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Chapter 1

Introduction

1.1 Preamble

NTPC is operating Vindhyachal Super Thermal Power Station (VSTPS) in
Singrauli district of Madhya Pradesh located on the North West Bank of Rihand
Reservoir (Gobind Ballabh Pant Sagar). The present capacity of VSTPS is 4760 MW,
which has been implemented in five stages. Stage-l (6x210 MW), Stage-Il (2x500 MW)
and Stage-Ill (2x500 MW), Stage-IV (2x500 MW) and Stage-V (1x500 MW). All the units
are under commercial operation.

At present, the unused ash from the station is disposed of in the ash dykes
located in the peninsular region of Rihand reservoir at about 2.5 km in the South East
direction. However, in order to supplement the storage capacity of the ash dykes as well
as to reclaim the abandoned mine voids of the de-coaled mines, NTPC proposes to
dispose ash from Vindhyachal STPS into abandoned voids of Gorbi mines located at
about 35 km in North West direction.

Accordingly, permission from MP Pollution Control Board shall be required for
disposal of ash into Gorbi mine voids.

In order to establish environmental sustainability of the proposed ash filling in the
Gorbi Mine Voids, environmental protection plan needs to be prepared. Further, this will
help to obtain the permissions from MPPCB. Detailed terms of reference (ToR) have
been prepared for EIA study incorporating baseline data collection, prediction of impacts
and suggest appropriate environmental management plan to mitigate the adverse
impacts of backfilling of ash into void mines, if any.

NTPC approached CSIR-NEERI to undertake part of the EIA study relating to
assessment of flora and fauna, and fly ash characterization, as per the following scope
of work.

1.2 Scope of Work
1.2.1 Study of Flora & Fauna

The studies on Flora and Fauna will cover an area of 10 km radius around mine voids
and shall cover the following:

e Study on biota (herbs, shrubs and trees of plants and soil invertebrates and
other animals) inhabiting in the areas located at 500 m, 1000 m, 5000 m, and
10,000 m from the mine void.
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e Study on bio-accumulation and bio-magnification of trace elements in plants
(herbs, shrubs and trees) and the invertebrates inhabiting in the areas
located at 500 m, 1000 m, 5000 m, and 10,000 m from the mine void and

also aquatic fauna in the mine void.

e The study shall be based on primary survey undertaken at representative
sites for flora-fauna and the analysis of their tissues for bio-accumulation and
bio-magnification of trace elements. No. of sampling locations proposed and
the parameters to be analysed shall be as per Table 1.2.1.

Table 1.2.1: Details of Sampling Locations/ Villages in the 10 km Radial Area

Sr. Sampling No. of Parameters to be Analyzed
No. | Locations wrt | Sampling at each Sampling Location
Mine Voids | Locations
/ Villages
1. | Within 500 m 1 Listing of Flora (herbs, shrubs and
2. | Between 500 3 trees) and Fauna (soil invertebrates
m-1000 m and other animals) based on field
3 | Between 1000 3 obsgarvatlons and review of information
available
m-5000 m
4. | Between 5000 6 Analysis of trace elements in plants
m-10000 m (herbs, shrubs and trees), the
5. | Total 13 invertebrates (10 samples at each

location)

Analysis of trace elements in aquatic
fauna from the mine void filled with fly
ash (5 samples at each of the 2
locations)

Analysis of trace elements in mine
water and ground water samples (15
samples).

Trace elements in the above shall
include As, Ba, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Ni, Pb, Zn

e The data so generated shall be analysed to establish the evidence of bio-
accumulation or bio-magnification of the elements.

o Presence of wetlands and other ecologically sensitive areas such as National
Parks/Sanctuaries, if any, is to be identified and indicated on a map.

e The study will also indicate possible impact and severity of any disturbance in
the ecosystem through external factors such as ash filling, truck movement,
construction activities etc.
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1.2.2 Ash Characterization and Leachate Study

The representative ash samples to be collected as per standard sampling techniques
from the electrostatic precipitator (ESP) hopper as well as boiler furnace bottom, and
standard tests shall be carried out like physical, chemical, mineralogical tests etc. in
accordance with the requirement of regulatory agencies and duly labeled and sealed
representative samples of bottom and fly ash collected for reference purpose.

In each season 5 samples each of fly ash, bottom ash and pond ash (collected at a 5-
10 m depth from surface) shall be collected and analysed for the following parameters for
characterization.

Samples Parameters to be Analysed

Ash Samples Chemical Parameters (%): SiO,, Al,O3, Fe,03, K0, TiO,,
CaO, MgO, Na,O, PzOs, SOg

Trace Elements (mg/kg, using TCLP Test): As, Ba, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn

(Tentative Numbers = 30)

{FA(B) + BA(5) + PA(5)}
X Two Seasons

Keeping in view the scope of work, preliminary survey of the study area was
conducted by NEERI study team during July 18-20, 2018, and discussions were held
with the representatives of NTPC to identify the villages/sampling locations as per the
study requirement.

The studies were conducted during winter (December 2018) and summer (May
2019) seasons as per the scope of work. The study findings along with sampling
methodology and analysis results are presented in the following Chapters.

Chapter 1.: Introduction

Chapter 2: Study of Flora (with focus on assessment of metals content and
bio-accumulation in different species)

Chapter 3:  Study of Fauna (with focus on assessment of metals content and
bio-accumulation in different species)

Chapter 4: Ash Characterization and Leachate Study
Chapter 5: Ash Transport Impact Study

Chapter 6: Overalll Summary and Recommendations

=== XXX---
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Chapter 2

Study of Flora with Water & Soil
Quality Status and Bio-accumulation

The chapter deals with the study of floral species in terms of trees, shrubs, herbs,
crops which produce different types of vegetables, fruits, cereals etc. The edible portion is
consumed by human beings whereas non-edible portion (biomass) is used as fodder by
animals and other living beings. The chapter covers the following aspects:

e Details of sampling locations

e Water quality status of mine voids and in nearby villages
e Soil quality status

e Status of flora in the study region

¢ Metals content in the floral species

e Bio-accumulation of metals in different floral species.

2.1 Details of Sampling Locations

A pre-sampling survey was conducted by NEERI study team along with the
officials of VSTPS for identification of sampling locations/villages in the entire 10 km
radial area from the mine voids. Besides the mine void area, a total 13 villages were
identified for collection of samples for water, soil and different floral species (trees,
herbs, shrubs which are primarily consumed by human beings and animals as fodder).
The samples were collected during winter and summer seasons, wherein floral samples
of seasonal fruits, vegetables and crops were collected. Location of the mine voids and
identified villages are shown in Fig. 2.1.1.

Details of sampling locations/villages, their distance & direction with respect to
mine voids, number of samples collected for water, soil and floral species (edible/non-
edible) and general features of the village within 1 km of the sampling location were
recorded, as summarized in Table 2.1.1.

Photographs showing collection of water and soil samples are shown in Plates
2.11
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Fig. 2.1.1: Sampling Locations for Water, Soil and Plant Species in the Study Area

Table 2.1.1: Village-wise Details of Sampling Locations and Samples Collected

Distance & Number of Samples per Season
Sr. Village Direction (Winter/Summer) Remarks
No. 9 wrt Mine ) Floral (within 1 Km Buffer area)
; Water Soil .
Void Species
e Forest patch
1 Mine Void 0 Km 3/3 Lakes 2/3 6/4 . Dlspersed Settlement
e Drainage
e Agricultural Land
e Scattered settlement
2 Phuljhar 0.75 Km 1HP/ 1HP 33 15/7 . Agrllcultural land
North e Drainage
e Forest Patch
e Road and Rail (Bargawa-
2K 1HP,1 Singrauli Road)
3. Naudhiya South \ranest Dw/ 2/4 10/15 ¢ Mine present in South East
1 HP,1 DW e Linear type of settlement
e Agricultural Land
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Mahadhiya

2.5 Km
South West

1 DW/
1 HP,1DW

2/1

12/6

Road and Rail (Bargawa-
Singrauli Road)

Mine present in South East
Linear type of settlement
Agricultural Land

Drainage

Gorbi

3.5Km
East

1 BW/
1DW,1
BW

3/4

11/12

Scattered settlement
Agricultural land
Forest Patch

Railway and Road
(Bargawa- Singrauli Road)

Thurua

4 Km
South West

1 HP/ 1HP

2/1

11/3

Road Network
Mine present in East
Agricultural Land

Nucleated and Linear
Settlement

Karaila

4.5 Km
North East

1 HP/ 1HP

2/3

11/7

Road Network (Singrauli -
Chitrangi Road)

Agricultural Land
Forest Patch

Nucleated /Dispersed
/Linear Settlement

Padri

5 Km
South West

1 HP/ 1HP

3/2

11/5

Road Network
Forest Patch
Agricultural Land
Linear Settlement

Bastali Abad

5Km
West

1 HP/ 1HP

2/1

9/8

Rail and Road Network
(Bargawa- Singrauli Road)
Agricultural Land

Nucleated and Linear
Settlement

10.

Kathas

6 Km
East

1 DW/1DW

2/2

13/3

Rail and Road (Bargawa-
Singrauli Road)
Drainage

Forest Patch (Singrauli -
Chitrangi Road)

Nucleated/Dispersed
Settlement

11.

Parsohar

7 Km
North

1 HP/1HP

2/2

12/7

Road Network ( Singrauli -
Chitrangi Road)

Forest Patch

Drainage

Agricultural Land

Linear / Dispersed
Settlement

12.

Khirwa

7 Km
East

1 DW/1DW

22

11/7

Road Network (Singrauli -
Chitrangi Road)

Drainage

Dispersed Settlement
Forest Patch (Singrauli -
Chitrangi Road)
Agricultural Land
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Road Network
7.25 Km 1 DW/ Agricultural Land
13. | Dadar 3/3 10/7
West 1DW,1 HP Dispersed/Linear/Nucleated
Settlement
Rail and Road (Jayant-
Singrauli main Road)
. . 8 Km Drainage
14. | Singrauli East 1 HP/1HP 3/2 10/5 Nucleated Settlement
Forest Patch
Agricultural Land
15. | Ash Dyke 19 Km 1/1Lake 11 212 _
South Ralil
Agricultural Land
Baliyari Nucleated/ Linear
16. | (Near Ash 158 Kr; 1LHPAHP | 272 6/5 Settlement
Dyke) out Drainage

HP: Hand Pump, DW: Dug Well, BW: Bore Well.

Photographs showing water sampling from mine voids and ash dyke pond are
shown in Plate 2.1.1. Photographs showing water sample collection from different water
sources (bore well, dug well and handpumps) in different villages of the study area are

shown in Plate 2.1.2.

Photographs showing soil sample collection from different villages is shown in

Plate 2.1.3.

Photographs showing collection of different floral species/plants from different
villages in the study area are shown in Plate 2.1.4. Air drying of different plant species is

shown in Plate 2.1.5.




Final Report — October 2020

Study of Flora, Fauna and Ash Characterization for Back-filling of Ash
from NTPC Vindhyachal STPS in Mine Voids of Gorbi Mines of Northern
Coalfields Ltd.

CSIR-NEERI-DZC, New Delhi

1SO 9001:2008

Mine void-1 Mine void-2 & 3

Water Sampling at Ashdyke pond

Plate 2.1.1: Water Sampling from Mine Voids and Ash Dyke Pond
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Water Sampling of Handpumps

Plate 2.1.2: Water Sampling from Different Sources of Water in the Study Area
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Onion i " Tomato

Plate 2.1.4: Collection of Plant Samples from different Villages in the Study Area
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=

— Non-edible Portion

Plate 2.1.5: Air Drying of Different Plant Species for Analysis

Status of water quality, soil quality and plant species, specifically with respect to

metal content is presented in the subsequent sections.

12
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2.2 Water Quality Status

2.2.1 Sample Collection and Analysis

In all 19 samples were collected, which included 3 samples from mine voids
pond, one sample fom ash dyke pond and 15 samples from hand pumps/dug wells/bore
well in different villages as detailed in earlier Section 2.1.

The collected samples were analysed for physico-chemical parameters
(temperature, pH, EC and TDS) and heavy metals (As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn,
Ni, Pb and Zn) following the standard procedures (APHA, 2012). Water samples were
collected in 500 ml and 250 ml polyethylene bottles for physico-chemical parameters and
heavy metal analysis respectively. Concentrated HNO; was added to the heavy metal
samples for preservation. lon selective electrode method was used for determination of
Fluoride in water samples.

Sample digestion and analysis for heavy metals content

The water samples were digested using microwave digester(Model: MARS ONE,
240/50), wherein 45ml water sample was added to each digester vessel along with 5ml
of HNOs;. The method followed for digestion was as per standard protocol of the
instrument. The digested samples were filtered twice using Whatmann filter paper No. 42
and syringe filter (0.45 microns). Filtered sample volume was made up to 50 ml and was
stored for further analysis for heavy metals using ICP-OES(Model: Prodigy High
Dispersion ICP, M/S Teledyne Leeman Labs).

2.2.2 Water Quality Characteristics and Heavy Metal Content

The source of water in the villages falling in the study area is ground water
(Handpumps, Borewells and Dug wells) which is mainly used for drinking and irrigation
purposes. Water samples were collected from each village and were tested in the field
for basic parameters and for metals content in the laboratory. Water quality parameters
are compared with respect to drinking water quality standards (BIS 10500-2012) and
Irrigation water quailty standard (Ayers& Westcot, 1994).

Status of physico-chemical characteristics (in terms of temperature, pH, EC &
TDS) of all the water samples collected during Winter and Summer season are given in
Tables 2.2.1 and 2.2.2, respectively. Metals content in water samples collected during
Winter and Summer are given in Tables 2.2.3 and 2.2.4 respectively. Further, village-
wise status of samples exceeding different parameters with respect to drinking water
guality and irrigation standards is summarized in Table 2.2.5.

2.2.3 Observations
a. Characterisation of Mine Voids Water

Water samples were collected from three Mine Voids which were adjacent to
each other in Gorbi mines area. Water present in the Mine Voids was found highly acidic
in nature (pH range 2.5-3.0) in both the seasons. TDS varied in the range of 750-1580

13
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mg/l during winter and 790-1750 mg/l during summer. Trace metal concentration was
found considerably higher with respect to Co, Cr, Fe, Mn, Ni and Zn in both the
seasons.In general, trace metal concentration was higher in Mine Void 1 as compared to
Mine Voids 2 & 3. At present, the water present in the Mine Voids is not used for any
purpose.

b. Characterisation of Ash Dyke Pond Water

Water sample was collected from Ash dyke after treatment. Water was neutral in
pH with EC 460 uS/cm (TDS - 240 mg/l) in winter and 550 uS/cm (TDS - 280 mg/l) in
summer season. All the trace metals were also found within the standard limits of
irrigation water quality.

c. Status of Drinking Water Quality in Villages

The water samples in both the seasons were within the acceptable limits with
respect to pH and TDS. However, TDS in few villages (Phuljhar, Naudhaiya, Mahadhiya,
Padri and Thurua) was found to be more than the acceptable limit of 500 mg/l, but was
very much within the permissible limit of 2000 mg/I, as there is no other alternate source
of water.

Among the trace metals, the concentration of Cr and Fe was found above the
acceptable limits in case of handpump samples of most of the villages in the winter
season. Hg concentration was found slightly above the standard limit of 0.001 mg/l in
almost all the villages. During summer season, the concentration of Cr and Fe was
higher than the acceptable limits in Handpump of Mahadhaiya, Thurua, Padri, Parsohar,
Dadar and Singrauli. However, unlike winter season, Hg was found within the standard
limit in all the villages, except in Phuljhar, Mahadhaiya and Bastali Abad marginally.

d. Status of Irrigation Water Quality in Villages

The water samples of both the seasons were assessed on the basis of pH, EC
and TDS and it has been observed that pH of the samples in the villages were within
limits (6.5-8.5), except for Parsohar (6.2) and Singraulii (6.4) during winter, and Parsohar
(6.2), Singrauli (6.3) and Phuljhar (6.4). On the basis of TDS, except for few villages
where it was catergorised under” no restriction in use (TDS < 450 mg/l)” viz, Parsohar,
Kathas, Bastali Abad, Kairala, Khirwa, Singrauli and Baliyari, rest of all the villages
showed water under the category of “slight to moderate restriction in use (TDS in the
range of 450-2000 mg/l).”

Among the trace metals, except for Cr (which was found above the standard limit
of 0.1mg/l), all the other trace metals were within the irrigation water standard limits.
Although Cr is not recognized as an essential growth element, standard limit is
recommended due to lack of knowledge on its toxicity to plants. Zn was found above
limits in village Padri during both the seasons, whereas Cu was marginally above the
limits in Kathas during winter and Mn was marginally above in Gorbi and Kathas during
summer.

14
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Fluoride concentration was found to be above the acceptable limit of 1.0 mg/L at
the Dadar Village dug well and in the ash dyke pond, whereas it was within limit in rest of
the villages including the Mine Voids. The pattern was found similar in both the seasons.

