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Executive Summary
Korba, the power capital of Chhattisgarh has more than 10 coal-fired thermal power
plants producing 6000MW of electricity. It also holds world’s second largest open cast
coal mines Gevra and other major open cast coal mines such as Kusmunda mines and
Dipka mines. The city is located approximately 200km from the state’s capital Raipur. It
is ranked as fifth among the 'critically polluted area' category among 88 industrial
clusters1 in a study conducted by the Central Pollution Control Board (CPCB) in 2009.
The most common causes of pollution in the locality are the emissions from thermal
power plant; dumping of fly ash and ash slurry; outflow of coolant water into river
impacting the flora, fauna and fish resources; and ground water contamination from
coal storage yards and ash ponds.
The polluted ambient have impacted various life forms especially human beings. The
individuals residing in the villages around the thermal power plants have complained of
various health problems mainly of skin problems, lung problems and asthma. The local
farmers have also complained of crop damages due to toxic fly ash and have been
reportedly abandoning their lands own to lack of productivity.
Consequently, the current study was planned to test the hypothesis that the population
living near thermal power plants has greater exposure to particulate matter resulting in
higher respiratory illnesses than the general population. The primary aim of the study
was to assess the respiratory health status of the population residing in a defined
geographical area around the power plant as well as to measure the PM 2.5 levels
around the thermal power plant.
To attain the primary objectives, environmental sampling and human health sampling
were carried out in the selected areas.
As a part of environmental sampling, air, water and soil samples were collected in
three industrial clusters which are dominated by thermal power plants during the
summer season of 2018. Particulate Matter with aerodynamic diameter ≤ 2.5µm (PM2.5)
levels were monitored in neighborhoods located in the downwind direction of the
power plants, while soil and water samples were collected in multiple buffer zones (0 10 km) around the power plants.
The air sampling was carried out in 9 locations in Korba between 4th and 12th April
2019.

1
Polluted Industrial Clusters; Press Information Bureau, Government of India, Press Release
dated 28 November 2011; https://pib.gov.in/newsite/PrintRelease.aspx?relid=77761
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The results indicate that 5 locations out of 9 locations had PM2.5 levels above the
statutory limits of 60 ug/m3 as prescribed by the Ministry of Environment Forest and
Climate Change (MoEFCC). In addition to this sampling, Community representatives
have taken seven air samples to test for PM2.5 and presence of heavy metals in the dust
in January – February 2016. According to the findings of the exercise, in all the samples,
PM2.5 levels were 1.66 to 4.98 times higher than the Indian MoEF standard of 60 µg/m3;
Levels of manganese exceeded in 6 out of 7 samples by 2.2 to 6.03 times; samples
results of Lead in on location (Kharmora) is 1.02 times above the health-based
levels; the levels of arsenic in two samples (Dari Nagoikhar and Kharmora) exceed
the Indian MoEF by 1.01 and 1.51 times respectively; and levels of nickel in five
samples is 2.05 to 3.0 times above the health-based levels. Based on the presence of
strikingly high fraction of four elements namely aluminum, calcium, iron, and silicon of
total PM2.5 in the filtered air samples, one can therefore conclude that overall PM2.5 in
these samples are likely impacted by sources of coal ash emissions.
Water samples were taken from five sites in Korba. Three out of five locations had
aluminum concentrations higher than the permissible limits (Korba 1, Korba 2 and
Korba 3). Surface water samples of Korba 2, also showed levels of manganese beyond
the permissible limits. Heavy metal Pollution Index (HPI) were reported for all the
locations and all were found to be of ~170, which implied possible health risks to those
who regularly ingest the contaminated water. Therefore, to have substantial clarification
on the health risks associated with exposure of humans to contaminated water and air
samples, carcinogenic and non-carcinogenic health risk assessment was done.
Soil samples were taken from 6 sites in Korba. The concentration of the heavy metals
were compared with the permissible limits set by DEFRA and Environmental Agency
(2004) for the different areas i.e., agricultural, commercial, residential and industrial,
revealed that all the samples were within the prescribed limits.
Health study:
This study is a cross-sectional comparative study. The exposed group is the population
residing within 10km radius of thermal power plants in Korba and the comparison
group were chosen from the village Katghora which is 20km away from the Korba. The
total villages in and around the thermal power plant were divided into two strata based
on proximity -a) within 5km of radius and b) 6km and 10km from the plant cluster.
From each strata about 325 households were chosen using systematic random sampling
using the household listing of Pulse Polio Plans.
Data was collected using INSEARCH and DASS 21 questionnaires from the head of the
family or a responsible member from the households. Medical records for any illness of
the residents, if available, were seen for verification of morbid conditions. In addition,
spirometry tests were performed for symptomatic assessment of the respondents.
The findings from the health study shows significantly elevated prevalence of
respiratory diseases among the exposed population in Korba than the unexposed
group in Katghora.
Asthma symptoms and bronchitis were 11.79% and 2.96% among the exposed
group, while it was 5.46% and 0.99% in the unexposed group.

5

To conclude, the present cross sectional comparative study has made an assessment of
the disease burden in communities residing around the thermal power plants, which is
in principle good for hypothesis generation and healthcare planning. The study
highlights the environmental pollution and lays special emphasis on respiratory health
status of the population.
Recommendations:
Based on the findings of our study:
A) Health:
1. Facilities like spirometry at the district level hospitals to be strengthened with
provision of technical expertise, adequate provision of respiratory and other
medicines and increase trained staff and other infrastructure.
2. State agencies provide for long-term health monitoring by initiating health
studies among the residents of Korba.
3. State Government should conduct a cumulative health impact study of the
various industries on the health of the residents of Korba and then formulate a
necessary health mitigation plan for the region.
4. State Government should set up specialized health care infrastructure operated
by the State health departments at polluters’ cost, under the “polluter pays”
principle, to cater to health issues of residents in the region of Korba.
B) Environment:
1. Mandatory HIAs as part of commissioning of industrial clusters along with EIAs ,
both at baseline and at interim time-points.
2. State and Central Pollution Control Board initiate continuous monitoring heavy
metals in dust and publish results periodically. Health advisories by consulting
reputed health agencies should also be issued regularly.
3. A pollution cess is levied on units and activities not conforming with National
Ambient Air Quality Standards (NAAQS).
4. Agencies use the pollution data to apprehend polluters and take corrective action
to bring levels of dust and heavy metals in dust to below detection limits in
residential areas.
5. Areas contaminated by fly ash should be assessed for the depth and spread of the
contamination and remedied with full scientific oversight at the cost of the
polluting facilities under polluter pay principle.

6

1.0 Background
Home to more than 10 thermal power plants with 6,000 megawatts capacity, Korba is
known as power capital or power hub of Chhattisgarh2. It is situated about 200 k.m.
from the capital city Raipur. The rivers Hasdeo3 and Ahiran4 flow through Korba. Korba
is also a hub of coal mines, Korba Coalfields5 was in operation since 1941 but large-scale
production could be initiated only on completion of the Champa-Korba rail link in 1955.
Gevra mine is an open cast mine complex at the town of Gevra, on the outskirts of Korba,
which is the largest open cast mine in India and Asia, as well as the world’s second
largest.
Korba is one of the most polluted cities in the country. According to a study conducted
by the Central Pollution Control Board (CPCB) in 2009, Korba ranked fifth in the
'critically polluted area' category among 88 industrial clusters6.

1.1 About key coal-fired thermal power plants in Korba:
1.1.1 NTPC Korba Super Thermal power: NTPC Korba Thermal Power Station is a
2100 MW capacity plant owned and operated by Chhattisgarh State Power Generation
Company.

