


 

 

 

 

 

 

 
 

 

Health Impact Assessment Guidance: 
Iron and Steel Industry 

 
 
 
 
 
 
 

Health Impact Assessment Division  
Department of Health, Ministry of Public Health 



 
 
 

 

Health Impact Assessment Guidance: Iron 
and Steel Industry 

 
 
 

Prepared by: 
Health Impact Assessment Division, Department of Health, 
Ministry of Public Health. 
88/22 Tambon Talad Khwan , Amphur Muang , 
Tiwanond Road , Nonthaburi 11000 , 
Thailand Tel: +66 2590 4000 

 
 

First Published 2013 
ISBN: 978-616-11-2059-7 

 
 

 
Print: 
C.P.N. Supplies 
34/2 Soi Seri Thai 50, Seri thai Rd, kwaeng kan naa yaao, kayt 
kan naa yaao, Bangkok 10230 
Thailand Tel: +66 2540 141 



PREFACE 

i Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

 
 

Based on WHO recommendation for sustainable development, 
the HIA division, department of Health, MOPH, intends to provide a 
practical guidance of Health Impact Assessment the iron and steel 
industry. Despite the advantages of HIA, it has been slow to take 
hold in Thailand. In recent years, however, there has been increased 
interest in utilizing HIA, especially for local planning projects. But 
HIA has great potential to be used on a national scale, especially 
because of its potential to alert policymakers to the health 
implications of endeavors typically viewed as outside the range of 
health, such as transportation, agriculture and economic policies. For 
this reason, as a starting point, HIA can be incorporated into the 
environmental impact assessment. It is important to note that  only 
using HIA in this way would be under-utilization of a powerful tool. 

 
HIA is a new application and consolidation of existing analytic, 

decision-support, and communication tools. Its methodology comes 
from epidemiology, environmental impact analysis, risk analysis, 
cost/benefit and cost-effectiveness research, systematic reviews, and 
community and transportation planning. It draws its content from these 
fields and others, depending on the nature of the policy or project being 
examined and the particular health effects of concern. This guidance is 
useful for building capacity of public health officers and, If applicable, of 
relevant agencies. 

 
 

Department of Health 
Ministry of Public Health 

5 November 2013 
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Introduction 
 

 

 

 
 

Industrial  projects  must  be  developed  on  the  principles  of 
sustainable development and community health,  based on a 
multidisciplinary approach to  the social  and environmental 
determinants of health. Sustainable development must guide decision 
making  at  the  policy  and  planning  level  and  should  also  enable 
sustainable choices to be made by the individual citizen in everyday life. 

 

Sustainable development concerns individuals, their well-being 
and equity in social and economic relations. Where socio-economic or 
environmental tensions may exist in the context of development, these 
competing interests may threaten economic and social stability. In 
order to facilitate equitable and sustainable development, 
Environmental impact assessment (EIA) has evolved and become a 
major project requirement in Thailand since B.E. 2518. Currently, under 

the Constitution of the Kingdom and the Promotion and Conservation of 
National Environmental Quality Act, B.E. 2535 (1992), the type and size 
of projects or activities requiring EIA reports has been specified. The 
EIA report provides a range of relevant information to all parties: 
information and photographic evidence of non-restorable and 
restorable physical and biological natural resources; details of human 
use and quality of life value (including existing issues of disamenity); 
information concerning existing environment conditions and land use 
in the vicinity of the proposed project and potentially impacted areas in 
the short and long terms. Public health and occupational health issues 
are also incorporated within the theme of quality of life. 

 

Although the environmental impact assessment (EIA) addresses 
the key environmental impacts related to project activities, concerns 
have been raised that health and social issues have not been given 
adequate attention in the process. It has also been argued from past 

 
1.1 Background 
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experience that affected local communities must be allowed greater 
participation in the EIA/HIA. Following reforms in the national health 
system and the adoption of the tenth national economic and social 
development plan, it was therefore decided in 2007 that health impact 
assessment (HIA) must be incorporated into the EIA report. 

 

From 24 April 2012 it is a requirement that all iron industry 
plants that manufacture coke coal or operate a sintering process must 
prepare an environmental health impact assessment (EHIA) report as 
these processes may seriously affect the community and environment. 

 

As reported by the Office of Industrial Economics (2012), steel 
demand has steadily increased resulting in expanding crude steel 
production. However, In Thailand, most steel production has been 
developed from a steel forming stage, for example, wire rod, electro- 
galvanized steel due to restraints in technology and natural resources. 
In some cases, smaller steel factories may not fall into the size and type 
categories of projects or activities requiring EIA. Consequently, these 
factories may not be obligated to do so. 

 

The Health Impact Assessment Division (Department of Health, 
Ministry of Public Health) has decided to develop guidance for HIA in 
the iron and steel industry following the sustainability principle and 
Thailand National Health Acts B.E. 2550. The guideline focuses on the 
impacts related to project activities including project description, 
existing environmental conditions, site location and health 
determinants. The health determinants are based on the meaning of 
“Health” defined by Thailand National Health Acts B.E. 2550 as “the 
state of human being which is perfect in physical, mental, spiritual and 
social aspects, all of which are in holistic balance”. Health determinants 
consider all aspects including environment, health and social views. The 
scope of the assessment covers impacts from project activities on the 
health determinants of workers and the general public in the vicinity of 
the projects. 
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This guidance provides a simple, straightforward overview for 
the development of a health impact assessment (HIA) which aims to: 

 highlight the health perspective of HIA at project level; 
 link the association between environmental changes and 

health determinants which are associated with the project 
description. 

 support and promote the potential of public health officers 
in undertaking the HIA 

 

 
 

There are a number of different formal definitions of HIA 
reflecting stakeholder perceptions and goals. This guidance describes 
HIA as a developing process that uses a range of methods and 
approaches to help identify and consider the potential health impacts of 
a project on a given population. HIA is procedurally similar and 
complementary to the Environmental Impact Assessment (EIA) and is 
intended as a driving force in public health policy. HIA can support the 

EIA  process  to  thoroughly  assess  the  impacts  and  promote  health 
equity and stakeholder engagement. 

 

HIA is a systematic process that uses an array of data sources 
and analytic methods, and considers input from stakeholders to 
determine the potential effects of a proposed project on the health of a 
population, including communities and workers, the distribution of 
those effects within the population and to provide recommendations on 
monitoring and managing those effects. 

 

Practically, HIA is both a health protection and health promotion 

tool. Health should be broadly defined to include assessments of both 

health hazards and health benefits of policy, projects or programs and 
the potential ways in which health and wellbeing can be both protected 

1.2 Goal 

 
1.3 Definition of HIA 
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and  promoted.  This  document  is  used  for  conducting  the  HIA  at  a 
project level. 

 

 
 

The HIA approach has been developed as a multidisciplinary and 
participatory approach for making decisions on a project development. 
As a result, natural resources will be utilized effectively and sustainably. 
HIA can be viewed as follows: 

 a concept which addresses main the objectives and values of 
HIA; 

 a process which focuses on the individual objective and goal 
of each stage of the HIA approach; 

 a tool which considers the application of the HIA approach at 
a project level. 

 
HIA can also be undertaken at different points in the 

development of a particular proposal. These are: 
 prospective: prior to a proposal being implemented; 
 concurrent: running alongside a proposal; 
 retrospective: looking back on a proposal. 

 

The scale of HIA may vary according to the need. There are four 
types of HIA depending on the potential severity of the impact and time 
available, the scope of the evaluation, available resources and data, 
potential study of alternative scenarios and the importance assigned to 
public consultations. Table 1-1 presents the four types of HIA. 

 

1.4 HIA structured framework 
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Table 1-1 Four types of HIA with time schedules 

Desk-based HIA Rapid HIA Intermediate HIA 
Comprehensive 

HIA 

 2-6 weeks for 
one person full 
time 

 provides a broad 
overview of 
potential health 
impacts. 

 time and 
resources are 
limited. 

 is an ‘off the 
shelf’ exercise 
based on 
collecting and 
analysing 
existing 
accessible data? 

 activities include 
accessing off the 
shelf resources 
and synthesizing 
and appraising 
information. 

 6 to 12 weeks for 
one person full 
time. 

 Provides a more 
detailed 
overview of 
potential 
impacts. 

 time and 
resources are 
limited. 

 involves 
collecting and 
analysing 
existing data 
with limited 
input from 
experts and key 
stakeholders 

 activities include 
accessing 
resources, 
hosting and 
supporting 
meetings, and 
synthesising and 
appraising 
information. If 
capacity does not 
exist in-house, 
consideration 
should be given 
to 
commissioning 
external 
assessors. 

 12 weeks to 6 
months for one 
person full time. 

 provides a more 
thorough 
assessment of 
potential 
impacts, and 
more detail on 
specific 
predicted 
impacts. 

 requires 
significant time 
and resources. 

 involves 
collecting and 
analysing 
existing data 
as well as 
gathering new 
qualitative data 
from 
stakeholders and 
key informants. 

 activities include 
accessing 
resources, 
hosting and 
supporting 
meetings, 
identifying 
stakeholders and 
key informants, 
gathering and 
analysing 
qualitative and 
quantitative 
data, and 
synthesising and 
appraising 

 6 to 12 months 
for one person 
full time. 

 provides a 
comprehensive 
assessment of 
potential 
impacts. 

 requires 
significant time 
and resources. 
Involves 
collecting and 
analysing data 
from multiple 
sources 
(qualitative and 
quantitative) 

 activities include 
accessing 
resources, 
hosting and 
supporting 
meetings, 
identifying 
stakeholders and 
key informants, 
gathering and 
analysing 
qualitative and 
quantitative 
data, and 
synthesising and 
appraising 
information. 

 if capacity does 
not exist in- 
house, 
consideration 
should be given 
to 
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Table 1-1 Four types of HIA with time schedules 
 

Desk-based HIA Rapid HIA Intermediate HIA 
Comprehensive 

HIA 

  information. 
 if capacity does 

not exist in 
house, 
consideration 
should be given 
to 
commissioning 
external 
assessors. 

commissioning 
external 
assessors. 

