, total
chloride and sulphates revealed the presence of elevated concentrations compared to the CPCB

discharge standards especially in the upstream of TCL.

From the physiochemical analysis of the samples it is revealed that the downstream industries in
the south receive the pollution load due to their topographic location. The elevated level of total
chromium and iron concentration are prevailing throughout the study area. The total and
hexavalent chromium was found to be high in the soil and water surrounding to Tamil Nadu
Chromate and Chemical Limited. The overlying of the drainage network with the respective
concentration depicted that the contaminated wastewater was carried through the drains to the
nearby waterbodies and finally Palar river at the South. The present study is based on one-time

random sampling from the study area where the seasonal variation is not anticipated.



1. Background

Ranipet is an industrial hub in southern India mainly known for its production and export of
raw and finished leather products. There are large medium & small-scale industries in Ranipet,
mostly engaged in chemical, leather and steel fabrication. These industries are the major lifeline
for the town. Most of these industries are falling under two major Industrial Park named
SIPCOT (State Indus-tries Promotion Corporation of Tamil Nadu Limited) and SIDCO (Small
Industries Development Corporation Limited). The SIPCOT (Figure 1) was formed in 1971 to

promote industrial growth in the state and to advance term loans to medium and large

mdustries.

-~ Ultramarine pigments Jimited
2. MaladiDrugs and Pharmaceuticals
- Tam# Nadu Cliromate and
Chemicals Limited (TCCL)
4. Combined Eiffuent Treatment Plant. |

C2  Thirumalal Chemicals Lintited
SIPCOT, Ranipet (Phase T & IT

Figure 1: The study area along with SIPCOT boundary

The SIPCOT industrial complex, Ranipet was established during the year 1973.The industrial
complex has Phase-I and Phase-II where Petro- chemical, Bulk drugs & Pharmaceuticals,
Heavy Engineering, Foundry, Chemicals, Tanneries and miscellaneous industries are located.
Ranipet SIPCOT Industrial Complex lies in the North-West of Ranipet town. According to
TNPCB reports (TNPCB 2010 & TNPCB 2020) there are 18 numbers of Red Large/Medium
categories of industries like Chemical, Heavy Engineering, Petrochemical, Pharmaceuticals
and Common Effluent Treatment Plant (CETP) as mentioned in Table 1. There are 171
industries falling under Orange & Green category (Table 2). Most of them are tannery dry
processing units and other few types of industries such as light engineering, pulverizing; plastic
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product, leather board, etc. are located at the critical area.

The Ranipet SIPCOT Industrial Complex is classified as Critically Polluted Industrial Area
(CPA) based on the Comprehensive Environmental Pollution Index (CEPI) score assessed by
CPCB during March 2018 for Air, Water and Land Environment (TNCPC 2020).

The CPCB has considered Total Ammoniacal (NHs+INH3) Nitrogen as Primary Pollutant and
BOD, Total Chromium as secondary pollutants with respect to Surface Water Environmental
Pollution Index (SWEPI) and individual score for the surface water environment is 75.0.

Table 1: Types of Red category industries in SIPCOT, Ranipet

SL No Type of Industry No of industries
1 Chemical 8
g Heavy Engineering 4
3 CETP 2
4 Petrochemical 1
5 Drugs and Pharmaceuticals 3
Total 18

Table 2: Types of Orange/Green category industries in SIPCOT, Ranipet

SL No. |Category Large Medium Small Total
1{ORANGE 8 19 118 145

2|GREEN 0 0 26 26

The Thirumalai Chemicals Limited (TCL) is a Chemical Manufacturing Company in India
(TCL Website). TCL ranks among the largest producers in the world of Phthalic Anhydride,
Malic Acid, and Fumaric Acid. The industry is situated in the South Eastern side of SIPCOT
(Figure 1) and having approximate area and perimeter of 193403 m* (19.34 ha) and 1920 m

respectively.

The present work is taken by VIT upon the request from TCL to investigate the local
hydrogeological and geochemical condition surrounding to TCL premises and to determine the
quality and flow pattern of the surface and subsurface flow. The work was started in December
2020 and continued tiil April 2021



2. Scope of the work

a. Hydrogeological and geochemical exploration of the specified watershed.

b. Study of the natural drainage network and determination of flow direction.

¢. Analysis of groundwater samples from the bore well/dug wells from the watershed area

and determination of contaminations.

d. Determination of the soil contamination in the study area.

3. Details of work elements
a. The hydrogeological study consists of the following activities

1. Topographical and Land Cover study -Satellite Image/Topo Sheet along with Google
Earth Map are used for delineating the watershed area. The outcome of the work is in the
form of Land Use Land Cover (LULC) map of the study area.

ii. Subsurface Geology and geophysical investigation — Study of subsurface geology is
carried out on the study area in combination with geophysical surveying like Electrical
Resistivity studies (Vertical Electrical Sounding). The information from the Piezo metric
wells inside TCL are also considered in this study. The outcome of the study is the

information regarding the groundwater table and soil strata on the basis of one time random,

sampling,

b. Natural drainage network and natural water bodies are analyzed from delineated LULC

map. The drainage network is identified and the direction of the flow is determined on the basis
of natural slope of the land.

c. Analysis of water samples consists of the following elements

i. The location of bore well/dug well samples are identified from the watershed map overlaid
with Google Earth image. The five groundwater samples from the study area are collected

and analyzed for physiochemical parameters, total Iron, total chromium and hexavalent

chromium.

ii. Total 30 water samples are collected from the drains and surface water bodies from the

sub watershed area and analyzed for same parameters as groundwater.



ifi. Among the total 59 water samples collected from groundwater, surface water, drains

and other sources, 10 water samples are analyzed for Oxalic Acid and Formic acid in VIT.

On the basis of the result analyses, contour maps are plotted depicting the concentration and
distribution of the pollutants.

d. Analysis of soil samples consists of the following elements
i. Total 25 soil samples from the bottom layer of each auger hole are collected.

ii. The soil samples are digested and analyzed for total Iron, total Chromium and

hexavalent chromium as mentioned before.

iv. In 20 soil samples, water soluble forms of oxalic acid and formic acid are analyzed in
VIT.

v.  On the basis of the result analyses, contour maps are plotted depicting the concentration

and distribution of the pollutants.
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4. Study area
4.1 Location

TCL is located in STPCOT complex in Ranipet district adjacent to on Ranipet — Katpadi Highwayand
is at distance of 4km from Ranipet town and District Head Quarters. The area of the SIPCOT
Industrial Complex comprising of Phase T & IT is 862.91 Acres. The site is accessible by road and the
nearest rajlway station is Tiruvalam on Chennai- Bangalore B.G rail line. Ranipet district is one of 38
districts in Tamil Nadu, which is formed by trifurcating the district called Vellore. The Palar River
flows through the Ranipet and Arcot border divisions. The geographical coordinates of the area are
tocated between latitude 12.95520° and 12.95165° N and Longitude 79.31117° and 79.31205° E.

4.2 Physiography

The area is a sloping land with somewhat steep slope. The elevation in the north of the plant is 192 m
M.S.L and towards south the elevation is 187 m above M.S.L. Thus, the there is a gradient of 5 m
within 250 m. The general topographic slope of the watershed is NW to SE. The area falls under

moderate to high rainfall zone, with average annual rainfall of 1,000 mm from southwest and northeast

monsoons.

4.3 Geohydrology

The study area is just east of the confluence of Palar River with its tributary Ponnai River. A few
lakes arelocated around the study area. Besides there are some minor streams running from NW to SE
and joining Palar River. Palar River is running west to east and at the downstream of the industrial
complex. The topographic slope is NW to SE as mentioned before,

Geologically the study area is covered by crystalline rock of Archaean granite with highly meta-
morphed gneissic complex as basement with secondary structures such as joints and fractures and
intrusion of dolerite dykes and quartz Veins (Sankaran et al 201 0). Presence of these formations
generally controls the flow of groundwater and also influences the rate of recharge and discharge of
the main aquifer units (Bello and Makind 2007). Soil cover is thin with thickness of 1 to 2m mostly
alluvium consisting of fine to coarse sand and clay occurring in the area is of a fluviatile origin and
restricted to the course of Palar river and major streams (Subramanian and Selvan 2001 ). Earlier study
also reported the existence of a dolerite dyke just north of the study area and its direction of intrusion
is across the strike of country rock (Sankaran et al 2010).
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Hydro geologically, the area has good groundwater potential and the aquifers occur under both
phreatic and semi confined conditions. The area is categorized ‘Semi-critical’” having groundwater

development of 70- 90%. (CGWB 2020). The average annual rainfall of the study area is 938 mm.

4.4 Demarcation of the study area

In order to investigate the hydrogeological and geochemical properties surrounding to TCL, we
have selecied the sub watershed which consist of the specified industrial area (Figure 2) as, similar

to the study carried out earlier by Sankaran et al 2010.

Proposed sub witershed aren

Thirumalat Chenicals Limsted |

W SIPCOT, Ranipet(PhaseT &

B

Figure 2: The proposed sub-watershed including SIPCOT area
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The sub watershed is 17.3 sq. km, which fall under Ranipet district. A watershed is an area of land
that contains a common set of streams and rivers that all drain into a single larger body of water,
such as alarger river, a lake or an ocean. The study of watershed is essential for identifying the
impact of the upstream on downstream side when developing and implementing water quality

protection andrestoration actions.

This sub watershed area was further divided into 65 grids for sampling purpose (Figure 3). The

approxumate perimeter and area of each grid is 2 km and 0.25 km?2 respectively. The sub-
watershed includes TCL and most of the SIPCOT area and having 41 big, medium and small
industries. Table 3 shows the industries situates in the study area along with their respective grid

numbers.

Among the 65 grids the industries exist within 11 grids, the rest areas fall under other land use.
This information was used while collection of the samples. We have concentrated those grids where

numberof industries is more in upstream and downstream of TCL.

Table 3: Location of Industries with their Grid Numbers

Sk No |List of Industries Grid Number
1 Same Deutz-FAHR India 5
2 Greaves Cotton Limited, LEU II 5
3 Carborundum Universel Refractory Division 8
4 P A Footwear P Ltd., Tannery Division 8
5 Kaushik Leathers Pvt Limited 8
6 Sviss Labss Private Limited 8
7 Saroj Leathers (T} Pvt Ltd 8
8 ANS International 8
9 DMW CNC Solutions India Private Limited 8
10 Arjun Chemicals 8
11 Arasababu Associates 8
12 Kandha Enterprises 9
13 Hua Yao Moulds 9
14 Ram Leathers 9
15 BBK Shoes 9
16 Murugappa Morgan Thermal Ceramics Ltd 11
17 Surya Pelle Chemical & Mould (P} Ltd 12
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SL No. |List of Industries Grid Number
18 Lms Thamby & Co 12
19 Sarchem kimya Ranipet India 12
20 Karthik Steels 12
21 Bbk Leathers 12
22 Arrow Shoes Pvt Lid 13
23 Maruthi Engg Works 13
24 Sun Paints 13
25 Alpa Lab Ranipet 13
26 Zeal Leathers 13
2 Balaji Oil Industries Pvt Ltd 13
28 Bluebird Overseas Pvt. Ltd 16
29 Chennai leather fashions 17
30 Shree Kamatchi fabrications 1¥/
31 Tata International Limited (Bachi Shoes Division) 17
32 Ranipet SIDCO Finished Leather Effluent Treatment Company Ltd |17
33 Woodpack industries 17
34 Karas Polymer & Components 17
35 Astormueller Shoes (Pvt Ltd 18
36 United Foundries Private Limited 18
37 Cafoma Auto Parts 18
38 Thirumalai Chemicals Limited 23
39 Malladi drugs and pharmaceuticals 24
40 Ultramarine pigments limited 24
41 Euro Shoe Components Ltd 24

14




Figure 3: The specified watershed along with the grids

15



5. Methodology

5.1 Land Use Land Cover

The required images for the study of land use land cover changes of the location were obtained and
downloaded from Bhuvan (https://bhuvan.nrsc.gov.in/home/index.php), the official site of NRSC for
Geospatial analysis. The Sentinel — 2 image was downloaded of dated May, 2020 and 10 m resolution.
During downloading as per standard protocol {Vasconcelos et al., 2015) the image was free of cloud cover
for better clarity and applicability. Images were classified by visual interpretation. The initial land use
land cover (LULC) types were classified into four basic and primary types which are settlements,

vegetation, barren land and water bodies and the descriptions are shown in Table 4.

Table 4: Classification of Land use Land cover

ILand use/Land cover types Description

Settlements/Built up area Residential, commercial and industrial services, transportation
network, socio-economic infrastructure and urban and rural
settlement.

Vegetation / Cultivated land  |Agricultural area, crop fields, cultivated area and vegetable lands.

Barren land/ Uncultivatedland [Exposed soils, open fields, landfills, sand fill areas.

'Water-bodies River, lakes, ponds, perennial water bodies and reservoirs.

3.2 Contour and drainage flow

A contour map is a map illustrated with contour lines, for example a topographic map, which thus
shows valleys and hills, and the steepness or gentleness of slopes. The contour interval of a contour
map is the difference in elevation between successive contour lines. The contour map can be extracted
from topographic map available from Geological Survey of India (GSI) or satellite image through
Digital Elevation Model (DEM).

The drainage may be natural or man-made. Based on the geological position, natural drain flow takes
places. There are two types of drainage i.e. Surface and sub-surface drainage. The surface drainage is
categorized into natural drainage and man-made drainage. The surface drainage depends upon the
slope of the ground which can be observed/ extracted from the topographic map. The drainage map

can be plotted with the helpof satellite image in co-ordination with field investigation.

In the present study the base map was taken from Topo Sheet 57P5 which is overlaid on the drainage
network identified from the field survey with the help of Global Positioning System (GAR-MIN ETrex
10) in Q-GIS.
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5.3 Vertical Electrical Sounding

In order to understand the sub surface geological, geophysical and hydro-geological features sur-
rounding to TCL, the Vellore Institute of Technology (VIT), Vellore conducted Vertical Electrical
Sounding (VES) study in the specified sub-watershed area. This task was assigned to M/s Geonix, with

the concurrence of TCL, Ranipet.

The primary objective is to study the variations and pattern of depth to base rock and its
characteristics inside SIPCOT Industrial area, with special emphasis on TCL. More specific objective

1s to study the level of contamination and to assess the direction of flow of contaminant groundwater,
if at all it is established.

The whole study is divided into three major components.

A.  Geophysical investigation by Vertical Electrical Resistivity Sounding method to determine the

spatial variations of electrical resistivity in the subsurface earth layers in order to infer hydrogeological

and hydro-chemical characteristics.

B.  Drilling auger holes manually using spiral/bucket auger till top of hard strata to obtain

the soilsamples and to collect groundwater samples for further analysis in the laboratory.

C.  Conducting in-situ permeability test using falling head method as per BIS procedure and with
due modification to suit the geology and the water table.

The principle and methodology of the VES study is included in ANNEXURE 1.

5.4 Auger drilling

The hand auger drilling process is one of the oldest and most fundamental ways of low-cost labor-
intensive well drilling. Augers used for soil drilling are two types, one is helix or spiral auger and
another bucket auger. Diameter of these will be 4 inches to 6 inches depending on the objective of
drilling. The drilling operation in hand auguring is performed by manually turning a cutting blade or
auger. When the drilling continues, the auger fills with soil and must be raised to the surface and
drained on a regular basis. For thefirst few feet, this method of drilling is relatively fast. The number
of drill rod parts that must be coupled and uncoupled each time the auger is brought to the surface
after that significantly increases the drilling time. A hand auger rig's basic components are a support
tripod, drill rod, auger handle, anger, sand bailer, temporary casing to case hole from caving soil, and
drill bit to part ways hard soil and rock formations. Depending on the type of soil, the drilled hole will
normally get retained without any support. However, in some highly sandy soils or if there is a
pressure from water table, there is a likelihood of the drilled hole tocollapse. In such case a supporting
casing is inserted during drilling and will be pushed further down as thedrill progresses. At the end of
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such drilling using a casing pipe, either the casing can be retained or pulled out.

In the present study total 25 points were considered for auger drilling with anticipated depth to be 2 to
4m using Hand auger Rigs. Soil samples were collected at 0.5 meter intervals based on the drilling
depth at each location. The drilling procedure is repeated until the auger comes into contact with hard

rock or weathered rock fragments.

5.5 Permeability testing

The rate of flow of water, under laminar flow conditions, through a unit cross sectional are of soil mass,
under unit hydraulic gradient, is defined as coefficient of permeability. The coefficient of permeability is
used to assess drainage characteristics of soil, rate of consolidation and to predict rate of settlement of soil

bed.

The BIS Document for in-situ soil calculation in uncased wells is used to estimate permeability. The fundamental
concept and methodology of the permeability test in included in ANNEXURE IL

This approach implies that the well is uncased, and that the region of concern is separated by placing a
packer over it to prevent water from leaking into other areas. Via the packer, a smaller diameter intake pipe
is inserted into the testing zone. Water is pumped into the well through the intake pipe until the head rises
well above the average water level. The drop in water level is calculated using a time-based method, and

the data is then analyzed using an algorithm.

Since an uncased structure will collapse if it is not supported by a cdvering, the test was conducted in a weil
with screens rather than an uncased structure in this case. Since the slotted pipes are used against the test
site, it functions similarly to an uncased zone, allowing water to flow freely horizon-tally. Similarly, due to
the restricted thickness of the trial region, the intake pipe was not used. The equation's necessary parameters
are adjusted accordingly.

In the present study the horizontal in-situ soil permeability of the top soil zone between Ground Level to

1.70 m were determined in two points near TCL.
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3.6 Collection and analysis of soil and water samples
5.6.1 Soil samples from Auger points

Approximately 500 g of soil samples were collected at 0.5 metre intervals based on the drilling depth
at each auger points in 25 different locations. Afier the collection of the soil sample they were packed
in a zip lock pouch, and given a tag and transferred to Environmental Engineering Laboratory in VIT.
All the samples were air dried, homogenized with a pestle, passed through a 2.36mm sieve kept in zip
lock pouches. Among the samples collected from different depths, the sample collected from the
maximum depth from each auger location were considered for analysis. As a result, 25 soil samples

were consideredfor analysis. The Figure 4 shows the framework for the analyses of soil samples

Collection of 8.5 kg of
soil samples
Adr dried for 48 hours
Z36mm sieved soil
samples
Heavy metals analysis Orgavic acid analysis 5
Hexavalent Total iren and | Oatic and
Water - Water
soluble sodl m';e 1 soluble ¢oil
extract ' Extract
g  Inductively coupled High-Pressure
UV= visible | | olasma gptical Lignid
spectrophoto | | smiccion spectrometry Chromatography
tneter (FCP-OES) (HPLC)

Figure 4: Framework for the analysis of soil samples
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5.6.2 Collection of water samples

Water samples were collected from the study area for analyses of different physiochemical parame-
ters (pH, Conductivity, Turbidity, Total alkalinity, Total Hardness, Chioride and Sulphate), total Cr,
total Fe, hexavalent Cr, Oxalic acid and Formic acid. Properly cleaned, high-quality new plastic
(polyethylene) containers were used for water collection and storage. All the available sources of water
samples were considered for the sampling including auger holes, natural and artificial drains, surface

water sources, borewell samples, and piezo metric wells inside TCL.

Various procedures and conditions were adopted for water analysis, depending on the criteria as-sessed
which mentioned in (Figure 5). In terms of the parameters being investigated, samples were processed

prior to preservation as mentioned in ANNEXURE 111

Waler sangpies

,ﬂjic::;‘féﬁml Heavy metals analysis Organkc-achl analysis
Hexavelent Total irent Oxalic and
Sxavasd] apdiatal . it |
clirawidiin - Jormic avid |
PH, Specific conductivity; e
turbidity, Yom! afkaiiity, l
@r«fﬁw@g@-ﬂr{m »l( _ l
amitsulpliates: 0.45 Acidified & 0.22
Millipore | | 043 Millipore MiBipose
filtersd water | | Hltered water filiered
U | yrmep— Thgh-resmere
UV-visibie F 00 gl i
soeeivanbols plasmaopteal quﬂi ]
. méi‘ar? ewission speciromelsy Clrometography
: | {(FCP-OFS) (B

Figure 5: Framework for the analysis of water samples

5.6.3 Extraction of water- soluble fractions from the soil samples

This process of soil extraction is common for water soluble metals and organic acids (Lawongsa et al
1987; Wolf & Wilson 2010). Parameters such as oxalic, formic acid and hexavalent chromium are
readily soluble in ultrapure water. At a ratio of 1:5 soil and ultrapure water was taken in a centrifuge
tube. Initially the tubes kept in an orbital shaker at 30 RPM for 1 hour. Then the containers were
subjected to centrifuge at 5000 RPM for 20 minutes. Finally, the centrifuge tubes were collected
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and the supernatants was filtered by 0.45 Millipore paper and refrigerated at 4° C. Here the samples
are ready for Hexavalent chromium and oxalic and formic acid analysis. The ANNEXURE IV shows

theinstruments related to the extraction.

3.6.4 Hexavalent Chromium analysis (Cr6+)

Since Crf is readily soluble in ultrapure water, the soil extracts are filtered and available for
UV- Visible spectrophotometric analysis. Merck spectroquant Chromate test kit (ISO 8466-1) was
usedfor the hexavalent chromium analysis in UV-Vis spectrophotometer. The method is analogous to
APHA 3500-Cr D and DIN 38405-24. The reagents, procedure and analytical quality assurance is
provided in ANNEXURE V.

3.6.5 Total Iron and Total Chromium analysis

Analysis of total chromium and iron in the soil samples have been done in Inductively Coupled Plasma
Optical Emission Spectrometry (ICPOES, Avio-200, Perkin Elmer) followed by microwave digestion
(Multiwave Pro 24-HVT50, Anton Paar) as per USEPA 3051A method as mentioned below. Approx-
imately 0.25 g of samples are transferred into Teflon vessels; 6 ml Hydrochloric acid and 2 ml Nitric
acid was used as aqua-regia. The blanks and standard reference material (SQC-001, Sigma-Aldrich,
Spain} were also subjected to same conditions for qﬁality contro). The conditions maintained in the
digester are mentioned in the ANNEXURE VI. After digestion, Teflon vessels were carefully opened
under fume hood, transferred to vacuum filtration unit, filtered through Millipore 0.45 um filter paper;
filtered samples were refrigerated at 4°C in sterile sample containers prior to analysis. The operational
parameters of ICPOES are mentioned in the ANNEXURE VI. In the ANNEXURE IV the ICPOES

is shown.
3.6.6 Oxalic and Formic acid analysis

The Oxalic acid and formic acid have been analyzed with C18 column with PDA detector (ACQUITY
UPLC" H CLASS - WATERS). In the present study the oxalic and formic acids are extracted in
UHPLC with Sep-pak C18 column and analysed with PDA detector. The method adopted is as per

Lawongsa et al 1987. The soil extract obtained can be used to test for oxalic and formic acid in soil
samples. Water samples and extracted water soluble samples was purified into a 0.22 pm syringe filter
before being analysed in HPLC. The HPLC/MS grade standards for oxalic acid and formic acid were
procured from Sigma Aldritch and Fisher Chemicals respectively to run for the initial standard peak
observations (ANNEXURE VII). Mobile phase used for oxalic acid were 0.01N H2804 and ultrapure

water for formic acid.