2
3
4
5
6

http://www.merinews.com/country/india/state/chhattisgarh
https://en.wikipedia.org/w/index.php?title=Hasdeo&action=edit&redlink=1
https://en.wikipedia.org/wiki/Ahiran
https://en.wikipedia.org/wiki/Korba_Coalfield

Polluted Industrial Clusters; Press Information Bureau, Government of India, Press Release
dated 28 November 2011; https://pib.gov.in/newsite/PrintRelease.aspx?relid=77761
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1.1.2 ACB (India) Limited power Plant:
ACB (India) Limited, along with its
subsidiaries and associates, is one of
the largest coal washery company in
the private sector with an aggregate
designed beneficiation capacity, on a
proportional basis, of 65.61 million
tons per annum
1.1.2 Lanco Amarkantak Power
Plant: Lanco Amarkantak Power is
located near Pathadi Village on KorbaChampa State Highway in Chhattisgarh.
Currently Lanco Infratech operates a
600 MW plant in the region. Two
additional units of 660 MW each are
under construction at the same site as
the existing plant.
1.1.3 CSEB Korba East and West
Power Plant: Chhattisgarh State Power Generation Company Limited (CSPGCL) is
the electricity generation company of the Government of Chhattisgarh state in India.
•

•
•

Hasdeo Thermal Power Station also known as Korba West Thermal Power
Station, an 840 MW (4x210 MW) coal-based thermal power plant. Capacity
addition of 500 MW (2x250 MW) is ongoing at the site, this phase is known
as Korba West Extension Thermal Power Plant.
Dr Shyama Prasad Mukharjee Thermal Power Station, a 500 MW (2x250
MW) coal-based thermal power plant.
Korba Thermal Power Station also known as Korba East Thermal Power
Station, a 440 MW (4x50 MW, 2x120 MW) coal-based thermal power plant.

1.1.4 BALCO Thermal Power Plant: Bharat Aluminum Company has plant which is one
of the Asia's largest aluminum production industries. The company has a captive power
plant. BALCO Korba power station consists of three coal-fired power stations near the
BALCO Aluminum Plant in Korba. Balco-1 is a 270-megawatt (MW) coal plant; Balco-2 is
a 540 MW coal plant; and Balco-3 is a 1200 MW coal plant, which is under construction.
All together more than 1,00,000 metric tonnes of fly-ash is generated annually by the
ten coal-fired thermal power plants in Korba.
1.2 Some of the suspected sources of pollution in Korba are:
•
•
•
•

Air Pollution from Thermal Power Plant;
Dumping of fly ash and ash slurry;
Outflow of coolant water into river impacting the flora, fauna and fish resources.
Ground water contamination from coal storage yards and ash ponds.
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There have been complaints of health problems among the villages located around the
power plant of Korba periphery especially villages Churri, Lotlota, Char Bhhatti, Churri
Kordh and Jamini Palli and Durri. Anecdotal reports from the villagers indicate
increased prevalence of skin problems, lung problems and asthma in the region.
Local Farmers report crop damages due to toxic fly ash and breaches in the fly ash
ponds of the from plants. The irrigation water is also contaminated with fly ash and thus
it affects their paddy fields. Many farmers have been reportedly abandoning their lands
own to lack of productivity.
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2.0 Hypothesis of the Study
The population living near thermal power plants has greater exposure to particulate
matter resulting in higher respiratory illnesses than the general population.
2.1 Primary Aim:
1. To assess the respiratory health status of the population residing in a defined
geographical area around the power plant.
2. To measure the PM 2.5 levels around the thermal power plant
2.2 Objectives of the study:
a) To understand the general health status of the population of villages within a
defined geographical area (within 10 km radius) around the Thermal Power
Plants in Korba, Chhattisgarh when compared to an area within the region
without power plants
b) To understand the toxic profile of the area by studying the chemicals and
pollutants emitted into the environment by factories through water, soil and air
quality assessments.
c) To understand the potential ways in which communities are exposed to these
pollutants by studying their livelihood and lifestyle patterns.
d) To understand the impact of pollution from thermal power plant, coal yards and
ash ponds in the vicinity on physical and mental health of the population.
2.2.1 Secondary Objectives:
a) To measure the concentration of selected heavy metals in fly ash, air, water and
soil.
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3.0 Environmental sampling
The study area was within 10 km radius of the Thermal Power Plants in Korba. The
population of Korba rural was 1,33,033 and urban was 13,407 as per the 2011 Census.
Comparison area, without power plants, was in the town of Katghora about 40 km North
West of Korba. The population of Katghora rural was 99,506 and urban was 5,892 as per
the 2011 Census.
Samples of air, water, soil, and fly ash adhering to standard protocols taken at the areas
were collected from 5 locations in each of the selected areas.
3.1 Methodology for Air, Water, and Soil sampling
3.1.1 Description
Air, water, and soil samples were collected in three industrial clusters of India (Figure 1)
dominated by thermal power plants during the summer season of 2018. Particulate
Matter with aerodynamic diameter ≤ 2.5µm (PM2.5) levels were monitored in
neighborhoods located in the downwind direction of the power plants, while soil and
water samples were collected in multiple buffer zones (0 - 10 km) around the power
plants. Appendix 1 contains a detailed description of the methodology followed for the
sampling.
4.0 Results of the Environmental Sampling and Exceedance from Norms
4.1 Air Samples
Air samples were taken from Korba between 4th to 12th April 2018. The results of the
sample indicate that levels of PM2.5 in 5 out of the 9 samples are above the statutory
limits of 60 ug/m3 as prescribed by the Ministry of Environment Forest and Climate
Change (MoEFCC).
Date
04/04/2018
05/04/2018
06/04/2018
07/04/2018
08/04/2018
09/04/2018
10/04/2018
11/04/2018
12/04/2018

Average
(ug/m3)
71.42330723
60.13777347
66.80303148
54.14297216
55.8233
42.49754298
63.06686449
45.72562949
80.99668943

Stdev
(ug/m3)
74.72646726
54.31365943
61.58096163
47.17919437
39.56453635
34.47523964
62.23223983
50.38565615
95.07605122

Minutes
1453
1451
1458
1455
1410
1440
1442
1454
971

Table (X): Result from the air samples from April 2019
PM 2.5 was poor to Severe (>90) in 549 of 3433 samples from Atmos monitors in April
2019 in Korba
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Metals in Air
Area
Patharipara
Kohdiya
Raatakhar
Nagoikhar
Kharmora
Darri
Abhinandan
Dustrak

Date
30/01/16
01/02/16
02/02/16
03/02/16
04/02/16
07/02/16
08/02/16
05/04/18

Pb

Ni
0.0165
0.067
0.0863
0.065
0.1535
0.0585
0.1263
0.4104

As
Mn
0.0038 0.0033
0.0287
0
0.0341
0
0.315 0.0061
0.0034 0.0091
0.0317 0.0035
0.0421
0
0.3791 0.4107

Si
Fe
Al
0.0786 10.71
3.483
0.2265 33.82
9.596
0.1766 47.43
9.534
0.2136 32.85
8.612
0.199 35.52
8.29
0.3618 42.31
12.66
0.2726 39.44
10.61
0.2521 NA
0.49

Si+Fe+Al+Ca
Pm2.5 / pm2.5%
Quality
5.471 5.725 100.1
25.4 Unhealthy
19.73
11.55 235.7
31.7 VeryUnhealthy
27.92 7.405 269.2
34.3 Hazardous
19.26 9.765 241.5
29.2 VeryUnhealthy
22.21
8.01 247.1
30 VeryUnhealthy
23.73 17.75 291.5
33.1 Hazardous
23.31 12.15
299
28.6 Hazardous
0.92 NA
59.29
0.50 Moderate
Ca