 
 

 
 

1.5.1 Health 
 

In this guidance “health” means “a state of human being which is 
perfect in physical, mental, spiritual and social wellbeing, all of which 
are in holistic balance and not merely the absence of disease or 
infirmity” (WHO, 2003, NHCO., 2007) 

 
1.5.2 Health determinants 

 

Health Determinants have been recommended to be used as 
public health tools for health outreach programs including health 
promotion. Projects can bring changes that affect people’s lifestyles 
(e.g. diet, level of physical activity, smoking, alcohol and drug 
consumption) that increase or decrease their risk of chronic illnesses 
such as heart disease, diabetes, and cancer and can also affect the 
mental health status of the  local population. This  can arise  through 
increased incomes as well as the increased availability of tobacco, 
alcohol and narcotic drugs. Alongside infectious diseases, 
cardiovascular and cerebrovascular diseases (heart disease and 
strokes) are the leading causes of death, ill health and disability 
worldwide. Even small changes in risk factors for these chronic diseases 

 
1.5 Definition of health and health determinant 
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can have significant long term effects on local community health and 
wellbeing. 

 

From an international perspective, determinants of health fall 

under several broad categories. Whitehead and Dahlgren (1991) 

classified determinants that may be directly and indirectly addressed in 
terms of health impacts. Collectively, the determinants can be grouped 
into 5 categories, biological factors, lifestyles, social influences, living 
and working conditions and general social-economic, cultural and 
environmental conditions (Fig. 1-1). 

 
 

 
 

Fig. 1-1 Health determinants following Whitehead and Dahlgren model 

(1991) 

Based on the concept of this guidance, the health determinants 
proposed in this document are composed of environmental factors, 
biological factors, life style factors, economic conditions, social 
influences and the availability and accessibility to public services. More 
details are presented in Fig. 1-2. 
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Environment 
- public & environmental and health 

services, civic design, 
- natural hazards, waste management 
- green space, natural resources 
- land use & planning 
- air quality, water quality, soil quality 

 
 
 

 
Lifestyle 

- sexual behaviour 
- smoking & alcohol 
- medication 
- illegal substances 
- diet 

 

Availability and access 
- voluntary & charity 

groups 
- childcare 
- community facilities 
- leisure facilities 
- housing 
- education & training 
- arts & culture 
- public transport 
- shops & financial 

services 
- health & social care 

services 
- recreation 

 
 
 

 
Health 

determinant 

 
 

 
Social influences 

- social contact & social 
support 

- community 
participation 

- crime & anti-social 
behavior 

- fear of discrimination 
- discrimination 

 
 

Economic condition 
- job creation 
- distribution of 

incomes 
- availability and 

quality 
- quality of training 

 
 

Biological factors 
- ethnicity 
- disability 
- personality 
- age & gender 
- genes 

 
 
 

 

Fig. 1-2  Key categories of health determinants for HIA 
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HIA Methodology 
 

 

 

This HIA good practice guidance for the iron and steel industry is 
based on the following key concepts: 

1) The operations of the iron and steel industry require the 

acquisitions of raw materials (i.e., iron lump, chemicals, 

scrap, water) and energy (i.e., fuel, natural gas, electricity), as 

well as, the production of the steel product. The collection, 

transportation and processing of scrap are included in the 

system. This guide focuses on the steel production, from the 

up-steam to the down steam. The scope of this guide  is 

shown in Fig. 2-1 (The dash line). 

2) The health impacts from project activities are always 

associated with the environmental impacts. Therefore, the 

related environmental indicators must be included in the HIA 

process. For example; 

 Construction activity can result in varying degrees of 

ground vibration, depending on the equipment and 

methods employed. Ground vibration from construction 

activities very rarely reaches the level that can damages 

structures, but can reach the audible and perceptible 

ranges in buildings in close proximity to the site. This 

situation underscores the need for early  identification 

and assessment of noise and vibration and its assessment 

in relation to existing exposure limits. A survey of existing 

building in the vicinity of the project is therefore included 

in the assessment. 

 Health risk assessment of VOCs is conducted following 

the modelled air pollution levels using a mathematical 

model. 

3) The impact assessment considers  the existing standard 

procedures,  laws,  regulations,  and  mitigations  which  are 
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related to the environmental impacts. This guide shows only 

the list of laws, standards, regulations and notifications, for 

example, the industrial hygiene and standard from the 

Occupational Safety, Health and Environment Act. It is not 

related to the effectiveness of law enforcement. 

4) This HIA  process is  a  forecasting  methodology during the 

assessment period of a project development. 

 

 

Fig. 2-1  Boundary of the HIA guidance for iron and steel industry, 

which is presented by the dash line ( ). 

2.1 Structure of the iron and steel industry 
 

This HIA guidance addresses the processes involved in iron and 
steel making which are divided into 3 levels. These are iron making 

Natural resources 

Acquisition of raw materials Acquisition of energy 

 Raw materials 

(ore, lime, etc.) 

Energy 

Production of steel 
Iron making 

Steel making and casting 

Shaping steel forming 

Recycling process 

Air pollution 

Water pollution 

Soil pollution 
Hazardous
waste 
Accident/ 

unplanned

event 

Steel products Co-products 

Use stage/Production of end products 
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(upstream industry), steel making and casting (intermediate industry) 
and steel forming (downstream industry). An overview of the 
production processes is shown in Fig. 2-2 

 

2.1.1 Iron making 
 

Integrated iron making comprises several separately identifiable 
processes which include raw material transportation and stockyard 
activities, raw material preparation and the iron smelting process. Iron 
ores have to be blended before feeding to a blast furnace or a direct 
reduction furnace. 

 The blast furnace is a tall shaft-type furnace with a vertical 
stack superimposed over a crucible-like hearth. Iron (iron 
ore, sinter, pellets, mill scale, slag, scrap, etc.), coke and flux 
(limestone and dolomite) are charged into the top  of the 
shaft. The heated air burns the injected fuel and most of the 
coke charged in from the top to produce the heat required 
by the process and to provide reducing gas that removes 
oxygen from the ore. The reduced iron melts and runs down 
to the bottom of the hearth. The intermediate product of 
smelting iron ore is pig iron. 

 Direct-reduced iron (DRI) is produced from direct reduction 
of iron ore (in the form of lumps, pellets or fines) by a 
reducing gas produced from natural gas or coal.  The 
reducing gas is a mixture majority of hydrogen (H2) and 
carbon monoxide (CO) which acts as reducing agent.  The 
intermediate product of DRI is sponge iron. 

 
2.1.2 Steel making and casting 

 

Steel making is a process for producing steel from pig iron, 
sponge iron or steel scrap by removing impurities. The Basic oxygen 
furnace (BOF) differs from the EAF (Electric arc furnace) in that it is 
autogenous, or self-sufficient in energy. Steel production in a BOF 
begins by charging the vessel with 70-90 percent molten iron (pig iron) 
and 10-30 percent steel scrap. High purity oxygen, then, combines with 
the carbon in the iron to create an exothermic reaction that melts the 
charge while lowering the carbon content. Iron from the blast furnace 

http://www.wikipedia.org/wiki/Reduction_(chemistry)
http://www.wikipedia.org/wiki/Iron_ore
http://www.wikipedia.org/wiki/Natural_gas
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usually contains 3-4 percent carbon, which must be reduced to less 
than 1 percent, refined, and alloyed to produce the desired grade of 
steel. 

 

Unlike the basic oxygen route, the EAF does not use hot metal. It 
is charged with "cold" material. Steel production in an EAF typically 
occurs by charging sponge iron with recycled steel scrap, which is 
melted using electrical energy imparted to the charge through carbon 
electrodes and then refined and alloyed to produce the desired grade of 
steel. 

 

The product of this process is molten steel with a specified 
chemical analysis at 2900°F-3000°F. From here it may undergo further 
refining in a secondary refining process or be sent directly to the 
continuous caster where it is solidified into semi-finished shapes, 
blooms, billets, or slabs. 

 
2.1.3 Steel Forming 

In this phase, the billets, blooms and slabs are manufactured 
using a hot forming process into hot rolled products and they can be 
continuously transformed by cold-rolled forming to produce cold rolled 
products. Further processing produces steel products such as long 
products (bar, wire and hot formed section) derived from billets and 
flat products (hot-rolled coil, hot-rolled plate and cold rolled coil) 
derived from slabs [1]. The steel products in this phase can be value- 
added by fabrication with the processes of galvanisation by both hot- 
dip and electro methods, aluminisation, colour coating and tin plating. 
All the steel types produced in this phase 3 are delivered to end users in 
the construction, automotive and electronic sectors. 