Table 2.2.1:Characteristics of Water Samples Collected during Winter Season

vo. | " iitage | Souee | P | oM | usiomy | moi) | mall)
1. | Mine void-1 Pond 1 24,5 2.5 3110 1580 0.02
2. | Mine void-2 Pond 2 22.6 2.7 2400 1220 0.59
3. | Mine void-3 Pond 3 23.8 3.0 1480 750 0.55
4. | Ash Dyke Pond Pond 22.2 7.3 460 240 1.72
5. | Phuljhar HP 28.3 6.5 1220 630 0.43
6. | Naudhiya HP 28.0 6.6 1990 1010 0.44
7. | Naudhiya DW 24.0 7.0 1480 750 0.42
8. | Mahadhiya DW 23.2 7.0 1100 560 0.29
9. | Gorbi BW 26.5 6.8 880 450 0.91
10. | Thurua HP 24.6 6.9 1340 690 0.24
11. | Karaila HP 26.8 6.6 490 250 0.34
12. | Padri HP 26.2 6.6 1170 600 0.14
13. | Bastali Abad HP 22.4 7.1 660 340 0.23
14. | Kathas DW 221 6.9 420 210 0.28
15. | Parsohar HP 26.2 6.2 320 170 0.22
16. | Khirwa DW 21.0 7.2 830 410 0.28
17. | Dadar DW 23.3 6.9 930 470 1.44
18. | Singrauli HP 25.1 6.4 520 270 0.05
19. giﬂg‘” (Near Ash HP 266 | 7.4 850 440 0.32
Drinking Water Quality Sandards

(BIS 10500: 2012) Acceptable Limit/ - 6.5-8.5 - 500/2000 | 1.0/15
Permissible Limit

Irrigation Water Standards (FAO) 6.5.8.5 4534125(’)%0** 10
(Ayers & Westcot 1994) D 2000+ '

* No restriction in use, ** Slight to moderate restriction in use,*** Severe restriction in use

HP: Hand Pump, DW: Dug Well,BW: Bore Well

Table 2.2.2: Characteristics of Water Samples Collected during Summer Season
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ng Loczi?(;nnp/l I\r;iglllage Source T(Efg)IO pH (psE/Sm) (r:g/?_) F(lrl:]%r/f)e
1. | Mine void-1 Pond 1 30.3 2.5 3420 1750 0.02
2. | Mine void-2 Pond 2 32.1 2.7 2420 1230 0.60
3. | Mine void-3 Pond3 31.9 2.9 1540 790 0.55
4. | Ash Dyke Pond Pond 30.1 7.7 550 280 2.33
5. | Phuljhar HP 30.9 6.4 1230 630 0.43
6. | Naudhiya HP 29.6 6.6 1920 980 0.44
7. | Naudhiya DW 28.5 7.2 1470 750 0.43
8. | Mahadhiya HP 29.1 7.0 670 340 0.37
9. | Mahadhiya DW 30.3 7.1 950 490 0.30
10. | Gorbi DW 27.1 7.4 1020 530 0.81
11. | Gorbi BW 29 6.8 880 450 1.00
12. | Thurua HP 30 7.0 1180 600 0.25
13. | Karaila HP 29.3 6.5 660 340 0.43
14. | Padri HP 30.4 6.8 1080 560 0.14
15. | Bastali Abad HP 27.8 6.9 500 260 0.29
16. | Kathas DW 26.2 6.8 390 200 0.30
17. | Parsohar HP 27.7 6.2 320 160 0.21
18. | Khirwa DW 30.3 6.6 490 250 0.27
19. | Dadar HP 29.4 6.9 940 480 1.46
20. | Dadar DW 28.3 7.0 730 370 1.43
21. | Singrauli HP 27.9 6.3 430 220 0.05
22. [B)i:g‘;‘” (Near Ash HP 29.5 7.5 900 460 0.42
Drinking Water Quality Sandards
(BIS 10500: 2012) Acceptable Limits - 6.5-8.5 - 500/2000 | 1.0/15
/ Permissible Limits
Irrigation Water Standards (FAO) 6.5.8.5 45;4250%0** 10
(Ayers & Westcot 1994) o 52000+ '

*No restriction in use,** Slight to moderate restriction in use,***Severe restriction in use

HP: Hand Pump,DW: Dug Well,BW: Bore Well
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Table 2.2.3: Heavy Metals Concentration in Water Samples Collected from the
Study Area during Winter Season

Sr. Sa\’}‘iﬁgggssge/ Metal Concentration (mg/L)

No. Source As Ba cd co | cr Cu Fe Hg Mn Ni Pb Zn
1. | Mine Void-1 0.0019 | 0.03 | 0.003 | 1.36 | 6.80 | 0.058 | 34.6 | 0.0026 | 7.08 | 2.385 | 0.033 | 557
2. | Mine Void-2 0.0007 | 0.05 | 0.002 | 0.71 | 528 | 0.028 | 7.36 | 0.0014 | 354 | 1595 | 0.014 | 2.98
3. | Mine Void-3 0.0005 | 0.06 | BDL | 0.36 | 2.56 | 0.011 | 4.30 | BDL 1.74 | 0755 | 0.002 | 1.56
4. | Ash Dyke Pond 0.0015 | 0.10 | BDL | BDL | 0.10 | 0.008 | 0.18 | 0.0012 | 0.05 | 0.006 | BDL | 0.08

Villages
1. | Phuljhar (HP) 0.0013 | 003 | BDL | 0.01 | 0.26 | 0.002 | 1.97 | 0.0031 | 0.07 | 0.029 | BDL | 0.22
2. | Naudhiya (HP) 0.0048 | 018 | BDL | BDL | 0.11 | BDL | 4.04 | 0.0049 | 0.02 | 0002 | BDL | 0.11
3. | Naudhiya (DW) 0.0032 | 0.2 BDL | BDL | 0.02 | BDL | 0.17 | 0.0038 | BDL | 0.001 | BDL | 0.02
4. | Mahadhiya (DW) | 0.0011 | 021 | BDL | BDL | 0.02 | BDL | 0.02 | 0.0013 | BDL | 0.001 | BDL | 0.01
5. | Gorbi (BW) 0.0006 | 0.15 | BDL | BDL | 0.02 | BDL | 0.06 | 0.0025 | BDL | BDL BDL | 0.03
6. | Thurua (HP) 0.0014 | 006 | BDL | BDL | 1.64 | BDL | 2.20 | 0.0035 | BDL | BDL BDL | 1.24
7. | Karaila (HP) 0.0010 | 002 | BDL | BDL | 0.13 | 0.039 | 2.61 | 0.0015 | 0.01 | BDL | 0.029 | 0.11
8. | Padri (HP) 0.0008 | 0.1 BDL | BDL | 5.89 | 0.001 | 2.79 | 0.0005 | 0.03 | 0.002 | BDL | 4.12
9. ?ﬁ;;a” Abad BDL | 003 | BDL | BDL | 040 | 0.013 | 053 | 0.0018 | BDL | 0.003 | 0.005 | 0.32

10. | Kathas (DW) 0.0004 | 008 | BDL | BDL | 0.11 | 0.249 | 0.23 | 0.0010 | BDL | BDL | 022 | 0.01
11. | Parsohar (HP) 0.0000 | 0.08 | BDL | BDL | 0.93 | 0.006 | 1.78 | 0.0026 | 0.001 | 0.001 | 0.003 | 0.84
12. | Khirwa (DW) 0.0004 | 002 | BDL | BDL | 0.02 | BDL | 0.03 | 0.0025 | BDL | BDL BDL | 0.02
13. | Dadar (DW) BDL 016 | BDL | BDL | 0.10 | BDL | 0.06 | 0.0082 | BDL | 0.001 | BDL | 0.04
14. | Singrauli (HP) 0.0005 | 025 | BDL | BDL | 1.18 | 0.001 | 4.64 | 0.0014 | 0.03 | 0.009 | BDL | 0.71
15. | Baliyari (HP) 0.0019 | 004 | BDL | BDL | 0.71 | 0.003 | 0.05 | 0.0017 | 0.05 | BDL BDL | 0.60

Drinking Water Quality

Sandards (BIS 10500: 0.01 07 | 0003 | — |[005| 005 | 03 | 0001 | 0.1 0.02 | 001 5

2012) Acceptable limits

Irrigation Water

S(f;eﬂzrgsw(e':sﬁggt 0.1 - | oot |005| 01 | 02 5 - 0.2 0.2 5 2

1994)

BDL - Below Detection Limit; HP: Hand Pump, DW: Dug Well, BW: Bore Well

17




Final Report — October 2020

Study of Flora, Fauna and Ash Characterization for Back-filling of Ash
from NTPC Vindhyachal STPS in Mine Voids of Gorbi Mines of Northern
Coalfields Ltd.

CSIR-NEERI-DZC, New Delhi 1S0 9001:2008

Table 2.2.4: Heavy Metals Concentration in Water Samples Collected from the
Study Area during Summer Season

Sr. Sa\r?iﬁgggssgﬂ Metal Concentration (mg/L)

No. Source As Ba Cd Co | Cr Cu Fe Hg Mn Ni Pb Zn
1. | Mine Void-1 0.0032 | 0.02 | 0.001 | 1.35 | 591 | 0.06 | 26.05 | 0.0006 | 6.25 | 2.253 | 0.039 | 7.34
2. | Mine Void-2 0.0011 | 003 | BDL | 0.81 | 313 | 0029 | 6.1 | 0.0008 | 416 | 1.251 | 0.023 | 0.004
3. | Mine Void-3 0.0004 | 0.04 | BDL | 0.44 | 1.58 | 0.008 | 518 | 0.0014 | 2.13 | 0.001 | 0.002 | 0.002
4. | AshDyke Pond | 0.0023 | 0.14 | BDL | BDL | BDL | 0.006 | 0.59 | 0.0009 | 0.06 | 0.009 | 0.005 | 1.430

Villages
1. | Phuljhar (HP) | 0.0006 | 0.02 | BDL | BDL | 002 | BDL | 1.15 | 0.0012 | 0.044 | 0.004 | BDL | 0.03
2. | Naudhiya (HP) | 0.0044 | 0.10 | BDL | BDL | BDL | 0.006 | 0.534 | 0.0005 | 0.008 | BDL | 0.001 | BDL
3. | Naudhiya (DW) | 0.0030 | 0.13 | BDL | BDL | BDL | 0.006 | 0.09 | 0.0004 | 0.003 | BDL | BDL | BDL
4, ?"H"’"Dh)adhiya 0.0006 | 0.09 | BDL | BDL | 0.16 | 0.004 | 0.32 | 0.0026 | 0.005 | BDL | BDL | 0.156
5, ?/'D"’\‘,U";ldhiya 0.0015 | 0.13 | BDL | BDL | BDL | 0.006 | 0.08 | 0.0012 | 0.006 | BDL | BDL | BDL
6. | Gorbi (DW) 0.0003 | 0.17 | BDL | BDL | BDL | 0.023 | 0.22 | 0.0008 | 0.251 | BDL | 0.013 | BDL
7. | Gorbi (BW) 0.000 | 013 | BDL | BDL | BDL | 0.005 | 0.03 | 0.0005| BDL | BDL | BDL | BDL
8. | Thurua (HP) 0.0014 | 004 | BDL | BDL | 1.12 | 0.015 | 4.28 | 0.0006 | 0.051 | BDL | 0.006 | 1.15
9. | Karaila (HP) 0.0004 | 0.02 | BDL | BDL | BDL | 0.004 | 0.009 | 0.0004 | BDL | 0.001 | BDL | BDL

10. | Padri (HP) 0.0006 | 0.05 | BDL | BDL | 2.67 | 0.013 | 4.99 | 0.0004 | 0.021 | BDL | BDL | 3.43
11. ﬁj‘;;a" Abad BDL | 002 | BDL | BDL | BDL | BDL | 0.02 | 00011 | BDL | BDL | BDL | BDL
12. | Kathas (DW) 0.0002 | 007 | BDL | BDL | BDL | 0.005 | 0.32 | 0.0010 | 0.259 | 0.004 | BDL | BDL
13. | Parsohar (HP) BDL | 0.00 | BDL | BDL | 0.28 | 0.003 | 3.37 | 0.0004 | 0.024 | BDL | BDL | BDL
14. | Khirwa (DW) BDL | 002 | BDL | BDL | BDL | 0.002 | 0.03 | 0.0003 | 0.016 | BDL | BDL | 0.28
15. | Dadar (HP) 0.0004 | 007 | BDL | BDL | 1.20 | 0.022 | 3.93 | 0.0010 | 0.032 | 0.001 | 0.013 | BDL
16. | Dadar (DW) 0.0001 | 0.07 | BDL | BDL | BDL | 0.002 | 0.08 | 0.0003 | 002 | BDL | BDL | BDL
17. | Singrauli (HP) | 0.0003 | 0.19 | BDL | BDL | 1.14 | 0.008 | 3.99 | 0.0008 | 0.041 | 0.009 | 0.001 | 0.24
18. | Baliyari (HP) 0.0014 | 0.867 | BDL | BDL | 0.24 | 0.016 | 0.23 | 0.0006 | 0.054 | 0.004 | 0.006 | BDL

Drinking Water

?;é“% ;"’c‘:dz":‘;ld;) 001 | 07 | 0003 | — |005]| 005 03 | 0001 | 01 | 002 | 001 5

Acceptable limits
Irrigation Water
Standards (FAO) 0.1 = | 001 |005| 01 | 02 5 - 02 | 02 5 2

(Ayers & Westcot
1994)

BDL - Below Detection Limit; HP: Hand Pump, DW: Dug Well, BW: Bore Well
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Table 2.2.5: Summary of Samples Exceeding Acceptable Limits for Drinking and

Irrigation Water Quality in Different Villages

Sr - Drinking Water Irrigation Water
No.. Village Source Quality Standards Standards (FAO)
(BIS 10500- 2012) (Ayers & Westcot 1994)
A. | Winter Season
1. Phuljhar HP TDS, Cr, Fe, Hg, Ni Cr
. HP TDS, Cr, Fe, Hg Cr
2. Naudhaiya DW DS, Hg -
3. Mahadhaiya DW TDS, Hg -
4. Gorbi BW Hg -
5. Thurua HP TDS, Cr, Fe, Hg Cr
6. Karaila HP Cr, Fe, Hg, Pb Cr
7. Padri HP TDS, Cr, Fe Cr, Zn
8. Bastali Abad HP Cr, Fe,Hg Cr
9. Kathas DW Cr, Cu, Pb Cr, Cu
10. | Parsohar HP pH, Cr, Fe, Hg Cr
11. | Khirwa DwW Hg -
12. | Dadar DW Cr,Hg, F F
13. | Singrauli HP pH, Cr, Fe, Hg Cr
14. | Baliyari HP Cr, Hg Cr
B. Summer Season
1. Phuljhar HP pH, TDS, Fe, Hg -
. HP TDS, Fe -
2. Naudhaiya DW TDS -
_ HP Cr, Fe, Hg Cr
3. Mahadhaiya DW Hg -
. DW TDS, Mn, Pb Mn
4, Gorbi BW - -
5. Thurua HP TDS, Cr, Fe Cr
6. Karaila HP - -
7. Padri HP TDS, Cr, Fe Cr, Zn
8. Bastali Abad HP Hg -
9. Kathas DW Fe, Mn Mn
10. | Parsohar HP pH, Cr, Fe Cr
11. | Khirwa DW - -
HP Cr, Fe, Pb, F Cr,F
12. | Dadar DW = =
13. | Singrauli HP pH, Cr, Fe Cr
14. | Baliyari HP Ba, Cr Cr

HP: Hand Pump, DW: Dug Well, BW: Bore Well.
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2.3 Soil Quality Status

2.3.1 Sample Collection and Analysis

The soil samples were collected from the respective vegetables fields from where
the plant samples were collected. First, all the collected samples were air dried naturally.
Then the dried samples were grinded and sieved using 2 mm sieve for further analysis of
physical parameters and heavy metal content determination.

The physical parameters, viz. texture, colour, pH & electrical conductivity (EC) of
all the soil samples were determined for one season (winter) only, as these are not
expected to vary in other season. The texture was estimated by International Pipette
Method (Black, 1964) for determination of particle size and the soils were classified on
the basis of their textural class. pH and EC were analysed by preparing soil extract in
distilled water in ratio 1:2 (as per Jackson procedure, 1967). Soil Colour was compared
and identified using Munsell colour chart, 1994. lon selective electrode method was used
for determination of Fluoride in soil samples.

Heavy metal content determination: The soil samples were digested using
Microwave digester, wherein 0.5 g of soil sample was taken in each digester vessel
along with 10 ml of aqua regia. The digestion method followed was as per standard
protocol of the instrument. The digested samples were filtered twice using Whatmann
filter paper No. 42 and syringe filter (0.45 microns). Sample volume was made up to 50
ml and heavy metal analysis was done by using ICP-OES.

2.3.2 Soil Quality Status

Physical characteristics of soil samples in terms of color, sand, silt & clay content,
texture class, pH and EC are given in Table 2.3.1.

The collected soils from the study area were moderate textured with pale brown
to brown in color. Texture of soil samples of 12 villages was sandy loam (Sand content:
56-70%, Silt: 22-38%, Clay: 4-16%), whereas 2 samples/villages (Phuljhar & Baliyari)
have loamy sand. Soil near the mine voids was mostly sandy (sand content: 88-90%) in
nature.

pH of the soil samples was neutral ranging between 6.5 to 7.7, whereas near
mine voids, pH of soil was found in the range of 2.8-3.5. The EC of the soils ranged from
263 pS/cm (Khriwa village) to 1949 uS/cm (Bastali Abad village).

Heavy Metal Content in Soil Samples

Soil samples collected from different locations/villages of study area were
analyzed for different heavy metals (As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn)
for both, winter and summer seasons. The results are compared with the available
Indian Standards, Awasthi, 2000 (Anwarzeb Khan et.al 2015) as given in Tables 2.3.2
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and 2.3.3, respectively for winter and summer season. Further, results of metals content
in the samples collected from 14 villages during winter and summer are summarised in
Table 2.3.4.

Perusal of table indicates that all the metals for which Indian Standards are
available, were well below the limits in all the villages. Cd content was in the range 0.4-5
mg/kg against the limit of 3-6 mg/kg. Cu content was in the range of 9-32 mg/kg against
the limit of 135-270 mg/kg.Ni content was in the range of 5-28 mg/kg against the limit of
75-150 mg/kg.Pb content was in the range of 6-24mg/kg against the limit of 250-500
mg/kg.

All the metals in the soils near mine voids were also found well below the limits in
both the seasons.