Community representatives have taken air samples to test for PM2.5 and presence of
heavy metals in the dust in January – February 2016. According to the findings of the
exercise:
1. PM2.5: All of the levels of very fine particulate matter in the filtered air sample
(PM2.5) greatly exceed the 24-hour WHO standard of 25 µg/m3; the 24-hour
USEPA standard of 35 µg/m3; and the Indian MoEF standard of 60 µg/m3. These
levels exceeded the Indian standards by 1.66 to 4.98 times. It is much lower in
April 2018 and in CSEB reports
2. Manganese Results: Levels of manganese (which cause adverse
neurodevelopmental and neurobehavioral health effects) exceed health-based
guidelines for long-term exposure in 6 out of 7 samples [see yellow shaded cells]
by 2.2 to 6.03 times. It remains high in 2018
3. Lead Results: Levels of lead (which cause adverse neurodevelopmental and
neurobehavioral health effects) in one sample exceed health-based guidelines for
long-term exposure [see yellow shaded cells – Kharmora]. Samples results of
Lead in Kharmora is 1.02 times above the health-based levels. Lead is much
higher in 2018
4. Arsenic results: The levels of arsenic in two samples at Dari Nagoikhar and
Kharmora exceed the Indian MoEF annual standard of 0.006 µg/m3 [see red
shaded cells] by 1.01 and 1.51 times respectively.
5. Nickel results: The levels of nickel (which causes adverse immune system and
respiratory system impacts) in five samples (Khodia, Rathakhaar, Dari Nagoikhar,
Dari Basti and Abhinandan Complex) exceed health-based guidelines for longterm exposure [see yellow shaded cells] by 2.05 to 3.0 times. It is much higher in
the 2018 sample
6. Fly ash as source of pollution: The four elements that occur in the highest
levels in coal ash are aluminum, calcium, iron, and silicon, with somewhat
varying compositions. These four elements comprise a strikingly high fraction of
total PM2.5 in the filtered air samples, varying from 20.4% to 57.6% (average =
33.1%). By contrast, these same four elements comprised only 1.3% of total
PM2.5 levels of a typical urban area in the U.S. (Wilmington, DE). 7 One can
7
"Analysis of Speciation Trends Network Data Measured at the State of Delaware"
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therefore conclude that overall PM2.5 in these samples are likely impacted
by sources of coal ash emissions and not significantly impacted by sources
of liquid fuel combustion (e.g. vehicle emissions and diesel generators)
alone.
4.2 Water Samples
Out of five water samples taken from Korba region, aluminum concentrations were
higher than the permissible limits in three (Korba 1, Korba 2 and Korba 3). Surface
water samples of Korba 2, also showed levels of manganese beyond the permissible
limits.
4.2.1 Heavy metal pollution index-based water quality assessment
HPI for all the locations were reported to be of ~170, which implied possible health
risks to those who regularly ingest the contaminated water. Therefore, to have
substantial clarification on the health risks associated with exposure of humans to
contaminated water and air samples, carcinogenic and non-carcinogenic health risk
assessment was done.
4.2.2 Non-carcinogenic and carcinogenic health risk assessment of water samples
Area-wise, non-carcinogenic and carcinogenic health risk assessment of water samples
is described in Table X and Table Y. The readings crossing the prescribed limits are
presented in red font.
It can be observed from Table 5 and 6 none of the water samples had non-carcinogenic
health issues.
Table (X). Non-Carcinogenicity for water samples Table Y. Carcinogenicity for water sample
Table
(X)

Korba
(adults)

Cr
Zn
Ni
Cu
Cd
Pb
Co
As

Table Y

(children)

9.10E-07
5.46E-08
2.73E-07
2.05E-07
0.00E+00
7.80E-07
2.73E-07
2.73E-05

3.67E-06
2.20E-07
1.10E-06
8.25E-07
0.00E+00
3.14E-06
1.10E-06
1.10E-04

Korba
(adults)

(children)

Cr

1.14E-07

4.62E-07

Ni

4.58E-09

Cd

-

1.85E-08
-

Pb

1.15E-09

0. 46E-09

As

1.23E-08

4.95E-08

Water
Sample ID
(ppb)

Type of Water

Korba 1

From de-centralized water distribution system

Korba 2

Surface

Korba 4

From centralized water distribution system

22.336496

82.724084 1.2

0 195.9 0.7

Korba 5

Surface

22.367267

82.697612 3.2

0

Lat

Long

Li

Mg

Al

Cr

22.353869

82.748569

4

0

0

22.33746

82.718479

1

0

83.1

Mn
1

Fe

Co

Ni

Cu

152

5.3

7.6

0

1 135.7 116.1

0.9

1.7

52.1 0.7

29.8

Zn

As

15.6

Cd

Hg

Pb

0

0.1

0

1.2

7.7 7.9

0.2

0

0.1
1

2.3

7.4

0

0

1.4

0 0.8

0.1

0

0.4

39.3

59.5

0

0

8.4

0 1.6

0.1

0

0.7

http://regulations.delaware.gov/register/november2008/general/Appendix9-11.pdf
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4.2.3 Overall findings of water analysis:
a. Surface Water (Water 2) has 135.7 ppm Manganese and 116.1 ppm Iron, Zinc
7.9ppm, Arsenic 7.9 ppm;
b. Cadmium is 0.2 ppm in Surface (Water 2) and all other samples haves 0.1ppm;
c. Centralized water distribution (Water 4) has 195.9 ppm Aluminium;
d. Surface (water 5) has high Lithium 3.2 ppm and Copper 8.4 ppm;
e. Decentralized Water Distribution system (Korba Water 1) has Lithium 4 ppm and
Zinc 15.6 ppm;
f. Manganese is particularly high in surface water 2, as is iron, this is similar to the
findings of the soil samples (See section 4.3 below);
g. Mercury and magnesium seem to be absent;
h. Lithium is very high in Surface 4 and the decentralized water system (Korba
Water 1).
4.3 Soil samples
The concentration of heavy metals in the soil samples collected from the study areas is
shown in Table (X). The comparison of the concentration of the heavy metals with the
permissible limits in Soil Guideline Values based on those scenarios presented in
Updated technical background to the CLEA model. Science Report SC050021/SR3.
Bristol: Environment Agency, 2009 and those set in Model procedures for the
management of land contamination. Contaminated Land Report 11. Bristol:
Environment Agency by DEFRA and ENVIRONMENT AGENCY, 2004. for the different
areas i.e., agricultural, commercial, residential and industrial, revealed that all the
samples were within the prescribed limits.
Korba
Sample ID