 
2.2 Major pollution sources from the iron and steel industry 

 

Depending on the raw materials and source of energy consumed, 
the iron and steelmaking processes emit a number of pollutants. These 
pollutants may affect the environment and the health of humans and 
other species. This guidance addresses only the major pollutants that 
have negative impacts on the environment and human health. The 
summary of major pollutants is presented in Table 2-1 and 2-2 
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Production of end products 

Long steel products Flat steel products Profile steel products Ingot 

Basic oxygen furnace: BOF 

Pig iron 

Electric arc furnace: EAF 

Sponge 

Steel scrape Steel making and casting 

 

 
 Iron making (smelting)  

    

Blast furnace 
  

Direct reduced iron 

 
 
 
 
 
 
 
 
 

 
 

Billet 

 
 
 

Bloom, Beam, Blanks 

 
 

Slab 

 

    
Steel forming 

 
 
 

 

 

  
 
 
 
 

Fig. 2-2  Types and structure of the iron and steel manufacture 

Fabrication and 
transportation 

Sinter plant 
Iron ores 

Pellet plant 

Steel bar  
 

Steel wire rod 
 Prestressed

concrete wire  
 Hot rolled

structural steel  
 

Hot rolled steel  
 

Cold rolled steel 
 Hot stainless steel 
 Cold stainless steel 
 Galvanized Steel Sheet 
 Tin plate 
 Pipe 
 Cold profile sheet 
 

 

Structural steel 

Steel girder 

I beam 

T beam 

H beam 

Channel steel 

Sheet pile 

Rail steel 
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Table 2-1  Major pollutants and wastes from each manufacturing 

process 

Type of Industry Major pollutant 

Iron making 

Coke production  Air pollution: Dust (<100 micron , 10 micron and 

2.5 micron) , H2S, SOx, NH3, HCN, CO, Mercury, 

PAH, Benzene, Toluene and Xylene (BTX) 

 Water   pollution:   COD,   BOD,   Total   nitrogen, 

Ammonia,  phenol,  Cyanide,  Sulfur,  BTX,  PAH, 

Temperature, condensate 

 Waste: tar, sludge, refractory 

Sinter plant  Air pollution: Dust, SOx, NOx, HF, HCl, CO, Heavy 

metal (Mn, Pb) PCDD/F, PAH and BTX 

 Water pollution: COD, BOD, Total nitrogen, 

Ammonia, phenol, Cyanide, Sulfur, BTX, PAH, 

Temperature, condensate 

 Waste: dust, sinter dust 

Pellet plant  Air pollution: Dust, SOx, NOx, HF, HCl, CO, Heavy 

metal (Mn, Pb) PCDD/F, PAH and BTX 

 Water quality: COD, BOD, total nitrogen, 

ammonia, phenol, cyanide, Sulfur, BTX, PAH, 

temperature, condensate 

 Waste: dust, sludge 

Blast furnace  Air pollution: Dust, Organic carbon, SOx, 

NOx,VOCs, H2S, CO, Heavy metal ( Manganese: 

Mn) and HCN 

 Water pollution: COD, BOD, total nitrogen, 

ammonia, phenol, cyanide, sulfur, BTX, PAH, 

temperature, condensate 

 Waste: dust, sludge 

Steel making and steel forming 

Basic oxygen furnace (BOF)  Air pollution: Dust, SOx, NOx, HF, HCl, CO, Heavy 

metal (Mn), PCDD/F, PAH and BTX 

 Water pollution: COD, BOD, Total nitrogen, 

Ammonia, phenol, Cyanide, Sulfur, BTX, PAH, 

Temperature, condensate 

 Waste: dust from waste water treatment and 
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Table 2-1  Major pollutants and wastes from each manufacturing 

process 
 

Type of Industry Major pollutant 

 BOF, steel scrap, Refractory, Slag from BOF 

Electric arc furnace (EAF)  Air pollution: Dust, SOx, NOx, HF, HCl, CO, Heavy 

metal, PCDD/F, PCB and PAH 

 Waste: dust, slag, refractory 

Note: * Pollutants arising from coke production are included as an externality only if 
the coke is produced at the project site. Pollutants released are based on the 
manufacturing processes and raw materials used on site only. 

 

Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

Total 

suspended 

particulate 

(TSP) 

Respiratory system, 

bronchitis, 

pulmonary fibrosis 

due to chronic 

irritation, lung 

cancer 

Heart 

Lung 

 Notification of the Ministry 

of Natural Resources and 

Environment B.E. 2549 

(2006): Industrial Emission 

Standard 

Coal dust Pneumoconiosis, 

restrictive lung 

disease 

Lung  Notification of Environment 

Board No. 24 BE. 2547 (2004): 

Ambient Air Standards 

- TSP (Particulate Matter 

Ø < 100 µm) average 

level within 24 hour 

should not exceed 0.33 

mg/m3 and average level 

in one year should not 

exceed mg/m3 

Carbon 

monoxide 

(CO) 

Acute anemia 

hypotension and 

headache, dizziness, 

nausea, 

unconscious, death 

Heart 

Brain 

 Notification of the Ministry 

of Natural Resources and 

Environment B.E. 2549 

(2006): Industrial 

Emission Standard 

Source 

1. Non-combustion: Carbon 

http://www.pcd.go.th/count/lawdl.cfm?FileName=2_36_air.pdf&amp;BookName=%E0%B8%81%E0%B8%8E%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%A1%E0%B8%A5%E0%B8%9E%E0%B8%B4%E0%B8%A9%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87
http://www.pcd.go.th/count/lawdl.cfm?FileName=2_36_air.pdf&amp;BookName=%E0%B8%81%E0%B8%8E%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%A1%E0%B8%A5%E0%B8%9E%E0%B8%B4%E0%B8%A9%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87
http://www.pcd.go.th/count/lawdl.cfm?FileName=2_36_air.pdf&amp;BookName=%E0%B8%81%E0%B8%8E%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%A1%E0%B8%A5%E0%B8%9E%E0%B8%B4%E0%B8%A9%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87
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Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

   Monoxide level should not 

exceed  870 ppm 

2. Combustion : Carbon 

Monoxide level should not 

exceed 690 ppm 

 Notification by Ministry 

of Interior on working 

environment (chemicals) 

safety (B.E. 2541): 

Carbon monoxide 

concentration (CO) shall 

not exceed 50 ppm (55 

g/m3) 

Nitrogen 

oxide (NOx) 

Pulmonary 

inflammation 

Blood circulation 

system 

Nervous system 

Lung 

Respiratory 

system 

 Notification of the 

Ministry of Natural 

Resources and 

Environment B.E. 2549 

(2006): Emission 

Standard for steel 

industry 

- New Plants: NOx 

standard level is 180 

ppm 

- Existing Plants: NOx 

standard level is 200 

ppm 

 Notification of the 

Ministry Ministry of 

Interior on working 

environment (chemicals) 

safety (B.E. 2541): 
- Nitrogen oxide level in 

the workplace should 

not exceed 5 ppm or 9 

mg/m3 
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Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

Sulfur oxide 

(SOx) 

 Respiratory 

system 

- Notification of the 

Ministry of Natural 

Resources and 

Environment B.E. 2549 

(2006): Emission 

Standard for Steel 

Industry 

- New Plants: SOx 

standard level is 800 

ppm 

- Existing Plants: SOx 

standard level is 800 

ppm 

 Notification by Ministry 

of Interior on working 

environment (chemicals) 

safety (B.E. 2541): 

-  Nitrogen oxide level in 

the workplace should 

not exceed 5 ppm or 9 

mgim3 

Hydrogen 

sulfide (H2S) 

Eye irritation, a loss 

of odour perception, 

sore throat 

Respiratory 

system 

 Notification of the 

Ministry of Natural 

Resources and 

Environment B.E. 2549 

(2006): Industrial 

Emission Standard 

Source 

1. Non-combustion: H2S level 

should not exceed 100 

ppm 

2. combustion: H2S level 

should not exceed 80 ppm 

 Notification by Ministry 

of Interior on working 
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Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

   environment (chemicals) 

safety (B.E. 2541): 

 H2Slevel in the workplace 

should not exceed 50 ppm 

during 10 minutes 

exposure 

Compounds of 

cyanide 

Tissue hypoxia 

headache, dizziness 

and paresthesia 

Bronchial 

mucosa and 

alveoli 

 Notification by Ministry 

of Interior on working 

environment (chemicals) 

safety (B.E. 2541): 

Cyanide concentration 

shall not exceed 5 mg/m3 

Polycyclic 

aromatic 

hydrocarbon 

(PAH) 

Carcinogens Skin 

Lung 

Liver 

Renal 

 UK-EPAQS The Expert 

Panel on Air Quality 

Standards 

- annually-averaged 

concentration of BaP 

(Benzo [a] pyrene) in 

air as 0.25 ng m-3 

Ammonia Skin irritation (burn) 

Sore throat, cough, 

phlegm, wheeze, 

Asthma. 