21



5.7 Quality Control

The quality control plays an important role for authenticating the result. We have ensured the quality

of the analysis by the following ways,

a)  For all the analysis purpose (preparation of standards and reagents, dilutions, extraction and
digestion) ultrapure water has been used (Ultra-Pure Water System PALL CASCADA IILI).

b)  All the instruments for the analysis of pH, conductivity meter, turbidity meter, UV

Spectrometer were calibrated as per IS3025 prior to the analysis.

¢)  For the analysis of total alkalinity, total hardness, chloride, and sulphates, standard solutions
are prepared for the standardization purpose as per IS3025.

d)  All the samples for heavy metals in ICP-OES were measured in triplicates. Multi-elemental
standards of Perkin Elmer were utilized for obtaining calibration. Two method blanks were also used
for a batch of 24 samples. The accuracy in the analysis was assessed by using certified reference
material (SQC-001, Sigma-Aldrich, Spain) (ANNEXURE VII) and the recovery rate was observed
and reported.

e) At least two water and soil samples are sent to other reputed laboratories (NABL & IIT) with
the aim of evaluating the extent of similarity in the results obtained by different laboratories using the
same method. The parameters considered for this purpose were Total Cr, Total Fe, hexavalent

chromium, Oxalic and Formic Acid.
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6. Results & Discussions
6.1 Land Use Land Cover

The land use land cover (LULC) map of the study area shows (Figure 6) that the industrialization
and occupational shift are to be the most influential drivers of LULC dynamics.

F;r 6: Land use land cover p of the s area
More than 50% of the area covers with settlement which includes industry and wrban development.

From the site investigation it has been observed that most of the industries are situated in the

Northern side of the study area. This area is under SIPCOT.

6.2 Contour & Drainage Network

The contour map of the study area is shown in Figure 7. The figure clearly shows the slope of the
land is-frera-NW to SE. Hence the flow in the drainage will be-in the same direction. During the
preliminary investigationit has been observed that the most of the drainage are artificial and carries
partially treated and untreated industrial effluent. They generally end up in the water bodies and
Palar river basin in the south. The physiochemical analysis of water and soil samples have been done
to identify the characteristics and magnitude of pollution caused by these surface flows to the
surrounding area. Figure 8 (a) & (b) shows the direction of the natural and artificial drainage in the

study area along with the locations of water samples.
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Figure 7: The elevation contour line of the study area
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Figure 8: The drainage direction and the locations of the water samples in the study area (o)
SIPCOT area (b) Southern area
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6.3 Groundwater flow discussion:
6.3.1 Groundwater level information

Whenever information on contamination of groundwater is to be assessed, the groundwater levels in
the area, and the groundwater flow direction shall be the two essential parameters besides the
soil/rock characteristics like its permeability. Incidentally the study period being post monsoon and
the water levels could be seen in some of the auger holes, where the soil thickness is more or the
location of some holes is at lower terrain elevation. Water levels from BGL in such holes are
measured and the levels are represented in a contour map which is presented in Figure 9. The

direction of the flow is also approximately shown in the figure.
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Figure 9: Groundwater level contours with reference to ground level
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In order to obtain the water table data, the groundwater levels from ground level are reduced to a
M.S.L valuesobtained using the google maps. In order to make the results more reliable and relevant,
the groundwater levels obtained from eight monitoring wells of TCL are also considered. This

integrated water level data from auger holes and monitoring wells is shown in Table 5.

Table 5: Water level data from auger holes and piezometers

DATE OF
WELL ID LAT LONG W.L b.g.1 (m) SAMPLING
AH-01 N 12.95576 E 79.30893 0.97m 28.01.2021
AH- 04 N 12.95173 E79.31187 0.70m 28.01.2021
AXl- 05 N 12.95144 E79.31756 1.06m 28.01.2021
Afl-11 N 12.95833 E 79.31136 0.76m 29.01.2021
AH-14 N 12.95160 E 79.31074 0.50m 30.01.2021
AH-16 N 12.96857 E 79.30530 1.11m 30.01.2021
AH-18 N 12.96433 E 79.29784 1.05m 31.01.2021
AH -21 N 12.95251 E 79.30729 0.26m 31.01.2021
US1 N 12.9539 E 79.31554 1.40m 25.01.2021
Us2 N 12.9544 E 79.3137 1.40m 25.01.2021
US3 N 12.9549 E 79.31211 1.09m 23.01.2021
Us4 N 12.9551 E79.31133 0.46m 25.01.2021
DS2 N 12.95198 E79.31131 2.88m 25.01.2021
DS3 N 12.95176 E 79.31232 1.78m 25.01.2021
D34 N 12.95154 E 79.31316 2.23m 25.01.2021

The reduced groundwater level which is called water table is plotted in the form of contours on the

map. The map is presented below. The groundwater flow direction as observed from this water table

contour map is alsoshown with arrows (Figare 10).

The groundwater flow direction as derived from this map is from NW to SE and North to South.

27



17500

1275748

125

17T

Contour level it

400 Muiers

Figure 10: Groundwater level contours reduced to M.S.LL

28



6.3.2. Groundwater velocity (Permeability Tests):

The permeability test is conducted in two points to estimate the groundwater flow and horizontal co-
efficient ofsoil permeability of the top soil zone between Ground Level to 1.70m. The first point was
AH]1 (auger hole point 1) near the CETP pool and the second points was 2 m from AH 13 (auger hole

point 13) inside TCL. The concept methodology and steps involved of the permeability test is
mentioned in ANNEXURE 2.

In the following section the experimental data, result and inferences of the permeability values of the

two pointsis being discussed.

Sample ID - PT01 (AHO1)

Augar Hole Depth BGL:

2.30mStatic water level

BGL - 1.10m

Length of casing pipe below GL:
2.03mLemgth of plain casing: NIL

Length of screen pipe B.G.L:

2.03mStatic Water Level BGL:

0.97m

Pre Test Structure

Total casing pipe.

3m

Length of plain casing A.G.L: 0.97m
Diameter of casing pipe (both plain & Screen): 100mm Static WL (from T.0.C)
— 1.94mWL after filling (from T.0.C): 1.30m

pu;];{i;;?;;e 4 Depth of water lfevel from measuring
(min) point (m)
0 1.30
0.36 1.50
1.30 1.60
2.52 1.70
5.10 1.80
9.26 1.90
17 1.95
30 1.98
40 1.99
50 2.00
60 2.00
70 2.01
80 2.01
90 2.01

From the above information the calculated Coefficient of permeability (K) =0.00508812 cm/minute
=7.3268928 cm/day =0.073268928 m/day.
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Sample ID -PT02 (Near AH13)

Augar Hole Depth BGL:

1.17m Static water level

BGL - 0.64m Structure

details

Length of casing pipe below GL. :

1.17mLength of plain casing: NIL

Length of screen pipe B.G.L :

1.17mStatic Water Level BGL:

0.64m

Pre Test Structore

Total casing pipe. 2.17m

Length of plain casing A.G.L: 1.0m

Diameter of casing pipe (both plain & Screen): 100mm Static WL (from T.0.C)
~ 1.64mWTL after filling water (from T.0.C): 1.24m

Tl.m SlmENTIILR Depth of water level from measuring
since pumping Tac
Staied point 1n m.
0 1.24
1.01 1.50
2.30 1.55
9.40 1.60
15 1.61
20 1.62
30 1.63
40 1.63
50 1.65
60 1.67
95 1.64
120 1.64
125 1.64

From the above information the calculated Coefficient of permeability (K) =0.003837766 cm/minute
=5.526382431 cm/day = .05526382431 m/day.

The calculation of both the analyses are shown in ANNEXURE 2.

The hydraulic conductivity of the present study area is measured to be at the range of 6.4 — 8.5 x
10-7 m/sec, which is high compared to other studies on fractured rock of 0.84 —3.64 x 10-7 m/sec
(Shahbazi et al 2019).
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6.4. Geophysical investigation and interpretation of the subsurface strata through
Vertical electrical Sounding (VES)

6.4.1 Objective

The chief objective is to study the variations and pattern of depth to base rock and its
characteristics around the industrial units located in SIPCOT Industrial area, with special
emphasis on Thirumalai Chemicals Ltd. More specific objective is to study the vertical variations
in electrical resistivity of subsurface earth layers which in turn can be inferred in terms of their
hydrogeological and hydro-chemical characteristics like possible contamination and to the

direction of flow of contaminant groundwater, if at all it is established.

6.4.2. Procedure adopted in the present study

Totally 26 numbers of Vertical Electric Soundings (VES) were conducted covering theimmediate
viciity of the premises on all the directions in two phases within one month apart. Most of these
sounding locations fall in the SIPCOT industrial area where there are several water-based

industries from which movement of contaminant fluids can be suspected to flow downstream

crossing the premises of TCL.

The locations of the 26 VES test sites located in the google map is shown in Figure 11. Sincethe
depth requirements were less, the apparent resistivity data was analyzed using both by in- version
technique using software IP WIN and also by Inverse Slope Method. However, the Geo-electric
layer parameters like, thickness of layers and their resistivity values obtained from inversion
technique were used for preparing the various maps. The geological inference drawn from the

resistivity data through the interpretation using IPWIN are presented in Table 6.
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Figure 11: Locations of the VES points
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Table 6: Geo-electric parameters and Lithological inferences from IP WIN interpretation

VES Ne. Depth Resistivity Geological inference® Grid/Location
0.75 9.52 Top Soil Contaminated
: 2.19 42 Highly contaminated soil 24/Western
19.30 514 Weathered rock contaminated side of TCL
245 Fractured rock —-May be contaminated
0.75 6.14 Top Soil Contaminated
. ] , 18/Northern
2 2.19 1.42 Highly contaminated soil side of TCL
1788 Hard Rock-Compact
0.75 67 Top Soil Sandy
2.12 30 Weathered rock contaminated
k 23/Southemn
3 5.97 42.8 Weathered rock contaminated side of TCL
16.90 28.5 Fractured rock- contaminated
42.6 Fractured rock —contaminated
.75 122 Top Soil —Transported
; 7.82 272 Weathered rock- Contaminated 23/Southern
25.30 3.52 | Weathered rock- Contaminated side of TCL
1491 Fractured Hard Rock
0.75 827 Dry Sand
231 420 Hard rock Boulders?
18/Northern
5 7.14 0 H .
806 ard Rock less fractured side of TCL
22.00 330 Fractured rock
455 Fractured rock
2.68 518 Dry Sand
18/Northermn
6 9.54 199 Weathered rock side of TCL
607 Fractured rock
0.78 92.3 Dry Sand
i 1.04 27.3 Contaminant soil 29/ Western
11.40 87.2 Contaminant weathered rock side of TCL
378 Fractured rock
1.17 122 Top Soil Dry
] ] 24/EBastern side
8 13.9 38.1 Contaminant soil or weathered rock of TCL
223 Fractured rock
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VES No. Depth Resistivity | Geological inference* Grid/Location
0.88 2.89 Contaminant soil
: : 18/Northern
9 9.68 192 Contanuinant soil/W.R side of TCL
7729 Had rock
0.75 261 Dry top soil sandy
- 5.45 24.6 Contaminant soil/Weathered rock 22/ Western
33.30 72.6 Contaminant fractured rock side of TCL
275 Fractured/Hard rock
0.75 16.7 Contaminant soil
A 23/ Southern
19.40 41.7 Cont t thered rock
11 ontaminant weathered roc side of TCL
9265 Had Rock
0.75 322 Contaminant soil
” 3.53 23.6 Contaminant soil/weathered rock 94/ Bastern side
21.40 66.4 Contaminant weathered rock of TCL
278 Fractured rock
1.64 89.1 Top Soil
. 6.21 494 Contaminant weathered rock 20/Southern
32.30 256 Fractured rock side of TCL
12600 Hard rock
2.48 60.7 Top Soil
DL 33/South
Fractured rock with t of
14 32.10 83.3 c:riltam?nalt-:?;n R western side of
TCL
11910 Massive Hard rock
0.75 116 Top Soil Sandy
15 8.16 28.3 Contaminant soil/weathered rock 22/Western
Fractured rock with certain degree of side of TCL
236 S
contamination
0.75 71 Top Soil sandy
2.12 42 Weathered rock- Contaminated
16 16.9 52.6 Fractured rock contaminated 22/ Western
side of TCL
47.60 28.9 Fractured rock contaminated
351 Less fractured hard rock
0.88 85.6 Sandy soil
17 14.30 18.1 Weathered rock contaminated 1_8’, Northern
side of TCL.
4631 Compact hard rock
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VES No. Depth Resistivity Geological inference* Grid Number
0.75 101 Sandy soil
18 16.90 22.2 Fractured rock contaminated 49/Southern
side of TCL.
288 Fractured rock
0.75 4.66 Highly contaminant soil
i i i 42/South
19 2.12 0.982 Highly contaminant soil Western side of
567 Compact hard rock fEE
0.76 80.7 Sandy soil
20 9.31 40.3 Weathered rock- Contaminated 29/Southern
side of TCL
395 Fractured rock
0.84 1045 - | Dry sand/Transported material
6.14 152 Fractured rock with certain degree of
1 impact from contamination ggNstgihsi de of
16.00 22 Contaminant fractured rock TCL
186 Fractured rock-Contaminant?
0.75 894 Sandy soil
17/ North
) 18.70 293 Contaminant weathered rock West:m gide of
8§74 | Hard rock with limited fracturcs LEE
0.88 318 Dry Sandy soil
2130 546 | Weathered rock with certain degree of |13/ North
23 contamination %Etem side of
674 Hard rock with limited fractures
212 222 Sandy soii
. S 24/South
24 5.98 26.7 Weathered rock with contamination | gagrern side of
378 Fractured rock (e
0.77 71.6 Sandy soil
- 30/ South
25 26.10 30.7 Contaminant fractured rock Eastern side of
4846 | Hard rock (2os
1.00 173 Dry Sandy soil
i 30/ South
26 5.17 99.9 Contaminant fractured rock Eastern side of
938 Hard rock TCL

* The contamination with respect to different rock formation is mentioned in ANNEXURE [

On the basis of the above, the thickness soil, weathered rock, fractured rock and depth to hard

rock where ever inferred is presented in the table below (Table 7). The probable zones of

contamination are also arrived at and noted.
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Table 7: Possible zones of contamination

L O Bottom of Fractured
VES Soil thickness Weathered rock rock/Top of hard rock Contaminant
No. m bottom - zones
m
1 17 Not inferred S&W.R
2 2m and below Soil
3 0.5 14 Not indicated S, WR&F.R
4 0.5 8 25.3m W.R
5. 3 16 Not indicated NIL
6 2.5 13 Not indicated NIL
7 1.5 7 Not indicated S&W.R
8 1.5 8 Not indicated W.R
9 2 4 Below 4m S&W.R
10 3 23 9.68 S,WR,E.R
11 1.5 9 19.4 S&W.R
12 8 Not indicated S, WR
13 6 32.3 W.R
14 1.5 - 32.1 FR
15 1.5 10 Not indicated S,WR,FR
16 0.8 2 Not indicated S,WRFR
17 1.0 13 14.3 W.R
18 1.0 17 Not indicated FR
19 2.0 - 2m S
20 0.8 9 Not indicated W.R
21 0.8 7 Not indicated FR
22 0.8 18 18.7 W.R
23 0.8 4 21.3 W.R
24 2.1 6.0 Not indicated WR
25 0.75 - 26.1 FR
26 1.0 5.0 5.0 ER

Notation: S-SOIZ, W.R- WETHERED RROCK, F.R-FRACTURED ROCK, HR- HARD COMPACT

ROCK

The field data mentioned in the previous tables for each VES locations have been interpreted to

find the apparent resistivity (pa) at different depth by Inverse Slope Method for each VES points is

presented in Table 8.
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6.4.3. 2D Images

Considering the interpreted geo-electric parameters, the sounding data was classified into

Seven (7) profiles covering most of the 26 VES locations in different directions which is shown

in Figure 12. The 2D images for these nine profiles were drawn for the true resistivity values
versus the depths. Since the IP WIN interpretation results in only limited depths and the
corresponding resistivities, the geo-electric layer parameters obtained from INVERSE SLOPE
interpretation were used for preparing these 2D sections. The 26 VES locations are classified

into 7 profiles and vertical cross sections are prepared from each profiles.

In order to determine the geophysical characteristics across the individual profiles, graphs have
been plotted considering the distance between the locations represented in X-axis kept as equal (not
to scale) in view of large variations of distances between VES locations and the depth below ground
surface is kept as y-axis. The absolute resistivity of the different layers “p™ are used as Z-axis.
These images are designated as the names of the profiles i.e., AA’, BB’, CC’, DD’, EE’, FF’, and
GG’ and presented below in sequential order (Figure 13 - Figure 19). Among these profiles, 4
profiles have bisected TCL which have shown in the respective figures. The higher order of
resistivity depicted in these profiles indicates the basement and the lower values indicated
contaminant zones. While considering the higher values, the highest value is limited to 500 ohm.m

to avoid congestion of contours.
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6.4.4. Discussion on Vertical sections

As indicated above the geo-electric layer parameters, ie., the thickness/depth of each layer and
corresponding absolute resistivity were plotted to obtain vertical sections for all the 7 profiles AA’
to GG’ were represented in the form of seven vertical sections corresponding to each of the seven
profiles. Three of the profiles AA” to CC’ are in approximate N-S direction and the sections DD’

to FF’ are in approximate West- East direction and the last profile GG’ is from South West to North
East Direction.

Profile AA’ running from NW to SE approximately represents a crucial line of data since his
section covers the western part of TCL and open land south of the highway. From this section,
the possibility of contamination is inferred till 10m in all the VES sites. In other locations like

VES-21, VES-15, VES-7 and VES-20 the impact of contamination is inferred at deeper level
say 25m.

Profile BB’ is also is in the NW-SE direction and is parallel to AA’. This is crossing through
middle of TCL. The middle area of this profile covering VES-3 and VES-4 which are abetting

TCL boundary are impacted by possible contamination. The depth of such impact is more {till
about 25m. |

The profile CC’ is again parallel to‘AA’ and BB” and runming NW-SE. A part of this profile covers
TCL on its eastern border. VES locations 1 and 25 exhibited the impact of possible contamination.
The VES-1 falling close to eastern boundary of TCL and VES-25 falling in open land south of
Highway are impacted by contamination. The VES-2 which is located just north of the TCL
boundary did not exhibit any impact.

The fourth profile DD’ runs approximately in west east direction. The VES locations 16 and

10 are impacted by possible contamination till about 25m while the eastern most location at

VES 9 is impacted to a limited depth of Sm.

The fifth profile EE’ runs a litfle NW-SE and passes through the southern boundary of TCL.
All the locations in this profile exhibited the impact of possible contamination, of course with

various degree of intensity.

The sixth profile FF” is running from SW corner of the region to mid-east of the region. This
profile falls far south of TCL. Indication of contaminant soil/rock is exhibited till 7-8m in all

the locations and again between 12 and 18m.

The seventh profile GG’ runs from SW corner of the region to NE corner of the region and is

passing through the middle of TCL. The region in the south west covering VES 24 and 20 and
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NE portion covering VES 9 is impacted. The VES 2 area falling in just outside NE boundary
of TCL is unaffected. This was observed in profile CC’ also.

6.4.5. Thickness and Resistivity contours

Utilizing the results obtained from the geoelectric parameters obtained using IPWIN
interpretation, namely the thickness (depths) of different layers and their respective absolute
resistivity values inferred, contours are drawn and presented in Figure 20 — Figure 26. This
map coupled with the resistivity contours for the first layer will define to what extent the layer

is impacted by possible contamination which is interpreted by IPWIN.
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6.4.6.  Discussion on contour maps

The first layer which represents soil is very thin and it has a thickness ranging from 0.5 to 2.0m.
Largest thickness of more than 2m is recorded in places just north west and east of TCL. The
resistivities are generally high indicating dry sandy soil conditions. However, in the just
western side especially SW comer of TCL, the resistivity is very low indicate the
contamination. Similarly, in the region extreme west and extreme east, contamination of soil

is possible.

The contours for second layer depth indicate that the thickness is less than 5m in three regions,
West, North- East of TCL and extreme south east. This is an indication of shallow basement in
these regions. In other places, the larger depths indicate occurrence of fractured rock till deeper
levels. The resistivity values in these regions with shallow rock occurrence are low indicating

possible contamination. The Westem portion of TCL is predominantly contaminated.

The contours for third layer depth are not considered for discussion, though they have been
pre-pared and presented. These maps may not represent realistic picture in view of the limited

data points available for drawing contours.

The contours for fourth layer represent the hard rock/basement devoid of fractures. Again, due

to limited data, the contours may not display clear picture of lateral variations of the subsurface.

On the basis of the geophysical survey results represented in the form of vertical cross sections
and 2 D images, the final maps showing the area of contamination of groundwater are presented
below (Figure 27 — Figure 29).
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6.4.7 Summary of Geophysical survey

A combination of results as obtained from the vertical cross sections provided a picture of
vertical variations in the possible contamination and the resistivity contours provided a lateral

picture of the subsurface.

A combination of these two types of images concludes that

1. The indication of contamination of soil, weathered rock and fractured rock is visible in
the region.
2 The most impacted part of the region is a) the region between profiles AA’ and BB’.

This region covers the CETP, western part of TCL and southern part of highway which is an
open land. The VES sites falling in this region are 22, 21, 10,7, 15, 4, 3, 20,13 and 26.

3. The eastern part of the region also exhibited soil/rock contamination. Some of outside

industries may be the source of this contamination.

4. The flow direction was assessed by using a VLF Magneto Telluric equipment and the
flow direction is confirmed as N.W to S.E. The inferences drawn from the geophysical studies

corroborate with the flow direction

5. The inferred polluted areas are demarcated and shown in Figures 27 -29.
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6.5. Auger Drilling

In the present study, auger boring was conducted in 25 locations. The hand auger was used to dig
below the ground till 2.0 m or the presence of groundwater, whichever is less. The main objectives
of the auger boring were a) determine groundwater level, if it is occurring within 2 m, b) investigate
the shallow soil profile and c) collect the soil and water samples. The results of drilling and
sampling from auger holes are presented in Table 9. The distribution of the auger boring points in

the study area is shown in Most of the auger points were concentrated surrounding to TCL in

Figure 30.