Li

Cr

Mn

Fe

Co

Ni

Cu

Zn

As

Cd

Hg

Pb

Korba 1

0.0081

0.036

0.6335

29.1865

0.019

0.064

0.0335

0.052

0.0089

0.0001

0.0018

0.0284

Korba 2

0.0041

0.05

0.4663

28.1576

0.0086

0.0449

0.0237

0.0645

0.0069

0.0001

0.0298

0.0257

Korba 3

0.0029

0.0104

0.1279

8.6058

0.0033

0.0107

0.0138

0.0284

0.0099

0.0001

0.0011

0.011

Korba 4

0.0152

0.0321

0.6073

29.9369

0.0184

0.0459

0.041

0.0837

0.0061

0.0001

0.0068

0.0299

Korba 5

0.0023

0.0159

0.5501

11.4006

0.0077

0.0264

0.04

0.0735

0.0047

0.0003

0.0285

0.0375

Korba 6
Mean

0.0036

0.0199

0.2342

10.0326

0.0032

0.0355

0.0215

0.0317

0.0036

0.0001

0.0126

0.0138

0.006

0.027

0.436

19.553

0.011

0.038

0.028

0.055

0.007

0.0001

0.013

0.024

4.3.1 Overall findings of soil analysis:
a. Iron in the soil reaches 29,936 ppm in the area near Darri (Soil Sample 4) and
29,186 ppm in (Soil Sample 1);
b. Nickel is 45.9 and 64ppm in Soil Sample 4 and 1 respectively;
c. Lead is 29.9 and 28.4 ppm in these two places respectively and 37.5 in (Sample
5);
d. Mercury is 29.8 in Korba 3 and 28.5ppm in Korba 5;
e. Arsenic is 9.9ppm in Korba 5;
f. Cobalt is 18.4 ppm, Lithium 15.2 ppm, Chromium 32.1 ppm, Zinc 83.7 ppm in
Darri (Soil Sample 4);
g. Mercury is high 29.8 ppm in Soil Sample 2 and 28.5 ppm in Soil Sample 5;
h. Cadmium is 0.3 ppm in Soil Sample 5 and 0.1 ppm in all other samples.
i. Soil Sample 4 is a Fly Ash Pond sample with obviously higher quantities of every
chemical. Iron, Nickel and Manganese stand out in this and in Soil Sample 1. Only
14

Arsenic and Cadmium

are lower in this sample.

The Nickel and Mercury guidelines of UK nvironment Agency are currently under review
[Ref Environment agency, 2009] https://www.claire.co.uk/home/news/44-riskassessment/178-soil-guideline-values?start=1
Location of Soil and Water Samples on a Map (http://arcg.is/0SPzPi)

4.4 Summary of the Environmental Monitoring:
The status of environmental pollution (air, water, soil) as compared to permissible limits
- PM 2.5 is high. Aluminium is higher than permissible limits in 3 water samples and
Manganese is high in one. Soil levels appear to be within permissible limits according to
PGIMER’s analysis when compared with standards set by Derby and Environmental
Agency (2004) for the different areas i.e., agricultural, commercial, residential and
industrial. It seems however that the presence of flyash has affected the soil, water and
air in Korba.
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5.0 Health Study
The health survey area was within 10 km radius of the Thermal Power Plants in Korba
and Katghora.
5.1 Health Study Design:
A cross sectional comparative design was used to evaluate administered survey answers
to a health questionaire in six areas around the thermal power plants all within 5
kilometers of the multiple plants at Korba.
These were compared with unexposed control population from the Katghora area.
Katghora is a small block (sub-district) town 35km from the district headquarters
Korba. The closest industry is the non-operational Vandana Vidyut Thermal Power Plant
at Salora 7.6 km away. There are small shops, schools, bank, small administrative office.
However most residents are engaged in farm related activities or farming in the
surrounding villages
5.2 Sampling Method:
The total villages/ slums in and around the thermal power plant were divided into two
strata based on proximity -a) at Korba within 5 km of radius from the plant cluster and
b) at Katghora over 6 kms from a power plant.
From each strata about 325 households were required for the study. Pulse Polio plans
were obtained for household listing since they have a standard method of listing
households.
Six areas within 5 km radius and with previous air sampling (done by communities
themselves), were taken as areas of study from Korba Town. In order not to bias the field
surveyors and supervisors, the air sample results were not revealed to them. Within
each cluster a random team of polio micro plan of Korba (Urban) 2017 -18 was selected
and all houses in that team area were surveyed.
In Katghora the comparison area, a random number between one and 10 was selected
and every tenth team was surveyed. Two were surveyed in the period of initial training
(not included in analysis). Two were surveyed in Katghora July 2019 after the Korba
data collection.
Data was collected from the head of the family or a responsible member from the
households who consented to be part of the study. Information was collected about all
consenting permanent residents over 18 years who were living in the household for
more than 6 months.
Medical records for any illness of the residents, if available, were seen for verification of
morbid conditions. In addition, spirometry tests were performed for symptomatic
assessment of the respondents.
5.3 Sample size:
As the information on the current health status of the study population was not readily
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available, the sample size was calculated by assuming the prevalence rate as 50% for a
desired precision of 5% as 384 in each arm. If 322 households are surveyed there will
be between 650 to 1000 adults and 2000 population in each arm- affected from Korba
and comparison from Katghora area.
This will produce a study with approximately Power of 80 % and an Alpha error of 0.05.
5.3.1 Refusal to Participate:
The percent of those surveyed that refused to participate were:
Total
Korba 2409
Katghora 563

Refused
489 20%
15 3%

Others (Locked/At work/ Partial )
19 0.78%
37 6.57%

Refusals in Korba were common among those with daily wage employment at the plantthere being some fear of being victimised. Work in Katghora related to agriculture,
primarily paddy planting.
6.0 Details of Study methodology:
6.1 Health Survey:
The duration of the Korba arm of the study was from June to October 2018. Two
experienced research assistants and a physician were appointed for the study. Briefing
on tools and activities were carried out. Kobo Collect was used on mobile phones to
collect data. In addition, supervisory visits and data scrutiny were conducted by the PI
and Co-PI. The overall data analysis was done in Epi Info initially.
6.1.1 Health Information Tools – INSEARCH and DASS 21 Questionnaires
Information on various respiratory symptoms were collected using a pre-validated
Hindi translation of the Indian Study on the Epidemiology of Asthma, Respiratory
Symptoms and Chronic Bronchitis (INSEARCH) questionnaire.
a) The diagnosis of bronchial asthma and chronic bronchitis was established as
instructed in the INSEARCH questionnaire. This diagnosis was established by
affirmative responses to a history of wheezing or tightness of the chest, plus one
of the following: a history of previous diagnosis of asthma, an attack of asthma
and/or use of medication for asthma in the past 12 months.
b) Diagnosis of chronic bronchitis was based on presence of cough with
expectoration for > 3 months and at least one of the following: cough first thing
in the morning and/or ejecting phlegm from the chest in the morning.
Breathlessness was defined as an affirmative response to at least one of the
following four criteria: breathlessness in the morning, breathlessness on
exertion, breathlessness without exertion, and/or breathlessness at night. Cough
was defined as the report of cough either in the morning or at night.
DASS 21 Questionnaire: The 21 item Depression Anxiety Stress Scale questionnaire is
used as a quantitative measure of distress along the 3 axes of depression, anxiety
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and stress reactions and management8. Each of the questions is rated from 0 to 3.
Therefore, each of the axes presents partial scores of 0 to 18-24 depending on the
number of questions assigned.
There have been created cut off points for each of the severity categories. These are
described in the table below. The cut offs should be cautiously used in conjunction to
other clinical and observational data:
Level/Disord
er

Depressio
n

Anxiety Stress

Normal

0-4

0-3

0-7

Mild

5-6

4-5

8-9

Moderate

7 - 10

6-7

10 - 12

Severe

11 - 13

8-9

13 - 16

Extremely
severe

≥ 14

≥ 10

≥ 17

6.1.2 Spirometry - Using computer linked Spirometry for Lung Function tests (Peak
Flow and FEV1). This is professional medical equipment tfrom Medical International
Research (MIR). We used MIR Spirobank II Advanced purchased for this project with
approved software. When the patient blows into the tube their breath spins a propeller.
Optical sensors in the unit measure the rpm and duration to determine measurements.
It is accurate when tested against mechanical peak flow meters. Connects easily and
gives data and metrics that can be saved. First readings in the field test area were taken
by technician who came for a camp with the AIIMS Raipur team. Two investigators were
then trained at AIIMS Raipur and conducted the rest of the tests
6.2 Ethics approval:
Ethical clearance from the Institutional Ethics Committee was obtained prior to this.
A copy of Study Information was given to participants. Physical copies of consent were
signed, and the signed consent was retained by survey team. For illiterate participants –
information was read out in Hindi (local language), explained by a person chosen by
participant and the thumb impression of respondent obtained along with declaration of
the literate witness chosen by them.
6.3 Health Data collection: Timelines
• Pre-test October 2017 onwards till January 2018 using paper and then EpiCollect
mobile survey methods
• Field testing of the questionnaire was done from February to March 2018 on
Kobo collect in Diprapara community

8
https://www.thecalculator.co/personality/Stress-Management-Test-626.html#_blank
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•

Written consent was taken from the participants (literate and illiterate).