Pulmonary edema 

Lung  Notification by Ministry of 

Interior on working 

environment (chemicals) 

safety (B.E. 2541): 

Ammonia concentration at 

the workplace shall not 

exceed 50 ppm or 35 

mg/m3 

Lead and 

organic 

compounds 

Hematological effect 

(anemia) 

Gastro-intestinal 

disturbance 

Cardivascular and 

renal effect 

Nervous 

system 

Bone 

 Notification by Ministry 

of Interior on working 

environment (chemicals) 

safety (B.E. 2541): 

Average concentration of 

Lead (Pb) and organic 

compounds shall not 

exceed 0.4 mg/m3 
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Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

Dioxins 

(PCDD/ 

PCDFs) 

Liver function, 

Gastro-intestinal 

disturbance, weight 

loss skin lesions 

(such as chlordane 

and patchy 

darkening of the 

skin), impairment of 

immune system, 

endocrine system 

and reproductive 

system 

Liver  Kidney  Dioxins control and 

emission standards 

1. Small and medium-sized 

incinerators 

- Austria: not exceed 0.1 

ng.I-TEQ/Nm3 

- Canada: not exceed 0.1 

ng.I-TEQ/Nm3 

- Denmark: not exceed 

0.1 ng.I-TEQ/Nm3 

- EU: not exceed 0.1 ng.I- 

TEQ/Nm3 

- Germany: not exceed 

0.1 ng.I-TEQ/Nm3 

- UK: not exceed 0.1 ng.I- 

TEQ/Nm3 

- Netherlands: not 

exceed 0.1 ng.I- 

TEQ/Nm3 

- Switzerland: not exceed 

0.1 ng.I-TEQ/Nm3 

-  Taiwai: not exceed 1.0 

ng.I-TEQ/Nm3 

2. Large incinerators 

- Japan: not exceed 0.1 

ng. 

- I-TEQ/Nm3 

- USA: not exceed 0.2 ng. 

-  I-TEQ/Nm3 (>250 

ton/day) 

3. Community incinerators 

(> 1 ton/day) 

- Thailand: not exceed 

0.5 ng.I-TEQ/Nm3 
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Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

Cadmium 

(Fume) 

Irritation of throat 

and nose, anemia, 

emphysema 

Itai-itai disease 

Liver, kidney, 

Hematologic 

system 

 Notification by Ministry of 

Interior on working 

environment (chemicals) 

safety (B.E. 2541): Average 

concentration of Cadmium 

(fume) shall not 0.1 mg/m3 

Manganese 

(Mn) 

Parkinson, Lung 

embolism, 

bronchitis, infertility 

in men, 

Schizophrenia 

CNS, 

respiratory 

system, 

reproductive 

system 

 Notification by Ministry of 

Interior on working 

environment (chemicals) 

safety (B.E. 2541) Average 

concentration Manganese 

(Mn) shall not exceed 5 

mg/m3 

Benzene Headache, nausea, 

dizziness,  

convulsion, coma, 

irritation of eye nose, 

throat, pulmonary 

edema 

Arrhythmia, skin 

rash with burning 

sensation, acute 

myelogenous 

leukemia (AML) 

Nervous 

system, 

hematologic 

system (white 

blood cell), 

skin, 

respiratory 

system 

 Notification by Ministry of 

Interior on working 

environment (chemicals) 

safety (B.E. 2541): Average 

concentration of Benzene 

shall not exceed 10 ppm 

and STEL (10 minutes) 

shall not exceed 50 ppm 

Toluene Irritation of 

respiratory passages 

and skin, skin rash, 

arrhythmia, muscle 

weakness, liver and 

renal function 

Respiratory 

system, skin, 

heart, nervous 

system, Liver, 

kidney 

 Notification by Ministry of 

Interior on working 

environment (chemicals) 

safety (B.E. 2541): Average 

concentration of Toluene 

shall not exceed 200 ppm 

and STEL (10 minutes) 

shall not exceed 500 ppm 

Xylene Irritation of 

respiratory passages 

and skin, skin rash, 

Respiratory 

system, skin, 

nervous 

 Notification by Ministry of 

Interior on working 

environment (chemicals) 
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Table 2-2 Adverse  health  effects  following  the  exposure  of  major 

hazards from the iron and steel making 

Hazard Adverse effect Target organ Mitigation/Notification 

 arrhythmia, muscle 

weakness, liver and 

renal function, 

electrolyte imbalance, 

CNS depression 

system, Liver, 

kidney 

safety (B.E. 2541): Average 

concentration of Xylene 

shall not exceed 100 ppm 

(435 mg/m3) 

Noise Health effects from 

noise are based on 

the noise level 

exposure, i.e., 

- minimum noise 

exposure: <85 

dB(A) 

- moderately high 

noise exposure: 

85−90 dB(A) 

- high noise 

exposure: >90 

dB(A). 

Auditory 

system 

 Ministerial Regulation, 

Ministry of Labour, on the 

prescribing of standard for 

administration and 

management of 

occupational safety, health 

and working environment 

in relation to heat, light 

and noise (B.E. 2549): 

Chapter 3 Noise 

Heat Electrolyte 

imbalance, in 

particular, Sodium, 

Potassium, Heat 

stroke, severe 

convulsion and death 

Temperature- 

regulating 

center 
 

CNS 

 Ministerial Regulation, 

Ministry of Labour, on the 

prescribing of standard for 

administration and 

management of 

occupational safety, health 

and working environment 

in relation to heat, light 

and noise (B.E. 2549): 

Chapter 1 Heat 

2.3 HIA process for the project level 

At present, a number of HIA models have been published and 
there are many published guidelines on HIA good practice at regional, 
national and international levels. Though there are differences between 
them, the main steps in the HIA process are very similar; even if the 

 
 
 
 

 



22 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

terminology used is slightly different. Fig. 2-3 shows the main steps of 
the HIA process for the iron and steel industry. 

 

   
 

 

 

 

Fig. 2-3  Flowchart of the HIA process 
 
 

 

Input Process Output 

Project description, site
location, existing
management and standard
procedures, stakeholder
consultation, screening
checklist form 

rationale for
conducting the HIA 
list of preliminary
impacts 
Additional data and
information needed 

Related data and
information, i.e., site survey,
additional project
description , existing
management, existing
environmental data, report
or research (if applicable),
toxicological data,
epidemiological data,
utilities, amenities, health
services, monitoring data (if
applicable), public health
questionnaires 

Public

participation 
list of potential
impacts related to
the project
activities, 
primary and
secondary data
needed 
stakeholder
opinions (public
health officers, local
administrative
officers, etc.) 

health impact
significance rating 
identification of risk
group 
identification of
sensitive area 

Population at risk, existing
mitigation options, risk
assessment tools, local
environmental monitoring
data, health status 

Public participation 

Screening 

Scoping 

Impact appraisal 

Development of 
mitigation options and
monitoring programs 

HIA reporting 
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2.3.1 Screening 
 

In general, screening is a crucial step for deciding whether an 
HIA is likely to be the best way to ensure health issues are effectively 
addressed in a given project. It provides a systematic way of deciding 
whether an HIA could usefully be undertaken. In current HIA practice in 
Thailand this first stage also acts as an identification process, where 
hazards from project activities are quickly assessed or ‘screened’ for 
their potential to affect health determinants of workers or of the 
community. A complex biological process resulting from exposure to 
health hazards, may take many years before it is manifest in patho- 
physiological changes (Fig. 2-4). Therefore, the assessment process 
focusses on determinants of health and illness. 

 

- Amount/concentration 
- Duration 
- Frequency 
- Routes of exposure 

 
 
 

 
Mortallity 

 

- Characteristics of risk 
groups (age, gender, etc.) 

- Mitigation options 
- Occupation 

 

Morbidity 
 

 

Pathological changes 
 

 

Physiological changes 
 

 

Hazard exposure 
 

 

Fig. 2-4  Hazard exposure and health effect development 
 

1) Objectives 
The objectives of the screening are as follows: 
 to initially identify health hazards 
 to identify risk groups 
 to set up the framework 
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 

 

2) Screening step 
The procedures of the screening step are outlined in Fig. 2-5 

 

 

Fig. 2-5  Screening process 

The details of the process are as follows: 
1. provide a steering committee and working groups,  which 

comprise of 4-6 people. These include the project proponent, 
engineering professional, environmental, health and social 
experts, etc. 

2. collect data and information which are related to the project. 
These data include: 

2.1. Project description and baseline data 
 type of project 

o New project 
o Expanded project 

 project location 
 characteristics of project area 

o Industrial zone 
o Non-industrial zone 

 Green area 
 Rural/urban 

 activities/processes including raw materials, 
chemicals, water resource and energy consumption 

 infrastructure/ utility 

Impact issues/health hazards likely to affect

human health (health determinant) 

Project description 

including

location/sensitive area 

Steering member 

agreement and

arrangement 

Screening tools (Checklist) 
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 estimated pollutants released from project 
activities, which may be modelled using mathematic 
equation 

 pollution control system 
 other  related  management  systems,  i.e.,  chemical 

safety handling 
 occupational health and safety 
 emergency response plan 

2.2. Population at risk, which can be categorized according 
to these factors: 
 Types of hazard including biological, chemical and 

physical hazards 
 Toxicological  and  epidemiological  data,  exposure 

path way 
 Biological factors, i.e., age, gender, genetics 

2.3. Development of screening checklist 
 

3) Development of screening tool 
Checklists are often used in HIA, helping to determine potential 

areas of significant impacts and the feasibility of an assessment during 
the screening phase, and outlining impact areas, available data and 
methods of analysis during the scoping phase. They can be used to 
facilitate both expert and stakeholder feedback throughout the HIA 
process. The following steps show how to design a screening checklist. 

1) collect primary and secondary data necessary to initially 

identify impacts from project activities 

2) establish associations between project activities, related 

health determinants and the exposure pathway. Examples of 

an impact network are illustrated in Fig. 2-6 and Fig. 2-7 

3) conduct the screening step for the iron and steel industry 

based on the relation between activities during construction 

and operation phases and impacts on health determinants. 