Table 9: Information collected from the auger holes

Auger Coordinates Location Depth Soil Profile Water level
Hole No. Range BGL in m
1 12.95575 N | CETP Pool 0.5m Filled up soil
7930893 E 1.0m Greyish black color, fine to
medium sand with weathered
rocks
1.5m . ) ;
Brown silty, Fine to medium
sand 0.97m
2.0m

Fine to medium sand with
weathered rocks

2.35m Greyish fine to medium sand
with major weathered rocks

2 12.95468 N | Backside of 0.5m Brownish silty very fine- Not
7930832 E | intercontinen medium sand Available
tal leather 1.0m Greyish brown weathered rocks
Soft rock particles
1.30m
3 12.95631 N | TCCL Open 0.5m Brown fine to medium sand Not
79.91145 E land Brown fine to medium sand | Available
1.0 with weathered rocks
1.2m Soft weathered rocks with
quartz
4 12.95174 N | TCL loading 0.5m Greyish fine to medium sand 0.7
79.91145 E gate Greyish fine to medium sand
1.0m with soft weathered rocks
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Auger  |Coordinates |Location Depth  (Soil Profile Water level
Hole No. Range BGL inm
5 12.95144 N UPL East 0.5m Brown fine to medium sand 1.06m
79.31756 E side 1.0m Brown silty fine to medium
sand with weathered rocks
1.50m Brownish fine to medium sand
with weathered rocks
6 12.96222 N | South West 0.5m Hard weathered rocks Not
7931003 E | of Euro shoes Available
7 12.95666 N | South West 0.5m Grey silty fine to medium sand Not
7930692 E | ©fCETP Grey fine to medium sand with | Aveilable
Pool 1.0m weathered rocks
1.10m Hard weathered rocks
8 1295942 N | Ranipet Fire 0.5m Weathered rocks with coarse Not
7930625 E Station sand Available
1.0m Medium coarse sand
155 Hard weathered rocks
9 129583 N Opp To 0.50m Grey fine to medium sand Not
79.3016 E Laksin 1.0m Grey weather rock with soft Available
Industries rock pieces
10 12,96342 N Opp to 0.5m Brownish Coarse sand with Not
79.30559 E Rahaman weathered rocks Available
Leathers 0.75m Hard rock particles
11 12.9583 N North west 0.5m Brown coarse sand with 0.73m
793114 E Boundary of weathered rocks
tamil nadu 0.97m Soft weathered rocks with
warehouse —
12 129555 N Behind 0.5m Brown fine to medium sand Not
79581058 (NLCELNOHTE Grey fine to medium sand with | Available
boundary 1.0m small weathered rock pieces
wall :
L 12 Joc i Ectween 0.5m Greyish medium sand Not
79.3105E TCL and Available
TCCL 1.0m Greyish medium sand with hard
weathered rocks
14 12.9516 N Opp to
793107 E Maruthi 0.5m Grey fine sand 0.5m
Suzuki 0.90m Hard rock particles
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Compiling the above results, the thickness of soil /d
locationis assessed and tabulated in Table 10.

Table 10: Summary of soil- rock profile from auger holes

Figure 30: The map showing the locations of the auger holes

epth to top of rock in each auger drilling

SL No | Auger Holes No | Elevation [Thickness of soil 'Water level BGL

1 AH1 196m 235m 0.97

2 AH2 150m 1.30m Not Available
3 AH3 196m 1.20m Not Available
4 AH4 191m 1.0m 0.70m

5 AHS 187m 1.50m 1.06m

6 AHG6 190m 0.50m Not Available
7 AH7 191m 1.10m Not Available
8 AHSR 198m 1.3m Not Available
S AHS 192m 1.0m Not Available
10 A0 199m 0.75m Not Available
11 AHI11 196m 0.97m 0.73m

12 AH12 196m 1.0m Not Available
13 AHI3 188m 1.0m Not Available
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SL No | Auger Holes No | Elevation [Thickness of soil Water level BGL
14 AH14 180m 0.9m 0.50m
15 AHI15 194m 1.8m Not Available
16 AH16 194m 1.3m 1.11m
17 AHI7 199m 1.2m Not Available
18 AHiR 188m 1.5m 1.05m
19 AHI19 198m 1.0m Not Available
20 AHZ0 201lm 1.3m Not Available
21 AR21 180m 1.2m 0.26m
22 AH22 175m 0.5m : Not Available
23 AH23 175m 1.0m Not Available
24 AH24 190m 1.5m Not Available
25 AH25 185m 1.0m Not Available

The above data are used for preparing a contour map showing the thickness of soil. The map

is presented in Figure 31.
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Figure 31: Map showing the lateral variations of soil thickness /top of rock
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6.6. Analysis of soil samples:

The soil samples collected from the bottom portion of the each of 25 auger boring points were
considered for analysis of heavy metals (total Cr, total Fe) and hexavalent Cr. Among them 20
samples were analyzed for Oxalic acid and Formic acid. The procedure for the analysis is
mentioned in the previous section. The location of the soil samples is same as the auger boring
location was shown in Figare 30. The location and depth of the soil samples collected are included

int Table 11,

Table 11: The detail of the soil samples collected from the auger boring points

Sl. No. | Soil Sample | Latitude Longitude | Depth of | Location
D sample
1 AH1 12.95575 N | 79.30893 E 2.35m | CETP Pool
) AH2 12.95468 N | 79.30832 E 1.30m Backside of intercontinental
leather
3 AH3 12.95631 N | 79.91145E 1.20m | TCCL Open land
4 AH4 1295174 N | 79.91145 E 1.0m TCL loading gate
5 AHS 12.95144N | 79.31756 E 1.50m | UPL East side
6 AH6 12.96222 N | 79.31008 E 0.50m | South west of Euro shoes
7 AH7 12.95666 N | 79.30692 E 1.10m | South West of CETP Pool
8 AHZ 12.95942 N | 79.30625 E 1.3m Ranipet Fire Station
9 AHS 12.95830N | 79.3016 E 1.0m Opp To Lakshmi Industries
10 AH10 12.96342 N | 79.30559 E 0.75m | Opp to Rahaman Leathers
11 AHI11 129583 N | 793114 E 0.97m | North west Boundary of Tamil
Nadu warehouse
12 AH12 12.9555N | 79.3105E 1.0m Behind TCCL North boundary
wall
13 AHI3 12.9529N | 793105 E 1.0m Between TCL and TCCL
14 AHI14 12.9516 N | 793107 E 0.9m Opp to Maruthi Suzuki
15 AHI15 12.9604 N | 7931097 E 1.8m North East to warehouse
16 AH16 129686 N | 79.3053 E 1.3m North side of BBK shoes
17 AH17 129667 N | 79.3018E 1.2m Opp to BBK leathers behind
' Arjun chemicals
18 AH1E 12.9552 N | 79.31117E 1.5m Puliyanthangal graveyard
19 AHI9 12.95493 N | 79.31215E 1.0m Murugappa side road
20 AH20 1295472 N | 79.31293 E 1.3m Opp to annai marketing
21 AH21 12.95466 N | 79.31332E 1.2m Near Reliance petrol bunk
22 AH22 12.95483 N | 79.31342E 0.5m Karaj lake
23 AH23 12.95551 N | 79.31363 E 1.0m Puliankannu lake
24 AH24 1295509 N | 79.31125E 1.5m TCL near QA lab
25 AH25 12.95443N | 7931107 E 1.0m Veterinary hospital water tank
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The soil samples prior to the analyses are air dried for 48 hours and preserved in zip pouch
with proper labelling. In the first stage the samples were dried inside the zip pouches until they
are dried enough to be taken out of the pouch. After that they are dried on open space for two
days. Figure 32 shows the air drying of the samples with proper labelling.

* Figure 32: ng of e soil samles collected from auer boring

The soils were digested in microwave digester and analyzed for total iron and chromium in
ICP-OES. The water soluble hexavalent chromium is analyzed in UV-Spectrophotometer as
per the standard procedure mentioned before. The analysis result of these three parameters are
tabulated below (Table 12).

Table 12: Result of the heavy metals concentration in the soil samples
S1. No. | Sample ID Total Chrominm Total Iron (mg/kg) | Hexavalent Chromium
__ (mgkg) (mg/kg)
1 AHO1 372.65 11035 ND
2 AHO2 104.76 27138 ND
3 AHO03 9.13 6951 ND
4 AHO04 18.87 14494 ND
5 AHO5 10.62 18214 ND
6 AHO06 8.99 12537 ND
7 AHO7 39.99 26165 ND
8 AHOS 39.39 6939 0.425
9 AH09 30.14 10574 ND
10 AH10 27.53 11637 ND
11 AHI11 6.37 5389 ND
12 AHI12 285.67 8598 ND
13 AHI3 321.29 45637 7.25
14 AH14 1503 8184 ND
15 AH15 107.91 38442 ND
16 AH16 19.61 12331 ND
SI. No. | Sample ID Total Chromium Total Iron (mg/kg) | Hexavalent Chromium
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(mg/kg) (mg/kg)
17 AHI17 70.50 25679 ND
18 AHI8 71.44 17605 ND
19 AH19 70.62 27449 ND
20 AH20 71.47 17890 ND
21 AH21 54.51 4981 0.343
22 AH22 111.14 6601 ND
23 AH23 83.13 13195 ND
24 AH24 22.25 17493 ND
25 AH25 13.63 8618 0.217

ND = Not Detected

The distribution of the heavy metals concentration of the soil from the study area is plotted in
QGIS as shown in Figure 33 (a-c)
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Chromium is a non-biodegradable element and exists in nature in two oxidation states, trivalent
and Hexavalent. The soil samples taken from the bottom of the 25 Auger holes were analyzed
for total chromium. The values are expressed in mg/kg of soil. The concentrations are marked
on the map at the sample points of Auger holes. The concentration profiles appear like waves
propagated in a pond. The center point of origin with the maximum concentration 372 mg of
Cr/kg of soil 1s the chromium dump at Tamilnadu Chromates Limited. The propagating waves
confirm the flow paths of North to South, and NW to SE. The profile pattern confirms and is
in agreement with the pattern of ground water flow estimated by hydro-geophysical tests and

instrumental analytical results. TCL is located in one of the waves of propagation.

Formic acid and Oxalic Acid:

Among the 20 soil samples analysed none of the samples showed the presence of water soluble
Formic Acid. None of the samples Formic Acid was present. The result of the samples is shown
in Table 13 and the spatial distribution and contour of Oxalic acid is shown in Figure 34.

Table 13: Concentration of Formic acid and Oxalic acid in the soil samples

SI. No. Sample ID | Formic Acid (gm/kg) Oxalic Acid (ng/kg)
1 AHO1 ND ND
2 AHO02 ND 115
3 AHO3 ND 89
4 AHO04 ND 234
5 AHO05 ND 156
6 AHO7 ND 614
7 ATII08 ND 133
8 AHI11 ND 136
9 AHI12 ND 113
10 AHI3 ND 106
11 AH14 ND 120
12 AHIS ND 127
13 AT18 ND 131
14 AH19 ND 110
15 AH20 ND 303
16 AH21 ND 205
17 AH22 ND 129
18 AH23 ND 124
19 AH24 ND 189
20 AH25 ND 174

ND =Not Detected
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Oxalic acid is an organic acid. It is extensively used in various stages of leather processing. It
is soluble in water. The used Oxalic acid finds its way into the process waste waters. Oxalic
acid is biodegradable, both in water and soil. Oxalic acid is toxic, non-potable. A single oral
dose toxicity test with 5% aqueous solution of Oxalic acid, an LD50 of 9.5 mL/Kg (475
mg/kg bw) was determined in male rats, and an 7.5 mL/Kg (375 mg/kg bw) was determined
in female rats. (Vemnot et al 1977).

The presence of Oxalic acid in soil samples show that there is a continuous ingress of Oxalic

acid into the land, such that in spite of the bio degradability, a residual Oxalic Acid is existing.

The concentration of Oxalic acid in each sample is marked on the map, at the sample points of
Auger holes; The concentration profiles of oxalic acid in the soil show two major sources of
high concentration, Auger Hole -20 and Auger Hole -07. The concentration profiles super
imposed with the ground water flow, estimated by hydro geophysical studies show the

following patterns
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Oxalic acid originates from AH-07, mixes in the ground water flowing in the direction of
North to South. The concentration of Oxalic acid gets reduced both by dilution and
biodegradation.

Oxalic acid originating from AH-20 takes similar pattern, but at a lesser concentration. The
direction of depletion of concentration follows a ground water flow in the direction of NW to
SE. The direction of ground water flow estimated by depletion of concentration — NW to SE is
in agreement with the ground water flow estimated by hydrogeo physical tests and instrumental
analytical results. The pattern of less rate of depletion in the concentration can be attributed to

the shorter distance between the sample points.

TCL do not use or produce Oxalic acid. Because of the neighboring industrial activity, the
plume of Oxalic acid passes through TCL, by virtue of already established flow paths and

proceeds downstream further.
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6.7. Analysis of water samples
6.7.1.0verall analysis and sample distribution

In order to evaluate the contamination status of surface and ground water, total 59 water samples
were collected from the study area. The types of samples and their respective numbers are given in
below Table 14. The Figure 35 shows some photographs taken duringthe water sampling from

different locations.

During the drilling of the auger holes water was found in 8 out of 25 locations of 1, 4, 5, 11,14, 16,
18, and 21. Water samples from these locations were collected for analyses. The samelocations were
investigated after 19 days for available water. It was found that in 3 locations4, 11, and 16 water was
absent. Hence water samples from the other 5 locations were collectedagain for analyses. Apart from
water samples from auger holes, water samples were collected from various sources throughout the
study area. A total of 59 water samples were taken for study, with 13 from auger holes, 7 from the
Piezo metric wells within TCL, and 39 from thedrains, man-made water flow, bore wells, and river

water.

During the collection of the water samples GPS location long with the location information was
also collected, which is shown in ANNEXURE 8. The location of the water samples corresponding
to the grids in mentioned in Table 15 and is shown in Figure 36.

Table 14: Types of water samples collected from the study area

SL Sampl Samples Number
No e Type of

. Code samples
1 WAH Auger hole water collected on 28-01-2021 8

2 | RWAH Resampling Auger hole water collected on 17-02-2021 | 5

3 DS/DS Downstream/Upstream Piezo metric well 7
4 | DR Drain water 24
5 SW Lake/River 6
6 GwW Borewells 5
7 | OT Others 4
Total 59
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Figure 35: Water sampling from a) auger hole, b) pond, ¢) pool, and d) Govt. bore well tank

Table 15: Location and details of the water samples

Sl.

Sample ID | Gridno. Location Sample type
No.

Back side of Intercontinental

1 | WAHOL 17 Leathers (CETP Pool) Auger hole water
TCL PA3 Main Gate - Behind Raw

2 | WAHO4 23 Loter collectiontark Auger hole water

3 | WAHOS 24 UPL (Main Gate) Ponnai highway Auger hole water

4 | WAH11 1 | NW Boundary of TN Warehouse - | 4000 pole water
Near TATA international g

5 | WAH 14 13 gg%?sm o Meruthils (Emerald Auger hole water

6 | WAH 16 9 el e SR R L Auger hole water
Balaji Oil company

7 | WAH18 11 e uliyanthangal Lake Auger hole water
Crematorium land

8§ | WAH21 22 West to Reliance petrol bunk Auger hole water
Back side of Intercontinental Resampling Aunger

S (AR Ol Y Leathers. (CETP Pool) hole water
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SL Sample ID | Gridno. Location Sample type
No.
10 RWAH 05 24 UPL (Mﬂl]l Gﬂte) Road Side Resamp]mg Auger
hole water
11 | RWAH 14 13 Opposite to Maruthi Suzuki (Emerald | Resampling Auger
road) hole water
12 | RWAH 18 11 Crematorium Near Puiiyanthangal Resampling Auger
__| Lake hole water
13 | RWAH21 22 West side of Reliance petrol bunk Resampling Auger
7 hole water
14 | DS2 23 ?g\LvnI\sTt;re;m Piezo metric well inside Piezometric well
15 | DS3 73 ?gvgn}sl‘:)r%am Piezo metric well inside Piezometric well
16 | Ds4 23 ?g\znl\sgzam Piezo metric well inside Piezometric well
17 | US1 23 %pj?r;iml Piezo metric well inside Piezometric well
18 | us2 73 }I‘Igitrgaﬁ Piezo metric well inside Piezometric well
19 | Us3 23 }Jgitr;z:)r% Piezo metric well inside Piezometric well
20 | US4 24 }rlgitr;;n:; Piezo metric well inside Piezometric well
21 | DROI 18 | Opposite to TATA International i
Opposite to Hi-Tech Engineering man-made water
g s (Behind TCCL) flow
Near Rich Marks Leathers (Behind man-made water
23 | DRO3 17 TCCL) e
24 | DRO4 17 CETP Drain starting Point 7th Cross | man-made water
Street flow
25 | DRO5 17 CETP Drain crossing the road (7th man-made water
Cross Street) flow
26 | DRO6 17 Opposite to KM Weigh Bridge Elgg—made alen
27 | DRO7 13 | Opposite to MS Overseas Leathers | pons Tade water
28 { DRO8 13 | Near Euro Shoes Eﬁmde water
29 | DRO9 12 | Opposite to ALFA Leathers A maleiwaler
30 | DR10 9 Near Balaji Oil Company gg,‘lalv-made Waten
31 | DRIl 9 | Opposite to BBK Leather Egi“made water
32 | DR12 9 | Oppositeto Arjun Chemicals ggfv'made water
33 | DRI3 8 Opposite To Jothy Leathers man-made water

flow
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Sl.  Sample ID ridno. Location ample type
No.
34 | DRI14 11 | Drain towards Puliyanthagal Lake | T20-made water
35 | DRIS 12 | Near Kowshik Leathers gjﬂ;made eies
36 | DR16 17 | Drain CETP Culvert manemade watet
37 | DR17 16 Near AP Exports ?lla.n-made WAL
ow
38 | DRIS 16 | Near Arul Leathers et
ow
39 | DRI9 9 | Near BBK Shoes e
ow
40 | DR20 22 | Near SOPCOT Police Station e
41 |DR21 23 | Near TCCL Culvert A
42 | DR22 22 Near Reliance Culvert gjilv-made watet
43 | DR23 23 | TCL ATM Outlet e DE BT
Drain to Maniampattu Lake MGR man-made water
44 | DR24 42 Nagar, SIPCOT flow
Drain towards Karai from
45 SW01 28 Maniampattu Lake lake water
46 | SWo2 39 ]1_\?;:‘1; From Karai Lake to Paalar lake water
47 SW03 59 At Paalar River Downstream river water
Paalar River Upstream Near the i
Fé S ey Kaarai village Pump House LIVETWELSK
49 | SWO05 10 Pulliyanthangal I.ake lake water
50 | SWo6 54 Small water body Karai to Paalar water flows from
River lake to river
51 | GWol 46 | porewell inKarai Village Cotton | ¢ e
Bore well pump at the Paalar River
52 GWO02 57 (GWD 2402) borewel}
53 | GW03 39 Maniamattu Bore well borewell
54 | GW04 11 Bore well Near Puliyanthangal Lake | borewell
35 | GWO0S 31 Agriculture Land pump borewell
56 0101 0 IE:;{II‘ Drain Dug Well above Karai gutter flowing
G water
57 | OTO2 22 Inside Intercontinental Leathers pool sample
58 | OT03 22 TCCL Inside Pit pit sample
39 | OTo4 23 TCCL Backside Pool pool sample
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The physjochemical parameters for all the water sample as mentioned in the previous section
have been analysis which is tabulated in Table 16. Due to presence of color in few samples,
which caused interference in the result, we could not analyze Turbidity, Total alkalinity, Total
hardness, Sulphate and Chloride. These samples are mostly artificial drain samples near to
tanneries and other industries.

Table 16: Physiochemical parameters of the water samples collected from the study area

131. Sample | o |Sp Cond| Turbidity Auf:]t;‘l‘l . H;‘:;iss Chloride | Sulphate
0. ID (uS/em) | (NTU) (mg/L) (mg/L) (mg/L) | (mg/L)
1 | wam01 | 843 2400| 123 330 690 425 135
2 | wAHO4 | 757 3900| 64 550 915 1142 33
3 | WAHO5 | 829 2000 9 535 625 537 100
4 |warnl| 792 1713 238 260 475 400 73
5 | WAHI4 | 834 08| 124 175 185 82 32
6 | WAHI6 | 8.13 1468] 18 440 815 217 64
7 | WAHIS | 823 700] 216 140 215 110 79
§ | WAH21 | 8.06 4200 1 490 550 950 225
9 |rRwaHO1| 8 27000 127 410 715 495 131
10 |RWAHO5| 8.13 3600 9.6 580 925 700 158
11 |RWAHI4| 7.94 669| 5.2 280 320 60 51
12 |RwaHI8| 8.05 1942] 122 325 550 237 156
13 |RWAH21| 791 5100 1.9 750 750 1015 | 191
14 | DS2 | 763 3100| 318 435 600 587 114
15 | DS3 | 7.4 3100| 2538 850 625 517 74
16 | Ds4 | 797 1495| 15 300 450 235 52
17 | Usl 8.01 1927 0 525 230 265 57
18 | us2 | 752 8300| 5.3 1075 950 | 2249 57
19 Us3 7.73 16700 17.3 770 1525 5361 168

20 | Us4 | 759 14400| 164 530 3775 | 4249 | 181

21 | DRO1 | 748 2100] 5.8 415 675 400 69
22 | DROZ | 886 817| 60.9 245 275 137 25
23 | DRO3 | 82 6500| 9.5 2050 450 1142 31
24 | DRO4 | 7.89 4900 470 700 945 233
25 | DROS | 7.62 5400 340 900 1125 | 308
26 | DRO6 | 826 2500] 6.2 580 600 380 65
27 | DRO7 | 815 2700]  15.6 530 575 412 61
28 | DROS | 76 3100] 05 310 475 532 156
29 | DROS | 762 3800|  COULD NOT ANALYSED DUE TO COLOUR
30 | DRIO | 88 2500| 5.6 110 325 450 168
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SamplelD Sp Cond |Turbidity |Total Total Chloride (Sulphate
PH (nS/cm) |(NTU) Alkalinity Hardness {(mg/L) [(mg/L)
(mg/L) (mg/L)
31 DR11 7.4 5100 COULD NOT ANALYSED DUE TO COLOUR
32 DR12 7.86 4700 COULD NOT ANALYSED DUE TO COLOUR
33 DRI13 8.66 1909 0 390 295 310 80
34 DR14 8.08 5700 COULD NOT ANALYSED DUE TO COLOUR
35 DR15 7.54 1245 8 235 295 262 36
36 '|DR16 7.83 5100 0 455 795 1100 271
37 DR17 6.71 11400 {133 215 2365 2974 577
38 DRI18 7.45 8200 COULD NOT ANALYSED DUE TO COLOUR
39 DR19 7.89 659 2.5 200 225 112 35
40 DR20 7.8 1400 6.5 365 610 375 61
4] DR21 10.18 1900 0 360 70 330 94
42 DR22 742 3800 0 305 305 800 206
|43 DR23 7.43 6500 9.6 835 725 1475 328
44 DR24 7.38 3900 0 340 345 812 209
45 SW01 7.7 3700 0 435 410 762 196
46 SW02 7.66 2400 6 325 465 612 116
47 SW03 8.86 1200 25.1 175 265 332 37
48 SWo04 8.52 1000 7.1 290 285 237 41
49 SWo05 8.09 1900 5.7 210 500 442 120
50 SW06 7.08 2200 12.5 450 525 550 81
51 GW01 7.6 955 0.7 365 345 150 36
52 GWo02 7.74 1200 0 295 300 287 43
53 GWO03 7.49 1400 0.4 415 550 232 58
54 GW04 (745 2400 0 400 93¢ 437 94
55 GWO05 7.67 1000 1.4 370 425 180 43
56 0To01 7.3 805 9.4 290 225 125 40
57 0T02 7.95 10200 8.1 360 1015 2424 565
58 0T03 10.86 2700 8.6 975 75 120 120
59 0T04 7.68 1400 8.3 250 375 262 110
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The Figure 37 (a-g) shows the distribution of different physiochemical parameters of all the

water samples collected from the study area.
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Figure 37 (g): Distribution of chloride in different water samples in the study area

The total Cr, Fe and hexavalent Cr concentration in the water samples from the study area is
presented in Table 17.