Fluoride content was found to be in the range of 0.53 mg/kg at Thurua to 2.09
mg/kg at Khirwa. Near the Mine Voids 1 & 2, the fluoride content in soil was found to be
0.98 and 1.11 mg/kg respectively.

Soil fluoride is derived from the parent material and therefore its distribution
pattern in soil is related to the process of soil formation. The lowest F content are
usually present in sandy soil, while the higher concentrations of F are found in soil from
weathered mafic rocks and in heavy clay soil. Further, there is no standard limit for
fluoride in soil.
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Table 2.3.1: Physical Characteristics of Soil Samples Collected from the Study

Area
Sampling Content (%) Fluoride
Sr. . Texture EC
No. .S'te/ Colour Sand Silt Clay | Class pH (uS/cm) (mg/L)
Village
1. | Mine Void 1 Grey 90 8 2 sand | 35 457 0.98
2. | Mine Void 2 Pale 89 9 2 sand | 2.8 444 1.11
brown
3. | Phuljhar Brown 78 20 o | Loamy | 55 656 1.52
Sand
Light
4. | Naudhiya | brownish | 66 | 25 | 9 Sl‘ggiy 65 | 494 1.03
grey
Light Sand
5. | Mahadhiya brownish 70 24 6 Ioamy 7.7 768 0.57
grey
Light
6. | Gorbi brownish 68 28 4 | Sandy | gg 683 0.94
Loam
grey
Light
7. | Thurua brownish 60 32 8 slsgg]y 7.7 485 0.53
grey
8. | Karaila Brown 58 38 4 | Sandy | og 374 0.98
loam
9. | Padri Brown 64 26 10 | Sandy | ;¢ 904 1.16
loam
10, | Bastal Pale 60 24 | 16 | S | 75 | 1049 1.18
Abad Brown loam
11. | Kathas Light 58 30 | 12 | Sady | 22 1 1000 1.81
Brown loam
12. | Parsohar Brown 56 38 6 | Sandy | -, 455 1.98
loam
Light
13. | Khirwa yelowish | 62 | 33 | 5 | S | 75 | 263 2.09
oam
brown
14. | Dadar Brown 68 26 6 Sandy | g 453 1.99
loam
15. | Singrauli Brown 68 22 10 Slggr?]y 7.3 | 1330 1.82
Balyari Light Loam
16. | (Near Ash yellowish 78 19 3 Y| 76 586 1.71
sand
Dyke) brown
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Table 2.3.2: Heavy Metals Concentration in Soil Samples Collected From Study
Area during Winter Season

Sr. Sampling Metal Concentration (mg/Kg)
No. Site As Ba | Cd | Co cr | Ccu Fe Hg | Mn | Ni Pb Zn
Mine Void-1 BDL 321 2 BDL 32 14 50114 | 0.01 36 10 34 35
2. Mine Void-2 BDL 241 2 BDL 45 4 31265 | 0.02 64 3 19 45
Villages
1. Phuljhar 11.0 110 3.0 2.9 39 12 41033 | 0.03 | 162 | 10 14 32
2. Naudhiya 3.7 113 2.0 2.6 39 11 40657 | 0.03 | 142 | 10 8 48
3. | Mahadhiya 4.5 156 | 1.0 2.3 34 | 10 | 33104 | 0.03 | 152 | 8 10 42
4. | Gorbi 2.7 119 3.3 3.1 28 16 41944 | 0.04 | 142 9 11 27
5. | Thurua 3.9 140 2.0 3.1 44 13 31488 | 0.03 | 172 | 12 18 56
6. Karaila 1.8 113 3.0 5.4 41 14 36006 | 0.03 | 247 | 12 14 48
7. | Padri 5.1 104 | 2.0 3.8 46 | 12 | 40081 | 0.06 | 189 | 11 11 36
8. | Bastali Abad 7.5 203 | 2.0 4.5 54 9 26762 | 0.03 | 199 | 13 10 40
9. | Kathas 2.0 258 | 35 7.0 56 | 18 | 32649 | 0.04 | 283 | 16 18 50
10. | Parsohar 4.2 132 | 35 5.1 48 | 29 | 38553 | 0.04 | 235 | 12 22 36
11. | Khirwa 9.0 118 5.0 6.2 46 17 39252 | 0.02 | 214 | 16 14 41
12. | Dadar 4.5 103 1.7 4.1 39 22 32507 | 0.04 | 292 | 12 10 43
13. | Singrauli 2.5 146 3.3 4.5 50 13 30983 | 0.05 | 290 | 13 16 53
14. | Baliyari 3.0 55 11 2.0 30 12 30359 | 0.05 | 120 5 9 34
“Indian Standards ) ) 3.6 ) _ | 135- ) . ) 75- | 250- )
Awasthi 2000 270 150 | 500

* Anwarzeb Khan et.al 2015
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Table 2.3.3: Heavy Metals Concentration in Soil Samples Collected From Study
Area during Summer Season

Sr. Sampling Metal Concentration (mg/Kg)

No. Site As Ba Cd Co Cr Cu Fe Hg Mn Ni Pb Zn
1. | Mine Void-1 BDL | 277 2.3 4.7 40 20 56393 0.44 36 16 41 44
2. | Mine Void-2 BDL 105 2 2.6 48 6 31339 0.14 57 4 26 44

Villages
1. | Phuljhar 14.5 85 1.2 7.7 45 19 33270 0.06 338 22 13 34
2. | Naudhiya 2.7 97 0.5 6.2 38 16 25764 0.03 231 16 41
3. | Mahadhiya 2.2 113 0.5 6.6 39 16 | 26672 | 0.10 301 17 40
4. | Gorbi 3.9 88 0.4 5.9 27 17 | 27707 | 0.09 226 12 26
5. | Thurua 11.6 125 4.1 8.1 51 18 24321 0.12 346 22 11. 57
6. | Karaila 4.0 99 1.4 12.0 51 20 31169 0.11 426 21 12 59
7. | Padri 13.4 104 3.6 9.8 56 1 29357 0.08 430 24 11 48
8. | Bastaliabad 14.2 | 126 0.9 8.8 59 14 | 21346 | 0.06 336 25 10 39
9. | Kathas 6.0 217 1.7 15.9 58 24 | 34361 | 0.16 570 28 17 60

10. | Parsohar 3.8 115 2.8 12.7 54 32 37299 0.06 434 21 24 51
11. | Khirwa 7.4 71 11 9.8 50 16 | 29428 | 0.07 233 19 13 56
12. | Dadar 4.1 135 24 18.6 49 28 38437 0.08 570 25 11 57
13. | Singrauli 8.8 138 1.7 11.7 56 13 34223 0.11 382 26 20 64
14. | Baliyari 5.2 54 1.4 55 36 10 24139 0.07 207 12 8 39
*Indian Standards 135- 75- | 250-

Awasthi 2000 - - 3-6 - - 270 - - - 150 | 500 -

*Anwarzeb Khan et.al 2015

Table 2.3.4: Summary of Metal Contents in the Soil of Different Villages

Metal Metal Content (mg/kg) *Indian Standards
Winter Summer Awasthi 2000
Min Max Min Max

As 1.8 11 2.2 14.5 -

Ba 55 258 54 217 -

Cd 1 5 0.4 4.1 3-6

Co 2 7 5.5 18.6 -

Cr 28 56 27 59 -

Cu 9 29 10 32 135-270
Fe 26762 41944 21346 38437 -

Hg 0 0.1 0.03 0.12 -

Mn 120 292 207 570 -

Ni 5 16 12 28 75-150

Pb 8 22 6 24 250-500
Zn 27 56 26 64 -

*Anwarzeb Khan et.al 2015
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2.4 Status of Flora in the Study Region

An intensive field survey was conducted in the study area, wherein 92 types of
different plant species belonging to 40 families were identified. Of the total families, the
dominant families of the flora were found belonging to Fabaceae, Malvaceae, Poaceae,
and Asteraceae(Arvind Singh 2011 & 2012). List of tree, shrubs, herbs and other plant
species observed in the different identified villages are given in Table 2.4.1 to 2.4.4
respectively. The details of observed plant species along with their families and
economic importance are given in Annxeure 2.1.

It has been observed that maximum plants listed were observed in Mahadhiya,
Thurua, Karaila, Bastali Abad and Baliyari village (near Ash dyke). The tree species
which were commonly found in the villages were Acacia nilotica, Acacia Catechu,
Azadirachta indica, Artocarpus heterophyllus, Butea monosperma, Cassia fistula, Ficus
religiosa, Gmelina arborea, Madhuca indica, Mangifera indica, Terminalia bellirica, and
Ziziphus mauritiana.

Among the commonly found shrubs were Ricinus communis, Psidium guajava,
Calotropis spp., Lantana camara, Jatrophagossypifolia, Grewia asiatica and Herbs were
Achyranthes aspera, Alternanthera sessilis, Cassia tora, Desmodium triflorum Euphorbia
hirta Scoparia dulcis Sterculia vilosa, Xanthium strumarium.

Listing and survey of the plant species carried out was a part of natural
vegetation found in the study area. Hence only selective Trees/shrubs/herbs were
included in the trace metal study which were growing in the vicinity of the inhabited area.
They included Bel, Ber (Zizipus), Kathal, Mango, Guvava, Papya, Karonda, Castor
(Arand), Neem, Sessile joy weed, Ban-tulsi. A few tree species besides other plants
growing in the Mine Void area were also collected viz., Acacia, Babul, Bamboo for
metals content analysis.
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Table 2.4.1: List of Tree Species Observed in the Study Area during Survey

Sr. Plar_1t © E _
No. Species/ Sl | S22 ||| _|2]|a|l8|s|.]|3]|=
Common > sl |5 (€ |2|®|5 |2 |85 |2|8|¢|8
Name 12|z &|8|2|s8|&|s|B8|2|2|8|2|
S| &8 § E | x | X | 8| X = | o
m
1. | Acacia* + + + + + +
2. Babul* + + + + + + + + +
3. | Safed Khair + + + + +
4. | Haldu + + + + +
5. | Bel* + + + + +
6. | Lebbek tree + + +
" | athalt * f f ft
Neem* + + + + + + + + + + + +
Kachnaar + +
10. | Kasai + + + + +
11. Palash + + + + + + + + +
12. | Amaltas + + + + + +
13. | Kassod + +
14. | Jangli Sem + + + + +
15. | Kapok tree +
16. | Sheesam + + + +
17. | Gulmohar + + +
18. | Tendu + + + + +
19. | Amla + + + + +
20. | Eucalyptus + + + + +
21. | Banyan Tree + +
22. Peepal + + + + + + + + + + +
23, Gambhar/ + + + + + +
Khomer
24. | Chilbil + +
25. | Mahua + + + + +
26. Mango* + + + + + + + + + + +
27 lg/lst:iNeem/ + + + + +
28. | Drumstick + + +
29. | Kadamb + + +
30. E]r(éltl_}y bean +
31. | Radhachura +
32. | Jungle jalebi + +
33. | Karanj + + + + +
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34. | Junglee kikar + +
35. | Ashok +
36. Kusum/ Lac + + + + +
Tree
Bhela/
3r. Varnish Tree * * * * *
38. | Sal + + + + +
39. | Jamun + + + +
40. | Tamarind +
41. | Sagaon + + + +
42. | Arjuna +
43. | Bahera + + + + + +
44. | Ber/ Zizipus* + + + + + + + + + + + + +
*Plant samples collected for heavy metal analysis.
Table 2.4.2: List of Shrubs Observed in the Study Area during Survey
Sr. | Plant Species/ 5
s| o | s | @ © . =
No. Common Ss|l8| > 2| ||| _| 2|8 | |35
Name S| s|lcs|s5|2|2|F|5|ZX|&8|5|8|8|c¢8
ez |5|8|8|2|5|8|S|B|2|E|8|2|%F
= T + © =
s|a|z|8 . - n |0
m
1. | Shareefa +
Yellow
+
2 December
3. | Glory of garden +
4. | Aak/ Madaar + + + + +
5. | Papaya* +
6. | Karonda*
7. | Falsa + +
8. | Lal bherenda + +
9 Raimuniya/ + 1+ |+ + +
Lantana
10. | Subabul + + +
11. | Flax
12. | Maror Phali + + + +
13. | Banana +
14. | Guava/ Amrud* + + + + +
Castor oil/
+ + + + + + +
15, Arand plant*
16. | Bala + + + + +

*Plant sample collected for heavy metal analysis.
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Table 2.4.3: List of Herbs Observed in the Study Area during Survey
Sr. Plant = | ® i _ _
No. Species/ Sl8| > 2| ||| _|Q|la|8| | .| 3|5
S|lc|lcls|le|s|=s|lE|C«|8|c|z| 8| |G
Common =|s5|3|=|E5|8|o|l=|<|o|Z2|Tc|5|>
Name 121328 8 Z|ls3|&|8|8|2|¢< S 2|3
= @ b7 @ =
s|2)=2|2 F gl |a| o
m
Aapamar/
L1 Chirchiri ¥ o ¥ *
Sessile joy
2. Weed* + + + |+ |+ |+ + +
3. | Prickly poppy + +
4. | Chekor + + |+ + +
5. | Sohari +
6. | Beggar weed + + | + + +
7. | Thorny Ball +
8. | Dudhi + + |+ + +
9. | Shankhpushpa + + |+ + +
10. | Shoe flower +
11. | Morning glory + |+ |+ + +
12. | Ban Tulsi* + + + + +
13. | Pink Weed + | +
14. | Ban Mirach + + | + + +
15. | Wire weed +
16. | Heart-leaf sida +
Thorny night
17. | shade/BhatKat + + | + + +
taiya
18. Ghost Tree/ + s . N
Kulu
19. Udal/ Elephant + + | . N N
rope tree
20. | Tridax daisy +
Rough
2L | cocklebur B I I *

*Plant sample collected for heavy metal analysis.

Scientific names of the species are given in Annexure 2.1.

28



Final Report — October 2020
Study of Flora, Fauna and Ash Characterization for Back-filling of Ash

from NTPC Vindhyachal STPS in Mine Voids of Gorbi Mines of Northern
Coalfields Ltd.

CSIR-NEERI-DZC, New Delhi

1SO 9001:2008

Table 2.4.4: List of Other Plant Species Observed in the Study Area during Survey

Sr. Plant Species/ s | s @ g o —

No. | common Name 'g < E\ | 5 g S| - 2 ol @ g . § =
o 5| S| Bl gl 2| 5 Bl 5 8 2 £ Bl 23
-‘25 £ 3 g g G| x| 8| ¥ ol = o

o0

1. | Doob Ghass + + | + + +

2. | Aparajita +

3. | Bamboo* + | + + + |+ | + + | +

4. | Purple yam + + | + + +

5. | Kurchi/ Koraiya + + | + + +

6. | Prickly pear +

7. | Congress grass + |+ |+ + |+ |+ |+

8. | Deenanath Grass +

9. | Kansi Ghass + + |+ + +

10. | Jharu Grass + + |+ + +

11. | Pili Kaner +

*Plant samples collected for heavy metal analysis.

29



Final Report — October 2020

Study of Flora, Fauna and Ash Characterization for Back-filling of Ash
from NTPC Vindhyachal STPS in Mine Voids of Gorbi Mines of Northern
Coalfields Ltd.

CSIR-NEERI-DZC, New Delhi

1SO 9001:2008

2.5 Metal Content in the Floral Species

2.5.1 Sample Collection and Analysis

Floral species samples of herbs, shrubs and trees were collected from different
villages during winter & summer season, depending upon the availability in that
particular season. The plant samples collected from each village were grown by the
people living in that area for their consumption. Also few fruit trees and weeds used as
fodder were also included in the samples.

The collected samples were categorised as Edible portion of Fruit/ vegetables/
grains and non-Edible Portion (biomass samples - leaf & stem only). The availability of
the edible portion in the plants depended on the stage of plant growth (vegetative/
fruiting) and season. Hence edible portion was collected where ever available in order to
assess the bioaccumulation of metals in the edible portion which is consumed by the
human beings.

Accordingly, total 225 number of samples (65 samples of edible portion and 160
samples of non-edible portion) were collected during winter season. Similarly, 172
number of samples (69 samples of edible portion and 103 samples of non-edible portion)
were collected during summer. Village-wise details of samples collected for different
edible and non-edible portion of vegetables, fruits, trees, cereal crops and weeds are
given in Tables 2.5.1 & 2.5.2 for winter season and in Tables 2.5.3 & 2.5.4 for summer
season. Samples were also collected from the area near mine voids and existing ash
dyke. Summary of different types of samples of edible and non-edible floral species
collected during winter and summer is given in Table 2.5.5.

2.5.2 Processing of Samples

All the collected samples were initially air dried and then further dried in hot air
oven at 80°C for 24 hours.All the air dried samples were ground and digested using
Microwave digester. 0.5g of sample was added to each digester vessel along with 5ml of
HNO; and 3ml of H,O,. The digestion method followed was as per standard protocol of
the instrument. The digested samples were filtered twice using Whatmann filter paper
(42mm) and then using syringe filter (0.45 microns). Sample volume was made up to
50ml and heavy metal analysis was done by using ICP-OES. Fluoride content was
determined as per AOAC method.

2.5.3 Metal Content in Floral Species

Heavy metals concentration in edible and non-edible (biomass) portion of
different samples of vegetables,fruits, cereal crops, weeds and tree species were
determined in winter and summer season species. Metals content were determined in
terms of As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn in all the samples collected
from different villages and mine void & ash dyke area.
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Metals content in floral species collected from Mine Void area in both the
seasons are given in Table 2.5.6, whereas the same for Ash dyke area are given in
Table 2.5.7.