•

Health survey was conducted for the selected sample of subjects from the
Diprapara community by Dr Ajoy Behera AIIMS Raipur along with the spirometry
test in coordination with District Hospital Korba.

•

Korba study data collection was conducted from April 2018 to November 2018 .

•

Comparative data collection was conducted in Katghora in August 2019.

•

Community education was conducted by Dr Ajoy Behera AIIMS Raipur and
District Hospital Korba.
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7.0 Health Discussion:
7.1 Comparison of prevalence of disease in exposed versus unexposed:
Rrespiratory symptoms and reports of disease were significantly elevated in exposed
populations (of Dari Basti, Puraini Basti/ near Abhinandan complex, Raatakhar and
Kohdiya) and the less exposed population (Dingapur Risdi and Patharipara) in Korba
and still further below those from the unexposed group in Katghora (Hunkara and
Tulsi Chowk).
7.1.1 Asthma: Asthma symptoms such as wheezing and tightness of chest are 11.79%
in exposed population, while it is 5.46% in the unexposed populations. This trend is
similar in males and in females in the area and Asthma is seen increasing with age and is
consistently higher in the exposed than in the unexposed one. In addition, diagnosed
asthma patients were found more in the exposed group and once again this trend was
similar in both male and females.
7.1.2 Bronchitis: The reported prevalence of Chronic Bronchitis (3 months cough with
expectoration plus one other symptom in the morning) is 2.96% in exposed and 0.99%
in unexposed groups.
7.1.3 Comparison of respiratory disease prevalence in study area with regional
estimates from INSEARCH
The original INSEARCH study reported the prevalence of asthma and chronic bronchitis
in adults as 2.05% and 3.49% respectively. In a study on Epidemiology of Asthma,
quoted below, we see that Nagpur had less than 5% of either Chronic Bronchitis or
Asthma, whether Urban or Rural. Kolkata had much more than 5%, nearly 10% in Urban
areas using INSEARCH.

Jindal SK1, Aggarwal AN, Gupta D, Agarwal R, Kumar R, Kaur T, Chaudhry K, Shah B.Indian Study on
Epidemiology of Asthma, Respiratory:1270-7 DOI:10.5588/ijtld.12.0005
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In this study (Korba 2018) we found asthma to be as 1.55% in Exposed population and
0.45% in unexposed.
PARAMETERS:
Lowe
Estima
Upper
Odds-based
r
te
Odds Ratio (cross
1.312
3.5090
9.3806 (T)
product)
7
Bronchitis is 2.96% in exposed and 0.99% in unexposed groups
Single Table Analysis
Point
Estimate
PARAMETERS: Odds-based
Odds Ratio (cross product)

3.0612

95% Confidence Interval
Lower
Upper
1.5572

6.0179

(T)

The difference is statistically significant, though rates are less than in other studies.
One study of 121 shopkeepers in India working for more than a year in shops located
within 100 m of the national highway in Bangalore had a prevalence of cough 32.2%,
breathlessness of 31.4%, and asthma of 12.4%.
(Ramesh N. Prevalence of respiratory morbidity among shopkeepers in the vicinity of a
national highway, Bangalore. Int J Occup Saf Health [Internet]. 2017[cited 2019 Jan
26];5(1):17-21. Available from: https://doi.org/10.3126/ijosh.v5i1.12985) quoted in
Sajal Deet al.
In the same study of shopkeepers in Bhopal the prevalence of bronchial asthma was
3.6% (95% confidence interval (CI): 1.9-6.7), chronic bronchitis 13.9% (95% CI: 10.218.8), breathlessness, 41.8% (95% CI: 35.9-48.0), and cough 18.3% (95% CI: 14.0-23.6),
respectively. The adjusted risk ratios of bronchial asthma 2.17 (95% CI: 0.35- 13.41),
chronic bronchitis 1.42 (95% CI: 0.58-3.48), breathlessness 1.71 (95% CI: 0.94-3.11),
and cough 0.97 (95% CI: 0.47-2.03) in a study of shopkeepers in Bhopal.
(Sajal De, Gagan Deep Singh Kushwah, Dharmendra Dharwey, and Devika
Shanmugasundaram (2019) Respiratory Morbidity of Roadside Shopkeepers Exposed to
Traffic-related Air Pollution in Bhopal, India. Journal of Health and Pollution: March
2019, Vol. 9, No. 21, 190305.
https://www.journalhealthpollution.org/doi/pdf/10.5696/2156-9614-9.21.190305
Accessed on 20 August 2019.)
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7.1.4 Breathlessness: In Breathlessness category, Question 16 (breathlessness after
finishing exercise) shows the highest percentages of positive responses in the survey.

Breathless after finishing exercise is 23.85 % in women in exposed areas and 11.5 % in
non-exposed areas. Odds Ratio 2.4106 (95% CI 1.7704-3.2822)
PARAMETERS: Odds-based Estimate Lower
Odds Ratio (cross product)
2.4106 1.7704

Upper
3.2822

(T)

It is 19.06 % in men in Exposed areas and 8.86 % in non-exposed areas
Odds Ratio 2.4229 (95% CI 1.6863-3.4812)
PARAMETERS: Odds-based Estimate Lower
Odds Ratio (cross product)
2.4229 1.6863

Upper
3.4812

(T)

This increase in breathlessness is consistent across different age groups and it is also
consistent across different socio economic groups after including the Tulsi Chowk area
of Katghora (see limitations)
SUMMARY INFORMATION

Parameters
Odds Ratio Estimates

Point
Estimate

95%Confidence Interval
Lower
Upper

Crude OR (cross product)

2.4391

1.9290,

3.0842

Crude (MLE)

2.4382

1.9317,

3.0908

1.9192,

3.1125

1.9098,

3.0556

Adjusted OR (MH)

2.4157

(T)
(M)
(F)
(R)

(T=Taylor series; R=RGB; M=Exact mid-P; F=Fisher exact)

7.1.5 Limitations: In Q 23 we faced a doubt due to poor understanding of the surveyor.
The 48 responses recorded as (c) in Katghora (Breathing never completely recovers) –
were found to have a duration of 0 years in most cases.
Main variable:_EXPOSED vs Main variable:23 Include missing:False
_EXPOSED
Katghora No
Korba No
Yes
TOTAL