The community and workers around the project are 

considered as populations at risk. The screening checklist is 

summarized in Table 2-3. The iron and steel industry-specific 

checklist is presented in appendix B. 
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Activity (A) 

 

 
 
 

Fig. 2-6  An impact network illustrating the relation between project 

activities and health impacts 

Health determinants
Health Indicator

Indicator (EI)  (HI) 

Environmental impacts 

EI 1 

A 1 

HI 1 

EI 2 
 

EI 3 
HI 2 

 

EI 4 
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Fig 2-7  Example of how to identify underlying environmental impacts of the 

development on health determinants: A construction phase and B Operation phase 

A: a construction phase 

Dust Nuisance 

Basement 

construction 
Noise 

Respiratory 

diseases 

Vibration 

Hearing 

impairment 

Social/property 

security 
Health 

services 

B: an operation phase 

Water 
use 

Water 
scarcity 

Domestic 

water 

demand 

Illness 

Air 

pollutants 
Agriculture/ 

farms 
Incomes 

Iron 
smelting 
 
 
 
 

 

Edible 

aquatic 

animals 

Social/ 
Economic 
condition 

Drainage 

Nuisance 

Waste 
water 

Odour 

Natural 
aesthetic 

Illness 



 

 

 
 
 

 

Table 2-3  Example of screening tool checklist for community around the project/worker: a construction/an operation 

phase 
 

 
 

 
Activity1

 

Data/information2 Positive impact (+) or negative impact (-) on health determinant3 
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Note: 1Activity means all activities of project development from a construction phase to an operation phase 

2Data/information include all related project activities, i.e., project description, laws, notifications, standards, existing management, 

biological factors, population 
3Health determinants include 6 determinants shown in Fig. 1-2 
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2.3.2 Scoping stage 

 

Scoping involves planning and designing the HIA and setting out 
its parameters. Thorough scoping saves time, work and resources in the 
remaining steps. Scoping sets the boundaries and terms of reference for 
the HIA and how detailed it should be. These include the: 

• geographical extent 
• local communities to be considered 
• potential impacts to be assessed 
• key stakeholders to be consulted 
• methods to be used 
• tasks to be undertaken 
• make-up of the HIA team 
• timeline 
• what will happen to the findings of the HIA. 

 
The scoping stage normally involves senior project staff, health 

or HIA specialists (whether consultants or in-house), and key 
stakeholders such as representatives of local communities, local 
government and health/public health services. Scoping decisions are 
often discussed and agreed upon in an interactive scoping workshop led 
by project staff and/or a health/HIA specialist. The output of the 
scoping exercise can also be used as the basis for developing the terms 
of reference (TOR). Fig. 2-8 shows the boundary and key data necessary 
to a scoping stage. 
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Fig. 2-8  Boundary of a scoping stage 
 

2.3.2.1 Purpose 
 

 to identify which health determinants will be assessed 
(environmental indicators and health indicators) 

 to identify risk groups 

 to indicate study area which depends on type and size of 
project and impacts expected 

 to design a work plan 

 to set the scope of the evidence to be gathered (data gap 
analysis) 

 to propose public concerns 

Other project information 
(i.e., existing management,

emergency response,

environmental and 
occupational baseline data) 

Results from 
screening

stage (health
 

 
indicators 

Scoping 

Health 
 

additional 
data needed 
study
methods 
Assessment
approach 

Baseline data of study area 
(environmental and health
profile, community profile,

health service) 
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2.3.2.2 Process 
 

There are two main tasks in scoping 
1) setting up a steering committee 
A steering committee is established and underpinned by a clear 

and transparent statement of values. Representatives must include a 
diverse range of perspectives and expertise. Useful areas of expertise 
for the committee are: the proposal topic, the potential population(s) 
affected, community involvement, public health evidence and research, 
negotiation skills, policy analysis, equity issues and the social 
determinants of health. The formation of a study team should consider 
key issues as follows: 

1.1. working definitions of health, the steel making process, 
potential hazards, the population at risk, health 
determinants at a project level, 
 clearly distinguishing between project-based health 

impact and area-based health impact. 

 choosing the assessment method 
1.2. A neutral third party may be needed to resolve conflict, in 

particular, high conflict situations. 
1.3. There should be a comprehensive spectrum of stakeholder 

engagement. This involves stakeholders related to a 
project, levels of engagement and communication channels. 
These may include: professionals with knowledge and 
experience relevant to the issues being addressed, key 
decision-makers, relevant voluntary organisations and the 
local population affected by the proposal. 

2) conducting the process of scoping 
This process follows the screening stage and includes 

 Introducing the potential health impacts of the 
proposal and the potential resource requirements of 
the HIA. 

 reviewing existing data relevant to the study area 

 collating existing environmental, social and health 
data/information 

 selecting and agreeing on an appropriate scoping tool 
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 gathering concerns and suggestions of key 
stakeholders 

 establishing the terms of reference (TOR) as follows: 
o identifying health determinants most likely 

affected by project activities 
o presenting   data   and   information   available   for 

ongoing assessment including 
 project description 
 existing environmental data 
 community profile 
 public services in local area 

 

2.3.2.3 Endpoints of Scoping process 
 

The scoping process will identify those health determinants 
requiring further assessment and their appropriate environmental and 
health indicators. Finally, it will be possible to construct TOR. While the 
terms of reference are specific to each project, it is generally 
recommended that they include: 

 the goals, aims, purpose and functions of the HIA; 

 the membership of the steering committee together with 
an explicit description of the roles and responsibilities of 
members; 

 agreement on definitions, for example ‘health 
determinants selected’ 

 the frequency of group meetings to be held 

 a detailed description of the methods to be used in the 
assessment; 

 data required, which include primary and secondary data 

 an outline of the form and content of deliverables; 

 an outline of the scope of the work - what is to be 
included and excluded - and the boundaries of the HIA in 
terms of time and place; 

 an outline of the project plan including deadlines; 

 study area 

 population including risk group 
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2.3.2.4 Development of a screening tool 
 

1) data and sources 

 primary data 

 secondary data (i.e., national statistics, Provincial Public 

Health Office, District Public Health Office,  primary 

health care, Department of Disaster Prevention And 
Mitigation, police etc.) 

 
2) screening tool 

It is important to describe the impacts from project activities on 
the health determinants of the target population. The  exposure 
pathway demonstrates how a person may come into contact with 
hazards through inhalation, ingestion, or direct contact. The exposure 
pathway involves the project description, baseline data, existing 
environmental conditions and related research reports. A model and 
impact matrix are an essential part of a screening tool 

3) technique 
Application of the screening tool uses the following steps. 

 determining the impacts likely to be related to activity 
breakdown of a project 

 
 

 

indicator 

•Construction phase 

•Operation phase 

•inside a project 

•outside a project 

•Workers 

•people at risk 

Health indicator 

Project activities 

Tool (Checklist/ Survey) 
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 gathering essential data: 

o sources of hazards; 
o selected health determinants considering related 

environmental and health indicatorsว 

o sensitive area based on hazards (biological, 
chemical and physical hazards), exposure pathway 
and geographic indication; 

o frequency and duration of exposure 
o types and potential effect of hazards 
o population affected during a construction and an 

operation phase; 
o high risk groups, for example, children, elderly, 

chronic illness, compromise host, disable person or 
person of low economic status and limited 
education 

 

2.3.2.5 Scoping tool 
 

This guidance develops a checklist that is appropriate to 
demonstrate impacts from project activities on health using 
environmental and health indicators. The checklist can be used to easily 
identify health impacts associated with all project activities. A summary 
of a screening checklist is presented in Table 2-4. Examples 
demonstrating the application of checklists to the iron and steel 
industry are given in appendix B. 
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Table 2-4 Example how to use the checklist for identifying health 

impacts associated with project activities during a 

construction/ an operation phase 

Health 
determinant1 

Indicator2 
 

Activity3 

Potential 

impact4 

Additional 

data/ 

information5 Environment Health Yes No 

Air quality Dust - open burning 

of garbage 

- other 

sources of 

pollutants 

- respiratory 

disease 

morbidity 

including 

cancer 

- health status 

- population 

density 

-  raw 

material 

transport 

and store 

  - Monitoring 

report, if 

applicable 

- Air 

pollution 

control 

Note: 1Health determinant means major and minor issues identified from screening 
stage 
2Indicator means factors associated with direct and indirect indicator 
3Activity means all project activities 
4Potential impacts considers project details and identify which activity can 
cause impacts on health, for example, steel making using Basic Oxygen 
Furnace generates heat. Heat may affect health determinants 
5Additional data/ information mean existing data 

 
2.3.3 Impact Appraisal 

 

Potential impacts may directly or indirectly affect the health 
status of populations in the study area. Impact appraisal is a core HIA 
process for critically investigating whether these impacts, identified 
from the screening and scoping stages, are likely to be significant in 
relation to health. 

 

This stage will characterise impacts in terms of likelihood and 
consequence applicable to groups at risk including workers and the 
local community. Prior to the impact appraisal, all health determinants 
from scoping must be listed as well as the need of additional data will 
be stated. Examples of health impacts associated with iron and steel 
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production are shown in Table 2-5 and more details are available in 
appendix C. 

 
Table 2-5  Example of health impacts associated with the iron and steel 

production: community around the project area. 