Metals content in edible and non-edible portion of floral species in each of the 14
villages, viz. Phuljhar, Naudhiya, Mahadhiya, Gorbi, Thurua, Karaila, Padri, Bastali Abad,
Kathas, Parsohar, Khirwa, Dadar, Singrauli and Baliyari during winter season is given in
Tables 2.5.8-2.5.21, respectively.

Similarly, metals content in edible and non-edible portion of floral species in each
of the 14 villages, viz. Phuljhar, Naudhiya, Mahadhiya, Gorbi, Thurua, Karaila, Padri,
Bastali Abad, Kathas, Parsohar, Khirwa, Dadar, Singrauli and Baliyari during summer
season is given in Tables 2.5.22-2.5.35, respectively.

Level of metals content present in different floral species were compared with a
permissible limit suggested by Food Safety and Standards Authority of India (FSSAI,
2011). Among the total 12 metals determined in the present study, wherein FSSAI
Standards are available for As, Cd, Cu, Hg, Ni, Pb and Zn.

Village-wise total number of samples exceeding the FSSAI limit, type of floral
species and metals of concern in that species in the edible and non-edible portion of the
samples collected during winter and summer are summarized in Tables 2.5.36 and
2.5.37, respectively.

Ni content in edible portion of Arhar exceeded FSSAI limit in 6 villages. Ni levels
also exceeded in Karonda, Lakra &Sem, whereas Pb exceeded only in two samples of
Lakra and Arhar. Cu exceeded in two samples of Zizipus and Lakra, whereas As
exceeded only in one sample of Zizipus. During winter, out of 65 samples of edible
portion of different species, high levels (exceeding FSSAI limit) of different metals were
obsered in 15 samples.

Among the 152 samples of non-edible portion (biomass), high levels of metals
were observed in as many as 68 samples during winter. Metals like Ni, Cu, Pb, As and
Zn exceeded in the different species of vegetables, fruits, cereal crops and weeds.

Similarly, during summer, 15 samples of edible portion of different floral species
exceeded the FSSAI limits in different villages. Metals like Ni, Pb, As, Zn and Hg were
found exceeding the permissible limit in different species like, Arhar, Sarson, Bel, Onion,
Tomato, Kathal, Mango, and Brinjal.

Among the 97 samples of non-edible portion (biomass), high levels of metals
were observed in as many as 33 samples during summer. Metals like Ni, As, Pb, Cu, Zn
and Hg were found exceeding the FSSAI limit in the different species of vegetables,
fruits, cereal crops and weeds, almost in all the villages.
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Table 2.5.1: Types of Edible Portion (Vegetable/ Fruits/ Grains) Collected from the
Study Area for Heavy Metal Analysis (Winter)

Sr. Plant Sampling Location / Village
No. Species
(Common =
Name) % ] _g -g _| ®| ©| _ 3 ol 8| o .| S| £ <
HEHERINE R R R R
m
A. | Vegetables
1. | Brinjal + |+ + |+ |+ |+ ]|+ |+ ]+ |+
2. Karonda +
3. Kathal +
4. | Lakra + + |+ + + |+ + +
5. Lauki + + | +
6. | Sem + |+ |+ + + + +
7. | Tomato + + |+ |+ + |+ |+ |+ +
B. | Fruits
7. | Amrud + | + + + |+ +
8. Lemon +
9. | Zizipus + | + |+ + | + + |+ + |+
C. | Cereal Crops
10. | Arhar ‘ ‘ ‘+‘ ‘+‘+‘+‘+‘ ‘+‘+‘+’+’ ‘ ‘
D. | Weeds
Castor/
1. Arand *
Total 0/ 6|6 |3 |5|3|7|4|12|7|6|6|6|2]0]3
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Table 2.5.2: Types of Plants Species (Biomass) Collected from the Study Area for
Heavy Metal Analysis (Winter)

Sr. Plant Sampling Location / Village
No. Species
(Common © o
Name)%%_gz‘._mg_gmam,_§§:
SIE|E|8|C|F 2|5 2|8 |2|%|5|%8
s}
A. | Vegetables
1. Brinjal + | + + |+ |+ |+ |+ + |+ |+ |+
2. Karonda +
3. | Kathal + + + + | + + | +
4. | Lakara + + |+ + + | + + +
5. Lauki + + |+ | + + |+ | +
6. | Potato + |+ |+ |+ |+ + |+ |+ + +
7. Pumpkin + +
8. Sarson +
9. | Sem + |+ |+ |+ |+ |+ |+ ]+ + + +
10. | Tomato + | + + |+ |+ |+ |+ ] + |+ ]|+ |+ +
11. | Turaii +
B. | Fruits
12. | Amrud + + + + + + + + + | +
13. | Lemon +
14. | Mango + + + + + + + + | + | +
15. | Papaya + | + +
16. | Zizipus + + + + + + + | + + + | +
C. | Trees
17. | Acacia +
18. | Babul +
19. | Bamboo +
20. | Neem + |+ | + | + + | + | + + + +
D. | Cereal Crops
21. [ Arhar [ [+l +f+fe+faf+[s[+]+[+]+] [ [+
E. | Weeds
22. | Ban-tulsi + | + + + + +
23. | Castor/
+ + + + + + +
Arand
24. | Sessile joy + |+ |+ |+ |+ |+ |+ |+ |+ |+ + + | + +
weed
Total 6 151012 |11 |11 /11|11 | 9 |13] 12 |11|10]|10| 2 | 6
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Table 2.5.3: Types of Edible Portion (Vegetable/ Fruits/ Grains) Collected from the
Study Area for Heavy Metal Analysis (Summer)

Sr. Plant Sampling Location / Village
No. Species

(Common -

Name) %a_g.g,_mg,_gmémgggg
HAEE R IHE R IR R
HEHEF M IR

M

A. | Vegetables
1. Bhindi + + + | + | + +
2. | Brinjal +
3. | Kathal + + + +
4. Matar +
5. | Mirch + +
6. | Onion Bulb + + + +
7. Sarson +
8. | Tomato + + + N I e +
B. | Fruits
9. | Amrud + 1t
10. | Bel + |+
11. | Lemon + +
12. | Mango + |+ + |+ i
C. | Cereal Crops
13. | Arhar + + + +
14. | Chana
15. | Wheat + + |+ + + +
D. | Weeds

Castor/
16. Arand ¥

Total 0|3|10|5|7|2|7|3|7|1|8|6|5|1]|0]4
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Table 2.5.4: Types of Plants Species (Biomass) Collected from the Study Area for
Heavy Metal Analysis (Summer)

Sr. Plaljt Sampling Location / Village
No. Species

(C'\?mmon 5 o © 9 _ _ ©

= ° S = = =} = =
m

A. | Vegetables
1. | Amaranthus +
2. | Bhindi + + + +
3. | Brinjal + +
4. | Corriander
5. | Kathal + + + + + + + +
6. | Matar +
7. | Mirch + + +
8. | Onion + + + +
9. | Sarson +
10. | Sem + +
11. | Tomato + + + + + + + + +
B. | Fruits
12. | Amrud + + + + + + +
13. | Bel
14. | Karonda
15. | Lemon + +
16. | Mango + + + + + + + + +
C. | Trees
17. | Accacia
18. | Bamboo
19. | Neem + + + + + + +
D. | Cereal Crops
20. | Arhar + + + +
21. | Chana
22. | Wheat + + + + + +
E. | Weeds
23. | Ban tulsi +
24. | Castor/Arand + +
25. | Lantana +

Total 4 7 15 6 12 3 7 5 8 3 7 7 7 5 2 5
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Table 2.5.5: Summary of Edible and Non-edible Species Samples Collected
during Winter and Summer Seasons

Winter Season Species Summer Season Species

Edible Non-Edible Edible Non-Edible
Vegetables
Brinjal, Karonda, | Brinjal, Karonda, Kathal, | Bhindi, Brinjal, Amaranthus, Bhindi,
Kathal, Lakra, Lakara, Lauki, Potato, Kathal, Matar, Mirch, | Brinjal, Corriander, Kathal,
Lauki. Sem Pumpkin, Sarson, Sem, | Onion Bulb, Sarson, | Matar, Mirch, Onion,
Toma{to ' Tomato, Turai Tomato Sarson, Sem, Tomato
Fruits
Amrud, Lemon, Amrud, Lemon, Mango, | Amrud, Bel, Lemon, | Amrud, Bel, Karonda,
Zizipus Papaya, Zizipus Mango Lemon, Mango

Cereal Crops

Arhar Arhar Arhar, Chana, Wheat | Arhar, Chana, Wheat
Weeds
Castor/ Arand Ban-tulsi, Castor/ Castor/ Arand Ban tulsi, Castor/ Arand,
Arand, Sessile joy weed Lantana, Sessile joy weed
Trees
-- Acacia, Babul, Bamboo, | -- Accacia, Bamboo,
Neem Neem
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Table 2.5.6: Heavy Metal Concentration in Non-edible Portion of Floral Biomass in
Mine Void Area during Winter & Summer Season

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu|Fe| Hg [ Mn| Ni | P | zn
Winter Season

A. Trees

1. 'g;?fia 02 | 47 |BDL| 163 | 74 | 10 | 194 | 0.049 | 175 | 62 | BDL | 65

2. | Babul 05|86 [BDL| 034 | 59 | 32 | 700 | 0033|101 | 20 | BDL | 51

3. |Bamboo | 0.4 | 1.4 |BDL| 032 | 6.8 692 | 0.078 | 114 | 1.9 | 35 | 72

4. | Neem 01 | 42 |BDL| 019 | 38 520 | 0.085 | 44 | 2.3 | BDL | 31

B. | Weed

5. |BanTulsi| 0 |153|071| 1.6 30 | 16 | 191 | 0056 | 92 | 08 | BDL | 20

6. Eis;'éee 4 | 01|94 |BDL| 132 | 65 8 | 402 | 0039 | 147 | 36 | BDL | 59
Summer Season

A. Trees

1. | Acacia | 0.7 | 1.3 4.7 5 | 196 | 0022 | 180 | 75 | 1.0 | 43

2. | Bamboo | 0.4 | 1.6 3.6 316 | 0099 | 174 | 1.4 | 1.3 | 25

3. | Neem 04 | 6.0 3.3 4 | 282 | 0063 | 65 | 32| 1.7 | 28

B. Weed

4. | Lantana | 1.0 | 101 ] O 0 38 | 12 [ 612 | 0052 | 323 |152| 76 | 38

FSSAI2011 | 1.1 | - | 15 - - 30 | - 1 - | 15| 25 | 50

Table 2.5.7: Heavy Metal Concentration in Non-edible Portion of Floral Species in
Ash Dyke Area during Winter& Summer Season

Sr. item Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o [cu| Fe | Hg | Mn | Ni | Pb | zn
Winter Season

A. | Weeds

1. Ban Tulsi | 0.2 | 284 | 0.1 BDL 2.3 10 375 0.041 28 0.4 0.5 24

2. ;is;l‘zd 1 |319| 02 | BDL | ,, | 8 | 717 0031 | 61 | 1.4 | 07 | 25
Summer Season

A. | Weeds

1. Bantulsi 0.7 | 243 | 0.1 0.7 3.5 28 464 0.046 29 | 205 | 14 35
Sessile

2. | Joy 0.4 36 0.1 0.5 3.3 18 1035 | 0.031 53 1.7 4.1 32
Weed

FSSAI 2011 1.1 - 15 - - 30 - 1 - 1.5 25 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.8: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Phuljhar Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Brinjal 01| 5 |BDL| BDL | 20 | 13 | 72 |0021| 9 |BDL| 02 | 28

2. | Lakra 05 |122| 09 | BDL | 1.9 | 13 | 165 | 0.183 | 46 |1.01| 2.9 | 17

3. | Lauki 01|67 |BDL| BDL | 37 | 11 | 72 |o0107 | 16 | 1.5 | 03 | 21

4, |Tomato | 02 | 08 [BDL| BDL | 20 | 8 50 |0.025| 5 |007|001]| 17

B. | Fruits

5. |Amrud 007 | 19 |02 | BDL | 07 | 10 | 41 |0045| 7 |04 |08 | 6

6. | Zzizipus |204| 34 |01 | BDL | 07 | 35 | 30 |0101| 9 | 03 | 09
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 1.0 | 299 |BDL| 015 | 45 | 20 | 1141 | 0.046 | 43 | 1.8 | 1.1 | 46

2. | Kathal 05 | 19 | 009 | BDL | 05 | 7 | 286 | 0076 | 36 | 0.4 | 05 | 8

3. '(-Sat'gi) 11 |164| 01 | BDL | 07 | 29 | 106 | 0354 | 14 | 03 | 0.1 | 10

4. | Lauki 1.05 | 18.6 | BDL | 029 | 2.9 | 15 | 1389 | 0.127 | 43 | 2.8 | 1.5 | 26

5. | Pumpkin | 0.4 |281|BDL| BDL | 22 | 18 | 561 | 0.095 | 27 | 30 | 02 | 27

6. | Sem 05 | 295 |BDL| BDL | 1.8 | 7 | 701 | 0042 | 40 | 0.8 | 0.6 | 12

7. | Tomato | 06 |158| 01 | 001 | 23 | 12 | 808 [0107 | 33 | 08 | 06 | 21

B Fruits

8. | Amrud 04 | 14 |004| BDL | 1.3 | 22 | 626 | 007 | 29 | 1.1 | 20 | 21

9. | Mango 12 [198| 0 | BDL | 05 | 5 | 548 | 0.114 | 109 | 1.4 | 06 | 7

10. | Zizipus | 65 | 143 | 0.8 | 014 | 1.1 | 55 | 508 | 0222 | 24 | 06 | 1.2 | 11

C. | Trees

11. [Neem | 03 [178|BDL| BOL | 27 [ 12 | 585 [o0107 | 28 | 1 [ 05 | 15

D. | Cereal Crops

12. [amar |08 |148] 01 | BOL | 15 | o | 787 [0032] 65 | 1.6 | 1.7 | 18

E. | Weed

13. |BanTulsi | 3.0 |202| 0.2 | 014 | 21 | 25 | 440 | 0087 | 25 | 1.5 | 05 | 21

14. | Castor 04 | 203 |BDL| BDL | 2.8 | 28 | 466 | 0.086 | 39 | 1.6 | 02 | 32

15. ;is;l‘zd 05 | 193 [BDL | 004 | 13 | 7 | 568 | 0047 | 43 | 08 | ,, | 14

FSSAI 2011 11| - | 15 - - 30 - 1 - | 15| 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.9: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Naudhiya Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Brinjal 018 | 12 |[045| 084 | 13 | 14 | 113 | 0057 | 16 | BDL | BDL | 26

2. | sem BDL| 7.8 |002| BDL | 24 | 13 | 96 | 0081 | 27 | 1.0 | 0.1 | 27

B. | Fruits

3. |Amrud | 004 | 23 |003| 012 | 1.1 | 9 30 |0032| 7 | 03 |BDL| 14

4. |Lemon |001| 93 |BDL| 006 | 07 | 5 26 0032 | 4 | 05 [BDL| 9

5. | Zizipus | BDL | 124 [BDL| 002 | 20 | 8 54 | 0036 | 22 | 0.6 |BDL| 21

C. | Cereal Crops

6. |Ahar |01 |57 [BOL| 019 | 19 | 8 | 352 [0035| 19 | 1.7 | 04 | 23
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 07 | 40 |043| 158 | 1.9 | 23 | 3015 | 012 | 74 | 36 | 1.4 | 38

2. | sem 03 |241|012| 044 | 21 | 10 | 923 | 014 | 41 | 1.8 | 0.8 | 26

3. |Tomato |BDL|948| 01 | 029 | 27 | 20 | 1702 | 0121 | 62 | 15 | 0.7 | 22

B. | Fruits

4. | Amrud 01 |213|001| 0290 | 1.3 | 11 | 263 | 0.061 | 43 | 05 | BDL | 17

5. | Lemon 02 | 716 |BDL| 028 | 1.0 | 11 | 489 |0.071 | 27 | 1.6 | 05 | 12

6. | Papaya | 0.6 306 | 01 | 042 | 21 | 8 | 1017 | 0067 | 31 | 1.3 | 05 | 25

7. | zizipus | BDL | 426 |BDL| 014 | 2.4 | 11 | 368 | 0095 | 66 | 0.9 | BDL | 24

C. | Trees

8. |Neem [ 02 |328|004] 022 | 34 | 7 [ 528 | 006 | 36 [ 11| 03] 38

D. | Cereal Crops

o. |Ahar | 05| 26 |01 ] 084 | 21 | 11 | 2401 [0065 | 72 | 25 | 1.8 | 25

E. | Weed

10. ;is;l‘zd BDL | 18.8 | BDL | 027 | 27 | 12 | 373 | 0067 | 31 | 0.9 | 0.03 | 16

FSSAI 2011 11| - | 15 - - 30 - 1 - | 15| 25 | s0

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.10: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Mahadhiya Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Lakra 01 |162]008| BOL | 27 | 21 | 101 0093 | 28 | 11| 07 | 17

2. | sem 01| 62 ]004] 008 | 21 | 20 | 193 |0065| 26 | 1.1 [BDL| 25

B. | Fruits

3. |zizipus |004| 55 [001| BDL | 19 | 23 | 74 [o087| 9 |08 | 14| 19
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Kathal 03| 37 [003] 01 | o1 | 6 | 358 |0096| 18 | 05 [BDL| 1