Table 17: Heavy metal concentration of the water samples collected from the study area

SL Sample | Total Chromium Total Iron Hexavalent Ch#romium
No. D (mg/L)* (mg/L)* (mg/L)
1 AHO1 0.007 BDL BDL
2 AHO04 BDL BDL BDL
3 AHO5 BDL BDL BDL
4 AHI11 0.046 0.163 BDL
5 AH14 BDL BDL BDL
6 AH16 0.297 1.669 BDL
7 AH18 BDL BDL BDL
8 AH21 BDL 0.859 BDL
9 RAHOI BDL BDL BDL
10 RAHOS5 0.044 0.046 BDL
11 RATH14 BDL BDL BDL
12 RAHI18 BDL BDL BDL
13 RAH21 0.022 BDL BDL
14 DS2 0.017 0.155 BDL
15 DS3 6.701 8.29 BDL
16 bDSs4 2441 BDL 10.95
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Sample | Total Chromium Total Iron Hexavalent Chromium
SI.No. | ID (mg/L)* (mg/L)* _(mg/L)"

17 Usl1 15.72 0.098 9.15
18 Us2 0.029 0.03% BDL
19 US3 BDL 0.303 BDL
20 US4 0.088 0.864 BDL
21 DRO1 0.124 3.319 BDL
22 DRO2 0.163 0.802 BDL
23 DRO3 13.30 42.19 BDL
24 DRO4 0.278 2.052 BDL
25 DROS 0.315 1.301 BDL
26 DRO6 0.167 0.373 BDL
27 DRO7 0.007 0.003 BDL
28 DROS 0.049 0.042 BDL
29 DRO9 1.874 0.501 BDL
30 DR10 0.025 0.634 BDL
31 DR11 9.059 0.752 BDL
32 DR12 2.938 0.783 BDL
33 DR13 4.868 i7.58 ND

34 DR14 2.012 7.046 BDL
35 DRI15 0.133 1.018 BDL
36 DR16 0.557 2.668 BDL
37 DR17 6.675 3.273 BDL
38 DR18 50.36 13.47 BDL
39 DR19 1.034 0.067 BDL
40 DR20 0.695 1.721 BDL
41 DR21 44.50 5.701 28.2
42 DR22 0.351 0.511 BDL
43 DR23 0.05% 3.707 BDL
44 DR24 0.219 0.07 BDL
45 SW1 0.764 2411 BDL
46 Swo2 0.656 2.922 BDL
47 SW03 0.05 0.266 BDL
48 SWo4 BDL BDL BDL
49 SWO05 BDL BDL BDL
50 SW06 BDL 1.802 BDL
51 GWO01 0.405 BDL BDL
52 GW02 0.05 1.23 BDL
53 GW03 BDL BDL BDL
54 GWo04 1.486 4.695 BDL
55 GWOS5 BDL BDL BDL
56 0OT01 1.424 0.276 BDL
57 OTO02 0.496 2.614 BDL
58 OTO03 144,78 1.069 0.23

59 OT04 1.721 0.882 1.37
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The Figure 38 (a-c) shows the distribution of heavy metal of all the water samples collected
from the study area
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Figure 38(a): Distribution of total iron in different water samples in the study area
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Figure 38(b): Distribution of total chromium in different water samples in the study area
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Figure 38(c): Distribution of hexavalent iron in different water samples in the study area
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Figure 39: Distribution of Oxalic acid in water samples in the study area
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The analysis of Formic Acid and Oxalic acid in the water samples is shown in Figure 39 and
Table 18. Interpretation of the results is given at the end of section.

Table 18: Concentration of Formic acid and Oxalic acid in the water samples

SI.No. | S2PIE | Formic Acid (gm/L) Oxalic Acid (mg/L)
1 USsol ND 119
2 Us02 ND 538
3 US03 ND 630
4 US04 ND 784
5 DS04 ND 109
6 DS03 ND 240
7 DS02 ND 259
8 OT03 ND 46
9 DR23 ND 386
10 | DRI6 ND 377
11 DRO2 ND 81
12 ] swos ND 117
13 | waHI ND 191
14 | WAH4 ND 324

15 | WAHS ND 212
16 | WAHII ND 150
17 | WAHI4 ND 2%
18 | WAHI6 ND 105
19 | WAHIS ND 110
20 WAH21 ND 317

6.8. Interpretation of Results of analysis of water samples
1. pH:

The average pH concentration of all the samples is 8.0 and all of the samples are between 6.71
and 8.86, except two samples. It indicates no acidic water was present in the open surface
flowing water bodies. The samples W23 and W25 are having high pH of 10.86 and 10.18
respectively. These two manmade streams have surface flowing leachate from the chromium
siludge dump at Tamilnadu Chromates and Chemicals Limited (TCCL). In general, there were

sporadic values of pH10, and there is no value below 5.0.
2. HARDNESS:

The average hardness concentration of the water samples is 622 mg/L and having range from
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70 mg/L to 3777 mg/L. Since, this parameter is influenced equally by both the domestic and

industrial activities their concentration values cannot be interpreted as a source of pollution.

3. CHLORIDE & SULFATE:

The chloride and sulphate concentration of the water samples are having the range of 60-5360mg/L
and 25-577 mg/L. The elevated chloride and sulphate concentration was found in the drains
upstream of TCL. The chloride and sulphate content of freshwater (surface and groundwater) are in
the range of 150-442 mg/L and 36-120 mg/L respectively. Since these parameters are highly
influenced equally by the domestic and industrial activities, their concentration values cannot be
interpreted as a source of pollution. Hence these analytical values are of less importance with

respect to industrial activity.
4. TRON:

Iron is the second most abundant metal in the earth's crust. Therefore, it will be present in mostof the
water samples and does not signify any substantial source of pollution. However the presence of
iron consistently in elevated concentration in the drain samples compared to borewell samples

indicate in contribution from industrial sources.
5. CHROMIUM

The presence of total chromium was identified in all the types of samples from the study area.
Many drain water contain high level of chromium concentration indicate the possible sources from
the surrounding industries. The groundwater samples also found to be chromium contaminated.
Even the presence of chromium was found in the natural drains in the southernportion of the study
area far from the industries indicate the wide prevalence of contamination. The presence of
hexavalent chromium was found only in the samples surrounding to the abandoned site of Tamil

Nadu Chromate and Chemicals Limited (TCCL) which is located adjacent to TCCL.
5. FORMIC ACID & OXALIC ACID

Among the 20 samples analyzed for Oxalic acid and Formic acid none of the samples have the
Formic Acid. However, 18 of the samples have Oxalic acid concentration are in the range of 81 to
283 mg/L. The average Oxalic acid concentration of the three upstream monitoring wells is 531
mg/L and downstream is 203mg/L which clearly indicates the oxalic acid presence maybe from the

outside sources.

The overall concentration of the water samples collected is indicative and gives very preliminary idea
of the contamination status of the study area. In order to identify the contamination sources, the

parametric concentration of the different water sources has been investigated in the following section.
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6.8.1. Auger bore water samples

Among the 25 auger boring points, in only 8 points, as mentioned before, water was present. In the
remaining points, the bedrock was there. The location of the samples is given in Table 14 and
Figure 36. The physiochemical parameters analyzed in these samples are shown in Table 15.
There is no specific trend of their concentration towards the direction of the flow. The heavy metal
analyses of the samples showed no presence of hexavalent chromium. The total chromium and

iron concentration of the samples is shown in the Figure 40 and Figure 41.
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Figure 40: Distribution of total] iron in the water samples collected from auger boring
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Figure 41: Distribution of total chromium in the water samples collected from auger boring
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There is no formic acid present in the water samples. The oxalic acid was analyzed in 8 water
samples collected and found to be in the range of 24 - 324 mg/L. The result has mentioned been
tabulated in Table 18.

6.8.1. Auger bore water samples

Among the 25 auger boring points, in only 8 points, as mentioned before, water was present. In
the remaining points, the bedrock was there. The location of the samples is given in Table 14
and Figure 36. The physiochemical parameters analyzed in these samples are shown in Table
15. There is no specific trend of their concentration towards the direction of the flow. The heavy
metal analyses of the samples showed no presence of hexavalent chromium. The total chromium
and iron concentration of the samples is shown in the Figure 40 and Figure 41. There is no
formic acid present in the water samples. The oxalic acid was analyzed in 8 water samples
collected and found to be in the range of 24 — 324 mg/L. The result has mentioned been
tabulated in Table 17.

6.8.2. Piezo metric well water samples

Water samples were collected from the seven peizometric wells located inside TCL. The depthof
the piezo metric wells range from 20-30 m hence the water samples collected from these well
representing the subsurface water at these depth. The location of the wells is shown in Figure
42,

Figure 42: The location of Piezo metric wells inside TCL
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From the heavy metal analysis of the samples shown in Table 16, it source of chromium is
identified to be somewhere upstream to TCL in NW direction. The presence of hexavalent
chromium was also found in US1 and US4 which are adjunct to TCCL. Table 17 shows the
presence of oxalic acid in all the samples in the range of 109 — 784 mg/L.

6.8.3. Drain water samples

Within SIPCOT area there are many artificial drains for conveying the industrial effluent. Total24
drain water samples were collected from the study area. During our survey we found manywater
in the drain are black and turbid. Table 15, shows the physiochemical analyses of the drain
water samples. It should be noted that 5 drain water samples were so turbid and coloured we
could not analyze for physiochemical parameters. These samples are DR09, DR11, DR12,
DR14, and DR18. The total chromium concentration for these samples shows in the range of
1.874 — 50.360 mg/L (Table 16). The highest concentration is in DR18, which is 50.36 mg/L.
Physical survey indicated many tanneries nearby hence the possibility of the tannery effiuent for
the elevated level of total chromium concentration cannot be ruled out. The sample DR21 is the
drain which is flowing between TCCL and TCL, shows also high concentration of total
chromium of 40.55 mg/L. This is also the samples of highest hexavalent chromium
concentration from the study area, i.e., 28.2 mg/L. It should be also noted that the water samples
from piezo metric wells in the eastern side (TCCL side), i.e., DS4 and US1, which are also very
close from this drain samples, also having high hexavalent chromium concentration of 10.95
mg/L and 9.15 mg/L respectively. Inflow of water carrying Chromium Compounds into the
premises of TCL is confirmed by this. Hexavalent chromium is considered to be 100 timesmore
toxic than the trivalent chromium, hence it’s present in water reveal high risk on the available
water resources in the surrounding area. Though there was no presence of Formic acid in the
drain water samples, we found trace amount of oxalic acid upstream and downstreampiezo metric
wells of TCL (Table 17). The concentration is significant and represent treat to human as well
as environment (Vernot et al 1977). The presence of Oxalic acid in all the downstream and
upstream piezo metric wells confirm the infiltration of effluents from neighbouring leather
processing industries into TCL land.

In order to investigate the source of the contamination in the drain water samples, we overlaid
the drainage network on the spatial distribution of the heavy metals in Figure 43(a) and Figure
43(b). In the figure blue lines represents the natural drainage and red line are artificial dramage.
The map was drawn in combination with the google image with physical survey in the field. It
has been observed that at the US to TCL most of the natural drainage was dried up and no water
was available for sampling hence the artificial drains were considered for sampling due as water
flow was there. The result shows multiples points of heavy metal concentration in the upstream
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of TCL. One of them is near Puliyanthangal Lake, where many tanneries and other industries
are present and the other one at the northern side of TCL. The samples DR18 and DR21 having
extremely high concentration of total chromium of 50.36 and 44.50 mg/L respectively. The
DR2] sample, which is collected from the drain flowing from Tamil Nadu Chromate and
Chemicals Limited (TCCL) through the SW cornet of TCL is also the only drainsamples having
hexavalent chromium of 28.2 mg/L.
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6.8.4. Groundwater samples

Five groundwater samples were collected from the existing bore wells study area mentioned and shown
in Table 15 and Figure 36. The Figure 37 illustrate the result of physiochemical parameters of these
samples. All these samples are open borewell generally used for irrigationpurpose and located near to
the lakes and Palar River. Though the quality of these samples arenot conforming 1810500:2014, they
are moderately polluted and can be used for drinking purpose after treatment.

The Figure 38 and Table 17 illustrate the heavy metal concentration in the borewell samples along with
other samples. Among the five samples 2 samples, GW01 and GW04, are having total chromium >0.05
mg/L (Requirement/Acceptable Limit as per 1510500:2012). The GW04is located near Puliyanthangal
Lake and borewell is not used for drinking purpose but for irrigation. The concentration of 1.49 mg/L
which is high enough to induce food chain contamination and need to be taken care of. The other
sample, i.c., GWO02 is the borewell installed at Karai Village Cotton Bazzar Street. This borewell also
used for irrigation purposeand having total Chromium concentration of 0.405 mg/L. Another samples
GW02, which was collected from the borewell from the Palaar Rver bed shown 0.05 mg/L of total
chromium concentration. Though the sample concentration is moderate, this indicate the possible

contamination of river bed sediment.
6.8.5. Surface water samples

In order to investigate the existing surface water quality, water samples were collected from the
surrounding lakes and Palar River as mentioned in Table 15 and shown in Figure 36. Mostof the drains
which carries industrial effluent end up in these waterbodies. Similarly, the surfacewater pollution, if any
can be traced back to the influent canals. Figure 37 and Table 16 depictsthe physiochemical result of
these samples. All the samples are having one or more parametersmore than 1510500:2012. Comparing
the groundwater samples discussed before, the surface water samples are found to be more polluted.
Among the samples analyzed, SW04, which is the down-stream sample collected from Palar river very
high turbidity and pH, which is abnormal. Apart from that other parameters are nominal. The reason of

this abnormality is notclear but it is worth mentioning.

Figure 38 shows the heavy metal analysis of these samples. No hexavalent chromium was found but in
two samples total Chromium is ten times Requirement/Acceptable Limit as per 1510500:2012. The
SWO01 and SWO02 are the natural drainage connecting two lakes. Presence of heavy metals indicate that
either they are used for direct disposal of industrial effluent or having connectivity with artificial canals
which carry industrial effluent. Elevated total Iron concentration in these drains substantiate these
finding.
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6.8.6. Other water samples

Random water samples were collected from local pools, and pits. These samples are mostly stagnant
and been stored for some purpose in the past but present of no use. The reason to collect and analyze
these samples are, (a) to understand the extent of contamination in the past, and (b) the present risk
associated to its disposal. In the present study four samples were collected from the SIPCOT area
surrounding to TCL as mentioned in Table 15 and Figure 36.The physiochemical parameters and heavy
metals concentration of these samples is shown in Figure 37 and Figure 38 as well as tabulated in
Table 16 and 17. The result shows elevated concentration of all the parameters. The OT03 samples
shows extremely high concentration oftotal chromium, which is collected from TCCL pool. However

most of the Chromium seems to be trivalent, i.c., less toxic.

6. 9. Quality control

a) For the parameters like pH, Turbidity, Sp. Conductivity, the instrument was calibrated as per
IS3025/APHA recommended methods. Table 19 shows the summary of the calibration. These standards

were used prior to operating the instrument by setting the instrument values as per the theoretical
standards.

b) The standard solution was prepared for quality checking of Total Alkalinity, Total Hardness,
Chloride and Sulphate Table 19, gives the calibration details. These standards were analyzed as un-

known samples and their percentage of deviation from the theoretical values were calculated and found
to be less than =10.

Table 19: The calibration detail for pH, Turbidity and Sp. Conductivity

Parameter Reagent/Standards Concentration

pH Buffer Tablet 4.0,7.0,and 9.2

Turbidity Formazine Solution (Hydrazine Sulphate +i40NTU

Hexamethylene Tetramine)

Conductivity Potassium Chloride solution 1408 pS/cm

Total alkalinity Standard Sulphuric Acid Solution 0.02N

Total Hardness Standard EDTA Sqution. 001 M

Chloride Standard Sodium Chloride Solution 0.0141 N

Sulphate Standard Sulphate solution from Sodium Sulphate 5, 10, 20, 40, and
100 mg/L
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c)

d)

The total Tron and Chromium in water were analyzed by Inductively Coupled Plasma
Optical Emission Spectrometry (ICPOES, Model Avio-200, Perkin Elmer). The
operational parameters of ICPOES arc mentioned in ANNEXURE VI. Multi-elemental
standards of Perkin Elmer were uti-lized for obtaining calibration; by setial dilution of 100mg/L.
Figure 44 shows the result of the calibration for total Iron and Chromium. The calculated R2
value of the graph is >0.99, which is accepted.

The accuracy in the heavy metal analysis was assessed by using certified reference material
(SQC-001, Sigma-Aldrich, Spain) (ANNEXURE VII). The table below (Table 20) shows
the preparation, dilution and recovery rate. Comparing the result with Certificate of
Analysis (ANNEXURE IX). The result show recovery >90%.

Soil and water samples were sent to three different labs for heavy metals and one lab for
Oxalic and Formic Acid. The comparison result is given in Table 21. The % of deviation
of the heavy metals with respect to other labs are within 9 — 12% of variation. The result of
the analysis from external labs is included in ANNEXURE X.

Flement| Intensity 0 01 0.5 1 5
Cr Comected | 45057 | 111730 | 645757.4 | 9797057 | 4937045.5]
inteFIsIi
Corrected _ ‘ . . )
Fe ] . 5115.5 | 128380 § 3442009 BE4147 143976930
| intensty | il TR N |
6000000
5000000 |
. 4000000 |
wh
C 3000000 |-
]
| E i
£ 00000 |
1000000 | -

D 1 2 3 4 5 6
Concentration (mg/L)

Figure 44: Calibration for Total Fe and Cr by serial dilution in ICP-OES
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Table 20: Accuracy in the heavy metal analysis

Volume

> . A
Parameters C;\;I:eal::rr:t(ilon ];,l;:ﬁ?: diaglfs:z'on ‘glglt\lf;‘ c(gilec:gl?::i‘;n C:fr:;il:d Rec;)/:f = I?t:rc?;fegr;
(mg/L) (u) |tRken (gm)  (mg/kg) (mg/kg) %

31.2 15 15 0.5008 | 14017.57 |12923+296] 91.53

ro 15.95 30 15 0.5008 | 14332.07 |12923+296| 8910 | .
62.56 15 15 1.0005 | 1406897 |12923+296] 91.13
31.05 30 15 1.0005 | 1396552 [12923+296| 91.93
0.75 15 15 0.5008 336.96 299+4 | 8730
0.37 30 15 0.5008 332.47 299+4 | 8881

@ 1.38 15 15 1.0005 31034 2094 | 9621 | O °F
0.71 30 15 1.0005 319.34 299+4 | 9320

Table 21: External laboratory comparison of heavy metal and organic acid results

Type of Total Iron
Sample ID Sample V[T | TB | ITC | ECOTECH | % of vadation®
AH-13 (mg/kg) 45637 | 56317 | 41800 7.5
AH-14 (mg/kg) Soil 8134 9900 8600 -13.03
DS4 (mg/l) <0.005] 0.193 | 0.121 0.22 NA
US1 (mg/)) Water 0.098 0.092 0.12 8.16
Average % of variation -8.73

* (VIT result - average of all results)*100/(VIT result)

Tyoe of Total Chromium
SampleID | sample "YIT | OTB | ITC | BECOTECH | % of variation®
AH-13 (mg/kg) 3213 [3079 | 333 0.18
AH-14 (mg/kg) Soil 715030 [1112° |2200.0| 1728.0 -8.84
DS4 (mg/l) 244 (308 27.03 29.6 -14.80
US1 (mg/l) Water 157 [19.5 165 189 -12.35
Average % of variation -8.95

* (VIT result - average of all results)*100/(VIT result)

Type of Hexavalent Chromium
Sample ID Sample VIT ITC | ECOTECH | % of variation*
AH-14 (mg/kg) Soil <0.25 0.08 <1.0 NA
DS4 (mg/kg) 10.95 14.8 13.42 -19.2
W25 (mg/l) Water ) 31.8 24 1.06
Average % of variation -9.09

* (VIT result - average of all results)*100/(VIT result)
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Formic Acid Oxalic Acid
Sample ID N
VIT IITB VIT IITB % of variation*

SAHO7 (gm/kg) ND ND 0.614 0.451 26.55

SAHO3 (gm/kg) ND ND 0.089 ND NA

US04 (g/1) ND ND 0.784 0.732 6.63

US02 (g/h) ND ND 0.538 0.500 710
Average % of variation 13.43

* (VIT result - IIT result)* 100/(VIT result)

7. Summary of the findings and Overall Conclusion

Widespread pollution of soil and water in SIPCOT areas in Ranipet have been confirmed many
times before, by scientific studies that were carried out by national research institutes like
CSIR-NGRI, CSIR-NEERI, HIT and various Universities. Apart from Chromium
confamination from Tamilnadu Chromate & Chemicals Limited, the earlier and contemporary
research identified both soil & water pollution due to the various tanning & chemical industries
in the entire SIPCOT area and its downstream up to Palar River. The present study is
concentrated on Thirumalai Chemicals Limited (TCL), which is located in the downstream side
of the SIPCOT area. The objective of this project is to study the hydrogeological set up and to
explore the geochemical condition and evaluate the effects of surrounding pollution, if any, in
and around the area of Thirumalai Chemicals Limited.