(a) I hardly experience
331
588
1161
2080

(b) I usually get short
19
20
127
166

(c) My breathing is neve
48
1
4
53

0 TOTAL
0 398
115 724
391 1683
506 2805
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We therefore excluded cases that showed 0 years of reply (c) from the analysis. We also
combined b) and c) as having breathing issues.
7.1.6 Refusals in Korba were common among those with daily wage employment at
the plant- there being some fear of being victimised. The researchers do not expect the
20% refusals to impact the findings and they may not cause a positive bias. This might
have been expected if they refused due to a lack of symptoms/health problems.
However we see that a good number of workers refused or went to work in the control
area (3+6.57= 9.57%)
7.1.7 Comparison of other morbidities with regional estimates:
1. Allergies 19 to 22% in exposed population and 9.57 to 9.78% in non-exposed
population. (Odds Ratio 2.2294, 95% CI 1.5956 to 3.1150) Further analysis is
certainly warranted. The exposure to dust may be the cause of these allergies.
However, this could be also be a confounder
2. Depression (moderate and severe) 4.26% in exposed male population, 3.92 %
in non-exposed male population; 7.11% in exposed female population and
8.33% in non-exposed female population (higher). This is not consistent nor
significant.
3. Anxiety (moderate and severe) 2.77 % in exposed female population and 4.41
% in non-exposed female population (higher); 3.18% in exposed male population
as opposed to 4.47 in unexposed male population (higher). There may not be
significant differences between groups
Chi-square
4.1554

df Probability
2 0.1252

4. Stress (moderate and severe) 1.02% in exposed population and 0.53 % in
non-exposed population. There may not be significant differences between
groups in this 2018 study.
5. Depression (mild, moderate and severe) 19.18 % in exposed population and
15.86 % in non-exposed population. Not significant
6. Anxiety (mild, moderate and severe) 17.75 % in exposed population and
15.21 % in non-exposed population. Not significant
7. Stress( mild, moderate and severe) 12.83 % in exposed population and 12.55
% in non-exposed which is not significant
A study of 500 adolescents was done in Ranchi.
Cut-off included all with mild to extremely severe
symptoms. Symptoms of depression were present
in 18.5%, of anxiety in 24.4%, and stress in 20%.
(J Nerv Ment Dis. 2010 Dec;198(12):901-4. doi:
10.1097/NMD.0b013e3181fe75dc. Prevalence of
depression, anxiety, and stress among young
male adults in India: a dimensional and
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categorical diagnoses-based study. Sahoo S1, Khess CR.)
A study of industrial workers in Bangalore
made tables of all symptomatic including
mild category. Below 30 years age
industrial workers had 0% Stress and
33% Anxiety (this is the lowest anxiety
value among different age groups of industrial workers in a Bangalore study). Anxiety
symptoms were found in 30.8% in workers who were employed over 20 years. Just
10.3% workers with less than ten years employment had symptoms of Stress.
Ind Psychiatry J. 2015 Jan-Jun; 24(1): 23–28. doi: 10.4103/0972-6748.160927
PMCID: PMC4525427 PMID: 26257479 Depression, anxiety and stress levels in
industrial workers: A pilot study in Bangalore, India Sheldon Rao and Naveen Ramesh1
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7.1.8 Health Effects of the Chemicals found in the Environmental Samples