2. 'é‘;’]‘q")ra(St 02 | 144|003 | BOL | o | 56 | 108 |0091| 9 |05 |09 | 8

3. | Potato 06 [531] 02| 08 | 19 | 17 | 1081 | 0123 | 75 | 1.8 | 05 | 22

4. | sem 03 [327] 01| 05 | 14 | 28 | 1570 | 0098 | 55 | 16 | 0.7 | 16

B. | Fruits

5. | Amrud 02 [341]007| 026 | 10 | 17 | 655 | 0064 | 25 | 1.3 | 0.6 | 11

6. |Mango | 02 [269]005| BDL | 12 | 2 | 451 |0082| 59 | 06 | 0.3 | 12

7. | Papaya | 05 [494| 01| 07 | 19 | 16 | 2063 | 0103 | 48 | 23 | 0.9 | 22

8. |zizipus | 02 |322]006]| BOL | 20 | 17 | 1104 | 0106 | 37 [107] 1.7 | 20

C. | Trees

9. [Neem |05 [47.7] 02| 05 | 24 | o | 200 [o0083| 41 | 16 | 25 | 25

D. | Cereal Crops

10. [amar | 04 [251] 02| 07 | 18 | 15 | 2352 [ 0108 | 75 | 29 | 15 | 20

E. | Weed

11. | castor 05 |326] 02| 06 | 14 | 12 | 357 | 0096 | 64 | 28 | 0.4 | 16

12. jso'is\f/iéeed 02 |217| 01| 02 | 15 | 9 | 583 |0079 | 41 | 09 | 0.9 | 18

FSSAI 2011 11| - |15 ] - - 30 - 1 - |15 | 25 ] 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.11: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Gorbi Village

Sr. tem Metal Concentration (mg/kg)
No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Karonda | BDL |329 |BDL| 04 | 16 | 6 37 | 0044 | 32 | 46 | 02 | 21

2. | Lakra BDL |228| 1 | 01 | 28 | 21 | 144 | 0036 | 22 | 1.8 | 05 | 22

3. | Sem BDL | 122 [BDL | 003 | 20 | 5 43 | 0036 | 15 | 1.9 |BDL | 21

B. | Fruits

4 |Amud | BDL| 22 [BDL| 005 | 02 | 6 | 27 |o0028| 6 |04 |BOL| 1

C. | Cereal Crop

5. |Amar | BDL|164|BDL| 02 | 20 | 11 | 178 o051 | 17 | 26 | 04 | 18
Non-Edible Portion (Biomass)

A. | Vegetables

1. |Karonda |BDL|225| 1 | 01 | 19 | 7 | 294 |o0051| 15 | 07 | 0.7 | 17

2. é?:,? BDL [ 18.7 | 02 | 02 24 | 57 | 90 |o0061| 7 |09 | 02| 32

3. | Potato BDL | 453 |BDL| 04 | 27 | 14 | 591 | 0049 | 35 | 0.9 | BDL | 25

4. |sarson |BDL|365|BDL| 03 | 38 | 13 | 541 | 0052 | 30 | 0.9 | BDL | 38

5. | Sem BDL | 432 |BDL| 01 | 08 | 4 | 250 | 0065 | 21 | 1.8 | 02 | 11

6. | Turail BDL | 26 | 08 | 001 | 1.0 | 3 73 | 0058 | 7 | 04 |003| 14

B. Fruits

7. | Amrud BDL | 247 |BDL| 02 | 08 | 9 | 323 |0043 | 33 | 1.4 | BDL

8. |Mango |BDL|533|BDL| 007 | 10 | 5 | 211 | 0092 | 119 | 1.7 |BDL| 9

C. | Cereal Crop

o. |Ahar | 15 [434|BDL| 07 | 20 | 11 | 1540 [ 0075 | 52 | 27 | 37 | 17

D. | Weed

10. | BanTulsi | 0.6 | 265 |BDL| 02 | 29 | 23 | 374 | 0092 | 27 | 0.4 | 0.6 | 23

11. ;is;l‘zd 0.02 | 385 | BDL| 03 1.9 5 | 197 | 0093 | 44 | 1.1 | 03 | 16

FSSAI2011 | 1.1 | - | 15 - - 30 - 1 - | 15| 25 s0

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.12: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Thurua Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Brinjal 04 | 7 |(015| BDL | 20 | 13 | 104 | 0023 | 21 | 05 |[BDL | 20

2. | Tomato | 02| 2 |01 | BDL | 03 | 11 | 109 | 0078 | 12 | 05 | 05 | 29

B. | Cereal Crop

3 (AFEQS; 009| 18 | 006 | BDL | 03 | 13 | 322 | 003 | 23 | 23 | 0.2 | 24
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 13 | 25 |017| BDL | 24 | 16 | 754 | 005 | 36 | 09 | 0.7 | 22

2. | Kathal 02 | 19 | 002 | BDL | 1.0 5 | 338 [0061| 24 | 04 | 0.7 | 10

3. | Potato 05| 69 | 02 | 054 | 2.8 | 28 | 1403 | 006 | 53 | 20 | 0.8 | 28

4. | sem 02| 8 |[004| BDL | 25 | 23 | 566 | 0045 | 31 | 23 | 08 | 24

5. | Tomato | 08 | 55 | 0.4 | 1.06 | 31 | 17 | 1975 | 0.11 | 103 | 36 | 2.0 | 32

B. | Fruits

6. | Amrud 03|30 | 01| BDL | 1.0 | 11 | 625 | 0066 | 35 | 1.7 | 0.3 | 19

7. |Papaya | 04 | 31 | 01| 031 | 15 | 9 | 1123 | 0.049 | 48 | 1.4 | 0.7 | 18

8. | Zizipus 01| 22 |01 |BDL | 1.8 | 30 | 428 | 0068 | 64 | 0.8 | 0.2 | 20

C. Trees

9. [Neem |03 ] 25 [o01|BDL | 17 | 7 | 992 0034 31 | 09 | 09| 17

D. | Cereal Crop

10. [Amar | 04 | 39 [009| BOL | 17 | 19 | 1222 [ 0053 | 83 | 1.6 | 12 | 17

E. | Weed

11. ;‘;S;leed 017 | 19.7 | 024 | BDL | 22 | 11 | 330 | 0082 | 35 | 06 | 0.1 | 22

FSSAI2011 | 11| - | 15 - - 30 - 1 - | 15| 25| 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.13: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Karaila Village

Sr. tem Metal Concentration (mg/kg)
No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion
A. | Vegetables
1. | Brinjal BDL| 28 | 02 | BDL | 39 | 21 | 67 | 0051 | 27 | 0.2 | BDL | 40
2. | Lakra BDL | 10.5 | 005 | BDL | 2.6 | 21 | 174 | 0109 | 24 | 0.6 | 0.3 | 36
3. | Sem 008 | 21 |BDL| BDL | 26 | 6 72 | 0041 | 20 | 1.4 | 007 | 28
4. |Tomato |BDL| 22 |005| BDL | 28 | 12 | 73 [0020| 20 | 03 | 0.2 | 28
B. | Fruit
5. |zizipus |BDL| 46 [001| BDL | 12 | 14 | 33 |o0067| 14 | 07 | 06 | 13
C. | Cereal Crop
6. ,(Agggg BDL| 6 |002| BDL | 26 | 10 | 245 | 0055 | 25 | 1 | 02 | 26
D. | Weed
Caster | 0.09| 44 |BDOL| BDL | 22 | 6 | 47 |o0030| 16 | 0.8 | 003 24
Non-Edible Portion (Biomass)
A. | Vegetables
1. | Brinjal 03 |416| 02 | BDL | 49 | 23 | 885 | 0067 | 47 |1.03| 0.6 | 53
2. | Lakra BDL | 76 |003| BDL | 1.7 | 21 | 55 |0101| 9 | 04 | 01 | 17
3. | Potato BDL | 244 | 01 | 04 | 34 | 17 | 815 | 0.055 | 45 | 0.8 | 0.0 | 34
4. | Sem 0.4 | 302|004 BDL | 1.7 | 9 | 836 | 0041 | 64 | 1.4 | 0.8 | 19
5. | Tomato | 09 |687| 03 | 1 41 | 17 | 1859 | 0211 | 120 | 2.2 | 1.3 | 43
B. | Fruits
6. |Mango |BDL|184| 0 | BDL | 05 | 3 | 125 |0074 | 63 | 04 | 01 | 6
7. | zizipus | 001|257 |004| BDL | 1.9 | 17 | 274 |[0076 | 60 | 1.2 | 0.8 | 20
C. | Trees
8. | Neem 02 | 216|009 | BDL | 20 | 5 | 228 | 0043 | 35 | 05 | 05 | 21
D. | Cereal Crops
o. |Ahar [ 04 |169|004] BOL | 19 | 12 [ 755 |o0061| 68 [ 17 |00 | 21
E. | Weed
10. | Caster 0.2 |34.4|BDL| BDL | 30 | 8 | 234 |0071| 95 |1.01| 0.2 | 33
11. ;is;l‘zd 04 |211] 01| BDL | 1.6 | 6 | 836 | 0048 | 42 | 1.1 | 0.6 | 19
FSSAI2011 | 1.1 | - | 15 - - 30 - 1 - | 15 | 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.14: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral

Species during Winter: Padri Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Brinjal 05|75 |BDL| 013 | 26 | 10 | 90 |o0.057 | 18 | 0.9 |BDL | 28

2. | Tomato | 08 | 48 |BDL| 002 | 1.8 | 12 | 70 |0066 | 13 | 02 | 0.9 | 13

B. | Fruits

3. |zizipus | 10 | 7 |BoL| 007 | 21 | 17 | 51 [o0057| 12 |02 | 04 | 15

C. | Cereal Crop

4 |Aamar [ 02|74 002] 011 | 24 | 6 | 281 |0032| 22 | 13|37 | 19
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 08 |505] 16 | 033 | 33 | 26 | 1305 | 0.009 | 36 | 20 | 88 | 32

2. | Lauki 06 |39.1] 04 | 054 | 36 | 8 | 1736 | 0102 | 62 | 3.4 | 0.9 | 30

3. | Potato 08 [374] 04 | 045 | 27 | 14 | 1205 | 0101 | 39 | 1.8 |10.1| 21

4. | sem 02 | 204 |BDL| 023 | 18 | 16 | 506 | 0077 | 23 | 1.9 |BDL | 15

5. | Tomato 1 |679| 03| 038 | 1.9 | 26 | 1110 | 0077 | 96 | 09 | 1.4 | 17

B. | Fruits

6. | Amrud 02 |289|BDL| 013 | 12 | 13 | 341 | 0066 | 24 | 0.7 | BDL | 15

7. | Mango 0 |225|BDL| 007 | 06 | 4 | 346 | 008 | 71 | 1.1 |BDL| 6

8. |zizipus | 23 [193 |BDL| 012 | 23 | 22 | 424 0095 | 20 | 1 | 17 | 12

C. | Trees

9. [Neem | 17| 35 [BoL| 015 | 16 | 6 | 790 o054 | 34 | 1 | 11| 24

D. | Cereal Crop

10. |[Ahar | 04 | 15 [0.08] 024 | 17 [ 13 [ 1030 [ 0031 | 43 | 09 | 41 | 23

E. | Weed

11. J.Sc;svilzd 0.7 |188| 05 | BDL | 1.3 | 8 | 955 | 0067 | 33 | 1 | 1.6 | 18

FSSAI2011 | 11 | - | 15 | - - 30 - 1 - |15 | 25 ] 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.15: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Bastali Abad Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. |Brinja | 02 |21.2| 02 | BOL | 35 | 18 | 74 |o0053| 16 | 1.5 [BDL| 35
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 0.6 |497| 03 | BDL | 46 | 25 | 3011 | 0.086 | 65 | 3.8 | 1.4 | 49

2. | Lauki 05 |469| 02 | 1.28 | 41 | 24 | 2031 | 0045 | 62 | 43 | 1.5 | 42

3. | Pumpkin | 0.3 | 313|006 | 041 | 33 | 13 | 2172 | 0041 | 29 | 34 | 05 | 33

4. | Sem 03 |197] 01 | 046 | 3.0 | 19 | 1411 | 004 | 35 | 25 | 05 | 30

5. |Tomato | 1.0 |68.2| 09 | 236 | 46 | 32 | 2067 | 0.065 | 128 | 53 | 2.4 | 53

B. | Fruits

6. | Mango 0.3 | 246|003 BDL | 1.0 | 5 | 1052 | 003 | 65 | 1 | 0.7 | 10

7. | zizipus 02 |212]007| BDL | 1.7 | 50 | 1051 | 0.066 | 63 | 1.4 | 05 | 17

C. | Cereal Crops

8. |Ahar | 04 [249] 01| 09 | 23 | 27 | 2581 [ 0051 | 100 | 33 | 15 | 23

D. | Weed

9. ;‘;S;leed 01 |211| 01 | BDL | 27 7 | 667 | 0035 | 38 | 1.8 | 05 | 27

FSSAI2011 | 11 | - | 15 - - 30 - 1 - | 15| 25| 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.16: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Kathas Village

Sr. tem Metal Concentration (mg/kg)

No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Brinjal 0.2 |21.4|006| BOL | 2.0 | 15 | 53 | 0038 | 24 | 0.4 | 01 | 31

2. | Lakra 01| 27 | 01| 011 | 1.9 | 14 | 116 | 005 | 24 | 06 | 05 | 20

3. | Sem 01| 84 |BDL| BDL | 2.4 | 20 | 144 | 0047 | 30 | 1.1 | 0.2 | 24

4, |Tomato | 02 | 94 [004| BDL | 1.7 | 9 69 | 0051 | 14 | 1 | 0.3 | 18

B. | Fruits

5. | Amrud 0 | 39 |004| BDL | 09 | 8 14 | 003 | 5 | 02 |002]| 9

6. | Ziziphus |0.01 |15.7 |0.02 | BDL | 09 | 6 16 | 0038 | 8 | 06 | 0.1

C. | Cereal Crop

7. |ahar | o [231]003| BDL | 13 | 6 | 169 [0033| 20 | 1 | 03| 13
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 04 | 51.2|009| 045 | 31 | 21 | 746 | 0071 | 48 | 1.3 | 0.8 | 33

2. | Kathal 01 (39501 | BDL | 1.3 | 5 | 116 | 006 | 62 | 05 | 0.1 | 15

3. | Lakra 0.1 |363]005| 018 | 1.0 | 42 | 83 | 0049 | 24 | 0.4 | 0.4 | 10

4. | Lauki 0.2 |465| 01 | 033 | 31 | 13 | 493 | 0047 | 40 | 1.8 | 0.8 | 31

5. | Potato 06 | 572 03 | 1 47 | 29 | 1289 | 0051 | 92 | 2.1 | 1.5 | 46

6. | Sem 02 |357| 01| BDL | 1.5 | 21 | 634 | 0055 | 82 | 0.9 | 0.8 | 17

7. | Tomato | 06 |49.1| 01 | BDL | 1.8 | 16 | 820 [0053 | 52 | 1.4 | 0.9 | 28

B. | Fruits

8. | Amrud 01413 o | BDL | 1.0 | 11 | 222 | 004 | 28 | 08 | 02 | 11

9. | ziziphus | 0.1 |439| 01 | BDL | 1.9 | 11 | 220 [0057 | 71 | 12 | 03 | 21

C. | Cereal Crop

10. |[Ahar | 02 [502] 01 ] 043 | 20 [ 11 | 689 [0077 [ 110 | 14 [ 09 | 21

D. | Weed

11. | BanTulsi | 0.2 | 10.2 | 006 | BDL | 2.9 | 14 | 337 | 0065 | 24 | 1.2 | 1.0 | 29

12. | Castor 02 |523| 01 | BDL | 2.8 | 11 | 278 | 0078 | 102 | 1.1 | 0.3 | 30

13. J.Soisvfllid 03| 37 |01 |BDL | 23 | 7 | 404 | 0043 | 43 | 06 | 05 | 24

FSSAI2011 | 1.1 | - | 15 - - 30 - 1 - | 15 | 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.17: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Parsohar Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba [cd [co| c |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion

A. | Vegetables

1. | Brinjal 01| 41 [o06|BDL| 15 | 14 | 100 | 0045 | 16 | 0.3 | BDL | 14

2. | Lakra 008| 12 |02 [BDL| 39 | 33| 79 |o0069| 64 | 28 | 03 | 32

3. |Tomato [006| 53 | 01 |BDL| 1.6 | 15 | 80 |0.103 | 15 | 0.5 | BDL | 13

B. | Fruit

4. | Amrud | BDL| 35 |04 |BDL| 05 | 6 | 20 |0031| 6 | 02 |BDL| 4

5. | zizipus 0 6 |oo1|BDL| 11 | 10 | 53 |o0051| 8 | 05 [BDL| 10

C. | Cereal Crop

6. |ahar | 01| 68 |BOL|BOL| 26 | 9 | 176 o066 | 19 | 1.9 | 0.0 | 23
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 13 ] 257 | 01 |os6| 21 | 16 | 1551 [ 0079 | 30 | 1.1 | 1.2 | 18

2. | Kathal 02 | 411 [o003|BDL| 16 | 6 | 99 |0073| 30 | 06 | 03 | 14

3. | Lakra 03 | 165 [005|BDL| 28 | 21 | 47 |o0055| 38 | 1.9 | 05 | 19

4. | Potato 07 | 257 | 02 [118] 16 | 18 | 922 | 0039 | 73 | 1.2 | 06 | 13

5. | Tomato 1 | 1207 | 06 |084| 44 | 31 | 1562 | 0.112 | 108 | 1.6 | 1.4 | 39

B. | Fruits

6. | Amrud 02 | 353 [002|BDL| 14 | 12 | 280 |o0055| 47 | 11 | 06 | 11

7. |Mango | 03 | 513 [o0o09|BDL| 11 | 5 | 690 | 01 |148| 07 | 06 | 9

8. | zizipus | 02 | 259 |009|BDL| 13 | 31 | 428 | 0068 | 31 | 0.6 | BDL| 10

C. | Tree

9. [Neem | 01| 259 [007|BDL| 1.3 | 8 | 100 [0104 | 19 | 03 |02 | 11

D. | Cereal Crop

10. [Ahar | 04 | 164 |o003|BOL| 15 | 11 | 674 [0078 | 42 [ 13 [ 14 | 14

E. | Weed

11. | castor 01| 116 |BDL|BDL| 35 | 10 | 197 |0077 | 56 | 1.7 [ 002 29

12. f)‘;svfl'é‘z 4 | 04] 151 |01 |BDL| 15 | 10 | 519 [0056 | 28 | 04 | 05 | 13

FSSAI2011 | 11| - | 15| - - 30 - 1 - |15 | 25 ] 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.18: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Khirwa Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | Cd | Co | Cr | Cu | Fe | Hg | Mn ‘ Ni | Pb | Zn
Edible Portion