 
Health 

determinant 

Construction phase Operation phase 

Indicator Indicator 

Environme 

nt 

Health Environment Health 

Air quality  dust in 

ambient 

air 

 NO2 

 SO2 

 respiratory 

disease 

morbidity 

including 

cancer 

 health 

status 

 population 

density 

 ambient 

particulate 

concentrations 

(Ø < 100, 10 or 

2.5 µm) 

 NO2 

 SO2 

 PAHs, in 

particular, 

Benzo [a] 

pyrene 

(carcinogen 

group 1) 

 Benzene 

Toluene xylene 

 H2S 

 Ammonia 

 HCN 

 HF 

 HCl 

 Dioxin/Furan 

 Heavy metal 

(i.e., mercury) 

 respiratory 

disease rate 

 skin disease 

rate 

 trends in 

health status 

among people 

in the study 

area 

 population at 

risk 

 population 

density 
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2.3.3.1 Purpose 
 

The assessment stage synthesizes and critically assesses the 
information collected during the screening and scoping stages, in order 
to: 

1) identify  impact  levels  and  to  characterize  the  risk  and 
population at risk; 

2) establish the relative magnitude of preliminary impacts; 
3) provide  evidence  for  considering  alternative  mitigation 

measures and monitoring programs 
 

2.3.3.2 Process 
 

Risk assessment (RA) is the approach of most relevance to HIA. 
Risk assessment also has an identification stage that identifies key 
issues to assess. However, HIA has a broader focus than risk alone and 

seeks to identify both positive and negative health impacts. RA is also 
used more generally to describe an approach to health assessment that 
focuses on quantifying the potential direct physical health impacts from 
exposure to chemicals emitted into the environment. 

 

Risk assessment techniques can be divided into two methods, 
qualitative risk assessment and quantitative risk assessment. 
Constraints such as time, money, manpower, skills, management 
perceptions, risk result communication to the public and political 
pressures all affect the manner in which risk assessments is conducted. 

 

The assessment approach involves the use of data including 
environmental and health indicators and the community profile. 
Primary data are collected by the investigator for a specific purpose. 
Secondary sources are data that already exist. Data collection can be 
performed using various methods. Examples of data collection methods 
are presented in Table 2-6. In addition, examples of how to  collect 
public health data are shown in appendix D. 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
Primary data 
Environmental 
sampling 

It is necessary to 
collect environmental 
indicators as baseline 
information (water  
or air sample) to 
determine the 
quantitative level of 
relevant pollutant. 

Direct 
quantitative 
measure of 
concentration 

expensive, 
time and 
resources 
consuming 

Field survey Direct observation is 
an underuse and 
valuable for  
collecting evaluation 
information. It 
provides the 
opportunity to 
document activities, 
behavior and physical 
aspects without 
having to depend 
upon peoples’ 
willingness and 
ability to response to 
questions. 
Observation can be 
divided into two 
patterns. These are 
structured and 
unstructured 
observations. 
Structured 
observation is a 
systematic method 
where there is 

Use less 
budget, 
simple and 
do not 
require 
sophisticate 
tool. 

Data obtained 
are not 
specific. 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
 considerable pre- 

coding and the 
observation takes the 
form of recording 
when, how often, or 
for how long the 
precoded behaviours 
occur. By contrast, 
informal or casual 
observation is 
unstructured, and 
may form the basis of 
future structured 
observation. Informal 
or casual observation 
methods are 
sometimes seen as 
less objective than 
structured 
observation, because 
the observer may be 
focusing on 
behaviours without a 
clear theoretical 
framework, and may 
not be coding the 
behaviours in a 
reliable that is, 
repeatable way. 

  

Walking 
survey 

Walking surveys are 
systematic 
observations made 
on foot. Either or 
both can help you 

saving time, 
resources, 
but can 
collect large 
sample size. 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
 better understand 

either the community 
in general or a 
specific condition or 
aspect of it. These can 
be used to assess 
general community 
needs – to estimate 
the poverty level, for 
example – or to 
examine more 
specific facets of the 
community’s 
physical, social, or 
economic character. 

  

Mail survey Mail surveys are a 
powerful, effective, 
and efficient 
alternative to their 
more expensive 
relatives- the 
telephone survey and 
the personal 
interview. A quality, 
medium-scale mail 
survey can be 
conducted with 
minimal cost, little 
staff, and no complex 
equipment. A well- 
conducted mail 
survey can be just as 
effective and 
meaningful as other 

Less 
expensive, 
especially 
with very 
large 
samples, can 
use longer 
and more 
complicated 
questions, 
since the 
respondent 
can see the 
question and 
read it at 
their own 
pace. Allows 
a picture to 
be shown as 

Many mailed 
surveys are 
never 
returned, 
making the 
sample very 
self-selective 
and less 
random, do not 
provide the 
option of 
someone to 
explain 
questions if 
needed, and do 
not provide a 
chance for 
follow up or 
probing for 
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Table 2-6  Example of methods for collecting primary and secondary 

data 
Method Description Advantage Limitation 

 more resource- 
intensive surveys. 

part of a 
question, or 
a tape to be 
included, if 
desired. 

responses. 

Telephone 
survey 

A telephone survey is 
one of the survey 
methods used in 
collecting data either 
from the general 
population or from a 
specific target 
population. 
Telephone numbers 
are utilized by trained 
interviewers               
to contact and gather 
information from 
possible respondents. 
The telephone survey 
approach is usually 
utilized when there is 
a need to collection 
information via 
public opinion 
polling. In other 
words, phone surveys 
are ideal for data 
gathering which  
takes anyone from 
the general 
population as 
potential 
respondents. This 

More 
random and 
accurate 
results 
because the 
sample is 
less self- 
selective. 
The 
percentage 
of those 
contacted 
who respond 
is generally 
higher than 
for mail 
surveys. 
Usually 
quicker to 
complete, 
the results 
can often be 
gathered in 
days rather 
than weeks. 
More 
adaptable. 

Respondent 
may have 
limited time in 
long phone 
survey, people 
will "drop out" 
and not fully 
answer all the 
questions. 
Since those 
responding 
cannot see or 
read the 
questions, 
complicated or 
long questions 
are not 
appropriate for 
telephone 
surveys. 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
 means that the 

contacted people will 
become included in 
the sample once they 
agree to participate 
in the phone survey. 

  

Focus group Focus groups and key 
informant interviews 
are common methods 
of gaining qualitative 
data to guide quality 
improvement 
initiatives. They can 
be used to solicit 
views, insights and 
recommendations of 
staff, clients/patients, 
technical experts and 
other stakeholders, 
therefore providing 
valuable input into all 
phases of the quality 
improvement 
process. 
Focus groups are also 
valuable for 
informing the various 
phases of your 
quality improvement 
project. They can 
provide input into 
diagnosing your 
quality issue and 
gaining an 

can measure 
the reaction 
of 
respondents, 
provide 
immediate 
ideas for the 
improvemen 
t of 
particular 
impacts, 

Not as efficient 
in covering 
maximum 
depth on a 
particular 
issue, may not 
express their 
honest and 
personal 
opinions about 
the topic at 
hand. They 
may be 
hesitant to 
express their 
thoughts, 
especially 
when their 
thoughts 
oppose the 
views of 
another 
participant. 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
 understanding of the 

perspectives of 
various stakeholders 
in a short amount of 
time. They are also 
useful for identifying 
and exploring 
barriers to 
implementation of 
your planned change 
and for resolving 
problems that arise. 
Focus groups provide 
a flexible format to 
explore  
unanticipated issues 
and to allow 
interaction of 
participants, however 
a clearly stated 
objective for the 
group remains 
important. A 
disadvantage of focus 
groups is that 
discussion can 
become sidetracked 
and can be 
dominated by some 
participants. Findings 
are difficult to 
analyze and care 
must be taken not to 
generalize comments 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
 to the whole 

population. 

  

Key informant 
interview 

 

 

 

 

 

 

 a face-to- 
face 
interview 

 

 

 

 

 group 
interview 

Key informant 
interviews are used 
in preference to focus 
groups when frank 
and in-depth answers 
are required, and 
when a larger group 
dynamic might be 
expected to limit or 
bias discussion. They 
may be structured or 
semi-structured and 
are most 
commonly guided by 
a survey-like 
proforma or ‘script’ 
that lists open-ended 
questions. Interviews 
may be conducted by 
telephone or face to 
face. Face to face is 
most frequently used 
as it is more 
conducive to a free 
exchange of ideas. 
Choice and training of 
the interviewer is 
another important 
consideration in 
order to assure an 
open and appropriate 
level of discussion. 

Can clearly 
explain and 
obtain data 
more detail, 
Put simply, it 
is obtaining 
information 
from a 
community 
resident who 
is in a 
position to 
know the 
community 
as a whole, 
or the 
particular 
portion you 
are 
interested in. 

Other 
community 
members who 
are not being 
used as key 
informants 
may become 
jealous and 
resent being 
left out. 
Informants 
may give you 
their own 
impressions 
and biases 
May have to be 
combined with 
other methods, 
because 
representative 
ness of the 
total 
community is 
difficult to 
achieve. Takes 
time to select 
good 
informants and 
build trust 
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Table 2-6  Example of methods for collecting primary and secondary 
data 

Method Description Advantage Limitation 
Secondary data 

 

Official report 
review 

This method can 
collect data or 
information recorded 
in the official reports 
provided by 
government. 

Not 
expensive, 
saving time 

Data are not 
complete or 
not up-to-date 
with what is 
current in the 
field. 

Literature 
review 

Literature review 
discusses published 
information in a 
particular subject 
area, and sometimes 
information in a 
particular subject 
area within a certain 

time period. 

Providing a 
handy guide 
to a 
particular 
topic when 
time and 
resources 
are limited. 

Incomplete 
information or 
not relevant to 
the study, or 
not up-to-date 
with what is 
current in the 
field. 