Aluminum
Manganese
Lead
Aluminum
Cadmium
Chromium
Nickel

Lead
PM2.5
Arsenic
Manganese
Nickel
Manganese
Arsenic
Cadmium
Manganese
Zinc

Arsenic
Lead
Arsenic Chromium
PM2.5 Lead

Nickel
Lead
Cadmium

Chromium
Cadmium
Manganese
Chromium
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8.0 Conclusions
The present cross sectional study has made an assessment of the disease burden in
communities surrounding thermal power plants, which is in principle good for
hypothesis generation and healthcare planning. The study highlights the environmental
pollution and lays special emphasis on respiratory health status of the population.
8.1 Interpretation of findings
Health problems are more common close to the Hasdeo (Korba West) Power Plant ,
especially in Purani Basti and in Darri, this includes obstructive lung disease and large
percentage of symptoms of breathing difficulty. Symptoms in housewives are also
present in this region, and also in men who do not work in the factories/plants, do not
smoke and do not cook, but who live close to the areas where fly ash residue is found in
(top) soil and water. This is in contrast to Katghora- an urban area in the same district,
which has no thermal power plants or their ash ponds.
The status of environmental pollution(air, water, soil) as compared to permissible limitspm 2.5 is high. Aluminium is higher than permissible limits in 3 water samples and
Manganese is high in one. Soil levels appear to be within permissible limits according to
PGIMER’s analysis when compared with standards set by Derby and Environmental
Agency (2004) for the different areas i.e., agricultural, commercial, residential and
industrial. It seems however that the presence of flyash has affected the soil, water and
air in Korba.
8.2 Recommendations
Based on the findings of our study, we would recommend the following:
A) Health:
1. State Government should set up specialized health care infrastructure operated
by the State health departments at polluters’ cost, under the “polluter pays”
principle, to cater to health issues of residents in the region of Korba.
2. This should include facilities like spirometry at the district level hospitals with
provision of technical expertise, adequate provision of respiratory and other
medicines and trained staff and other infrastructure.
3. State agencies provide for long-term health monitoring by initiating health
studies among the residents of Korba.
4. State Government should conduct a cumulative health impact study of the
various industries on the health of the residents of Korba and then formulate a
necessary health mitigation plan for the region
B) Environment:
1. Mandatory HIAs as part of commissioning of industrial clusters along with EIAs ,
both at baseline and at interim time-points.
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2. State and Central Pollution Control Board initiate continuous monitoring heavy
metals in dust and publish results periodically. Health advisories by consulting
reputed health agencies should also be issued regularly.
3. A pollution cess is levied on units and activities not conforming with National
Ambient Air Quality Standards (NAAQS).
4. Agencies use the pollution data to apprehend polluters and take corrective action
to bring levels of dust and heavy metals in dust to below detection limits in
residential areas.
5. Areas contaminated by fly ash should be assessed for the depth and spread of the
contamination and remedied with full scientific oversight at the cost of the
polluting facilities under polluter pay principle.
8.3 Limitations of this cross-sectional study: This study is exploratory in nature. As
with any studies of this sort, there may be a survivor effect that has depressed response
rates in the exposed areas and the voluntary nature of participation as well as small
sample size may inflate the effects demonstrated.
In addition, due to inconsistent responses. We excluded cases that showed 0 years of
reply (c) from the analysis. We also combined b) and c) as having breathing issues. After
this, the result appears to agree with other respiratory results (for the final values after
Tulsi Chowk see “comparison of prevalence of disease” above).
8.4 Conflict of Interest: As this study is a part of multicentric study which is funded by
Centre for Chronic Disease Control (CCDC), New Delhi. We acknowledge their team and
laboratory services provided by PGIMER Chandigarh. We also express our deep
gratitude to local administration for their kind cooperation in conducting the study.
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APPENDIX 1
ENVIRONMENTAL MEASUREMENTS DETAILS
a) PM2.5 measurements.
DustTrak aerosol monitor (Model: 8530, Make: TSI Inc., Shoreview, MN) was used for
real time and gravimetric based PM2.5 mass concentration measurements. DustTraks use
a laser photometer to estimate PM2.5 mass concentrations based on 90˚ light scattering
(TSI 2014). A sheath air system is provided within the instrument to keep the optics
clean for improved reliability and low maintenance. We employed manufacturersupplied PM2.5 inlet nozzles and impactors, with 1 min sampling interval and 3 Lpm flow
rate (corresponding to 2.5 µm cut-point) . We corrected the DustTrak-recorded real time
PM2.5 concentrations for real-time relative humidity (Both et al. 2011) and daily
average local aerosol properties ; . One min averaged relative humidity (RH) values were
measured using Hobo monitor (Make: Onset, Model RH481).
b) RH Correction.
Ambient conditions above 60% RH are favorable for hygroscopic growth of particles
leading to overestimation of PM2.5 measurements by DustTrak ; . We used the equations
developed (equations 1 and 2) by to correct 1 min averaged DustTrak PM2.5 mass
measurements sampled in atmospheric conditions with more than 60% RH. Further,
ambient conditions above 95 % RH result in very large distortions in DustTrak data
and hence the corresponding data has been elected to ignore.
RH 2
CF= 1+ 0.25
(1)
(1− RH )
2
PM 2.5
PM 2.5 RH − Corrected =
¿
CF )
c) Reference Correction.
The DustTraks are factory calibrated against Arizona dust (A1) which is reported to
have a density of around 2.6 g/cm3 . However, ambient aerosols contain both crustal
(density >2 g/cm3) and combustion (density <1 g/cm3) particles, with an average
density between 1.5 and 1.7 g/cm3. Thus, it requires a mandatory comparison of
DustTrak measurements to a locally operated reference aerosol monitor measurements
for deriving a correction factor to account the local aerosol characteristics to DustTrak
measurements ; ; . In the present study, we compared and regressed DustTrak’s RH
corrected 24 h averaged photometric based real time measurements with 24 h averaged
gravimetric based measurements to derive relationship between optical and gravimetric
(federal reference method) methods.
d) Quality Assurance and Quality Control.
We regularly inspected the DustTrak to check for any instrumental errors. Kim wipes ,
isopropyl alcohol and compressed air were used for cleaning DustTrak accessories. We
cleaned PM2.5 inlet nozzle and impactor once every week and lubricated impactor plate
with a drop of impactor oil supplied by the manufacturer to ensure the deposition of
larger particles (>2.5 µm) over it. We regularly calibrated the instrument zero point
using an external Hepa filter. The flow rate of the instrument was maintained at 3 Lpm
using a digital flow meter (Model: Mass Flow Meter 4040, Make: TSI Inc., Shoreview,
MN). Further, we periodically replaced internal cylindrical filters to avoid flow and filter
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errors in the instrument. We downloaded data from all instruments every week and
archived in three storage media.
e) Filter handling.
We used 37 mm Glass fibre filters (Grade GF/A, Cat no. 1820-037, Whatmann,
Maidstone Kent, ME) for gravimetric based PM2.5 measurements. The filters were
stored and transported in 37 mm diameter filter cassettes (Model: 225-2-25LF, SKC,
Eighty-Four, PA). The filters were desiccated for a 24h period before pre and post
sampling weighing in PGIMER.
3.1.4 Soil Sampling.
Hand driven Auger (Udipi) and core cutter (Korba and Chennai) were used to collect soil
samples at five locations in each of three cities. At each location, samples were collected
from 2 sites (separated by a distance of atleast 50 m to maintain representability) at
depths between 0-15cm and 15-30cm, which were later pooled together to obtain a
composite sample (Linde et al., 2001; Zhang et al., 2018). The samples were collected
in air tight bags, properly labelled and transported in ice boxes to the central location
(PHFI). The soil was then dried at 60°C for a 24 h period to remove moisture, later
pulverized and sieved (2 mm sieve) (Orroño and Lavado, 2009; Kamunda et al.,
2016). The samples were stored in 4°C refrigerator at the PHFI lab until its transfer to
PGIMER for the analysis (Ratnakar, 2018).
3.1.5 Water Sampling.
Five samples of surface and ground water were collected in the three study cities. All the
samples were collected and stored in borosilicate bottles (Model: 1501; Product code:
1501029, Borosol Glass, Mumbai). The bottles were washed with distilled water, Nitric
Acid (HNO3) and finally rinsed with the sample water before collecting a sample of 500
ml (USEPA, 1984; Cobbina et al., 2015). ~2 ml of conc. HNO3 was immediately added to
it to maintain its PH in acidic range (USEPA, 1984). The samples collected were properly
labelled and transported in ice boxes to the central location. The samples were then
filtered using 6 µm filters (Model: 1003-125, Product code: Grade 3, Whatman,
Maidstone Kent, ME) to remove dust and other suspended particles in water and were
later stored in 4°C refrigerator in PHFI lab until its transfer to PGIMER for the analysis
(USEPA, 1984).
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Appendix 2: Factsheet on health impacts of the chemicals found in the
environment
Aluminum
Acute Health Effects

Contact can irritate skin and eyes
Exposure to Aluminum can cause “metal fume fever.” This is a flu-like
illness with symptoms of metallic taste in the mouth, headache, fever and
chills, aches, chest tightness and cough. The symptoms may be delayed for
several hours after exposure and usually last for a day or two.

Chronic Health Effects
Cancer Hazard
Reproductive Hazard
Other Long-Term Effects

Not a carcinogen
No adverse effect
Exposure to find dust can cause scarring of lungs (pulmonary fibrosis) with
symptoms of cough and shortness of breath.
While there is no evidence to suggest that ingestion of foods or beverages
that naturally contain traces of aluminum is harmful, several investigators
have recently reported cases in which short-term exposures to high
aluminum levels in drinking water or dialysis fluid resulted in clinical
diagnoses of dementia. In addition to these reports, researchers in France
and Canada have reported slightly higher rates of Alzheimer’s Disease
among residents of communities that had elevated aluminum levels in their
water supplies. Because Alzheimer’s Disease has a strong genetic
component, the effect of aluminum on its development is controversial and
needs further study. Infants and older people who suffer from diseases that
affect kidney or liver function may be especially sensitive to the effects of
ingested aluminum.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/0054.pdf
https://www.dhs.wisconsin.gov/publications/p0/p00261.pdf

Arsenic
Acute Health Effects

Eye contact can cause irritation, burns and red, watery eyes. Inhaling
Arsenic can irritate the nose and throat causing coughing and wheezing.
Exposure to Arsenic can cause weakness, poor appetite, nausea, vomiting,
headache, muscle cramps and even death.

Chronic Health Effects
Cancer Hazard

Arsenic is a CARCINOGEN in humans. It has been shown to cause skin and
lung cancer. Many scientists believe there is no safe level of exposure to a
carcinogen

Reproductive Hazard

Chronic Arsenic exposure has been associated with spontaneous abortions
and still births.
There is limited evidence that Arsenic is a teratogen in animals. Until
further testing has been done, it should be treated as a possible teratogen
in humans.

Other Long-Term Effects

Repeated skin contact can cause thickened skin and/or patchy areas of
darkening and loss of pigment. Some persons may develop white lines on
the nails.
Long-term exposure can cause an ulcer or hole in the “bone” (septum)
dividing the inner nose, hoarseness and sore eyes.
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Arsenic may damage the nervous system causing numbness, “pins and
needles,” and/or weakness in the hands and feet.
Arsenic may damage the liver.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/0152.pdf
Cadmium
Acute Health Effects

Contact can irritate the skin and eyes.
Exposure to Cadmium may cause “metal fume fever.” This is a flu-like
illness with symptoms of metallic taste in the mouth, headache, fever and
chills, aches, chest tightness and cough. The symptoms may be delayed for
several hours after exposure and usually last for a day or two.
Cadmium can cause nausea, vomiting, diarrhea and abdominal pain.
Inhaling Cadmium can irritate the lungs causing coughing and/or
shortness of breath. Higher exposures may cause a build-up of fluid in the
lungs (pulmonary edema), a medical emergency, with severe shortness of
breath.