In the present sub-watershed, an integrated scientific approach that included detailed
hydrogeological, geophysical and geochemical investigation where in topographic survey
using GPS, 1D & 2D mapping of the area to decipher the resistivity and thickness of the
subsurface strata, soil and rock profiling. The permeability study, water level measurement and
analysis of water and soil samples drawn from Auger holes were also carried out. On the basis

of above study, the major findings and conclusions are mentioned below.
1) Geologically the sub-watershed is a hard rock region beset with granites as country rock
and quartzites intrusions. Just north of the TCL premises, one dolerite dike runs east-west.

2) The overall terrain elevation varies from 192 m in the north in SIPCOT area to 172 m
in the south near Karai Lake above M.S.L within a distance of 2 km only. The topographic
contours obtained reveal that the major slope is from NW-SE (Figure 7).
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3) The groundwater contour map obtained from the water level observation from the auger
hole as well as selected monitoring wells reveal that the subsurface flow direction follows the

Topography i.e., NW-SE (Figure 10).

4)  The soil thickness varies from 0.5 t0 2.5 m below which weathered granite or quartzite is

occurring. Fractured rocks are also present below this weathered zone.

5) The hydraulic conductivity of the present study area is measured to be in the range of
6.4 — 8.5 x 107" m/sec, which is high compared to fractured rock as reported in earlier studies.

6) The water levels were also shallow during the study period and were mostly in the soil
portion itself. The lowest water level was found to be 0.26 m BGL.

7)  Due to shallow water level in post monsoon season combined with the relatively high
hydraulic conductivity of the weathered and fractured rocks and steep gradient of the terrain,
the velocity of flow of groundwater which is from NW to SE direction is high.

8) The groundwater flow direction was assessed from the depth of water level in auger holes
and piezometric wells inside TCL. The direction of the flow as shown in Figure 10 is from

N.W to S.E. The inferences drawn from the geophysical studies corroborate with the flow

direction.

9)  The 2D vertical cross section study along the seven VES profiles revealed the possible
contamination in at least two profiles AA’ and BB’. This region covers the CETP, western

part of TCL, TCCL, and southern part of highway which is an open Jand.

10)  The observations from the vertical cross section study with resistivity contour reveals

the occurrence of possible contamination in soil, weathered rock as well as fractured rock in

the region.
11) The eastern part of the region also exhibited possible contamination in the soil/rock.

12) The physiochemical investigation of water and soil samples indicates several sources of
pollution in the upstream of TCL. This is further established by the identified artificial canals
having comnectivity to the natural drainages. In the absence of detailed source apportionment

studies, the responsibility for pollution cannot be fixed.
13) The physiochemical study of the drain water samples indicates the elevated level of total
chromium concentration (Figure 43). The man made drain from the TCCL (passing close to

TCL South Western boundary), carry the Chromate seepage (hexavalent chromium of 28.2
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16)

17)

mg/L) to join with the natural drain leading to Karai Lake.

14) There is evidence of freshwater (borewell and surface) contamination from chromium in

the study area which implies the possible human health risk.

15) The presence of iron in the drain samples is much higher than the borewell samples,

speculates industrial contribution as there are many steel fabrication units in SIPCOT area.

The presence of Oxalic Acid was found in both soil and water samples. From the
concentration profile of Oxalic acid shown in Figure 34 and Figure 39 the source can be
identified in the NW side of TCL. Oxalic Acid is an organic acid which is soluble in water and also
biodegradable. It is used for laundry rinse, wood-bleaching, calcium removal and tanning operation,
hence the possibility of industrial discharge of Oxalic Acid in SIPCOT area cannotbe ruled out.

After examination and analysis of soil and water samples collected from the study area in and
around Thirumalai Chemicals limited, contamination by Chromium and Oxalic acid is seen in

the samples.
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ANNEXURE 1
Principle of Electrical Methods

Electrical Resistivity Method is one of the Geophysical techniques used to investigate the
nature of the subsurface formations. In the Electrical Resistivity methods current sent into the
ground through a pair of electrodes, called current electrodes, and resulting potential difference
across the ground is measured with the help of another pair of electrodes, called potential
electrodes.

The ratio between the potential difference (AV) and the current (I) gives the apparent resistance,
which depends on the electrode arrangement and on the resistivity’s of the subsurface
formations. There are several types of electrode arrangements (configurations) of which
Werner and Schlumberger configurations are more popular.

In Werner Configuration all the four electrodes are kept along a line at equal distances called
electrode separation ‘a’. For each measurement all the electrodes are moved simultaneously
keeping the inter electrode spacing’s same. The current is sent normally through outer
electrodes and potential difference is measured across the inner electrodes. The resistance is
multiplied by the configuration factor 2 ma R, Where R=AV/ 1

In Schlwmberger Configuration all the four electrodes are kept in a line similar to that of Werner
but the outer electrode spacing is kept large compared to the inner electrode spacing, usually
more than 5 times. For each measurement only current electrodes are moved keeping the
potential electrodes at the same locations. The potential electrodes are moved only when the
signal becomes too weak to be measured. The apparent resistivity for this configuration is
computed with the formula;

Pas =1 [(AM*AN)/MN] *R where AB is the distance between two outer current electrodes and
MN is the distance between the two inner potential electrodes. The point “O” will be the
midpoint of the eleztrode system

There are two types of procedures for making resistivity observation, namely Resistivity
Sounding (also called Vertical Electrical Sounding, VES) and Resistivity Profiling (Horizontal
Electrical Profiling). Resistivity profiling is employed to determine the lateral variations in the
resistivity’s thereby establishing the existence of vertical bodies like dykes, fracture zones,
geological contacts etc. The Vertical Electrical Sounding is used to estimate the resistivities
and thickness of various subsurface layers at a given location and is mainly employed in

groundwater exploration to determine the disposition of the aquifers.
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Vertical Electrical Sounding (VES):

In this approach, the centre of the configuration is kept fixed and the measurements are made
by successively increasing electrode spacing’s. The apparent resistivity values obtained with
increasing values of electrode separations are used to estimate the thicknesses and resistivity’s
of the subsurface formations. A few photographs depicting the survey procedures are presented
below.

Data processing

Over the last 60 years several developments have taken place in the data processing techniques.
Initially empirical and semi empirical methods were used besides the curve matching
technique. After the advent of fast computers, inversion programmes were made available to
arrive at the geo-electrical parameters like thickness of layers hl, h2, h3—-etc., and their
corresponding absolute resistivity values p1, p2 p3 - ete. from the sounding curves. One such
programme is JP WIN software, which is compatible with WINDOWS.

Conventional Method

Conventionally the plot between apparent resistivity and electrode separation (a) in case of
Werner configuration and between apparent resistivity and half current electrode separation
(AB/2), in case of Schlumberger configuration on double logarithmic scale is used for analysis
of thicknesses and resistivity’s of the subsurface layers. The data density is between 6-8 per
log cycle of electrode separation.

The field curve is first compared with the theoretical curves for obtaining a preliminary model
and this model is modified and refined with computer inversion programs, incorporating the
geological information of the area. However, the resistivity sounding technique (in the present
form) has the following inherent disadvantages:

The resolving power of this method is poor and is particularly true for deeper boundaries. Due
to the principle of suppression, a middle layer with resistivity intermediate between enclosing
beds will have practically no influence on the resistivity curve as long as its thickness is small
in comparison to its depth. Hence the layers with small thickness cannot be reco gnized.

Due to principle of equivalence (i) a conductive layer sandwiched between two layers of higher
resistivity’s will have the same influence on the curve as long as the ratio of its thickness to
resistivity (h/p) remains the same and similarly (ii) a resistive layer sandwiched between two
conducting layers will have the same influence on the curve as long as the product of its

resistivity and thickness.
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Hence the thicknesses and resistivities of sandwiched layers of small thickness cannot be
determined uniquely.

Added to this disadvantage of ambiguity in interpretation by established conventional approach
by Curve matching and inversion techniques, the resolution of the conventional approach is
poor and thin layers buried at depths more than 5-times their thickness cannot be identified

because of the logarithmic plotting,

Imagine 3 aquifers of each 10 meters thickness existing between depths 10-20, 50-60 and 90-
100 m. When they are represented on a linear scale they look real and when the same aquifers
are represented on a logarithmic scale, they look very thin and the third layer between 90-100
m depths simply looks like an interface. In such conditions, it is difficult to identify the last
two layers if the data is plotted on a logarithmic scale. This suggests that linear plotting of the
data and analysing will be able to decipher thin layers even if they are buried at great depths,
provided the data density is adequate enough to get the signals from the target layers.

Inverse Slope method

Taking Jead from this concept, Dr. KRR Chary of IGIS has invented an innovative to interpret
the vertical electrical sounding data with Werner configuration. According to this approach,
the inverse of resistance measured (1/R) is plotted against the Wermer electrode separation ‘a’
on a linear graph. The plotted data points and align themselves on discrete line segments and
are joined by straight lines. Each line segment represents a layer and the intersections of the
line segments correspond to the depths of the particular layers. The resistivity of the layers are
obtained by the inverse slope of the particular line segment multiplied with ‘27,

Originally, the Inverse Slope method was proposed for interpretation of Werner sounding data.
However, this method can also be used for Schlumberger data with a minor modification. For
Schlumberger sounding the linear plot has to be prepared between (AB/2) on X-axis and
{(AB/2)/pa} on Y-axis. You should not use (1/R) for plotting since R depends on both AB/2
and MIN/2. While the inverse slope of the line segments directly gives the true resistivity of the
layers, the intersections of the line segments have to be multiplied with (2/3) to get the depths
to the interfaces. Two very important things to keep in mind:

1. The detectability of thin layers at deeper levels depends on density of data. More the data
density better is the detectability.

2. More the resolution of the resistivity meter better is the possibility of detecting thin layers at
depths.
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Interpretation and inferences

The results of interpretation of VES data gives rise to Geo-electric Sections at each of the test.
These will be in the form of Thickness/Depth to different geological layers and their absolute
resistivities. Now it is for the geophysicist to make the inference from these absolute
resistivities in terms of the corresponding soils, rocks, their texture, the saturation with water,
and water quality. This is a subjective matter since the theoretical values attributed to rocks or
soils provide a very high range. Further these vary from place to place because the earth is quite
heterogeneous with overburden deposits formed at different geological eras and are saturated
with water of different compositions. The table below provides a glance of resistivity ranges
of soils and rocks in general. While this table is reproduced from the source mentioned,
different books on Geophysics show different ranges.

Source: Andrade, Rolland. (2011). Intervention Of Electrical Resistance Tomography (ERT) In

Resolving Hydrological Problems of a Semi-Arid Granite Terrain of Southern India. Journal of
Geological Society of India. 78. 337-344. 10.1007/512594-011-0100-x.
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Table 1. Resistivity range of different rock types, soil and chemicals

Material Resistivity Conductivity
(Ohm-m) (Siemen/m)

Igneous and Metamaorphic

Rocks

Granites 5x 102- 108 10—2 x 10*

Basalt 10°—10° 10°-10°

Slate 6x102-4x107 25x10%-1.7x10°

Marble 10*-2.5x 108 4x10°-107

Quartzite 102-2x 108 5% 10°-102

Sedimentary Rocks

Sandstone 8 —4x 10° 2.5x 10* - 0.125

Shale 20-2x 10? 5x10*-0.05

Limestone 50 —4 x 102 2.5x 107 -0.02

Soils and Waters

Clay 1-100 0.01 -1

Alluvium 10 — 800 1.25x10-0.1

Groundwater(Fresh) 10 - 100 0.01 - 0.1

Salt Water 0.2 5

Chemicals

Iron 0074 x 108 1.102 x 107

0.01M Potassium Chloride  0.708 1.413

0.01M Sodium Chloride 0.843 1.185

0.01M acetic acid 6.13 0.163

Xylene 6.998 x 10 1.429 x 107
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Now coming to the interpretation cum inferences in the present area, it should be noted that it
is an established fact that this is an industrial area with a number of polluting industries like,
chemicals, leather, metals etc. From the very visual view itself it is obvious that the surface and
subsurface of the terrain are contaminated in terms of soil and groundwater. This is the basic
point to be noted. Further the rocks below the permeable overburden are less weathered but
more of jointed and fractured. Such geologically disturbed rocks have secondary porosity

facilitating the downward as well as horizontal movement of groundwater. These are granites



and quartzites, which have no geogenic salinities unlike the calcareous rocks. Obviously, any
poor quality of groundwater is the result of non-natural induced contamination. With this
background the resistivity ranges obtained from the geo-electric section are inferred into
whether they are fresh or contaminated. It can be seen that in some cases no contamination is
derived for the same type of rocks depending on their location, the resistivity values etc. In
respect of overburden soil also, this principle applies. For example, it is noticed from auger
holes that the soil is coarse sand and no clay. Naturzally a resistivity value of 3-5 ohm.m for
over burden soil in such case reflects only highly contaminated sand. Similarly, a 50-80 chm.m
fractured rock reflects its contaminated nature because this value is very low compared to |
normal resistivity values of about 300-500 ohm.m or more for a fractured rock. As already
mentioned, the interpretations and inferences are subjective and the efficacy of the same
depends on the experience of the geophysicists and the knowledge of local geology. At the end
of it, all the geophysical inferences which are exploratory in nature need to be test by trial
drilling to match the reality in case of any doubts.

Figure 1: Photographs of Geophysical Survey
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ANNEXURE 2
Permeability Test

1.1 Objectives

The objective of the permeability tests is to measure the horizontal in-situ soil permeability of
the top soil zone between Ground Level to 1.70m.

1.2 Activities accomplished

The investigations comprised of measuring the in—situ soil permeability (hydraulic gradient) in
one well, constructed in the auger holes. The coordinate of the test hole are 12.96715, 79.29266.
The test procedure adopted is as per CODE OF PRACTICE FOR IN-SITU PERMEABILITY
TESTS, PART 1 TESTS IN OVERBURDEN

(Second revisior).Doc 05 (450) May 2007 described under section 3.3 for measuring in-situ
permeability of soils using Falling Head Method.

1.3 Limitations

The well, used for testing is not a full-fledged structure. Its depth is limited to 1.70m. Normally
these tests are conducted in wells with sufficient thickness of aquifer zone. Such test zone
occurs in between other upper and lower layers. In order to ensure that the water passes through
the specific zone selected for testing, packers are inflated above and below the zone of testing.
In the present case only 1.7 meter of soil is available for testing. This soil layer is resting on
hard/weathered rock. Hence the casing pipe is dummied at the bottom to arrest downward flow
of water.

Also, as per the document, an intake pipe is to be inserted in the main pipe and water levels are
to be measured in the standpipe. In the present case, this arrangement was not followed because
the structure used for testing is not a perfectly constructed tube well and the thickness of testing
zone is very small and occurring from ground level itself.

1.4 Details of structure.

As mentioned earlier, the structure used for testing is an auger hole drilled for collection of soil
and water samples. After collection of these samples, a slotted casing pipe of 4 inches diameter
was inserted in the hole. The total length of the slotted pipe was 1.70m extending from ground
level to the top of rock. The bottom of the slotted pipe was sealed with an end cap. In order to
facilitate adding water into the structure, additional plain casing pipe of same diameter and Im

116



length was added at the top of the slotted pipe using a coupler. The top of this extended pipe is
kept open.

1.5 Test procedure

The estimation of permeability is made using the BIS Document for in-situ measurement of
soils in uncased wells. This method assumes that the well is uncased and the zone of testing is
isolated by fixing a packer above the zone of interest so that water will not leak through other
zones. An intake pipe of smaller diameter is inserted into the zone of testing through the packer.
Water is poured into the well through the intake pipe till the head raises much above the normal
water level in the hole. The fall in water level is measured with reference to time and the data
1s processed through an equation.

In the present case, the test was conducted in a well with screens, instead of an uncased
structure because the uncased structure will collapse if not supported by a casing. Since the
slotted pipes are used against the test zone, it is more or less equivalent to an uncased zone and
allows free flow of water horizontally. Similarly, the intake pipe was not used because of
limited thickness of testing zone. The parameters required in the equation are modified

accordingly.
4* . log B TR,
K o= _gm_{}ﬂge £j%
whera

K = coefiicient of permeability,
d = diameter of intake pipe ( stand pips },
L = length of fest zone,
f1s= heiad of water in the stand pips af lime 1, above piezometeric surface,
he = head of water In the stand pipe at the time t-above plezomsteric surface, and
R = radius of hole.

The formula is based on the following assumptions:

a) The soil stratum is homogeneous and the permeability of soil is equal in all directions, and

b) The s0il stratum in which the intake point is placed is of infinite thickness and that artesian
conditions do not prevail.

The head ratio At/ho (where hi=head of water in the stand pipe at any time t and 4o = depth of
static water level at time fo) versus time curve should be plotted on the semi-log plot as shown
in Figure below. The curve shows pronounced initial curvature whereas after a time lag of
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about 20 minutes, the curve is straight. A straight line through the origin and paraliel to the
straight portion of the curve should be drawn to represent a steady state of flow into the test
strata. The value of A1/ho and h2/ho corresponding to time ¢/, and £2 respectively is read from
the graph. The value A1/h2 corresponding to time £/ and ¢2 is calculated and substituted in

equation (2) to obtain the coefficient of permeability.

Doc. WRD 05(450 )
May 2007
" T = )T SO b .,.:’:-é.
" : - i I';fj:?’“; _.q;
g B 1,3'13-’},;{}"!"‘-
s 3w ERR
" g s o .

to=33.50 min. | .
i /—F’ARALLEL&TO B

010 ) il

0-08 F——%—

ﬂ-ﬂ‘ﬁ._ BR

PO |

' hytho

0.02

0-008 [———— G

0008 v ‘\\.
- 0004 = T 1\

0-002 : \J

TR T T M T T R

TIME IN-MINUTES®
Fic. 6 SEMI-Loc Prot oF HEaD RATtio VErsus TiME oF TEST
{FALLING HEAD METHOD)

- .

118



The design for the measuring system as provided in the document is as shown below.

o
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1.6 PERMEABILITY TEST DATA 1
Location : S-E of CETP Pool SIPCOT
Date of Test :30/01/2021
Type of Well : AH-Tube well
Coordinates :(12.95575, 79.30893)
Well Id :AH-1
RAW Hole Details

Augar Hole Depth BGL: 2.30m
Static water level BGL - 1.10m

Structure details

Length of casing pipe below GL : 2.03m
Lemgth of plain casing: NIL

Length of screen pipe B.G.L : 2.03m
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Static Water Level BGL: 0.97m

Pre Test Structure

Total casing pipe. 3m

Length of plain casing A.G.L: 0.97m

Diameter of casing pipe (both plain & Screen): 100mm
Static WL (from T.0.C)-1.94m

WL after filling (from T.0.C): 1.30m

T'%me - minPtes Depth of water level from measuring
since pumping R
started pomt e
0 1.30
0.36 1.50
1.30 1.60
2.52 1.70
5.10 1.80
9.26 1.90
17 1.95
30 1.98
40 1.99
50 2.00
60 2.00
70 2.01
80 2.01
90 2.01

1.6.1 Results - Well AH 1

Using the above data, the permeability of the zone between G.L and 2.03m is computed for
Well AH1 as shown below.

Diameter of intake pipe (d)= 100mm
Length of test zone (L) = 2.03m or 203cm
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hi/hp  =0.5 from the graph at time t;=30minutes
ho/hy = 0.4 from graph at time tz= 40minutes
Radius of hole = 50mm =5 cm
ta-t1= 40-30=10 minutes
d* = (10)? = 100 cm?
L/R=203/5=40.6
loge (L/R)=log. (40.6) = 3.703768
hi/hp =0.5/0.4=1.25
loge (hi/ha)=loge(1.25)= 0.2231
k= & (log.(L/R)) loge(hi/hy)
8L ()

=100*[(3.703768*0.2231)/ 8*203*10]
= (82.63106408/16240)

=0.00508812

K=0.00508812 co/minute
=7.3268928 cm/day

=0.073268928 m/day

1.7 PERMEABILITY TEST DATA 11

Location : Inside TCL

Date of Test :30/01/2021

Type of Well : AH- Tube Well
Coordinates : (12.95443, 79.31107)
Well 1d : AH-8

RAW Hole Details

Augar Hole Depth BGL: 1.17m
Static water level BGL — 0.64m

Structure details
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Length of casing pipe below GL : 1.17m

Length of plain casing: NIL

Length of screen pipe B.G.L ; 1.17m

Static Water Level BGL: 0.64m

Pre Test Structure

‘Total casing pipe. 2.17m

Length of plain casing A.G.L: 1.0m

Diameter of casing pipe (both plain & Screen): 100mm
Static WL (from T.0.C) - 1.64m

WL after filling water (from T.0.C): 1.24m

Time in
minutes since Depth of water level from
pumping measuring point in m.
started
0 1.24
1.01 1.50
2.30 1.55
9.40 1.60
15 1.61
20 1.62
30 1.63
40 1.63
50 1.635
60 1.637
95 1.64
120 1.64
125 1.64

1.7.1 Results - Well AH 8

Using the above data, the permeability of the zone between G.L and 1.17m is computed for
Well AH 8§ as shown below.

Diameter of intake pipe (d)= 100mm

Length of test zone (L) = 1.17m or 117cm
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hi/hp  =0.6 from the graph at time t1=44 minutes
ha/he = 0.5 from graph at time t;= 60 minutes
Radius of hole = 50mm =5 cm

t2-t1= 60-44=16 minutes

d? = (10* =100 cm?

L/R=117/5=23.4

log. (L/R)=loge (23.4) = 3.152736

hy/hy =0.6/0.5=1.20

loge (hi/ho)=loge(1.20)=0.1823

k= d® (loge(L/R)) loge(hi/hs)
8L (t2-t1)

=100*[(3.152736*0.1823)/ 8*117*16]
=57.47437728/14976
K=0.003837766 c/minute
=5.526382431 cm/day

=(.05526382431 m/day

1.8 Field standards
Several literatures have been referred for understanding the permeability/hydraulic

conductivity values of various soil types with different structure. Some of these data are

presented below.
Table-1
Grain size classification K (10°m/year
Clay . <0.0001
Silt clayey 0.1-0.4 (0.2739-1.09 m/day)
Silt slightly sandy 0.5
Silt moderately sandy 0.8-0.9
Silt very sandy 1.0-1.2
Sandy silt 1.2
Silty sand 14

Source: EPA 1986
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Table-2

Material Intrinsic Permeability Hydraulic
(darcy) conductivity(ci/sec)
Clay 10°6-103 102-10°°
Silt, sandy silts, 10-3-10" 10%-10*
clayey sands, till
Silty sands,fine 1021 107°-107
Sands well sorted, 1- 10° 103-101
Sands, glacial
outwash
Well sorted gravel 10-10° 1021

Source: HSIN-YU- SHAN, Department of Civil Engg, National Chiao University

Table-3

K Value range by soil texture (Ritzema 2006)

Texture " Hydraulic Conductivity
K (m/day)
Gravelly coarse sand 10-50
Medium sand 1-5
Sandy loam, fine dsand 1-3
Loam, clay loam, clay 0.5-0.2
Very fine sandy loam(well structured) 0-2-0.5
Clay loam, clay (poorly structured) 0.002-0.2
Dense clay (no cracks,pores <0.002

Tabie-4

Hydraulic Conductivity of different soils (Ramakrishnan 1998)

Soil type Hydraulic Conductivity m/day
Clayey soils 0.01-0.20
Deep clay deposits 108-107
Loam soils 0.1-1.0
Fine Sand 1-5
Medium sand 5-20
Coarse sand 20-100
Gravel 100-1000
Sand and gravel mix 5-100
Clay, sand and gravel mix 0.001-0.1
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Figure 1: Photographs of Permeability Testing
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ANNEXURE 3 y

COLLECTION AND PRESERVATION OF SAMPLES (1060)/Collection of Samples 1-33
Tani 1060:1 Summaky oF SPECIAL Savpring anp. HANBLING REQUREMENTS*
Minimum .
Sample Maximum Storage
Size  Semple .