A. | Vegetables

1. | Brinjal 02 | 49 |002| BDL | 30 | 18 | 69 | 0033 | 19 | 0.8 | 0.1 | 29

2. | Lauki 02 | 52 |002| BDL | 31 | 13 | 74 | 004 | 19 | 27 | 03 | 30

3. | Sem 0 | 97 |001| BDL | 20 | 11 | 62 | 0036 | 24 | 1.4 |0.02 | 19

4, |Tomato | 02 | 35 |004| BDL | 19 | 14 | 101 | 0045 | 15 | 0.8 | 0.3 | 19

B. | Fruit

5. |zizipus [ 01 |38 |BoL| BOL | 12 | 7 [ 20 [o031] 13 [o04 03| 11

C. | Cereal Crop

6. '(“Fﬁgg; 01| 45 |004| BDL | 23 | 11 | 344 | 003 | 29 | 25 | 0.3 | 23
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 0.9 | 40.4 | 016 | 074 | 40 | 20 | 3292 | 0034 | 67 | 2.8 | 1.4 | 40

2. | Lauki 0.6 |383| 01 | 055 | 22 | 12 | 1917 | 0055 | 46 | 2.3 | 1.4 | 22

3. | Potato 04 |375| 01 | 066 | 32 | 19 | 878 | 0049 | 42 | 1.2 | 06 | 31

4. | Sem 02 |443| 0o | BDL | 1.6 | 13 | 762 | 0045 | 96 | 1.2 | 0.7 | 15

5. | Tomato | 05 |678| 02 | 063 | 27 | 22 | 1336 | 0089 | 65 | 1.8 | 0.9 | 27

B. | Fruit

6. | Mango 01 |156| 01 | BDL | 1.4 | 4 | 121 | 0064 | 82 | 03 | 0.4 | 14

7. | zizipus | 03 |122| 0o | BDL | 15 | 11 | 426 | 0079 | 33 | 08 | 0.8 | 14

C. | Cereal Crop

8. |Ahar [ 04| 17 o1 | 8oL | 17 | 17 [ 1515 [ o064 | 92 [ 17 | 12 | 18

D. | Weed

9. |BanTulsi | 02 |139| 01 | BDL | 21 | 10 | 454 | 006 | 26 | 1 | 12 | 21

10. | Caster 02 |149| 0 | BDL | 36 | 11 | 385 | 0049 | 41 | 23 | 02 | 35

11. ;is;l‘zd 03 |215| 01| BDL | 1.9 | 8 | 531 |0033| 60 | 0.7 | 05 | 19

FSSAI2011 | 11 | - | 15 - - 30 - 1 - | 15| 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.19: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Dadar Village

Sr. tem Metal Concentration (mg/kg)
No. As [ Ba|cd | co | o |cu| Fe | Hg | Mn | Ni | Pb | zn
Edible Portion
A. | Vegetables
1. | Brinjal 01 |59 |009| BOL | 23 | 19 | 99 | 0039 | 12 | 05 | 0.3 | 23
2. | Lakra 01 |26.4|004| BDL | 1.3 | 14 | 288 | 005 | 28 | 0.8 | 0.3 | 15
3. | Lauki 008 | 22 [006| BDL | 37 | 11 | 104 | 0068 | 24 | 1.3 | 0.03| 36
4., |Tomato | 01 | 21 |007| BDL | 14 | 8 66 | 0107 | 8 | 01 | 0.2 | 13
B. | Fruit
5. | zizipus |BDL| 7.7 [004| BDL | 03 | 6 | 35 |o0118| 15 | 0.2 [BDL| 4
C. | Cereal Crop
6. | Arhar 006 | 84 |00L| BOL | 13 | 6 | 253 | 003 | 24 | 1.8 | 02 | 14
(Pod)
Non-Edible Portion (Biomass)
A. | Vegetables
1. | Brinjal 31.8| 01 | BDL | 30 | 31 | 972 | 0076 | 40 | 15 33
2. | Kathal 01 (189| 01 | BDL | 07 | 6 | 280 | 0084 | 23 | 03 |01 | 7
3. | Lakra 01 |206| O | BDL | 1.3 | 16 | 61 |0045| 11 | 1 | 02 | 15
4. | Lauki 01 (139| 01 | BDL | 33 | 23 | 522 | 0115 | 34 | 1.5 | 03 | 33
5 | Tomato | 04 | 47 | 02 | BDL | 23 | 15 | 978 | 0173 | 45 | 1.7 | 0.7 | 24
B. | Fruits
6. | Amrud 02| 28 | 01| BDL | 15 | 12 | 257 | 0059 | 47 | 1.2 | 0.4 | 15
7. | Mango 01 (314 0 | BDL | 1.2 | 16 | 916 | 006 | 44 | 03 | 0.4 | 13
8. |zizipus | 01 |246| 01 | BDL | 1.7 | 10 | 368 | 01290 | 45 | 05 | 02 | 8
C. | Cereal Crop
9. |Ahar | 04 [243] 01| 038 | 19 | 8 | 1161 [0064| 73 | 28 | 12 | 21
D. | Weed
10. ;is;l‘zd 24 |147| 02 | 076 | 40 | 20 | 444 | 0065 | 77 | 3.1 | 05 | 39
FSSAI2011 | 1.1 | - | 15 - - 30 - 1 - | 15| 25 | s0

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.20: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Singrauli Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | Cd | Co | Cr | Cu | Fe | Hg | Mn ‘ Ni | Pb | Zn
Edible Portion

A. | Vegetables

1. |Kathal [BDL|189] 01 [ BOL | 12 [ 15 | 25 |o0.017 | 34 | 06 |BDL]| 10

B. | Fruit

2. |Amud | - | 28 |o00s| BDL | 06 | 12 | 14 |0033| 8 |02 |BDL| 5
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 09 |628]002| 147 | 24 | 16 | 3341 | 008 | 78 | 35 | BDL| 20

2. | Kathal BDL |[28.1| 01 | BDL | 38 | 6 | 270 | 0058 | 68 | 0.1 | 0.2 | 30

3. | Lauki 01 |149]001| 057 | 34 | 13 | 463 | 0033 | 50 | 1.8 | BDL | 28

4. | Potato 06 | 955|006 | 154 | 3.4 | 12 | 1831 | 0.067 | 99 | 3.6 | BDL | 28

5. | Sem 02 [36.7]004| 039 | 1.8 | 9 | 1295 | 0.058 | 87 | 1.5 | BDL | 15

6. | Tomato | 04 |426| 02 | 148 | 24 | 27 | 1235 | 0051 | 53 | 1.1 [ BDL | 20

B. | Fruit

7. | Amrud 01| 28 [003| BDL | 09 | 21 | 399 | 0.049 | 47 | 0.8 | BDL

8 |Mango |BDL| 63 | 0.1 | BDL | 1.0 | 3 | 237 | 0066 | 58 | 0.7 | 0.4 | 8

C. | Tree

9. [Neem [BDL|325| 01| BOL | 1.8 | 8 [ 633 [0069 | 67 [ 07 | 06 | 15

D. | Weed

10. | Castor 03 |528|BDL| 023 | 10 | 11 | 580 | 0069 | 70 | 0.7 |BDL| 9

FssAal2011 | 11 | - | 15| - - 30 - 1 - | 15| 25| 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.21: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Winter: Baliyari Village (Near Ash Dyke)

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | Cd | Co | Cr | Cu | Fe | Hg | Mn ‘ Ni | Pb | Zn
Edible Portion

A. | Vegetables

1. Lakara 0.1 | 178 | 0.09 | BDL 3.0 25 340 0.044 62 2.1 15 18

2. Sem 0.1 55 | BDL | BDL 3.1 12 60 0.05 25 1.3 0.3 21

3. | Tomato 0.2 2 0.01 | BDL 1.8 11 94 0.034 | 13 03 | 01 17
Non-Edible Portion (Biomass)

A. | Vegetables

1. Lakara 0.2 | 201 | 0.1 BDL 1.7 30 179 0.08 33 2.0 0.3 16

2. Potato 0.4 55 0.2 BDL 4.2 24 640 0.047 34 1.2 3.4 41

3. | Sem 0.2 | 21.1 | 0.05| BDL 1.7 11 575 0.056 | 36 08 | 05 18

4. Tomato 04 | 376 | 0.1 BDL 21 16 472 0.04 39 0.6 0.8 21

B. | Tree

5. |[Neem [ 02 |227|003] BoL | 17 | 8 [ 100 [0034] 25 [ 03 | 03 | 16

C. | Cereal Crop

6. | Arhar 0.2 | 176 | 0.06 | BDL 2.2 13 785 0.078 45 1.4 1.1 21

FSSAI 2011 1.1 - 1.5 - - 30 - 1 - 15 2.5 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.22: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Phuljhar Village

Sr. tem Metal Concentration (mg/kg)
No. As ‘ Ba ‘ Cd ‘ Co ‘ cr ‘ Cu ‘ Fe ‘ Hg ‘ Mn ‘ Ni ‘ Pb ‘ Zn
Edible Portion

A. | Cereal Crops

1. | Arhar BDL 2.6 0 0 1.8 7 18 0.021 8 1.6 0.2 17
2. | Wheat BDL 4.5 0 0 2.01 3 121 | 0.038 27 BDL 0.2 19
B. | Weed

3. |castor |o0o06| 47 | o | o | 14 | 5 | 14 Joost| 6 |BOL| 11 | 14

Non-Edible Portion (Biomass)

A. | Vegetables

1. Kathal 0.0 16.8 0 0 0.9 8 123 | 0.056 49 BDL 21 9
2. Sem 0.1 26.9 0 0 15 6 407 | 0.065 44 0.2 2.2 15
B. | Fruits

3. Amurd 0.1 8 0 0 0.9 5 304 | 0.025 17 0 2.1

4. Mango 0.1 9.4 0 0 35 4 270 | 0.032 29 BDL 0.6 4
C. | Cereal Crops

5. | Arhar 0.1 51 1 0.36 1.0 4 95 0.034 49 0.3 0.6

6. | Wheat 0.3 37.3 0 0 0.5 4 491 0.1 27 0.3 0.6 3
D. | Weed

7. Castor 15 31.2 0 0 2.3 6 335 | 0.051 36 0.09 1.5 23
FSSAI 2011 1.1 - 1.5 - - 30 - 1 - 1.5 25 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.23: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Naudhiya Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | cd] co | o [cul Fe [ Hg [mn[ Ni [Pb]| 2zn
Edible Portion

A. | Vegetables

1. | Brinjal 07 | 31 |oo4| 01 | 32 | 20| 71 | 0031 | 11 | 03 | 09| 32

2. | Matar 04 | 33 |002| 02 | 209 5 51 | 0014 | 7 | 11| 05 | 28

3. | Mirch 02 | 26 |002| 01 | 18 8 73 | 0146 | 9 | 05 | 01 | 18

4, g;‘l'sn 02 | 48 |005| 02 | 4 | 121 | 0037 | 8 |06 | 01| 22

5. | Sarson 01 | 7.04 | 003|008 | 53 4 97 | 0034 | 25 | 08 | 05 | 52

6. | Tomato 05 | 32 |004| 01 | 16 7 92 | 0058 | 10 | 03 | 1.2 | 18

B. Fruits

7. |temon | 10 | 102 [003] 03 | 07 | 2 | 103 [ 008 | 5 [BDL| 06| 7

C. | Cereal Crops

8. | Arhar 02 | 32 |oo1| 01 | 21 9 40 | 0018 | 10 | 32 | 06 | 22

9. | Chana 01 | 303 |001] 02 | 33 8 93 | 0049 | 18 | 0.7 | 06 | 33

10. | wheat 01 | 69 |BDL| 01 | 3.0 4 92 | 0035 | 26 | 0.4 | 06 | 29
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Brinjal 16 | 418 | o 0 20 | 12 | 1027 | 0052 | 26 | 0.4 | 1.3 | 28

2. | coriander | 03 | 81 | 02 | 01 | 17 7 | 440 | 0075 | 30 | 12 | 04 | 17

3. | Matar 02 | 237 |006| 03 | 14 4 | 412 | 0056 | 23 | 13| 1 | 14

4. | Mirch 02 | 129 |01 | 03 | 26 8 | 296 | 0054 | 22 | 1.2 | 03 | 26

5. | Onion 04 | 2003 |007| 04 | 03 3 | 305 | 0088 | 19 | 0.7 | 0.4 | 3

6. | Sarson 03 | 216 | 02 | 007 | 1.0 3 74 | 0071 | 5 | 06 | 09 | 10

7. | Tomato 06 | 462 | 02 | 04 | 19 7 | 1107 | 0095 | 46 | 1.5 | 1.3 | 16

B. Fruits

8. | Amrud 02 | 267 |006| 03 | 1.8 | 10 | 554 | 0.056 | 59 | 1.6 | 0.6 | 19

9. | Lemon 02 | 243 |BDL| BDL | 23 6 | 378 | 0046 | 14 | 14 | 42 | 22

C. Trees

10. [Neem | 02 | 125 004|004 | 15 | 6 | 260 | 0073 | 15 [ 06 | 04 | 15

D. | Cereal Crops

11. | Arhar 03 | 147 |01 | 05 | 21 8 | 128 | 0048 | 42 | 26 | 17| 21

12. | chana 01 | 233 |004| 01 | 08 4 | 254 | 0028 | 14 | 05 | 07

13. | Wheat 01 | 408 |006| 02 | 06 3 | 382 | 0031 | 25 | 0.8 | 09

E. Weed

14. | castor 20 | 1808 | 01 | 02 | 31 5 | 548 | 0037 | 44 | 13 | 08 | 31

15. ﬁ;s\f\;fe 4 | 10 | 1005 | 03| 03 | 21 4 | 456 | 0805 | 37 | 1.0 | 06 | 21

FSSAI 2011 11 - 15 | - - 30 - 1 - |15 ] 25 ] s0

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.24: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral

Species during Summer: Mahadhiya Village

Sr. tem Metal Concentration (mg/kg)

No. AslBalCdlColCrICUIFeIHg‘MnINi‘Pb‘Zn
Edible Portion

A. | Vegetables

1. | Mmirch 02 | 84 |o005| 01 | 22 | 13 | 186 | 0087 | 11 | 09 | 10| 22

2. Slj}ibc’” 02| 62 | 0o | 02| 21 | 7 | 60 | 0741 | 9 | 04 |06 | 21

B. | Fruits

3. | Bel 45| 15 | o |BDL| 06 4 | 22 | 0119 |BDL| 40 |05 | 6

4. | Mango 01 | 301 |004|BDL | 17 5 | 49 [ 0178 | 3 | 07 |09 | 12

C. | Cereal Crops

5. | Wheat ‘ 0.2 ‘ 10.24 ‘0.06‘ BDL ‘ 2.8 ‘ 6 | 177 ‘ 0053 | 23 ‘ 1.0 ‘ 13 ‘ 28
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Kathal 04 | 111 |007| 03 | 21 | 12 | 485 | 0066 | 39 | 18 | 13| 21

2. | Mirch 04 | 257 | o | 03 | 35 | 10 | 410 | 0078 | 31 | 106 | 1.7 | 36

3. | sem 04 | 413 |004| 02 | 24 | 12 | 579 | 0173 | 72 | 14 | 20| 25

B. Fruits

4. | Mango ‘ 02 | 176 ‘0.11‘ 0.1 ‘ 11 ‘ 9 | 528 ‘ 0.104 | 35 ’ 14 ‘ 0.9 ‘ 17

C. | Trees

5. | Neem ‘ 05 | 135 ‘0.01‘ 0.2 ‘ 2.2 ‘ 8 495‘ 007 | 20 ‘ 1.09 ‘ 14 ‘ 23

D. | Cereal Crops

6. | Wheat 03 | 332 | o [o006| 16 6 | 305 | 0149 | 24 | 11 | 16| 16

FSSAI 2011 | 1.1 - 15 | - - 30 | - 1 - 15 | 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.25: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer:Gorbi Village

Sr. tem Metal Concentration (mg/kg)

No. As ‘ Ba | cd ‘ Co | cr | Cu | Fe ‘ Hg ‘ Mn | Ni | Pb ‘ Zn
Edible Portion

A. | Vegetables

1. CB)S:S” 02| 25 | o | o 24 | 4 | 10 | 0045 | 6 |BDL| 06 | 23

2. | sarson 009 | 26 | 0 0 1.0 3 | 107 | 0015 | 23 | BDL| 02 | 10

3. | Tomato 03| 01 | 0 0 0.8 4 | 48 | 0346 | 7 |BDL| 04 | 14

B. | Fruits

4. | Bel 01| 14 | o 0 15 4 |BDL| 0032 | 1 | 19| 04 | 14

5. | Mango 009 | 25 | 0 0 2.1 3 | 19 [oo69 | 4 | 01| 12 | 15

C. | Cereal Crops

6. | Arhar 007 | 16 | 0 0 0.8 5 | 29 [0038| 6 | 08 | 01 | 14

7. | Wheat 007 | 29 | o 0 14 2 | 115 | 0044 | 28 | BDL| 03 | 13
Non-Edible Portion (Biomass)