Chronic Health Effects
Cancer Hazard
Reproductive Hazard
Other Long-Term Effects

Cadmium is a CARCINOGEN in humans. It has been shown to cause lung
and prostate cancer. Many scientists believe there is no safe level of
exposure to a carcinogen.
Cadmium is a PROBABLE TERATOGEN in humans. Cadmium may damage
the male reproductive system (testes) and affect the female reproductive
cycle.
Cadmium can irritate the lungs. Repeated exposure may cause bronchitis
to develop with coughing, phlegm, and/or shortness of breath.
Repeated low exposures can cause liver and kidney damage.
Cadmium can cause anemia, loss of sense of smell (anosmia) and/or
discoloration of teeth.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/0305.pdf

Chromuim
Acute Health Effects

Contact can irritate and burn the skin and eyes with possible eye damage.
Inhaling Chromium can irritate the nose and throat causing coughing and
wheezing.
Exposure to Chromium fumes can cause “metal fume fever.” This is a flulike illness with symptoms of metallic taste in the mouth, headache, fever
and chills, aches, chest tightness and cough. The symptoms may be delayed
for several hours after exposure and usually last for a day or two.

Chronic Health Effects
Cancer Hazard
Reproductive Hazard
Other Long-Term Effects

Not a carcinogen
No adverse effect
Inhaling Chromium can cause a sore and/or a hole in the “bone” (septum)
dividing the inner nose, sometimes with bleeding, discharge, and/or
formation of a crust.
Chromium may cause a skin allergy. If allergy develops, very low future
exposure can cause itching and a skin rash.
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Chromium may cause an asthma-like allergy. Future exposure can cause
asthma attacks with shortness of breath, wheezing, coughing, and/or chest
tightness.
Prolonged skin contact can cause burns, blisters and deep ulcers.
Chromium may affect the liver and kidneys.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/0432.pdf
Lead
Acute Health Effects

Contact can irritate the eyes.
Lead can cause headache, irritability, reduced memory, disturbed sleep,
and mood and personality changes.
Exposure can cause upset stomach, poor appetite, weakness and fatigue.

Chronic Health Effects
Cancer Hazard

Reproductive Hazard

Other Long-Term Effects

Lead is a PROBABLE CARCINOGEN in humans. There is some evidence
that Lead and Lead compounds cause lung, stomach, brain and kidney
cancers in humans and they have been shown to cause kidney cancer in
animals. Many scientists believe there is no safe level of exposure to a
carcinogen.
Lead may be a TERATOGEN in humans since it is a teratogen in animals.
It may decrease fertility in males and females, and damage the developing
fetus and the testes (male reproductive glands).
Repeated exposure to Lead can cause Lead poisoning. Symptoms include
metallic taste, poor appetite, weight loss, colic, nausea, vomiting, and
muscle cramps.
Lead is a neurotoxin and is known to cause low IQ among children.
Higher levels can cause muscle and joint pain, and weakness.
High or repeated exposure may damage the nerves causing weakness, “pins
and needles,” and poor coordination in the arms and legs.
Lead exposure increases the risk of high blood pressure.
Lead may cause kidney and brain damage, and damage to the blood cells
causing anemia.
Repeated exposure causes Lead to accumulate in the body. It can take
years for the body to get rid of excess Lead.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/1096.pdf

Manganese
Acute Health Effects

Contact can irritate the skin and eyes.
Inhaling Manganese can irritate the nose, throat and lungs causing
coughing, wheezing and/or shortness of breath. Exposure to Manganese
can cause “metal fume fever.” This is a flu-like illness with symptoms of
metallic taste in the mouth, headache, fever and chills, aches, chest
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tightness and cough. The symptoms may be delayed for several hours after
exposure and usually last for a day or two.
Chronic Health Effects
Cancer Hazard
Reproductive Hazard
Other Long-Term Effects

Not a carcinogen
Manganese may damage the testes (male reproductive glands) and may
decrease fertility in males.
Manganese is a neurotoxin and repeated exposure can cause permanent
brain damage.
Early symptoms include poor appetite, weakness and sleepiness. Later
effects include changes in speech, balance, mood and personality, loss of
facial expressions, poor muscle coordination, muscle cramps, twitching and
tremors. The later symptoms are identical to Parkinson’s disease.
Prolonged or repeated exposure can lead to permanent lung damage.
Manganese may affect the liver and may cause anemia.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/1155.pdf

Nickel
Acute Health Effects

Contact can irritate and may burn the skin and eyes. Inhaling Nickel can
irritate the nose, throat and lungs.
Exposure to Nickel may cause “metal fume fever.” This is a flu-like illness
with symptoms of metallic taste in the mouth, headache, fever and chills,
aches, chest tightness and cough. The symptoms may be delayed for several
hours after exposure and usually last for a day or two.
Nickel can cause headache, dizziness, nausea and vomiting

Chronic Health Effects
Cancer Hazard

Reproductive Hazard

Other Long-Term Effects

Nickel is a PROBABLE CARCINOGEN in humans. There is evidence that it
causes lung cancer in humans and it has been shown to cause lung cancer
in animals. Many scientists believe there is no safe level of exposure to a
carcinogen. Such substances may also have the potential for causing
reproductive damage in humans.
While Nickel has not been identified as a teratogen or a reproductive
hazard, Nickel salts and certain Nickel compounds are teratogens and may
also cause reproductive damage. Nickel should be handled WITH
EXTREME CAUTION.
Exposure to Nickel may cause a skin allergy. If allergy develops, very low
future exposure can cause itching and a skin rash.
Nickel may cause an asthma-like allergy. Future exposure can cause asthma
attacks with shortness of breath, wheezing, coughing, and/or chest
tightness.
Inhaling Nickel can cause a sore and/or a hole in the “bone” (septum)
dividing the inner nose, sometimes with bleeding, discharge and loss of
smell (anosmia).
Nickel can cause chronic bronchitis and may cause scarring of the lungs.
Nickel may affect the liver and kidneys.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/1341.pdf
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Zinc
Acute Health Effects

Contact can irritate the skin and eyes.
Inhaling Zinc can irritate the nose and throat causing coughing and
wheezing.
Exposure to Zinc can cause “metal fume fever.” This is a flu-like illness with
symptoms of metallic taste in the mouth, headache, fever and chills, aches,
chest tightness and cough. The symptoms may be delayed for several hours
after exposure and usually last for a day or two.

Chronic Health Effects
Cancer Hazard
Reproductive Hazard
Other Long-Term Effects

PM 2.5
Health Effects

Not a carcinogen
Zinc appears to affect the male reproductive system (including sperm
count). Further testing is required to assess its potential to cause
reproductive harm.
Prolonged or repeated contact can cause dermatitis with drying and
cracking of the skin and redness.
More details at:
http://www.nj.gov/health/eoh/rtkweb/documents/fs/2021.pdf

Particles less than 2.5 micrometers in diameter (PM2.5) are referred to as
"fine" particles and are believed to pose the largest health risks. Because of
their small size (less than one-seventh the average width of a human hair),
fine particles can lodge deep into the lungs.
“Health studies have shown a significant association between exposure to
fine particles and premature mortality. Other important effects include
aggravation of respiratory and cardiovascular disease (as indicated by
increased hospital admissions, emergency room visits, absences from
school or work, and restricted activity days), lung disease, decreased lung
function, asthma attacks, and certain cardiovascular problems such as
heart attacks and cardiac arrhythmia. Individuals particularly sensitive to
fine particle exposure include older adults, people with heart and lung
disease, and children.” (Ref US EPA)
More details at:
http://www.epa.gov/ttn/naaqs/pm/pm25_index.html
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