Determination Container? mL Typet Preservationd Recommended Regulatoryl]
Acidity P, G(B) 100 g Refrigerate 24 h 144
Alkalinity B, G 200 g Refrigerate 24k 14 d
BOD PG 1600 g.c Refrigerate 6h 48 h
Boren P (PTFE) or quartz 1000 gc HNO; to pH <2 284 6 months
Bromide P, G 100 EC None required 28 4 28d
Carbon, organic, G 3 160. g c Amalyze immediately; or refrigetdite and 74 28 &

total add HCI, HyPO,, or H,50, to pH <2
Carbon dioxide P, G 100 g Analyze immediately’ 025k N.S.
COoD PG 100 g ¢ Amnalyze as sven as possible,.or add 74d 28d
H,50, to pH <2 refrigerate
Chloride PG 5 g None sequired N.S. 284d
Chlorite, total, PG 500 g Analyze immediately 025h 025h
residual
Chlogine dioxide PG 500 g Analyzé immediately 025 h N.S.
Chlorophyll PG 500 & Unfiltered, dark, 4°C 24-48h
Filtered, dark, —20°C 28 d
{Do ot store in frost-free freezer)
Color PG 500 gc Refrigerate 48 h 48 h
Specific conductance P, G 500 g6 Refrigerate 28 d 284
Cyanide
Total BG 1000 [ Add NaOH to pH =12, refrigerate in 24 h 14 d;, 24 hif
dark# sulfide present
Amenable 1o PG 1000 g, c Add 8,6 g ascorbic acid if chloring is stat 14.d; 24 1 if
chlerination present and refrigerate sulfide present
Fluoride P 100 [ None required 284 28d
Hardness P.G 100 g.c Add HNOG, or H;80, to pH <2 6 months & months
Todine PG 500 g Analyze immediately 025k N.8.
Metals, general P(A), G(A) 1000 g ¢ For dissolved metals filter immediately, 6 oionths & months
add HNO; to pH <2
Chromium VI P(A), G(A) 1000 g Refrigerate 24h 24h
Copper by g, C
colorimetry™®
Mercury P(A), G(A) 1000 g ¢ Add HNO, to pH <2, 4°C, refrigerate 28 d 284
Nitrogen
Ammonia Pr'G 500 gc Analyze as soon as possible or add 7d 28 d
H,80, to pH <2, refrigerate
Nitrate PG 100 g Analyze as soon a5 posaible; refrigerate 48 h 48 b (28 d for
chlorinated
samples)
Nitrate + nitrite P, G 200 i Add H.80, to pH <2, refrigerate 124 28 d
Nitrite PG 100 g Analyze as soon a5 possible; refrigerate Tone 48 h
Organic, Kjeldahl* P, G 300 g Reftigerate, add H,S0, to pH <2 7d 284d
Oidor G 500 g Amnalyze as soen as possible; refrigerate ¢h N.S.
Oil and grease G, wide-mouth 10060 g Add HCI or H,80, to pH <2, refrigerate 28 d 284
calibrited
Organic compounds
MBAs P, G 250 g c Refrigerate 48 h NS
Pesticides™ G(S), PTFE-lined 1000. g ¢ Refrigerate, add 1000 mg ascorbic acid/L. 7d 7 -d until
cap if residual chlorine present extraction;
40 d after
extraction
Phenols P, G, PTEE-Hined 500 g ¢ Refrigerate, add H,80; w0 pH <2 * 28 d until
. cap extraction
Purgeables* by G, PTFE-lined-cap 2% 40 g Refrigerate; add HCT to pH <2; add 1000 7d 14 ¢

purge and tap

ing ascotbic acid/L if residual chlotine
present
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1-34 ' INTRODUCTION (1000)

Tasie 1060:1. Conr,

Minimom .
Sample Maximum Storage
Size Sample '
Determination Containerf mi, Typef Preservation§ Recommended Regalatoryl
Base/nentrals & G{S) amber 1000 g6 Refrigerate 7d 7 d until
acids extraction;
40 4 after
exfraction
Oxygen, dissolved G, BOD bottle 300 g
Electrode Analyze immediately 025h 025h
Winkler Titration may be delayed after $h 8h
acidification
Ozone G 1600 g Analyze immediately 025 k N.S.
pH P.G 50 g Analyze immediately 025h 025k
Fhosphate G(A) 100 g For dissolved phosphate filter 48 h N.S.
‘ immediately; refrigerate
Phosphorus, sotal P.G 100 gc Add H,80, to pH <22 and refrigerate 28d
Salinity G, wax seal 240 £ Analyze immediately or use wax seal 6 months N.S.
Silica P {PTFE) or quartz 200 B Refrigerate, do not freeze 28d 28d
Sludge digester gas G, gas bottle = g = N.S.
Solids® F, G 200 g Refrigerate 7d 2-7 d; see cited
reference
Sulfate PG 100 £ C Refrigerate 28 d 28 d
Suifide PG 160 gC Refrigerate; add 4 drops 2N zinc 28 d 7d
acetate/100 mL; add NaOH to pH >9
Temperaturs P.G == £ Analyze immediately 0.25h 025h
Turbidity P.G 100 g, Analyze same day; store in dark up to 24h 48 h
24 h, refrigerate

* For determinations not Iisted, use glass or-plastic containers; preferably refrigerate during storage and analyze as soon as possible.

t P = plastic {polyethylene or equivalent); G = glass; G{A} or P(A) = rinsed with 1 + 1 HNO,; G(B) = glass, borosilicate; G{S) = glass, rinsed with organic solvents or baked.
T g = grab; ¢ = composite. 1%

§ Reftigerate = storage at 4°C # 2°C; in the dark; analyze immediately = analyze usually within 15 min of sample collection.

| See citation'” for possible differences regarding container and preservation requirements, N.S. = not stated im cited reference; stat = no storage allowed; analyze
immedidtely.

# if sample is chlorinated, see iext for pretreatment.

9. 115, EnviRomMMENTAL PROTECTION AcEncy. 1996, 40 CFR Part 136,
Tabie I

10. 11.5. ENVIRONMENTAL PROTECTION Acency. 1992, Rules and Regala-
tions. 40 CFR Parts 100-149.

1060 C. Sample Storage and Preservation

Complete and unequivocal preservation of samples, whether
domestic wastewater, industrial wastes, or natural waters, is a
practical impossibility because complete stability for every con-
stituent never can be achieved. At best, preservation techmiques
only retard chermnical and biological changes that inevitably con-
tioue after sample collection.

copper, iron, lead, manganese, silver, and zinc, which are besi
tollected in a separate-clean bottle and acidified with nitric acid
to a pH below 2.0 to minimize precipitation and adsorption on
container walls. Also, some organics may be subject to loss by
adsorption fo the walls of glass containers.

Temperature changes quickly, pH may change significantly in a
matter of minutes; dissolved gases (oxygen, carbon dioxide) may be
fost. Because changes in such basic water quality properties may

1. Sample Storage before Analysis
‘ occur so quickly, determine temperatire, reduction-oxidation po-

4. Nature of sample changes: Some determinations are more
affected by szmple storage than others, Cistain cations are sub-
ject to loss by adsorption on, or ion exchange with, the walls of
glass containers. These include aluminum, cadmium, chrominm,

tential, and dissolved gases in situ and pH, specific conductance,
turbidity, and alkalinity immediately after sample collection. Many
organic compounds are-sensitive to changss in pH and/or temper-

Vi resulting in reduced concentrations during storage,




ANNEXURE 4
MAJOR INSTRUMENTS USED IN THE PRESENT STUDY

s

1: Incubator orbital shaker ORBITEK ~ LT — Extraction of water soluble fractions
2: Laboratory Centrifuge — REMI- R-8C BL - Extraction of water soluble Jfractions

3: Microwave Reaction System-Multiwave PRO- 24HVT50 — AntonPaar ~ Digestion of
soil samples for total heavy metal analysis

4: Prove 100 Spectroquant®, UV/Vis spectroscopy — Analysis of Hexavalent Chromium
5: UHPLC — Waters — Analysis of Oxalic Acid and Formic Acid

6: ULTRA PURE WATER SYSTEM PALL CASCADA LI - For the preparation of
standards and reagents, dilutions, extraction and digestion

7: ICP-OES —- AVI10200, Perkin Elmer — Analysis of total heavy metals (Cr & Fe)
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Spectroquant®
Chromate Test Cr

for the determination of chromium(VI}

1. Method

In weakly phosphoric solution chromium(VI) ions react with diphenylcar-
bazide te form chromium(III} and diphenylcarbazone, which form a
red-violet complex. This complex is determined photometrically.

Tha method is analogous to APHA 3500-Cr D and DIN 38405-24.

2. Measuring range and number of determinations

6. Preparation
¢ Analyze immediately after sampling.

= “Total chromium can be determined after pretreatment of the sample
using one of the Spectroquant® Crack Sets.

* Check the chromate content with the MQuant® Chromate Test.
Samples containing more than 3.00 mg/| Cr must be diluted with
distilled water prior to digestion.

s The pH must be within the range 1 - 9.
Adjust, if necessary, with sodium hydroxide sctution or sulfuric acid.

» Filter turbid samples.

7. Procedure

Reagent Cr-1 1 level grey Place into a dry test tube.
microspoon (in
the cap of the

Cr-1 bottle)
Reagent Cr-2 6 drops? Add and shake vigorously until the
reagent is completely dissolved.
Pretreated sample 5.0 ml Add with pipette and mix.

(15 - 35 °C)

Cell ' Measuring range Number of
m l ma/I Cr mg/l Cro> determinations
50 0.010 - 0.600 0.02-1.34

20 0.03 -1.50 0.07 - 3.35 250

10 005 - 3.00 0.11 - 6.69

For programming data for selected photometers / spectrophatometers see
www.service-test-kits.com.

3. Applications

This test measures chromjum(VI) present in the sample as chromate or
dichromate ions. Samples must be decomposed by digestion before
complex-bound chremium(III) occusing in waters or total chromium (sum
of chromium(VI} and chromium(III}) can be measured (see section 6).

Sample material:

Groundwater, surface water, and seawater
Drinking water

Industrial water

Wastewater and percolating water

4. Influence of foreign substances

This was checked individually in solutions centaining 1 and 0 mg/I Cr. The
determination is not yet interfered with up to the concentrations of foreign
substances given in the table. Cumulative effects were not checked; such
effects can, however, not be excluded.

Concentrations of foreign substances in mg/1 or %

Al3+ 1000 | Fe*+ 100 | Ph3* 10| EDTA 0.1 %
Cast 1000 | Hg** 1000 | POS 1000 § Surfactants®1 %
Cd2+ 1000 | Mg+ 1000 | 510, 1000 | Na-acefate 0.1 %
CN- 100 | Mn?+ 1000 | Znz+ 100 { NaCi 106 %3
Cr3+ 1009 | NH4* 1000 NaNQ; 10 %
Cut 10 | Ni2+ 1000 NaS0, 10 %
F- 1000 | NOy 100

Dwhen determined without digestion
2 tested with nenionic, cationic, and anionic surfactants
3t for determination of totai chromium only 1 %

Reducing agents interfere with the determination.

High COD values may impair the efficacy of the digestion mixture in the
determination of total chromium and thus result in false-low readings.

5. Reagents and auxiliaries

The test reagents are stable up to the date stated on the pack when
stored closed at +15 to +25 °C,

Package contents:

1 bottle of reagent Cr-1
1 bottle of reagent Cr-2
1 AutoSelector

Other reagents and accessories:
Spectroquant® Crack Set 10C, Cat, No. 114688
+ thermoreactor

ar

Spectroquant® Crack Set 10, Cat. No. 114687
+ empty cells 16 mm with screw caps (25 pcs), Cat. No. 114724
+ thermoreactor

MQuant® Chromate Test, Cat. No. 110012,

measuring range 3 - 100 mg/l CrO,2 (1.3 - 45 mg/l Cr)

MQuant® Universal indicator strips pH 0 - 14, Cat. No, 109535
Sodium hydroxide solution 1 mol/| Titripur®, Cat. No. 109137
Sulfuric acid 0.5 mol/| Titripur®, Cat. No. 109072

Chromium standard solution CRM, 0.050 mg/[ Cré+, Cat. No. 133012
Chromium standard solution CRM, 1.00 mg/l Cré*, Cat. No. 133013

Pipette for a pipetting velume of 5.0 ml

Rectangular cells 10, 20, and 50 mm (2 of each), Cat. Nos. 114946,
114947, and 114544

Semi-micrecells 50 mm (2 pcs), Cat. No, 173502
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Leave to stand for 1 min {reaction time), then fili the sample into the cell,
and measure in the photometer

1) Hold the bottle vertically while adding the reagent}

For measurement in the 50-mm ceil both the sample volume as well as the
quantities of reagents Cr-1 and Cr-2 must be doubled. Alternatively, the
serni-microcell Cat. No. 173502 can be used.

When using the 50-mm cell is recommended to measure against ah own
prepared blank sample (preparation as per measurement sample, but with
distilled water instead of sample) to increase the accuracy.

Configure the photometer for blank measurement.

Notes on the measurement:

» Certain photometers may require a blank (preparaticn as per
measurement sample, but with distilled water instead of sample).
= For photometric measurement the cells must be clean.
Wipe, if necessary, with a ¢lean dry cloth,

+ Measurement of turbid solutions vields false-high readings.
« The pH of the measurement solution must be within the range 1.0 - 3.0.

« The color of the measurement solution remains stable for at [east 60
min after the end of the reaction time stated above.

8. Analytical quality assurance

recommended before each measurement seres

To check the photemetric measurement system (test reagent, measure-
ment device, handling) and the mode of working, the chromium standard
solutions CRM (see section 5) can be used,

Sample-dependent interferences {(matrix effects} can be deter-
mined by means of standard addition. :

Additional notes see under www.qga-test-kits.com.

For quality and batch certificates for Spectroquant® test kits see the
website, where you will find all data in production control, that are
determined in accordance with ISO 8466-1 and DIN 38402 ASL.

9. Notes
+ Reclose the reagent bottles immediately after use.

» Information on disposal can be obtained at
www.disposal-test-kits.com.

Merck KGaA, 64271 Darmstadt, Germany,
Tel, +49(0)6151 72-2440
www .analytical-test-kits.com

EMD Millipore Corporatian, 400 Summit Drive
Burlington MA 01803, USA, Tel. +1-978-715-4321




ANNEXURE 6

INSTRUMENTATION PARAMETERS AND OPERATIONAL CONDITIONS OF ICP-OES AND
MICROWAVE DIGESTION

Table 1: ICP-OES instrumental parameters for the analysis of metals

Parameter Value Parameter Value
Nebuliser type Cross-flow | Processing mode Area
Spray chamber type | Scoti-type Read delay 45 s
RF power 1450 W Calibration type Linear
Plasma gas flow 10 L mint Purge Normal
Auxiliary gas flow 0.2 L min? Rinse 20s
Plasma viewing Axial/radial Replicates 3
Sample flow rate 1 mL min? Carrier solution Aqua regia
Nebuliser gas flow | 0.7 Lmin® Rinse solution 5 %
HNO;

Table 2. Power conditions for Microwave digestion {Chand and Prasad 2013)

Step | Power (Watt) | Hold time | Fan speed
1 200 5 1
2 500 5 1
3 1000 15 1
4 Y 15 2

130



ANNEXURE 7

THE STANDARDS AND CERTIFIED REFERENCE MATERIAL

1: OXALIC ACID ANALYTICAL STANDARD 41706-100MG — SIGMA ALDRITCH — Preparation of
Oxualic Acid standard for UHPLC analysis

2: FORMIC ACID FOR LC-MS LICHROPUR 00940-20ML ~ FISHER CHEMICALS — Preparation of
Formic Acid standard for UHPLC analysis

3: CERTIFIED REFERENCE MATERIAL SQC001-30G- SIGMA ALDRITCH - Validation of accuracy
in the heavy metals analysis of the soil samples
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ANNEXURE &

Geographical co-ordinations of the water samples location

S1. No. Sample ID Date of Collection Latitude Longitude
1 AHO1 28.01.2021 12.95576 79.30893
2 AHO4 28.01.2021 12.95173 79.31187
3 AHO5 28.01.2021 12.95144 79.31756
4 AH11 29.01.2021 12.95833 79.31136
5 AH14 29.01.2021 12.9516 79.31074
6 AHI16 29.01.2021 12.96857 79.3053
7 AH18 30.01.2021 12.96433 79.29784
8 AH21 30.01.2021 12.95251 79.30729
9 RAHO1 17.02.2021 12.95576 79.30893

10 RAHO5 17.02.2021 12.95144 79.31756
11 RAH14 17.02.2021 12.9516 79.31074
12 RAHI18 17.02.2021 12.96433 79.29784
13 RAH21 17.02.2021 12.95251 79.30729
14 DS2 18.02.2021 12.95182 79.31232
15 DS3 18.02.2021 12.952 79.31131
16 DS4 18.02.2021 12.95277 79.31061
17 US1 18.02.2021 12.9551 79.31131
18 Us2 18.02.2021 12.95487 79.31208
19 Us3 18.02.2021 12.95445 79.31335
20 Us4 18.02.2021 12.95388 79.31554
21 W1 18.02.2021 12.95854 7931109
22 W2 18.02.2021 12.95538 79.31088
23 W3 18.02.2021 12.95567 79.30954
24 W4 18.02.2021 12.95759 7930748
25 W5 18.02.2021 12.95666 79.30676
26 W6 18.02.2021 12.95988 79.30653
27 W7 18.02.2021 12.96087 79.3055

28 W8 18.02.2021 1296211 79.31014
29 w9 18.02.2021 12.96458 79.30446
30 W10 18.02.2021 12.96953 79.30577
31 W11 18.02.2021 12.96647 79.3019

32 W12 18.02.2021 12.96767 79.30016
33 w13 18.02.2021 12.96624 79.29842
34 w14 18.02.2021 12.96469 79.29737
35 W15 18.02.2021 12.96444 79.29742
36 W16 18.02.2021 12.96373 79.30004
37 W17 19.02.2021 12.95572 79.30754
38 W18 19.02.2021 12.9589 79.30187
39 W19 19.02.2021 12.95931 79.30077
40 W20 19.02.2021 12.96536 79.30333
41 W21 19.02.2021 12.95484 79.30554

132




42 W22 19.02.2021 12.95492 79.30762
43 W23 19.02.2021 12.95296 79.30976
44 W24 19.02.2021 12.95508 79.311
45 W25 19.02.2021 12.95195 79.3108
46 W26 19.02.2021 12.95275 79.30759
47 w27 19.02.2021 12.95125 79.31374
48 W28 19.02.2021 12.95067 79.30731
49 W29 19.02.2021 12.94578 79.31274
50 W30 19.02.2021 12.9454 79.30891
51 W3l 15.02.2021 12.93822 79.31308
52 w32 19.02.2021 12.92822 79.32299
53 W33 19.02.2021 12.92123 79.32201
24 W34 19.02.2021 12.93202 79.32359
55 W35 19.02.2021 12.92207 79.31322
56 W36 19.02.2021 12.92261 79.31255
57 W37 19.02.2021 12.93869 7931017
58 W38 19.02.2021 12.94202 79.29994
59 W39 19.02.2021 12.96363 79.2942
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ANNEXURE 9

ACCRER'TED

REFERENCE MATERIAL.
PAODUCER

ﬁ’sgf‘lofS

20931 Sofdier Springs Rd.
800-325-5832

Certificate of Analysis Certijled
y Reference
Material
Description
ProductID SQC001-30G
Lot LRAC66Z5
Expiratfon Date April 2024
Manufacturing Date April 2020
Storage Conditions Room Temperature
Solvent/Matrix LOAMY CLAY
Certified Values
Analyte Units Cortfied "
Aluminum, Al mg/Kg 11450 £ 619
Antimony, Sh mg/Kg 42.0%4.1
Arsenic, As mg/Ke 43.1+0.7
Barium, Ba mg/Kg 597 +9
Beryilium, Be mg/Kg 1172
Boron, B mg/Kg 2306
Cadmium, Cd mg/¥g 11812
Calcium, Ca mg/Kg 4272 £66
Chromium, Cr {total) mg/Kg 299+4
Cobalt, Co mg/Kg 114 +2
Copper, Cu me/Ke 3304
Iran, Fe me/Kg 12923 £ 296
Lead, Pb mg/Kg 144 +2
Lithium, Li mg/Kg 1036
Magnesium, Mg mg/Kg 1827 £43
Manganese, Mn mg/Kg 1065 + 19
Mercury, Hg mg/Kg 286+0.1
Molybdenum, Mo mg/Kg 60.2+1.4
Nickel, Ni mg/Kg 171+3
PHOSPHORUS AS P, TOTAL mg/Ke 294+ 26
Potassium, K mg/Kg 6087 £ 141
Selenium, Se mg/Kg 1543
Silver, Ag mg/Ke 73516
Sodium, Na me/Kg 1417 + 28
Strontium, Sr mg/Kg 369+10
Tin, Sn mg/Kg 215+8
SIGMA-ALDRICH"

Laramie, Wyoming 82070 USA

TechService@millporesigma.com  www.sigma-aldrich.com



Description

Lot LRAC6625
Expiration Date Apri] 2024
Manufacturing Date April 2620
Storage Conditions Room Temperature
Solvent/Matriz LOAMY CLAY

Vanadium, V mg/Kg 259+4
Zinc, Zn mg/Kg 874+ 11
Informational Values
Suggested Acceptance Standard

Analyte Units Windows Deviation
Aluminum, Al mg/Kg 0to 23308 3964
Antimony, Sb mg/Kg Oto126 27.3
Arsenic, As mg/Kg 27.3t058.8 5.26
Barium, Ba mg/Kg 390 to 797 67.9
Beryllium, Be mg/Kg 75.2to 161 14.3
Boron, B mg/Kg 125 to 337 35.3
Cadmium, Cd mg/Kg 81.7to 153 11.9
Calcium, Ca mg/Kg 3031 to 5542 418
Chromium, Cr (total) mg/Kg 202 10 391 314
Cobalt, Co mg/Kg 79.6t0 147 11.2
Copper, Cu mg/Kg 24010419 29.9
Iron, Fe mg/Kg 6994 to 18874 1980
Lead, Pb mg/Kg 99.1 o 187 14.6
Lithium, Li mg/Kg 25.010 189 27.3
Magnesium, Mg mg/Kg 1005 to 2680 279
Manganese, Mn mg/Kg 670 to 1456 131
Mercury, Hg mg/Ke 1.47 t0 4.20 0.455
Molybdenum, Mo mg/Kg 31.2t0 89.5 9.72
Nickel, Ni mg/Kg 112 to 225 18.9
FHOSPHORUS AS P, TOTAL mg/Kg 0.00 to 589 S83
Potassium, K me/Kg 3285 to 8622 889
Selenium, Se mg/Kg 80.2t0 226 243
Silver, Ag mg/Kg 39.7t0 106 11.0
Sodium, Na mg/Kg 877 to 1972 182
Strontium, Sr mg/Kg . 186 to 552 " 609
Tin, Sn mg/Kg 96.5 to 337 40.1
Vanadium, v mg/Kg 167 to 353 31.0
Zing, Zn mg/Kg 625 to 1125 83.3

Additional Information:
DESCRIPTION
A total sample size of 30g is provided.
The sample has been heat sterilized,
This sample should be digested using USEPA method 305 0, 3051 or equivilent methods.