A. | Vegetables

1. ?mamth“ 06 | 545 | 0 0 1.2 5 | 417 | 0044 | 36 |005| 02 | 11

2. | Bhindi 07 | 566 | 0 0 1.2 5 | 442 | 0051 | 40 | 0o | 01 | 10

3. | Onion 07 | 307 | o 0 1.9 1 | 191 | 0123 | 9 |BDL| BDL | 18

4. | sarson 05 | 4201 | 0 0 0.6 3 | 98 | 014 | 5 |BDOL| 06 | &

5. | Tomato 11 | 8101 | o 0 1.2 5 |84 |0220| 29 | 07| 07 | 21

B. | Fruits

6. | Amrud 10 | 533 | © 0 35 6 | 489 | 0015 | 41 |BDL | 04 | 34

7. | Bel 06 | 55 0 0 0.4 6 | 323 | 003 | 14 | 11 | 05 | 3

8. | Karonda | 0.3 | 168 | 0 0 3.2 5 | 258 | 0051 | 11 | BDL| 05 | 31

9. | Mango 05 | 1703 | 0 0 1.1 6 | 250 | 0074 | 28 | 08 | 06 | 11

C. | Cereal Crops

10. | Arhar 03| 122 | o 0 11 6 | 375 | 0055 | 11 | 005 | 1 10

11. | Wheat 05 | 28 0 0 09 4 120 0123 | 42 | 08 | 12 | 8

D. | Weed

12. \?veesjgejoy 06 | 2004 | 0 0 35 3 | 565 | 004 | 32 | 06 | 08 | 35

FSSAI 2011 11 - 15 | - - 30 | - 1 - | 15 | 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.26: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Thurua Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | cd | Co | cr | Cu | Fe | Hg ‘ Mn ‘ Ni ‘ Pb ‘ Zn
Edible Portion

A. | Vegetables

1. Kathal 0.06 3 0.04 BDL 15 5 51 0.107 5 0.4 0.3 16

2. Slj}ibc’” 02 | 48 | 006 | BOL | 22 | 6 | 41 | 1.08 | 12 | 04 | 06 | 22
Non-Edible Portion (Biomass)

A. | Vegetables

1. Kathal 0.09 6.7 0.3 1.12 1.4 14 245 0.62 23 0.03 1.1 14

2. Onion 0.4 27.3 1.0 0.08 1.7 44 444 5.44 12 0.6 12.3 18

B. | Fruits

3. Amrud 0.3 12.6 0.02 0.57 2.1 15 367 0.08 28 0.9 3.5 21

FSSAI 2011 1.1 - 15 - - 30 - 1 - 1.5 25 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.27: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Karaila Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | cd | Co | cr | Cu | Fe | Hg | Mn | Ni ‘ Pb IZn
Edible Portion

A. | Vegetables

1. Bhindi BDL 9.9 0.05 0.2 2.6 9 119 0.039 17 0.6 BDL 26

2. Onion BDL 3.06 0.01 0.01 11 4 38 0.058 6 0.2 0.1 15

3. Sarson 0.09 7.5 0.02 0.2 4.0 4 128 0.031 29 0.6 0.2 38

4. Tomato BDL 2.6 0.07 0.2 1.0 7 113 0.135 10 0.5 0.2 10

B. | Fruits

5. | Mango ‘BDL‘ 6.8 | 0.04 ‘ BDL ‘ 0.8 ‘ 6 ‘ 39 ‘ 0.076 ’ 75 ’ 11] 03 | 6

C. | Cereal Crops

6. | Arhar 0.07 14 0.01 0.2 2.6 8 40 0.083 7 4.1 0.3 26

7. | Wheat 0.07 4.5 0.01 0.09 2.7 4 54 0.051 29 0.5 0.7 26
Non-Edible Portion (Biomass)

A. | Vegetables

1. Bhindi 0.9 41.6 0.3 1.4 4.6 12 1177 0.028 67 2.9 1.6 47

2. Onion 0.5 17.2 0.08 0.4 0.5 4 553 0.339 21 0.8 0.4 11

3. Sarson 0.1 10.8 0.04 0.1 0.5 4 104 0.158 9 0.5 1.1 5

4. Tomato 0.7 61.9 0.2 0.6 1.9 16 943 0.071 41 2.0 0.7 20

B. | Fruits

5. | Mango | 2.1 ‘ 290 | 0.09 ‘ 0.1 ‘ 15 ‘ 5 ‘242‘ 0.049 |372 | 08 | 07 |15

C. | Cereal Crops

6. Arhar 0.1 3.9 0.2 0.8 0.7 6 96 0.506 13 1.7 0.9 11

7. Wheat 0.3 354 0.05 0.02 0.9 4 500 0.099 43 0.9 1.4 8

FSSAI 2011 1.1 - 15 - - 30 - 1 - 1.5 25 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.28: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Padri Village

Sr. tem Metal Concentration (mg/kg)

No. AslBalCdlColCrICUIFeIHg‘Mn‘Ni‘Pb‘Zn
Edible Portion

A. | Vegetables

1. | Kathal ‘ 0.4 | 10.59 | 0 | 0 | 1.0 | 14 | 142 | 0.065 ‘ 8 ‘ 0.04 ‘ 0.7 ‘ 7

B. | Fruits

2. | Lemon 03 | 897 | © 0o | BDL | 3 | 47 | 0046 | 2 | BDL | 14 | 1

3. | Mango BDL | 785 | O 0 1.3 4 | 27 |oosr | 12 | 06 | 15| 13
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Kathal ‘ 0.4 ‘ 324 ‘ 0 ‘ 0 ‘ 0.4 ‘ 14 ‘ 370 ‘ 0.044 ‘ 20 ‘ 0.02 ‘ 25 ‘ 5

B. Fruits

2. | Amurd 07 | 107 | 0 0 06 | 10 | 431 | 0026 | 14 | BDL | 09 | 6

3. | Lemon 03 | 492 | o 0 0.1 7 | 489 [ 0035 | 15 | 05 | 2 | s

4. | Mango 03 | 348 | 0 0 09 | 17 | 168 | 0061 | 44 | 05 |21 | 9

C. | Trees

5. | Neem 08 | 159 | o 0 0.8 9 | 506 |0058| 18 | 02 |07 ] 8

FSSAI 2011 | 1.1 - 15 | - - 30 | - 1 - 15 | 25 | 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.29: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Bastali Abad Village

Sr. tem Metal Concentration (mg/kg)
No. As | Ba | cd | Co | cr | Cu | Fe | Hg ‘ Mn | Ni | Pb IZn
Edible Portion

A. | Vegetables

1. Bhindi 0.2 10 BDL | BDL 3.1 11 148 0.149 20 0.7 0.1 | 30
2. Brinjal 0.3 2.3 BDL | BDL 2.1 16 85 0.196 13 0.6 | BDL | 20
3. Onion 0.2 6.8 BDL | BDL 1.9 8 97 0.153 12 06 | 49 | 18
4. Sarson 0.2 8.9 BDL | 0.39 2.8 5 244 0.033 57 1.2 05 | 27
5. Tomato 0.4 3.07 0.03 1.4 24 12.8 108 0.153 14 0.9 33 | 23
B. | Cereal Crops

6. Arhar 0.01 2.7 BDL | BDL 1.3 9 35 0.046 9 2.2 0.1 | 12
7. Wheat 0.07 8.5 BDL | BDL 2.0 4 60 0.019 29 0.6 0.3 | 29

Non-Edible Portion (Biomass)

A. | Vegetables

1. Bhindi 0.8 43.2 0 0.7 4.4 18 1917 0.137 59 2.3 3.2 | 45
2. Brinjal 1.0 13.3 0.04 0.3 1.7 14 497 0.79 34 0.9 1.7 | 17
3. Onion 04 24 1.1 0.06 1.2 57 530 3.602 25 0.9 | 151 | 12
4. Sarson 0.3 16.6 BDL | BDL 0.5 4 179 0.057 10 0.4 0.8 5
5. Tomato 15 63.3 0.5 1.8 3.2 35 1960 0.445 75 54 49 | 34
B. | Fruits

6. | Mango ‘ 02 | 229 ‘ BDL |BDL| 13 | 16 | 421 ‘ 0134 | 34 | 16 | 37 | 13
C. | Cereal Crops

7. Arhar 0.3 18.3 BDL | BDL 1.2 11 373 0.186 45 0.9 50 | 12
8. Wheat 0.5 59.2 BDL | BDL 1.4 4 367 0.138 25 [ 103 | 0.8 | 13
FSSAI 2011 1.1 - 15 - - 30 - 1 - 1.5 25 | 50

Values in red color indicate exceedance to FSSAI Standards.

59




Final Report — October 2020

Study of Flora, Fauna and Ash Characterization for Back-filling of Ash

from NTPC Vindhyachal STPS in Mine Voids of Gorbi Mines of Northern

Coalfields Ltd.

CSIR-NEERI-DZC, New Delhi

1SO 9001:2008

Table 2.5.30: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Kathas Village

Sr. tem Metal Concentration (mg/kg)

No. AslBalCdlColCrlCulFengIMnINi‘Pb‘Zn
Edible Portion

A. Fruits
Amrud ‘BDLI 4.9 | 0.09 | 0.2 | 12 | 8 | 55 | 0.029 | 17 | 0.7 ‘ 0.2 ‘ 12
Non-Edible Portion (Biomass)

A. Fruits

1. | Amrud BDL | 163 | 004 |007| 04 | 8 | 137 | 0038 | 20 | 06 | 04 | 4

2. | Lemon BDL | 89.2 | 007 |BDL| 004 | 5 | 173 | 0049 | 12 | 08 | 03 | 1

B. Trees

3. | Neem BOL | 2904 | 01 [o011| 123 | 6 | 258 | 0056 | 21 | 1.2 | 14 | 14

FSSAI 2011 | 1.1 - 15 | - - 30 - 1 - |15 ] 25 ] s0

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.31: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Parsohar Village

Sr. tem Metal Concentration (mg/kg)

No. As ‘ Ba | cd ‘ Co | cr | Cu ‘ Fe | Hg | Mn | Ni ‘ Pb ‘ Zn
Edible Portion

A. | Vegetables

1. Bhindi 0.2 | 13.8 0.2 0.1 4.5 13 129 0.14 16 0.3 | 0.03 45

2. Kathal 0.2 | 156 | 0.04 0.03 2.4 7 69 0.066 16 0.7 0.1 24

3. Sl?lil;m 0.1 5.8 0.06 0.03 1.3 4 21 0.027 9 0.5 0.1 13

4. Sarson 0.1 6.3 0.03 0.4 29 4 155 0.025 62 04 | 03 30

5. Tomato 0.1 2.5 0.1 0.1 25 12 163 0.130 15 0.5 0.3 24

B. | Fruits

6. Amrud 0.0 5.0 0.05 0.1 1.0 5 23 0.04 9 0.5 | BDL 10

7. Mango 0.1 9.9 0.06 BDL 0.9 4 18 0.134 17 | 103 | 0.2 9

C. | Cereal Crops

8 |wheat | 11| 75[ 004 ] 04 [ 29[ 6 |652| 003 [42|05][o07]| 28
Non-Edible Portion (Biomass)

A. | Vegetables

1. Bhindi 1.4 | 32.7 0.3 0.67 5.2 12 1209 0.086 53 1.2 1.2 53

2. Kathal 0.6 | 329 0.1 BDL 1.6 17 333 0.04 37 0.8 0.4 16

3. Onion 0.3 | 35.2 | 0.07 0.06 0.1 9 195 0.513 15 0.5 0.5 1

4. Sarson 0.2 | 125 0.2 0.5 1.5 4 86 0.144 46 0.1 0.9 15

5. Tomato 41 | 25.1 0.5 1.29 29 17 1579 0.048 106 | 3.0 3.1 29

B. | Fruits

6. | Mango ‘ 0.2 ‘54.7‘ 0.08 ‘ BDL ‘ 12 ‘ 8 ‘ 253 ‘ 0.033 ‘ 136‘ 11 ‘ 08 ‘ 12

C. | Cereal Crops

7. Wheat 04 | 434 | 0.09 0.11 0.8 4 216 0.027 58 0.7 0.8 8

FSSAI 2011 1.1 - 15 - - 30 - 1 - 1.5 25 50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.32: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Khirwa Village

Sr Metal Concentration (mg/kg)
’ Item

No. AslBalCdlColCrlCulFeng‘MnINiIPbIZn

Edible Portion

A Vegetables

1. | Brinjal 03| 43 | o005 ] 02 | 31 | 20| 212 | 0144 | 19 | 08 | 35 | 30
2. | Bhindi 03| 13 | 0090 | 02 | 39 | 10| 237 | 0178 | 16 | 0.7 | 0.02 | 39
3. | Kathal 008| 75 | 005 | 003 | 32 | 18 | 65 | 0071 | 12 | 24 | 08 | 32
4, SS:S” 01| 39 | 002 | 01 | 23 | & | 115 | 0093 | 14 | 0.7 | 0.2 | 23
5. | Tomato 02 | 18 | 007 | 008 | 10 |12 | 60 | 0068 | 10 | 04 | 1.2 | 25
B. | Fruits

6. | Mango ‘0.07‘ 5.1 ‘ BDL ‘ 0.04 ‘ 2.2 ‘ 9 ‘ 39 ‘ 0.232 ‘ 35 ‘2.05‘ 18 ‘ 15

Non-Edible Portion (Biomass)

A. | Vegetables

1. | Bhindi 04 | 265 | 02 | 02 | 49 | 25 | s25 | 018 | 35 | 10 | 41 | 51
2. | Brinjal 06 | 231 | 02 | 11 | 15 | 37 | 1223 | 0164 | 40 | 1.2 | 83 | 16
3. | Kathal 02 | 335 | 004 | 01 | 13 | 25 | 174 | 0075 | 49 | 0.7 | 58 | 14
4. | onion 05 | 136 | 00 | 02 | 08 | 8 | 477 | 0314 | 13 [ 09 | 1.7 | 8
5. | Tomato 04 | 399 | 02 | 04 | 26 | 18 | 936 | 0086 | 31 | 1.6 | 2.7 | 11
B. | Fruits

6. | Amrud 03] 131 | 003 | 02 | 12 | 21| 320 | 0054 | 36 | 1.3 | 62 | 12
7. | Mango 04 | 529 | 005 | 005 | 15 | 17 | 308 | 008 | 280 | 1.7 | 39 | 22
FSSAI 2011 | 1.1 - 15 - - 30 - 1 - | 15| 25|50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.33: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral

Species during Summer: Dadar Village

Sr. tem Metal Concentration (mg/kg)

No. As | Ba | cd | Co | cr | Cu | Fe | Hg ‘ Mn | Ni | Pb IZn
Edible Portion

A. | Vegetables

1. | Bhindi 03| 201 | 003 | 03 | 25 | 3 | 169 | 0084 | 30 | 09 | 0.9 | 25

2. | Kathal 007 | 75 | 007 | 003 | 31 |12 | 71 | 0072 | 35 | 06 | 0.2 | 30

3. | Mirch 02 | 86 | BDL | 01 | 26 | 15 | 141 | 0112 | 20 | 0.8 | 05 | 25

4. | Tomato 02| 24 |BoL | 01 | 27 | 17 | 138 | 0122 | 17 | 09 | 12 | 26

B. Fruits

5. | Mango ‘ 0.2 ‘ 10.2 ‘ BDL | BDL ‘ 0.9 ‘ 13 | 67 | 0107 ‘ 11 ’ 18] 14 9
Non-Edible Portion (Biomass)

A. | Vegetables

1. | Bhindi 05| 519 | 01 | 02 | 27 | 11 | 651 | 012 | 91 | 26 | 3.4 | 28

2. | Brinjal 06 | 237 | 003 | 03 | 22 | 12 | 703 | 0497 | 36 | 09 | 09 | 22

3. | Kathal 03 | 235 | 04 | 01 | 11 | 15 | 251 | 004 | 37 |03 | 23|11

4. | Mirch 03 | 207 | 001 | 02 | 33 | 14 | 459 | 0061 | 30 | 0.8 | 0.6 | 32

5. | Tomato 07 | 660 | 02 | 06 | 27 | 20 | 1499 | 0.029 | 65 | 1.9 | 35 | 17

B. Fruits

6. | Mango ‘ 03 ‘ 81.1 | 0.08 | BDL ‘ 16 ‘ 26 | 387 ‘ 0.065 ‘114‘ 15 | 06 | 36

C. | Trees

7. | Neem 02 | 256 | BOL | 01 | 20 | 5 | 464 | 004 | 40 | 08 | 05 | 20

FSSAI 2011 | 1.1 - 15 - - 30 - 1 - |15 ] 25|50

Values in red color indicate exceedance to FSSAI Standards.
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Table 2.5.34: Heavy Metal Concentration in Edible and Non-Edible Portion of Floral
Species during Summer: Singrauli Village