 

2.3.3.3 Risk assessment approach 
 

Risk assessment (RA) is used for characterizing the nature and 
magnitude of health risks associated with exposures to environmental 
substances and processes. RA is not comprehensive, but its conclusions 
can be used within the HIA to forecast effects of specific exposures (Fig 
2-9). Importantly, the results are assessed under specific scenarios, 
therefore, the interpretation must be carefully  made as follows: (1) 
selected hazards and their adverse effects on health status; (2) risk 
levels are explained by likelihood and consequences; and (3) the results 
are used for developing appropriate mitigation options. In addition, the 
RA process used for one project may not be relevant to another context, 
for example, a steel factory in another province. 
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Comparative risk assessment 

 

Fig. 2-9  Boundary of Risk assessment in HIA at project level, which is 

presented by the dash line ( ). 

 

Risk assessment in HIA is based on several important principles 
including: 

1. Exposure pathway: the risk will take into account where 
hazards originate and can enter the environment from many 
different sources such as landfills, incinerators, tanks, drums, 
or factories. Human exposure to hazards can occur at source 
or elsewhere elsewhere, e.g., transport or disposal,. (Fig.2-10). 

 
 
 
 
 
 
 
 

 

Personal/societal 

perceptions & values 

Culture/society demography 

Technology Policy Economy 

Environment-health system 

 
Benefits Hazards 

Boundary 

of Risk 

 

Environmental 
media 

Sources 

Eทnv
ท

iทนrทoงาnสงmงสแงeวแnดวtลดaอลlมอม 

Cกaากpราiเรtขaเาขlถางถึง 

ผAลผcปลcปeะsโะsยโชยนชน 

Hazards 
Population 

Adaptive 

response 
Exposure 

Health status 

Risk 

Health 
impacts 

Risk assessment 

Health impact 
Aggregated 

impacts 



47 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

 
 
 
 

Fig. 2-10  Complete exposure pathway 
 

2. Sources of information: Essential sources of data are as 
follows: animal testing, for example, LD50 (Mean lethal dose); 
Reference dose (RfD); public health data including 
epidemiological data; toxicological data; case studies and 
laboratory research (i.e. tissue culture, microbiological 
testing, laboratory findings, etc.); hazard concentrations in 
environmental media (air, soil or water) with which people 
may come into contact (with variable frequency and 
duration); the doses of exposure that can harm human health 
(dose/response); demography; food consumption data and, if 
necessary, experts’ opinion. 

3. Health effects following chemical exposure. These include 
specific and non-specific responses (Fig. 2-11). 

Sources of hazards 
People living nearby project 

Positive impacts 

Negative impacts 

Air 

Source 

Work 
Surface 

(Soil & water) 
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Food & water Direct contact 

Ingestion 

Air 

Inhalation Dermal/eye 

contact 

Gastro-intestinal 

tract 
Lung 

Liver Other 

organs 

Bile 

Blood &Lymph (Heart, blood 

vessels, lymphatic system) 
Extracellular 

fluid 

Storage 

(Fat & bone) 

Lung Kidney Secretory glands 

Expired air Bladder Secretion 

Feces 

Urine 

 
 
 

  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2-11  Schematic diagram showing how hazards enter the body 
 

Currently, at project implementation level, HIA is a prospective 
process. Therefore, it is necessary to select appropriate tools that can 
forecast the likely impacts associated with the project in order to 
propose mitigation options and monitoring programs through which 
can limit negative impacts. In the iron and steel industry, estimation of 
impact levels can be performed using risk assessment in two different 
ways based on the quality and reliability of existing data. These are: (1) 
qualitative risk assessment and (2) quantitative risk assessment. A 
summary of health impacts associated with the iron and steel industry 
is shown in Table 2-5. 
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1) Qualitative risk assessment 

This approach involves a variety of methods derived from social 
research rather than scientific measurement. It can address the risk 
when data are limited. Although the risk cannot be quantified in terms 
of probability, it can be characterize as low, moderate or high risk. The 
use of semi-quantitative measures removes some of the subjectivity of 
the assessment process and allows risks to be compared and hence 
prioritized. In this guidance, two different tools are proposed as 
follows: 

1.1) Community Health Study 

In some situations there will be a need to undertake health 
studies as part of a risk assessment. A risk assessment may have been 
prompted by health studies undertaken by the community. The design 
of health studies should be underpinned by epidemiological principles. 
A range of factors need to be considered before embarking on a health 
study. 

 Public health significance; 

 Scientific importance; 

 Ability to provide definitive results; 

 Resources; 

 Community perspective and involvement 

 
Nature of community health study 

 

When the decision to conduct a health study is being considered, 
several criteria are used to determine the type of health study required. 
These relate to whether the relevant research hypothesis requires: the 
characterisation of environmental contaminants by type,  media,  and 
concentration levels; documented evidence of human exposure at the 
level of concern; the level of current knowledge about the relationship 
between exposure and specific adverse health outcomes and/or 
documented excess of an adverse health outcome, when known. The 
health studies can be grouped into Type 1 and Type 2 studies. 
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 Type-1 Community health study 
 

Type-1 prospective community health studies explore or 
generate hypotheses about exposure-outcome associations and address 
specific exposures, community health concerns, or specific information 
needs. Examples of Type-1 health studies include cross sectional 
studies, pilot projects, cluster investigation, comprehensive case 
review,    situation-specific    surveillance,    health    statistics    review, 

exposure investigation and disease and symptom prevalence surveys. 
Information from these studies reflects the situation of the study area 
and constitutes baseline data for HIA. 

 
 Type-2 Community health study 

 

Type-2 health studies are specifically designed to test scientific 
hypotheses about the associations between adverse health outcomes 
and exposure to hazardous substances in the environment. Examples of 
Type-2 health studies include case control studies, cohort studies and 
nested-case control studies. These describe retrospective impacts in the 
study area. 

 
1.2) Risk matrix 

This method is simple and does not need big data. However it 
can create false interpretation unless the matrix is designed properly. 
An effective risk ranking matrix should have the following 
characteristics: 

 

 clearly define the meaning and boundary of all   inputs to be 
assessed; 

 risk criteria are defined prior to conducting the assessment in 
order to minimize bias 

 the full spectrum of potential scenarios are covered; 

 all foreseeable consequences of public concern are covered; 

 tolerable/intolerable  risk  levels  are  established  based  on 
existing standards or ministerial notification or legislation; 

 Effective mitigation or control measure that can prevent and 
control risk are identified. 
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Development of Risk matrix 
 

This involves analyzing the likelihood and consequences of each 
identified risk and deciding which risk factors will potentially have the 
greatest effect and should, therefore, receive priority in implementation 
of the HIA. The level of risk is analyzed by combining estimates of 
likelihood and consequences (Table 2-7), to determine the priority level 
of the risk. It is important to consider the consequences and the 
likelihood of risk in the context of the activity and the nature of health 
determinants that may alter the consequences of likelihood of risk. Risk 
evaluation involves comparing the level of risk found during the 
analysis process with previously established risk criteria, and deciding 
whether risks can be accepted. If the risk falls into the low or acceptable 
categories, they may be accepted with minimal further mitigation. 
These risks should be monitored and periodically reviewed to ensure 
they remain acceptable. If risks do not fall into the low or acceptable 
category, they should be mitigated using one or more of the 
management options. 

 

Construction of a risk matrix includes the following step: 
 identify the origin of hazards; 

 establish the consequence and likelihood ranges. Depending 
on completeness and availability of data. A consequence 
consequence-likelihood grid varies from a 2 by 2 square grid 
or more. Larger matrices usually have more likelihood ranges. 

 risk level 

 an  example  of  3x3  risk  priority  scale  for  assessing  health 
impact is shown below. 

 

 

Consequence  Likelihood  

 unlikely (1) possible (2) likely (3) 

minor (1)   Low (1)   2   3 

Moderate (2)   2   Medium (4)   6   

Major (3) 3   6   High (9)   



52 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

Recommendations for defining the risk matrix 
 

o Likelihood rating 

Likelihood deals with the probability of occurrence considering 
objective data on the number of times a risk has occurred in similar 
situations during at least the past three years. It may include existing 
mitigations, if relevant, in the assessment process. 

o Consequence rating 

A consequence rating from project activities describes severity 
rather than the probability of the health impact. A consequence rating 
can be constructed by the following steps: 

 categorize consequence into a scale of increasing severity, 

for example,  three levels (minor,  moderate  and major,  or 

four levels (negligible, minor, moderate and major). 

 describe the consequences at a societal level. An example of 
consequence rating is shown in Table 2-7 

 
Table 2-7 Example of consequence rating following related health 

determinants 
 

 

Determinants 

Mortality rate 

 

1 

2 

 
3 

 
4 

Morbidity rate 1 

2 

criteria 

Additionally increases < 25 % of

population with specific illness

Additionally increases 25-50 % of

population with specific illness

Additionally increases 51-75% of

population with specific illness

Additionally increases 76-100% of

population with specific illness

Additionally increase <25% of population

with specific disease 

Additionally increase 26-50% of
population with specific disease 
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Table 2-7 Example of consequence rating following related health 

determinants 

Determinants score criteria 

3 Additionally increase 51-75% of 
population with specific disease 

4 Additionally increase 76-100% of 
population with specific disease 

Burden of disease 1 not affect local government budget, no loss 

of production 

2 slightly affect local government budget, no 
loss of production, absence from work 

3 directly affect local government budget, 
loss of production, absence from work 

4 affect national budget, national income, 
GDP 

Availability and 

access of 

resources 

including man, 

money, materials 

and technology 

1 all inputs fully available 

2 only man and technology available 

3 only one input available 

4 Insufficient all inputs 

Risk group 1 working adult group 

2 children under 5 years, elderly group 

3 general population 

Public health 

infrastructure 

and facility 

Existing policy, 

planning and 

management 

program 

1 public service fully accessible 

2 public service partially accessible 

3 public service limited 

1 all inputs completely setting up 

2 only policy exists, but no action plan 

3 none of them are listed 
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o establish criteria for the summation of scores 
o defining consequence rating, for example, 

- minor consequence 0-10 points 
- moderate consequence 11-20 points 
- Major consequence 21-30 points 

 

o finally, associate consequence rating with likelihood rating 
into the risk matrix and interpret the risk ranking 
definitions. 