ACCREDITED
REFERENGE MATETAL
PROGUCER

Page 2 of 3
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Certificate of Analysis Certified

Reference
Material

Description
ProductiD SQC001-30G
Lot LRAC6625
Expiration Date April 2024
Manufacturing Date April 2020
Storage Conditions Room Temperature
Solvent/Matrix LOAMY CLAY

SAMPLE PREPARATION

Perform the sample digestion on an appropriate amount of sample according to the selected digestion procedure. The
recommended minimum sampling size is 0.5 grams.

Determination of the percent moisture content of the material is required.

All results are reported on a dry weight basis.

It is recommended that approximately one gram of the soil be digested.

" Metredogical traceability: Traceable 1o the S| and higher order standards from NIST through an uribraken chain of cemparisens. The balance used to waigh raw materials is accurate fo +-0.0001 g and
cafibrated regularly using mass standards {racezble to NiST. All dilutions were performed gravimetrically. Additionally, individual analytes are traceable fo NIST SRMs where available and specified above,

4 Uerm - Uneertainty values in this document are expressed as Expanded Uncertainty {Ucrm) corresponding to the 95% confidence interval, Ucrm is derived from the combined standard uncertainty multiplied by
the coverage faclor k, which is obtained from a t-distribution and degrees of freadom. K=2 unless specified. The components of combined standard uncertainty include the uncertainties due to characterization,

hemogeneity, long term stability, and short term stability (transport). The components due to stability are generally considered to be negligivle unless otherwise indicated by stability studies. The malhematical
representation of the Ucrm ealculation is as follows:

_ ] 2 2
Uopyr = ‘\/u char + uhum ogeneity + u:tabiﬂry
#: Coverage factor derived from a t-distribution table, based on the degrees of freedom of the data set. Assume 2.0 for a Confidence interval = 85%

6 Analytical Vaiue- Far QC verification of the certified value oniy- not to be used I calculations. Represents the analytical data abtained by comparisen fo a standard as analyzed by the method described in the
CoA or anather acceptable method. The result may differ from the certified valus and UCRM based on method uncertainty as well as the uncertainty associated with the standard used for comparison,

Traceability: The standard was manufactured under an ISO/IEC 17025:2017 certified quality system. The balance used to weigh raw materials is accurate to +/- 6.0001g and

calibrated regularly using mass standards fraceable to NIST. All dilutions were preformed gravimetrically. Additionally, individual analytes are traceable to NIST SRMs where
available and specified above.

Homageneity: Homogeneity was assessed in accordance with ISQ 17034:2016. Completed units were sampled using a random stratified sampling pratocol, The results of chemical
analysis were then compared using a one-way analysis of variance approach as described by TNI EL-V3-2009 Appendix A.2. See Instructions for minimum sub-sample size.

Expiration is at end of month given on cerlificate and label.
MSDS reports for components comprising greater than 1.0% of the solution or 0.1% for companents known to be carcinogens are available upon request.

THIS PRODUCT WAS DESIGNED, PRODUCED AND VERIFIED FOR ACCURACY AND STABILITY IN ACCORDANCE WITH ISO/IEC 17025:2017 (ANAB Cert AT-1467) and 180
17034:2016 (ANAB Cert AR-1470).

d;.;,\ “hay2s, [

Andy Ommen - QC Manager Mark Pooler - QA Supervisor
Certification Date November 06, 2020
Version 0-1162020

SIGMA-~-ALDRICH®

ACCREDITED 2931 Soldier Springs Rd.  Laramie, Wyoming 82070 USA
—— . —— 800-325-5832
RAEFEREMCE MATERIAL
FRODUCER

TechService@milllporesigma.com  www.sigma-aldrich.com

PQ%S of 3



ANNEXURE 10
'OXALIC ACID CALCULATION FROM HPLC RESULTS in VIT:

Standard calibration

Sample Name: STD OXALIC ACID Acquired By: System

Sample Type: Standard Sample Set Name: dass

Vial: 1:A,2 Acq. Methed Set:  VIT HPLCEXT 2

Injection #: 4 Processing Method: vitl

Injection Volume: 20.00 ui Channel Name: 180.2nm

Run Time: 20.0 Minutes Proc. Chnl. Descr.:  PDA 120.2 nm {PDA Spectrum

{190-400)nm)
Date Acquired: 10-04-2021 04:03:10 IST
Date Processad:  12-04-2021 15:08:48 IST

Aute-Scalad Chromatogram

0.4

o [ gy £ 1
{

0.0

0.06]

004

082, !

AU

008 ——"

Peak Resulis
Name | BT | Arez | Height | Amount| Units
+ 2570 | 964044 | 97508,

Standard area = 964044

Volume injected = 20 pL

Totai Volume of the sample = 315 ml

Mass added in total volume = 6.3 mg (equivalent to 20 mg/L)

Molecular wt of Oxalic Acid = 90 gm

-3
Mole in total volume = E’E'—Ezo— = 0.00007 mole

0.00007 X20x1072

Mole injected = o = 4.44 x 10% mole
_ 964044 14
Area per mole = ——— == 2.169 x 10
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Calculation of US2 sample (water):

VIT

SAMPLE

INFORMATION

Sample Name: 22
Sample Type: Standard

Acquired By: System
Sample Set Name: dass

Vial: 2:C6 Acq. Method Set:  VIT HPLCEXT 2
Injection #: usz Processing Method: vit
Injection Volume: 10.00 uf Channel Name: 180.2nm
Run Time: 20.0 Minutes Proc. Chnl. Descr:  PDA 190.2 nm (PDA Spectrum
(190-400)nm)
Date Acquired: 10-04-2021 11:40:14 IST
Date Processed:  12-04-2021 15:26:11 IS8T
Auto-Scaled Chromatogram
1.004 ‘
[
o>
: o
0,80
080~
S !
<L
040~
020+
n.oa-:
0os 200 400 e00 800 1000 20t 1800 1800 2000

_Peak Results

Minutes

[Name| RT  Ares | Height | Amount | Units |

1] 2307 12975918 1001963

Area = 12975918

12975918

Z1eox1oid 098X 1008

Mole =

Mole injected = 10 pL

5.98 x 10~ "8x 1096

Mole/L = ” = 0.00598 Mole/L

=0.00598 x 90 = 0.5382 gm/L
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Calculation of SAH12 sample (soil):

SAMPLE INFORMATION
Sample Name: 9 Acquired By: System
Sample Type: Standard Sample Set Name: dass
Viai: 2:B.1 Acq. Method Set:  VIT HPLCEXT 2
Injection #: SAH1Z Processing Method: vit
Injection Volume: 10.00 ul Channel Mame: 19C.2nm
Run Time: 20.0 Minutes Proc. Chnl. Descr.;  PDA 180.2 nm (PDA Spectrum
(190-400)nm)
Date Acquired: 10-04-2021 07:10:08 IST
Date Processed:  12-04-2021 15:20:16 IST
Anto-Scaled Chromatogram
040 i
fsr)
U.Uﬁi o
D,Uﬁf-_;
0.04-
5 1
0.02-
o i
Q.00 e v A i R S R . [P
-0.02-
-0.041 ‘
a0 200 400 800 800 1000 1200 w00 00 B0 200
Minutes
_ Peak Results
© IName RT | Area | Héight| Amount | Units
L1 2343 | 545484.¢ 95020
Area = 545494
545494
Mole =————=2. =
2.169 x 1014 251x10

Mole injected = 10 pLL

= &
Mole/L = 222220 X197 _ 000251484 Mole/L = 0.00598 x 90 = 0.02263 gmy/L

The soil was mixed with water in 1:5 ratio as mentioned in the methodology.

Hence, soil concentration = 1.02263 x 5 =0.113 gm/kg

OXALIC ACID CALCULATIONS IN IIT IS ATTACHED IN THE FOLLOWING
PAGES [soil: water = 1:2]
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Qualitative Analysis Report

Data Filename
Sample Type
Instrument Name

Acq Method

IRM Calibration Status
Comment

Sample Group
Acquisition SW

Oxalic acid-50ppmr.d
Sample
QTOF

30min_+esi_14072021_MSMS.m

Info.

6200 series TOF/6500 series

Version Q-TOF B.05.01 (B5125.3)

User Chromatograms

Sample Name

Position

User Name
Acquired Time

Oxalic acid-50ppm
P1-F8

7/15/2021 1:01:34 PM
Default.m

x10 1 |DAD1 - A:Sig=254.0,4.0 Ref=360.0,100.0 Oxalic acid-50pprr.d
54 *1.253

1 2 3 4 5 6 7 8 9 10 11 12 13
Response Units vs. Acguisition Time {min)
Integration Peak List
Peak Start RT End Height Area Area %
1 1.093 1.253 1.553 48.38 465.44 100
~-- End Of Report ---
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Qualitative Analysis Report

Data Filename Oxalic acid-100ppm.d Sample Name Oxalic acid-100ppm
Sample Type Sample Position P1-F2

Instrument Name QTOF User Name

Acq Method 30min_+esi_14072021_MSMS.m Acquired Time  7/14/2021 5:43:40 PM
IRM Catibration Status BEss T T DA Method Default.m

Comment

Sample Group Info.

Acquisition SW 6200 series TOF/6500 series

Version Q-TOF B.05.01 (B5125.3)

User Chromatograms

x10 1|DAD1T - A:Sig=254.0,4.0 Ref=360.0,100.0 Oxalic acld-100ppm.d
gl *1.1433

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Response Units vs. Acquisition Time {min) -

Integration Peak List

Peak |Start |(RT End Height Area Area %
1 1.037]  1.133] 1.553 83.71 770.55 100
-~ End Of Report ~--
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Qualitative Analysis Report

Data Filename
Sample Type

Instrument Name

Acq Method
IRM Calibration Status
Comment

Sample Group
Acquisition SW

Version

Oxalic acid-200ppm.d
Sample

QTOF

30min_+esi_14072021_MSMS.m

5200 series TOF/6500 series
Q-TOF B.05.01 (B5125.3)

User Chromatograms

Info.

Sample Name

Position

User Name
Acquired Time

Oxalic acid-200ppm
P1-F3

7{14/2021 6:04:49 PM
Defauit.m

DAD1 - A:Sig=254.0,4.0 Ref=360.0,100.0 Oxalic acid-200ppm.d

10 11 12 13 14 15 16 17 18 19

1 2 3 4 5 6 7 8 9
Response Units vs. Acquisition Time {min)
Integration Peak List
Peak. |[Start RT End Height Area Area %
1 1.019 1.12 1.607 157.57 1564.86 100
- End Of Report —
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Qualitative Analysis Report

Data Filename
Sample Type

Instrument Name

Acq Method
IRM Calibration Status
Comment

Sample Group
Acquisition SW
Version

.

sample-1.d
Sample
QTOF

30min_+esi_14072021_MSMS.m

6200 series TOF/6500 series
Q-TOF B.05.01 (B5125.3)

User Chromatograms

Sample Name

Position

User Name
Acquired Time

Info.

sample-1
P1-F4

7/14/2021 6:46:26 PM
Default.m

x10 2

DAD1 - A:Sig=254.0,4.0 Ref=360.0.100.0 sample-1.d
1.133

1 2 3 4 5 6 7 & 9 10 11 12 13
Response Units vs. Acquisition Time (min)
Integration Peak List
Peak Start RT End Height Area Area %
1 0.86 1,133 1.707 357.84 5758.98 100
--- End Of Report —
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Qualitative Analysis Report

Data Filename sample-2.d Sample Name sample-2

Sample Type Sample Position P1-F5

Instrument Name QTOF User Name

Acq Method 30min_+esi_14072021_MSMS.m Acquired Time 7{14/2021 7:27:59 PM
IRM Calibration Status SpGesa R o ] DA Method Default.m

Comment

Sample Group Info.

Acquisition SW 6200 series TOF/6500 series

Version Q-TOF B.05.01 (B5125.3)

User Chromatograms

x10 3 | DADT - AlBig=254.0,4.0 Ref=360.0,100.0 sample-2.d

34
2.5+
24
1.5
14
0.5
04

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Response Units vs. Acquisition Time (min)

Integration Peak List

Peak Start RT End Height Area Area %
1 0.864 1.133 1.46 255.26 3933.32 7.07
2 1.46) 1.607| 2773 3183.16 55622.06 100

—~ End Of Report —
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Qualitative Analysis Report

Data Filename sample-Ar.d Sample Name  sample-A

Sample Type Sample Position P1-F6

Instrument Name QTOF User Name

Acq Method 30min_-+esi_14072021_MSMS.m Acquired Time  7/15/2021 11:49:13 AM
IRM Calibraticn Status _ DA Method Defautt.m

Comment

Sample Group Enfo.

Acquisition SW 6200 series TOF/6500 series

Version Q-TOF B.05.01 (B5125.3)

User Chromatograms

x10 3 |DAD1 - A:Sig=254.0,4.0 Ref=360.0,100.0 sample-Ar.d
35{ 1547
3,

T T T T T T T T i

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19
Response Units vs. Acquisition Time {min)

Integration Peak List

Pealk Start RT End Height Area Area %
1 1.021 1.193 1.353 158.5 1778.79 1,99
2 1,353 1.547] 3.233 3352.04 89366 160
--- End Of Report ---
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Qualitative Analysis Report

Data Filename sample-Br.d Sample Name sample-B

Sample Type Sample Position P1-F7

Instrument Name QTOF User Name

Acq Method 30min_+esi_14072021_MSMS.m Acquired Time 7/15/2021 12:10:21 PM
IRM Calibration Status — DA Method Default.m

Comment

Sample Group Info.

Acquisition SW 6200 series TOF/6500 series

Version Q-TOF B.05.01 (B5125.3)

User Chromatograms

x10 3 |DPAD1 - A'Sig=254.0,4.0 Ref=360.0,100.0 sample-Br.d
3.5 1.807

3 !

2.5 ':

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19
Response Units vs. Acquisition Time {min)

Integration Peak List

Peak [Start |RT End Height Area Area %
1 1.447 1.607 2,893 3325.5 62251.8 100
-— End Of Report —
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QXALIC ACID Std in {ppm) Area
50 465.44
100 770.55
200| 1564.86

sample details

sample name Area concentration in ppm

sample-1

5758.98 731.5405721

sample-2

3933.32 499.6341649

sample-A

1778.79 2259526955

sample-B

ND ND

1800

1600

v=78724x%

1400

R? = 0.9915/‘

1200

7

1000

7

800

600

¢ Seriesl
——Linear (Series1)

400

o

200

0

50 100 150 200 250
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Eco Tech Labs Pvt Ltd

NABET & NABL ACCREDITED AND MOEE & CC RECOGNISED LABORATORY
IS0 9001:2015 and OHSAS-ISO 45001:2018 Certified Company

Plot Mo.48A, 2nd Main Road, Ram Nagar South Extension, Pallikaranai, Chennaij - 600 100.
Fhone : 8144115515, Email : info@ecotechlabs.in / lab@ecotechlabs.in, Website : www.ecotechiabs.in

Accredited by NABL ISO/IEC 17025 - 2017, Quality Council of india

TEST REPORT
ReportNo : TC593721000001303F Report Dater 26.04,2021 Pagelof1
Name of the Client : Dr. Baskar Doss
Address of the Client ! VIT university, Vellore-632014
Sample Name 1 Soil Sample Description : 50il-B
Sample Code :ETL0421289 Sample Condition : Good
Sample Drawn By : Client Sampling date H
Sampling Procedure - Received date :20.04.2021
Sample Location - Commenced on 1 20.04.2021
Customer Reference : Test Requested on 20.04.2021 Completed on :24,04.2021
S.No Parameters Test Method Result Units
1 Total Chromitum 1S 3025 (P-53)2017 1728 mg/ kg
2 | Iron 15 3025 (P-52)2017 0.86 %
***End of Report*

Authorised Signatory - Chemical

caBel—"
. Kokila
Lab Manager

1. The report in the full or part original shall not be used for any promotional or publicity purpose without written consent by Eco Tech labs Put Lid.
2. Untess specifically requested by customer the test Items will not be retained more than 15 days from the date of issue of test report.
3. The test results relate only to the test items.



Eco Tech Labs Pvt Ltd

NABET & NABL ACCREDITED AND MOEF & CC RECOGNISED LABORATORY
IS0 9001:2015 and OHSAS-ISO 45001:2018 Certified Company

Phone : 8144115515, Email : info@ecotechlabs.in / lab@ecotechlabs.in, Website : www.ecotechlabs.in

Accredited by NABL ISO/IEC 17025 : 2017, Quality Council of India

TEST REPORT

ReportNo : TC593721000001296F Report Date: 26.04.2021 ~ Pagelofl |
Name of the Client : Dr. Baskar Doss
Address of the Client : VIT university, Vellore-632014
Sample Name : Water Samiple Description : Water Solubla- A
Sample Code :ETL.0421282 Sample Condition : Good
Samtple Drawn By : Client Sampling date e
Sampling Procedure 1= Received date 1 20.04,2021
Saneple Location I Commencedon : 20.04.2021
Customer Reference : Test Requested on 20.04,2021 Completed on 1 24.04,2021
S.No Parameters Test Method Result Units

1 | Hexavalent Chromium IS 3025 (P-52)2003 13.42 mg/L

**End of Report™™*

Authorised Signatory - Chemicai
el

8. Kokila
- Lab Managar

1. The report in the full or part original shall not be used for any promotional or publicity purpose without written consent by Eco Tech labs Pyt Lid.
2. Unless specifically requested by customer the test items will not be retained more than 15 days from the date of issue of test report.
3. The test results refate only to the test items.



Eco Tech Labs Pvt Ltd

MABET & NABL ACCREDITED AND MOEF & CC RECOGNISED LABORATORY
150 3001:2015 and OHSAS-1SO 45001:2018 Certified Company

Plot No.48A, 2nd Main Road, Ram Nagar South Extension, Pallikaranai, Chennai - 600 100.
Phone : 8144115515, Email : info@ecotechlabs.in / lab@ecotechlabs.in, Website : www.ecotechlabs.in

Accredited by NABL ISO/IEC 17025 : 2017, Quality Council of India

TEST REPORT
Report No  : TC593721000001300F Report Date: 26.04.2021 Page1of 1
Name of the Client : Dr. Baskar Doss
Address of the Client : VIT university, Vellore-632014
Sample Name s Water Sample Description : HNO3 Acidfied-1
Sample Code JETLD421286 Sample Condition : Good
Sample Drawn By : Client Sampling date H
Sampling Procedure - Received date :20.04.2021
Sample Location - Commenced on : 20,04.2021
Customer Reference : Test Requested on 20.04,2021 Compileted on 1 24.04.2021
S.No Parameters Test Method Result Units
1 Total Chromium 153025 (P-53)2017 28.6 mg/L
2 | Iron 15 3025 (P-52)2017 0.22 mg/L
***End of Report*

Authorised Signatory - Chemical
o R

8. Kokila
Lab Manager

1. The report in the full or part original shall not be used for any promotional or publicity purpose without written consent by Eco Tech labs Pyt Lid.
2. Unless specifically requested by customer the test items will not be retained more than 15 days from the date of issue of test report.
3. The test results relate only to the test items.



Eco Tech Labs Pvt Ltd

NABET & NABL ACCREDITED AND MOEE & CC RECOGNISED LABORATORY
150 9001:2015 and OHSAS-ISO 45001:2018 Certified Company

TC-5937
Plot No.48A, 2nd Main Road, Ram Nagar South Extension,Pallikaranai, Chennai - 600 100.
Phone : 8144115515, Email : info@ecotechlabs.in / lab@ecotechlabs.in, Website : www.ecotechlabs.in

Accredited by NABL ISO/IEC 17025 : 2017, Quality Council of India

TEST REPORT
ReportNo : TC593721000002301F Report Date: 26.04.2021 Pagelof1
Name of the Client : Dr. Baskar Doss
Address of the Client : VIT university, Vellore-632014
Sample Name : Water Sample Description : HNO3 Acidfied-2
Sample Code :ETL0421287 Sample Condition : Good
Sample Drawn By : Client Sampling date i-
Sampling Procedure - Received date 1 20,84.2021
Sample Location, - Commenced on : 20.04.2021
Customer Reference : Test Requested on 20.04.2021 Completed on 1 24.04.2021
S.No Parameters Test Method Result Units
1 Total Chromium 18 3025 (P-53)2017 18.9 mg/L
2 Iron 15 3025 (P-52)2017 0.12 mg/L
**End of Report™*

Authorised Signatory - Chemicai

8. Kokila
- Lab Manager

1. The report in the full or part oﬁginal shaif not be used for any promotional or publicity purpose without written consent by Eco Tech labs Pyt Lid.
2. Untess specifically requested by customer the test items will not be retained more than 15 days from the date of issue of test report.
3. The test results relate only ta the tast itemns.