Sr. tem Metal Concentration (mg/kg)
No. As ‘ Ba | cd | Co | cr | Cu | Fe ‘ Hg ‘ Mn | Ni | Pb IZn
Edible Portion
A. | Vegetables
Tomato ‘0.07‘ 27 | 0.03 | 0.1 | 2.0 | 10 | 91 ‘ 0.186 ‘ 15 | 0.2 | 1.4 | 20
Non-Edible Portion (Biomass)
A. | Vegetables
1. | Kathal 0.1 | 334 | 0.04 0.2 1.8 9 338 0.052 | 23 | 1.3 | 1.8 | 18
2. | Tomato 0.7 | 66.1 0.1 1.09 3.7 15 | 1935 | 0.061 | 99 | 2.8 | 50 | 39
B. | Fruits
3. | Amrud 01 | 27.0 0.1 0.3 1.5 12 | 324 0.036 | 50 | 1.4 | 1.4 | 15
4. | Mango 6.7 | 205 0.2 0.1 0.7 12 | 304 0.034 | 135 | 1.0 | 6.0 | 8
C. | Trees
5. | Neem 0.4 | 243 | 0.06 0.5 2.9 13 | 789 0.064 | 81 | 1.3 | 43 | 29
FSSAI 2011 1.1 - 1.5 - - 30 - 1 - 15 | 25 | 50
Values in red color indicate exceedance to FSSAI Standards.
Table 2.5.35: Heavy Metal Concentration in Edible and Non-Edible Portion of
Vegetables & Fruits and Biomass during Summer: Baliyari Village (Near Ash Dyke)
Sr. tem Metal Concentration (mg/kg)
No. As | Ba | cd | co [ o [cu|Fe| Hg | M| N [Pb| zn
Edible Portion
A. | Vegetables
Bhindi 0.2 | 16.2 | 0.06 0.1 25 9 | 169 | 0.056 | 10 | 0.8 | 0.2 | 25
2. | Brinjal 0.2 7.3 0.04 | 0.02 2.7 18 | 125 | 0.091 | 12 | 05 | 0.8 | 27
3. gﬂlign 008 | 22 | 0.01 0 21 | 5 | 24 | 0104 | 6 | 03] 07 | 20
4. | Tomato 0.2 1.7 0.08 | 0.03 2.3 13 | 68 | 0.040 5 | 04| 26 | 31
Non-Edible Portion (Biomass)
A. | Weeds
1. | Bhindi 0.5 | 383 | 0.09 0.2 3.8 12 | 370 | 0.104 | 38 | 06 | 1.6 | 39
2. | Brinjal 0.5 | 336 | 0.08 0.3 2.2 15 | 648 | 0.053 | 43 | 08 | 1.6 | 22
3. | Onion 0.2 | 106 | BDL | 0.06 1.5 23 | 148 | 0223 | 13 | 04 | 6.6 | 15
4. | Tomato 07 | 37.3 0.2 0.4 3.1 24 | 1017 | 0.049 | 30 | 1.4 | 49 | 24
B. Trees
5. | Neem 0.2 | 391 | 0.03 | BDL 1.7 6 | 199 | 0.03 58 | 06 | 1.5 | 17
FSSAI 2011 1.1 - 1.5 - - 30 - 1 - 15 | 25 | 50
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Table 2.5.36: Village-wise Status of Exceedance of Heavy Metals in Edible and Non
Edible Portion (biomass) of Floral Species during Winter Season

Total No. of
Sr. . No. of Samplgs Floral Species and Metals of Concern
No. Village Samples | Exceeding (with values in mg/kg)
FSSAI
Limits
A. | Edible Portion
1. | Phuljhar 6 Zizipus: As (2.04) & Cu (35); Lakra: Pb (2.9)
2. | Naudhaiya 6 Arhar: Ni (1.7)
3. | Mahadhaiya 3 --
4. | Gorbi 5 4 E?ronda (4.6), Lakra (1.8), Sem (1.9) & Arhar (2.6):
5. | Thurua 3 1 Arhar: Ni (2.3)
6. | Karaila 7 0 --
7. | Padri 4 1 Arhar: Pb (3.7)
Bastali -
8. Abad 1 0
9. | Kathas 7 0 --
10. | Parsohar 6 2 Lakra: Cu (33) & Ni (2.8); Arhar: Ni (1.9)
11. | Khirwa 6 2 Lauki (2.7) & Arhar (2.5): Ni
12. | Dadar 6 1 Arhar: Ni (1.8)
13. | Singrauli 2 0 --
14. | Baliyari 3 1 Lakra: Ni (2.1)
Total 65 15
B. | Non-Edible Portion (Biomass)
Mango (1.2), Ban Tulsi (3): As;
1. | Phuljhar 15 8 Ziz_ipus: As (6.5) & Cu (55); .
Brinjal (1.8), Lauki (2.8), Pumpkin (3), Arhar(1.6),
Castor (1.6): Ni
2. | Naudhaiya 10 4 Arhar (2.5), Sem (1.8), Lemon (1.6), Brinjal (3.6): Ni
. Lakra: : Arhar (2.9), Neem (1.6), P
3. | Mahadhaiya | 12 ! (;3)?02_:,&()?6()2.8), ger(n (91).6),e|§ota(to 2.8)?%?%
4 | Gorbi 11 4 Arhar:As(1.5), Ni (2.7), Pb (.3.7); Lakra: Cu (57)
Mango (1.7) & Sem (1.8): Ni
s [mna [ e e e
6. | Karaila 11 3 Brinjal: Zn(53); Tomato (2.2) & Arhar (1.7): Ni
Zizipus (2.3) & Neem (1.7): As;
7 | padri 11 - Brinjal: Cgl (3.6), Ni (2), Pb (8.8);
Potato: Ni (1.8), Pb (10.1);
Lauki (3.4) & Sem (1.9): Ni; Arhar: Pb (4.1)
8. | Bastali 9 7 Tomato: Cu (32), Ni (5.3) & Zn (53);
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Abad Brinjal (3.8), Lauki (4.3), Pumpkin (3.4), Sem (2.5),
Arhar (3.3), Sessile joy weed (1.8): Ni
9. | Kathas 13 3 Lakra: Cu (42); Lauki (1.8) & Potato (2.1): Ni
10. | parsohar 12 5 Brinjal: As (1.3); Tomato: Cu (31), Ni (1.6)
Lakra (1.9) & Castor (1.7): Ni; Zizipus: Cu (31)
. Brinjal (2.8), Lauki (2.3), Tomato (1.8), Arhar (1.7),
11} Khirwa 11 5 Casjtor((2.3)): Ni @ o o
Brinjal: Cu (31); Tomato (1.7) & Arhar (2.8): Ni
12. | Dadar 10 4 . .
Sessile Joy weed: As (2.4) & Ni (3.1)
13. | Singrauli 10 3 Brinjal (3.5), Lauki (1.8), Potato (3.6): Ni
14. | Baliyari 6 2 Lakara: Ni (2); Potato: Pb (3.4)
Total 152 68
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Table 2.5.37: Village-wise Status of Exceedance of Heavy Metals in Edible and Non
Edible Portion (biomass) of Floral Species during Summer Season

Sr _ Total No. | No. of Sar_nples _
NO. Village of Exceedmg Floral Species & Metals of Concern
Samples FSSAI Limits
A. | Edible Portion
1. Phuljhar 3 1 Arhar: Ni (1.6)
2. Naudhaiya 10 2 Sarson: Zn (52); Arhar: Ni (3.2)
3. Mahadhaiya 5 1 Bel: As (4.5) & Ni (4)
4. Gorbi 7 1 Bel: Ni (1.9)
5. Thurua 2 1 Onion: Hg (1.08)
6. Karaila 7 1 Arhar: Ni (4.1)
7. Padri 3 0 --
. Onion (4.9) & Tomato (3.3): Pb;
8. Bastali Abad 7 3 Arhar: Ni (2.2)
9. | Kathas 1 0 -
10. | Parsohar 8 0 --
. Kathal (2.4) & Mango (2.05): Ni;
11} Khirwa 6 3 Brinjal: Pb (3.5)
12. | Dadar 5 1 Mango: Ni (1.8)
13. | Singrauli 1 0 --
14. | Baliyari (A.D) 4 1 Tomato: Pb (2.6)
Total 69 15
B. | Non-Edible Portion (Biomass)
1. Phuljhar 7 1 Castor: As (1.5)
Brinjal (1.6) & Castor (2): As
2. Naudhaiya 15 5 Amrud (1.6) & Arhar (2.6): Ni;
Lemon: Pb (4.2)
3. Mahadhaiya 6 1 Kathal: Ni (1.8)
4. Gorbi 12 0 --
Onion: Cu (44), Hg (5.44), Pb (12.3);
o | Thurua 3 2 Amrud: Pb (3.5)
6. Karaila 7 4 ﬁ?r&/?;%.og:)xl;o(rg.alt)o (2) & Arhar (1.7):
7. Padri 5 0 --
Onion: Cu (57) & Pb (15.1)
Tomato: As (1.5), Cu (35), Ni (5.4) &
8. | Bastali Abad 8 5 Pb (4.9)
Bhindi: Ni (2.3), Pb (3.2)
Mango: Ni (1.6), Pb (3.7); Arhar: Pb (5)
9. | Kathas 3 0 --
Bhindi: As (1.4) & Zn (53)
10. | Parsohar ! 2 Tomato: As (4.1), Ni (3), Pb (3.1)
Brinjal: Cu (37), Pb (8.3);
11. | Khirwa 7 6 Bhindi: Pb (4.1), Zn (51)

Kathal (5.8) & Amrud (6.2): Pb
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Tomato: Ni (1.6), Pb (2.7) &
Mango: Ni (1.7), Pb (3.9)
Bhindi: Ni (2.6), Pb (3.4) &
12. | Dadar ! 2 Tomato: Ni (1.9), Pb (3.5)
Mango: As (6.7), Pb (6);
13. | Singrauli 5 3 Tomato: Ni (2.8), Pu (5)
Neem: Pub (4.3)
14. | Baliyari 5 2 Onion (6.6) & Tomato (4.9): Pb
Total 97 33

Note: Different plant species respond differently on uptake of different metals. Bioaccumulation of
metals from soil to plant is effected by soil physic-chemical parameters, type & age of plant
and bioavailability of metal from soil (Islam et al., 2016, Proshad et al., 2019, Kormoker et
al., 2020). Hence a detailed study for 2-3 years is required to conclude the response of
different trace metals on different plant species.
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2.6 Bio-accumulation of Metals in Floral Species

The bio-accumulation factor (BAF) in a floral species is estimated as the ratio of
metal concentration in plant species to the concentration of metal in the same soil where
the plant is grown. It is expressed as:

BAF = Cplant/CSoiI

Where, Cyan is mean concentration (mg/kg) of an element in the plant material
(dry weight basis) and Cs; is mean concentration (mg/kg) of the same element in the soll
(dry weight basis).

The higher values of bio-accumulation factor (BAF) indicate more mobility or
availability of a particular metal to the plants. Therefore, high BAF values may put forth
the potential health risks to the consumers (Wang et al., 2006). Plants with BAF > 1 are
termed as accumulators; plants with BAF = 1 have no influences and plants with BAF <
1 are termed as "excluder” (Radulescu et al., 2013).

Bioaccumulation factor (BAF) was calculated for the edible portion in plants for
both the seasons because it is related to human consumption. Bioaccumulation factors
were calculated for different vegetables, fruits and cereals for the respective villages
wherever samples were available. Bio-accumulation factors for different vegetables,
fruits and cereal crops are given in Tables 2.6.1 and 2.6.2, respectively for winter and
summer season.

The results showed bioaccumulation factor more than one only for Cu & Hg. Rest
all other metals showed BAF less than 1, hence they are categorised as “excluders”.

Village-wise list of floral species having BAF between 1-2 and more than 2 is
given in Table 2.6.3.

2.6.1 Bio-accumulation of Copper (Cu)

Most of the edible portion of plants viz., Brinjal, Lakra, Sem & Ziziphus in winter
season, and Brinjal in summer season showed bio-accumulation factor marginally higher
than one, and can be categorised as “no/ little influences”. A few species like Brinjal of
Bastali Abad, Lakra of Mahadhiya & Baliyari and Ziziphus of Phuljhar and Mahadhiya
showed BAF between 2.0 & 2.8, thus can be considered as “metal accumulators”.

2.6.2 Bio-accumulation of Mercury (Hg)
The bio-accumulation factor in edible portion of plants was observed in Brinjal,

Lakra, Lauki, Sem, Tomato, Amrud, Ziziphus and Arhar in winter, and Bhindi, Brinjal,
Mirch, Onion, Sarson, Tomato and Mango in summer season. It has been observed that
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lakra of Phuljhar, Mahadhiya & Karaila, Lauki of Phuljhar, Sem of Naudhiya, Tomato of
Thurua, Parsohar & Dadar and Ziziphus of Phuljhar, Mahadhiya & Karaila in winter
season and Brinjal of Bastali Abad, Mirch of Naudhiya, Onion of Mahadhiya & Thurua,
Tomato of Gorbi and Mango of Khirwa in summer season showed BAF more than 2.0,
and can be categorised as “metal accumulators”.

Most of the other plants showed BAF = 1 or slightly more than one, and can be
considered as “no influences”. Further onion in Mahadhiya and Thurua showed BAF of
7.0 & 9.1 respectively which was higher. However mercury concentration did not exceed
the FSSAI standard of 1.0 mg/kg in the edible portion of any plant.

It is to be noted that the purpose of the present study was to assess the metal
concentration and thereby accumulation in the edible part of the species so as to
generate a baseline data in the plants collected, as available/grown during winter and
summer season. Besides vegetable and cereal crops, trees and weeds growing in the
villages were also included in the study. As we have different crops/species in different
seasons, study on seasonal effect was not possible for similar species.

70



Final Report — October 2020

Study of Flora, Fauna and Ash Characterization for Back-filling of Ash
from NTPC Vindhyachal STPS in Mine Voids of Gorbi Mines of Northern
Coalfields Ltd.

CSIR-NEERI-DZC, New Delhi

NEERI

1SO 9001:2008

Table 2.6.1: Bio-accumulation Factor for Edible Portion of Floral Species of

Winter Season

Bio-accumulation Factor

S(r).. Villages As ‘ Ba ‘ Cd ‘ Co l Cr l Cu | Fe ‘ Hg | Mn | Ni ‘ Pb ‘ Zn
A. Brinjal

1. | Phuljhar 0.009 | 0.045 - - 0.052 | 1.040 | 0.002 | 0.677 | 0.055 - 0.015 | 0.875
2. | Naudhaiya 0.049 | 0.106 | 0.225 | 0.323 | 0.033 | 1.250 | 0.003 | 1.966 | 0.113 - - 0.536
3. | Thurua 0.103 | 0.050 | 0.075 - 0.045 | 1.000 | 0.003 | 0.836 | 0.122 | 0.042 - 0.360
4. | Karaila - 0.025 | 0.067 - 0.096 | 1.448 | 0.002 | 1.586 | 0.109 | 0.017 - 0.828
5. | Padri 0.097 | 0.072 - 0.035 | 0.056 | 0.806 | 0.002 | 0.919 | 0.095 | 0.082 - 0.785
6. | Bastali Abad | 0.027 | 0.104 | 0.100 - 0.064 | 2.000 | 0.003 | 1.683 | 0.081 | 0.115 - 0.864
7. | Kathas 0.102 | 0.083 | 0.017 - 0.035 | 0.811 | 0.002 | 1.000 | 0.085 | 0.025 | 0.006 | 0.620
8. | Parsohar 0.024 | 0.031 | 0.017 - 0.031 | 0.483 | 0.003 | 1.047 | 0.068 | 0.026 - 0.394
9. | Khirwa 0.022 | 0.042 | 0.004 - 0.065 | 1.059 | 0.002 | 1.435 | 0.089 | 0.052 | 0.007 | 0.707
10. | Dadar 0.022 | 0.057 | 0.054 - 0.061 | 0.848 | 0.003 | 0.967 | 0.041 | 0.040 | 0.031 | 0.530
B. | Lakra

1. | Phuljhar 0.045 | 0.111 | 0.300 - 0.049 | 1.040 | 0.004 | 5.903 | 0.284 | 0.101 | 0.212 | 0.531
2. | Mahadhaiya | 0.022 | 0.104 | 0.080 - 0.050 | 2.000 | 0.003 | 2.818 | 0.184 | 0.129 | 0.074 | 0.410
3. | Gorbi - 0.191 | 0.300 | 0.032 | 0.102 | 1.340 | 0.003 | 0.878 | 0.156 | 0.208 | 0.045 | 0.805
4. | Karaila - 0.093 | 0.017 - 0.062 | 1.448 | 0.005 | 3.390 | 0.097 | 0.050 | 0.021 | 0.745
5. | Kathas 0.051 | 0.105 | 0.029 | 0.016 | 0.034 | 0.757 | 0.004 | 1.316 | 0.085 | 0.038 | 0.029 | 0.400
6. | Parsohar 0.019 | 0.091 | 0.057 - 0.081 | 1.138 | 0.002 | 1.605 | 0.273 | 0.243 | 0.014 | 0.901
7. | Dadar 0.022 | 0.256 | 0.024 - 0.034 | 0.625 | 0.009 | 1.240 | 0.096 | 0.064 | 0.031 | 0.346
8. | Baliyari 0.033 | 0.325 | 0.082 - 0.101 | 2.000 | 0.011 | 0.957 | 0.519 | 0.420 | 0.167 | 0.537
C. | Lauki

1. | Phuljhar 0.009 | 0.061 - - 0.094 | 0.880 | 0.002 | 3.452 | 0.099 | 0.150 | 0.022 | 0.656
2. | Khirwa 0.022 | 0.044 | 0.004 - 0.068 | 0.765 | 0.002 | 1.739 | 0.089 | 0.174 | 0.021 | 0.732
3. | Dadar 0.018 | 0.021 | 0.036 - 0.096 | 0.491 | 0.003 | 1.687 | 0.082 | 0.104 | 0.003 | 0.829
D. | Sem

1. | Naudhaiya - 0.069 | 0.010 - 0.063 | 1.161 | 0.002 | 2.793 | 0.190 | 0.101 | 0.013 | 0.557
2. | Mahadhaiya | 0.022 | 0.040 | 0.040 | 0.036 | 0.062 | 1.905 | 0.006 | 1.970 | 0.171 | 0.129 - 0.602
3. | Gorbi - 0.102 - 0.010 | 0.074 | 0.319 | 0.001 | 0.878 | 0.106 | 0.219 - 0.768
4. | Karaila 0.043 | 0.019 - - 0.064 | 0.414 | 0.002 | 1.275 | 0.081 | 0.117 | 0.005 | 0.579
5. | Kathas 0.051 | 0.033 - - 0.042 | 1.081 | 0.004 | 1.237 | 0.106 | 0.069 |