Eco Tech Labs Pvt Ltd

NABET & NABL ACCREDITED AND MOEF & CC RECOGNISED LABORATORY
150 8001:2015 and OHSAS-ISO 45001:2018 Certified Company

Plot No.48A, 2nd Main Road, Ram Nagar South Extension,Pallikaranai, Chennai - 600 100"
Fhone : 8144115515, Email : info@ecotechlabs.in / lab@ecotechlabs.in, Website : www.ecotechlabs.in

Accredited by NABL ISO/IEC 17025 ; 2017, Quality Council of India

TEST REPORT
LRepart No :TC593721000001298F Report Date: 26,04.2021 Pagelof1

Name of the Client ¢ Dr. Baskar Doss
Address of the Client : VIT university, Vellore-632014
Sample Name : Water Sarhiple Description : Water -1
Sample Code ‘ETL0421284 Sample Condition : Good
Sample Drawn By : Client Sampling date 3 -
Sampling Procedure :- Received date : 20.04.2021
Sample Location i Commenced on : 20.04,2021
Customer Reference : Test Requested on 20,04,2021 Completed on : 24.04.2021
S.No Parameters Test Method Result Units

1 | Hexavalent Chromium 1S 3025 (P-52)2003 24 mg/L

***End of Report™

Authorised Signatory - Chemical
e M—"

8. Kokila
Lab Manager

CHENNAI
600 100

1. The report in the full or part original shall not be used for any promotional or publicity purpose without writien consent by Eco Tech labs Pyt Lid.
2. Unless specifically requested by customer the tast itams will not be retained more than 15 days from the date of issue of test repors.
3. The test results relate only to the test items.



\‘// ~ Interstellar Testing Centre Pvt. Ltd.

Slings 1086 D
ITC Labs TEST REPORT ORIGINAL
o i Test Report No. : ICE-2106250367 Sag ol

Issued To : NABL ULR No. : TC695221100002971F

Dr. Bhaskar Das :

Vellore Institute of Technology A

Vellore TC-6952

Sample RegistrationNo,  : E(2-2104200282

Sample Name# : SoilSample Received On : 20-04-2021

Sample Condition : Good CommencedOn : 25-06-2021

Sample detdils (if any)} i~ Completed On : 25-06-2021

Sample Quantity# ¢+ 102X 1 No Date of Report 1 25-06-2021

Batch No.# : Sample-A

Sample SubmissionType : Courier

Customer Reference® :  TestRequestForm/20.04.2021

Test Report.as per : NA

Dés eription

Description Brown coloured sample

S.No, Parameters Instrument Method Resglt
Discipline : Chemical
Q-reup : Pollution and Environment
1. Heavy Metals
a. Iron as Fe,(% by Mass) I(}P_OES'V USEPA 6010D 4.18

Chromium as Cr,(mg/kg) IGPOES USEPA 6010 D 333

'#' represents Customer Defined Fields

NOTE : BLQ : Below limit of Quantification, LOQ : limit of Quantification

REM ARXKS :All parameters are analysed as dry basis

wxxxxEnd Of Report##s

el

Verified il

Interstellar Testing Centre Pvt. Lid.
Plot No. 2.5.N.12/24, Industrial Estate,
Perungudi, Sholinganatiur Taluk, Chennai - 400 094.
Ph: 04424962512
Email : itclabs.chennai@itclabs.cam
Websile . wwwiitclabs.com

ba
>

P>

Disclaimer :

The test result related only to the items tesled
The test report shall ot be reprodiced In fll or part without the written
approval of ITC Labs, Chennai
The tes! items shall not be retained fare than 15 days from the dats of issue of

test report except in the case as required by the regulatory bodies and Customeis




\{/ ~ Interstellar Testing Centre Pvt. Ltd.

Since 1988 '

ITC Labs

TEST REPORT RIGINAT:

- Test Report No. : [CF-2106250372 Page1ofl
Issued To
Dr. Bhaskar Das
Vellore Institute of Technology
Vellore
Sample RegistrationNo.  ; E02-2104200287
Sample Name# 1 Water Sample Received On 1 20-04-2021
Sample Condition : Good Commenced On 1 25-06-2021
Sample details (if any) - CompletedOn 1 25-06-2021
Sample Quantity # : 20mlX 1 No Date of Report 1 25-06-2021
Batch No.# : B
Sample Submission Type  : Courier
Customer Reference# 1 TestRequestForm/20.04.2021
Test Report as per 1 NA
Description
Description Colourless liguid

§.No. *Parameters Instrument Method " Result
Discipline : Chemical
Group  :Water
L. GeneralParameters
a. Chromium (as Crﬁ’i')g{mg/l} UV- Spectrophotometer IS 3025 (Part 52) 0.016

"' represents categories/test parameters not covered under NABL | "**' rgpresents outseurce sampte | #' represents Customer Defined Fields

NOTE : BLQ : Below limit of Quantification, LOQ : [imit of Quantification

REM.ARKS :Not Applicable

#xskEEnd OF Report#s#++
o
- M
Verified by Authorised by
[
Interstellar Testing Centre Pvt. Lid. Disclaimer :

Plot No. 2.5.M6,12/24, Industris! Estate, > The fest resull related only to the ilems tested
Perungudi, Sholinganallur Taluk. Chenbai - 0D 095, »  The test repori shall not ba reproduced in full ar part without the written
Ph: 044 - 24962512 approval of ITC Labs, Chennai
Email ; itclabs.chennal@itclabs.com » The fest tems shall not be retained more than 15 days from the date of issue of

Website : www.itclabs.com

test report except in the case as required by the regulatory hodies and Cuslomers



\‘(/ | Interstellar Testing Centre Pvt. Litd.

Sinite 1988 3

ITC Labs £ST RERORT....... ORIGTNAL
Aosaring nfogty st amfidencs ¢ o Page lof 1
Issued To
Dr; BhaskarDas
Vellore Institute of Technology TC-6952
Vellore
Sample RegistrationNo. = E02-2104200283
Sample Name# : Soil Sample Received On 1 20-04-2021
Saraple Condition + Good Commenced On : 25-06-2021
Sample details (ifany) - Cormnpleted On 1 25-06-2021
Sample Quantity# : 10gX 1 No Date of Report ¢ 25-06-2021
Batch No.# 't Sample B
SampleSubmission Type : Courler
Customer Referencet ¢ TestRequestForm/20,04.2021
Test Report as per ¢ NA
Description
Description Brown coloured sample
5.Ne. Paramieters Tnstrument . Method Result
Discipline: Chemical
Group  :Pollution dind Environment

1. Heavy Metals .

a.  |Ironas Fe,(% by weight) ICPOES USEPA 6010 D 0.99

b.  |Chromium as Cr,(% by weight) ‘ ICPOES USEPA 6010D 0.22

%' represents Customer Defined Fields

NOTE : BLQ : Below limit of Quantification, LOQ : limit of Quantification
REMARKS :All parameters are-analysed as dry basis

*witdEnd Of Report*#*%#

Veriied by Authorised by

-
i
¥ . 5 = o P
Intersteilar Testing Centre Pvi. Ltd. Disclaimer :

Plot Na. 2.5.Ne.12/ZA, Indusirial Estate. ¥ The lest result related only to the items teste_d
Perungudi, Shalihganaliur Taluk, Chennai -.600 096, 3 The test report shall not be repraduced in full or part withiout the written
Ph - D44 - 24962512 approval of ITC Labs, Chennai
Email «itclabs.chennai@itelabs.com $ The lestilems shall notbe retalned mare than 15 days from the date of issus of

Website : wwwitclabs.com . test repior! except inthe caseas required by the regulalory bodies and Customers



\{/ ~ Interstellar Testing Centre Pvt. Ltd.

Since 7828 =

ITC Labs TEST REPORT ORIGINAL
AT lnept Tyt & Confidente Page 1 Of 1
Test Report No. : ICE-2106250371 2
Issued To
Dr. Bhaskar Das
Vellore Institute of Technology
Vellore
SampleRegistrationNo,  : E02-2104200286
Sample Name# : Water Sample Received On : 20-04-2021
Sample Condition 1 Good Commenced On 25-06-2021
Sample details (if any) - CompletedOn : 25-06-2021
Sample Quantity# 20ml X 1 No Date of Report 1 25-06-2021
Batch No.#¥ T A
Sample SubmissionType : Courier
Cuostomer Reference# TestRequestForm/20.04.2021
Test Report as per : NA
Description
Description Colourless liquid
S.No. *Parameters Instrument Method Result
Discipline : Chemical
Group 1 Water
1. GeneralParameters
a. Chromitm (as Crs"’),(mgfl) UV- Spectrophotomister l IS 3023 (Part 52) [4.8

"' represents categories/test parameters not covered under NABL | "** represents outsource sample | #' represents Customer Defined Fields

NOTE : BLQ : Below limit of Quantification, LOQ : limit of Quantification

REMARKS :Not Applicable

M.

Verified by

% ***End Of Report*inhk *

uthorised by

Interstellar Testing Centre Pvi. Lid.

Plot N, 2,5,Neo.12/24, industrial Estate,

Perungudi, Sholinganallur Taluk, Chennai - 630 094,
Ph: 044 - 249242512

Email ; Hglabs.chennai@itetabs.com

Websile : wwwiiclabs.com

>
>

»

Disclaimer :

The test result related only 1o the ltems lested
The test report shall not be reproduced in full or part wilhous the written
approval of ITC Labs, Chennai
The test iiems shall nof ke retained more than 15 days from the date of issue of

test report except in the case as required by the regulatory bodies and Custamers



Since 1288

~ Interstellar Testing Centre Pvt. Ltd.

ITC Labs TEST REPORT ORIGINAL
Avsiaing Iotegeity, Trust & Confidente | ) Pa a 1 Of 1
Test Report No. : [CE-2106250369 EaE
Issued To
Dr. Bhaskar Das
Vellore Institute of Technalogy
Vellore
Sample RegistrationNo., @ E02-2104200284
Sample Name# 1 Water sample (Acidified) Received On ¢ 20-04-2021
SampleCondition : Good Commenced On 1 25-06-2021
Sample details (if any) - Completed On : 25-06-2021
Sample Quantity# : 20mlX 1'Neo Date of Report : 25-06-2021
Batch No. # _ s 1
Sample SubmissionType : Courier
Customer Reference# :  TestRequestForm/20.04.2021
Test Report as per : NA
Description
Description Colourless liquid
S.Ne. : *Parameters ) Instruntent - . Method Result
Discipline : Chemical
Group  : Water

L. General Parameters

a, Iron as Fe, (mg/L) ] [CPOES ITC/CHN/FD/STR/020 0.121

b. Tatal Chromivm as Cr, {mg/L) . ICPOES ITC/CHN/FD/STP/020 27.03

"' tepresenfs rategories/test parameters nat coversd under NABL | ™*' represénts outsoniree sample | % represents Customer Defined Fields

NOTE : BLQ : Below limit of Quantification, LOQ : limit of Quantification’

REMARKS :Not Applicable

#*xx*Fnd Of Report*##++
M. (o)
Verified by Authorised by
Interstellar Testing Centre Pvt. Ltd. Disclaimer :
Piot No, 2.5.Nao.1 2724, Indusirial Estats, ¥ Thetest tesultrelated ontyto the items tested
Perungudi, Shalinganallur Taluk, Chennai - 400 074, ¥ Thetes! report shall notbe reproduced in full or part without thewrilten
Ph . D&k - 24942512 appraval of [TC Labs, Chennal
Email « itelabs.chennaj@iclabs.com ¥ Thetest items shall not ba retalned more than 15 days from the date of issue of

Website : wwwiitclabg.com ‘test repart except In the case as required bythe reguiatory hedies and Customers
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ITC Labs TEST REPORT ORIGINAL

Assuring Integiity, Tue & Conlidente

Test Report No. : ICE-2106250370 Zage Lot
Issued To
Dr. Bhaskar Das
Vellore Institute of Technology
Vellore
Sample RegistrationNo.  : E02-2104200285
Sample Name# : Water sample (Acidified) Received Ont 1 20-04-2021
Sample Condition : Good Commenced On : 25-06-2021
Sampie detaiis (if any) - Completed On . 95.06-2021
Sampie Quantity* : 20mlX 1 No Date of Report : 25-06-2021
Batch No. # 2
SampleSubmissionType : Courier
Customer Reference# :  TestRequestForm/20.04.2021
Test Report as per : NA
Description
Description _ Colourless lignid
S.No. *Parameters ) Instrument ) Method Resuit
' Discipline : Chemical
Group  ; Water
1. General Parameters
a. |ironasFe, (mg/L) ' ICPOES ITC/CEHN/FIVSTP/020 | - 0.092
b. Total Chromium as Cr, (mg/L) ICPCES TTC/CHN/FD/STE/020 16.5

"*' represents categoriesfiest parameters not covered under NABL | ** represents outsatrce semple | %' represents Customer Defined Fields
NOTE : BLQ : Below limit of Quantification, LOQ : limit of Quantification
REMARKS :Not Applicable

*****End Of Report*****

Verified by mﬁiﬁﬁ:

I
Interstellar Testing Cenire Pvt. Ltd. Disclaimer :
Plol No. 2.5.Ne.12/24, Industrial Estate, ¥ The test result related only to the items tested
Perungudi, Shelinganallur Taluk, Chennai - 600 0%4. » The test report shall not be reproduced in full or part without the written
Ph: 044 - 24962512 approval of ITC Labs, Chennai
Email : itelabs.chennai@itclabs.com » The test items shall not be retained mre than 15 days from the dale of issue of

Website - ww.itclahs.carn test repart except in the case as required by the regulaiory hodies and Guslomers
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Astting Ktegely, Tkt A Eentieice

Issaed To
Dr. Bhaskar Das

Vellors Institute of Technology

TEST REPORT

TestReport No.: ICE2106250373

~ Interstellar Testing Centre Pvt. Ltd.

ORIGIMAL
Page 1 of 1

Vellare
Sample RegistrationNo.  : E(2-2104200288
Sample Name# Water Sample Received On 1 20-04-2021
Sample Condition Good CommencedOn : 25-06-2021
Sample details (if any) Completed Or : 25-06-2021
Sample Quantity# 20m] X 1 Na Date.of Report 1 25-06-2021
Batch No.# i
Sample Submission Type Courier
Customer Reference# TestRequestForm/20.04.2021
Test Report as per NA
Description
Description Colourless liquid
S.Na. *Parameters Instrament Met',hﬁd Result
| Discipline: Chemical
Group  : Water
1. GeneralParameters \
. |Chromium (as Gt&M),(mg) UV- Spectrophotometer | 1S 3025 (Pat52) | 38

"' represents categoriesftest paramieters not covered under NABL | ™+ represints out'sou;rca sample | "' reprasents Customer Defined Fields

NOTE : BLQ : Below limit of Quantification, LOQ : limit of Quantification

REMARKS :Not Applicable

M

Verified by

#4444 End Of Report###++

Interstellar Testing Centre Pvi. Lid.
Plot No. 2.5.Np.12/24; Industris! Estate,

Perungudi, Sholinganatlur Taluk, Chennai.~ 600 D94,

Ph: 0Lk -26982512
Email ; telabs.chiennai@itclabs.com
Website : wwwiitelalis com

Disclaimer :

¥ The test rasult related only fo the items tesied
> Thetest report shall not be reproduced in full or part without the writtan

approval of iTC-Labs, Chennal

»  The test items shall not be ratalned more than 15 days from the date-of issue of
test report excapt in the case as required by the regulatory bodies and Costomers

Aunthorised by



Ref: -JICP-AES-10
Date: 18/05/2021

Analytical report of the samples submitted by Dr. Bhaskar Das, Vellore Institute of
Technology, Vellore-632014, using Inductively Coupled Plasma Atomic Emission

Spectroscopy.
Sample Cr Fe
ppm ppm
1-HNO3 ACIDIFIED WATER 30.783 0.193
2-HNO3 ACIDIFIED WATER 19,523
A - 307.851 | 56317.231
B '1112.234 '

ND MEANS LESS THAN 0.01PPM

Note: Content of this report is meant for
quoted as certificate to third party for ad

To,
Dr. Bhaskar Das,
Associate Professor,

Vellore Institute of Technology (VIT),

Vellore-632014

X —— X ——X

your information only and should not be
vertisement, evidence or litigation,

Sod 5 Conpicte W%W'

2570 />4
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Envis Centre, Ministry of Environment & Forest, Govt. of India

Printed Date: Thursday, January 27, 2022

Notification 26th December 2019 - G.S.R. 952(E)

e Ho o o-33004/99 REGD. NO. D. L.-33004/99

HHIXd

Che (‘5026%& of India

EXTRAORDINARY

WA [I—EUE 3-—IY-FUE (i)
PART H—Section 3—Sub-section )

WITERR ¥ Wiy
PUBLISHED BY AUTHORITY

W, 745] 38 Teeett, eeafemm, fegwm 26, 20194919 5, 1941
No. 745] NEW DELHL THURSDAY, DECEMBER 26, 2019/PAUSHA 5, 1941

T, 7 AR STy whed WA

BT
% faeelt, 26 few+aT, 2019

qr.EHLA. 952(zx).—FRvr yrew Ry AT TaTE (e deew fEm, 2018, watawo
(ereeron) R, 1986 & foery 5 % wwfe (3) F srirerame s 3 v, AT, § AT TR %
AT, g 3 srrary aRa s i e deriE an . 1173(), T 5 Rew, 2018 g7
Wﬁ@ﬁrﬁqwﬁrﬁﬁﬁmﬁwﬁaﬁﬁ,%ﬂ%wﬁwﬁa@%ﬁwaW@H%mw
%%WWWWNW%,WWW#WWWW%W%
mewaﬁmwwﬁaﬁﬁi%ﬁﬁﬁmﬁrﬁwﬁwmmwmﬁw%
STTUAIT;

S SUer TR # SfaEe Tt i wir S Ao F fro 5 Rt 2018 T Ierey o ;

AT, T T T, wm&ﬁﬁ?qﬁwﬁaﬁﬁwﬁwﬂxwmmwmﬁ
TTeTsAT UT R T & A= ey

A, I, HeT G qataeor (e B, 1986 % fa=w 5 ¥ gufvaw (3) wulsy wafawor
(gwerm) erfefRee, 1986 (1986@29)ﬁmsﬁwm%wwaﬁaﬁmmmg, L EICEus
(szeon) R, 1986 # fR=aforfea sz wefvers et &, erafq—

1. ey I A (1) 57 Rt # s e wabarzor (g geer dehe frm, 2019 &1

(2) 2 TSt F Fa oAt Y A & v g g
2, wataXw (dxEon) R, 1986 #t sl #, F qe® 113 3% w9 Hefw vfedt % geamg

ismenvis.nic.in/Database/N otiﬁcation26ﬂ1December2019-G.S.R.952(E}_23754.aspx?format=Pﬁnt



162

27/01/2022,07:30 ismenvis.mic.in/Database/Notification26thDecember2019-G.S R .952(E)_23754 .aspx format=Print
faerferfera s T staa, sia—
FAE. | gERr qHEE bt
(1) 2) (3} (4)
“114 AEVEET GAT SO, oW B9 | @i Rt & aftw a6 e, frow ¥ R wiwer w7 aEa
T FHATHT fram et )
e wadr we/RETs ¥ forg afardatas dax
fus 6.5-8.5
e T 3w 50
FEe A e e 150
e i Ay 10°
feoqur :

@ ol e, g T o o wE-eive giaemet & ge et 6 o, 9o gy ek (7 7 59
) 5 . am./eft e sl ot 5 ey, 6t =iy of Fmg gt
() B sratarse/afmen afare, afd Fi €, A1 S wew Frw, 2016 s afEmey i s
A (st S AT e e, 2016 % ST e far e )
[T, & F-15017/6/2010-Hr{Tesw1]
i T, J9Fa aivd

Reroqur: W Fraer WA & ST, STETO, 07 1, S 3, SYET (1) AT WA 844(%), A 19 79,

1986 T AT ST Heiree srfiRpEeT deatw arHn . (), ol 3 smed, 2019 g B
o7 |

MINISTRY OF ENVIRONMENT, FOREST AND CLIMATE CHANGE
NOTIFICATION i
New Delhi, the 26th December, 2019

G.S.R. 952(E) .—Whereas, ceriain draft rules, namely the Environtnent (Protection) Artendment Rules, 2018
were published in the Gazette of India, Extraordinary, as required under sub-rule (3) of rule 5 of the Environment
(Protection) Rules, 1986, vide notification of the Government of India in the Ministry of Envirooment, Forest and Climate
Change, number G.S.R 1173 (E), dated 5th December, 2018 inviting objections and suggestions from all persons likely
to be affected thereby within a period of sixty days from the dated on which copies of the Gazetie containing the said
notification were made available to the public;

And Whereas, copies of the Gazette containing the aforesaid notification were made available to the public on
the 5th December, 2018;

And Whereas, objections and suggestions received from all persons and stakeholders in response to the
aforesatd notification have been duly considered by the Central Government;

Now, therefore, in exercise of the powers conferred by sections 6 and 235 of the Environment (Protection) Act,
1986 (29 of 1986) read with sub-rule (3) of rule S of the Environment (Protection) Rules, 1956, the Central Government
hereby makes the following rules further to amend the Environment (Protection) Rules, 1986, namely:-

L. Short title and commencement.-(1) These rules may be called the Enviromment (Protection) Second
Amendment Rules, 2019.

(2) They shall come into force on the date of their publication in the Official Gazette.

2. In the Environment (Protection) Rules, 1986, in Schedule-l, after serial number 113 and the entries relating
thereto, the following shall be inserted, namely:-
S.No. | Industry Parameter Standard
(13 {2) (3 4
“114 Automobile Service Station, | Effluent Standard
Bus Depot or Workshop {Conceniration not to exceed, in mg/l except for pH)
Tnland Surface water/land for irrigation/Public Sewer
pH 6.5-8.5
Totial Suspended Solids 50
Chemical Oxygen 150

ismenvis.nic.in/Database/Notification26thDecember2019-G.8.R.952(E)_23754.aspx Mformat=Print 213
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1 pemanda J
l ) | Oil and Grease 10" |
Note :

(i) For Service Stations, Bus Depots and Workshops with metal pre-treatment facilities, limit of 5 mg/l of
dissoived phosphates (as P) and 5 mg/l of zinc shall also apply.

(i) Solid Wastes/ Hazardous Waste, if any, shall be disposed off as per the Solid Waste Management Rules 2016
and the Hazardous and Other Waste (Management and Trans-boundary Movement) Rules, 2016.7.

[F. No. Q-15017/6/2010-CPW]
JIGMET TAKPA, Jt. Secy.
Note: The principle rules were published in the Gazette of India, Extracrdinary, Part II, Section 3, Sub-section (i) vide

number 8.0.844 (E), dated the 19th November, 1986 and last amended vide notification number G.S.R. 5 (E),
dated the 3rd January 2019.

Notification 26th December 2019 - G.SR. 952(E)
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GREEN TRIBUNAL SOUTH ZONE

O.A 131 OF 2020
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MoOEFCC and Ors
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Typed set of papers

Counsel for Respondent No.8

M/s. Tanushree Arvind
Madhupreetha Elango