 

  
 

o An  example  of  3x3  risk  ranking  interpretation  is  shown 
below: 

 

Risk score Risk ranking Interpretation 
 

1-2 
 

Low 
no additional mitigations required, may need to 
slightly modify existing mitigation measures, if 
applicable. 

 

3-5 
 

Medium 
should be verified that procedures or mitigation 
measures are in place within a specific period such as 
12 months. Intensive monitoring program required 

 
6-9 

 
High 

should be mitigated with engineering and/or 
administrative controls to a risk ranking within a 
specified period such as six months. Intensive 
monitoring program required 

Score Likelihood 

1 Unlikely given existing
mitigation measures, but
ongoing surveillance
required. 

2 Likely to occur some times in
the life of project, 
Lack of appropriate
mitigations related to
impacts. 

3 Likely to occur, lack of
appropriate mitigations
related to impacts. 

 

Score Consequence 

1 Could result in minor illness, but
not increase morbidity rate, no
absence from work, no impact
on government budget 

2 Increase morbidity and injury
rate, magnify risk group, has
impact on government budget
including recovery budget 

3 Increase mortality and
morbidity rate, magnify risk
group, has impact on national
budget including recovery
budget 
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2) Quantitative risk assessment 

At present, deterministic risk assessment is thought to be an 
appropriate approach for HIA at project level. Probabilistic risk 
assessment is not applicable due to limited data. In addition, in this 
guidance, RA will be applied for chemical and physical hazards. It 
cannot be performed for biological hazards. 

2.1) Procedure 

Following NRC recommendation (2009) and WHO guideline 
(2004), the basic methodology of RA is presented in Fig. 2-12 

 
 

 
 

Fig. 2-12  Recommended risk assessment framework 
 

For chemical and physical hazards (heat, noise, light) risk 
assessment steps involve: 

(1) collecting data of hazards selected, i.e., chemical property, 
toxicity, morbidity rate associated with project activity and 
related hazards. 

(2) assessing adverse health effects of related hazards 
including non-threshold and threshold limit values. List of 
selected database is shown below: 
o IRIS (Integrated Risk Information System: 

http://www.epa.gov/IRIS/) 

Problem/issue formulation 

Hazard identification 

Hazard characterization Exposure assessment 

Risk characterization 

http://www.epa.gov/IRIS/
http://www.epa.gov/IRIS/
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o IARC (International Agency for Research on Cancer: 
http://www.iarc.fr/) 

o CODEX (Codex Alimentarius – International Food 
Standards: http://www.codexalimentarius.org/) 

o ATSDR (Agency for Toxic Substances and Disease 
Registry: http://www.atsdr.cdc.gov/) 

o RIVM (National Institute for Public Health and the 
Environment: http://www.rivm.nl/English) 

 

(3) selecting empirical formula appropriate to hazard, 
exposure information and reference dose. If the hazard 
involves one or more regulatory reference standards, the 
assessment must include all reference data in order to 
compare all results and consider whether the results are 
similar. 

(4) characterising risk 
 

2.2) Guidance for risk calculation 

Select calculation methods for estimating risk according to one 
or more criteria: 

(1) Reference dose (RfD) and cancer potency factor from IRIS 
database; 

(2) Tolerable Daily Intake (TDI) or provisional tolerable 
weekly intake (PTWI) from Codex recommendation; 

(3) Other standards, for example, environmental standards, 
occupational health standards, or else (Maximum Residue 
Limits: MRLs), if the conditions (1) and (2) are not 
available, 

 
(1) Using RfD and Cancer potency factor 

(1.1)   Principle 

Risks following exposure to chemical and physical hazards are 
characterized by two aspects. These are non-threshold (non-cancer 
risk) and threshold (cancer risk) effects. Risk  equations  are 
summarized in Table 2-8. 

http://www.iarc.fr/
http://www.codexalimentarius.org/
http://www.atsdr.cdc.gov/
http://www.rivm.nl/English
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Table 2-8 Risk equations: Reference dose, Reference concentration, 
Slope factor and Inhalation unit risk 

Risk Equation Description of parameters 

o Noncancer hazard estimates 
Oral 

exposure 
ADI C 

IR EF 


ED 
BW LT 

- ADI = Average Daily intake; ADI 
- C = Concentration (mg/L; mg/kg; 

mg/m3) in environmental media, i.e., 
water, soil, air, food items 

- IR = Intake rate based on routes of 
exposure (ingestion, inhalation and 
direct contact) 

- EF = exposure frequency (days/year) 
- ED = exposure duration (years) 
- LT = lifetime exposure (days): 1) Non- 

cancer endpoint = ED x 365 days/year 
and ; 2) Cancer endpoint = 70 years x 
365 days/year 

- BW = body weight (kg) 

  

HQ= ADI 

RfD 

HI = ∑ 𝐻𝑄𝑖 

- HQ = Hazard quotient 
- RfD: Reference dose 

(http://www.epa.gov/IRIS/) 
- HI = Hazard index; The sum of more 

than one hazard quotient for multiple 
substances and/or multiple exposure 
pathways. 

Inhalation 

exposure 

𝐸𝐶𝑐 

HQ= 

𝑅𝑓𝐶 

- ECc = Estimate Chronic inhalation 
concentration 

- RfC = Reference concentration 
(http://www.epa.gov/IRIS/) 

o Cancer risk 

Ingestion 
ADI C 

IR EF 


ED 
BW LT 

-   same above 

 Risk = ADI x SF -   SF = Slope factor (mg/kg/day)-1 

 

Inhalation 
Risk = ECL x AUR - ECL = Estimate of chronic inhalation 

exposure concentration 
- AUR = Air unit risk (µg/m3) 

Drinking 

water 

Risk = ECLx WUR -   WUR = Water unit risk (µg/L) 

 

 
 

http://www.epa.gov/IRIS/
http://www.epa.gov/IRIS/
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(1.2)   Interpretation 

o Risk characterization: 
- a single exposure, the ratio of the intake over the reference 

dose (hazard quotient: HQ) is compared to unity (1.0). If 
the quotient is less than 1, then the systemic effects are 
assumed not to be of concern; if the hazard  quotient  is 
greater than 1, then the systemic effects are assumed to be 
of concern. 

- multiple exposures, risk can be considered in two different 
ways (1) Cumulative exposure assessment and (2) 
Aggregate   exposure   assessment.   Examples   of   how   to 

characterize cumulative exposure and aggregate exposure 
are demonstrated in Table 2-9. 

 
Table 2-9  Example of cumulative and aggregate exposure 

 

Chemical 

/hazard 

Source/route 

of exposure 

Target organ 
Lung/respira 

tory system 
Heart Liver Circulation 

Nervous 

system 
Aggregate 
exposure 

Benzene 
Air-inhalation       

Food-ingestion      

Toluene Air-inhalation       

Food-ingestion      

Xylene Air-inhalation       

Food-ingestion      

particulate Air-inhalation       
NOx Air-inhalation       

Cumulative exposure       
 

At present, information on multiple exposures is rarely available. 
If such data exist, they are often difficult to use. Therefore, it assumes 
independence of action by the compounds involved (i.e., that there are 
no synergistic or antagonistic chemical interactions and that all 
chemicals produce the same effect, i.e., cancer). To assess the overall 
potential for non-carcinogenic effects posed by more than one chemical, 
the hazard index (HI) represents the sum of hazard quotients. The HI is 
calculated by summing hazard quotients for each chemical across all 
exposure routes. HI should not exceed 1. 
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HI =  ∑ 𝐻𝑄𝑖 : HI <1 
o  In general, cancer risk is expressed by a risk level of "N" in a 

million which implies a likelihood that up to "N" people, out of 
one million equally exposed people would contract cancer if 
exposed continuously (24 hours per day) to the specific 
concentration over 70 years (an assumed lifetime). 

 

(1.3)   Example 

Adverse health threats may arise from ingestion of contaminated 
fish, drinking water and inhalation of benzene as follows; 0.0001 mg/g 
in fish, 1x10-6µg/L in drinking water and 1x10-6µg/m3 in ambient air. In 
this case, it is assumed that ingestion rate =10g/day, EF=50 day/year, 
ED =10 years, RfD =4x10-3 mg/kg/day, RfC =3x10-2 mg/m3, Slope factor 
=1.5x10-2/(mg/kg/day),  Unit  risk  for  drinking  water  =1.6x10-6µg/L, 
Unit risk for inhalation =2.2x10-6µg/m3. 

 
Calculation and interpretation 

 

 ADI (fish) = (0.0001x10x50x10)/50x25550 = 4x10-7 mg/kg/day 
 HQ = 4x10-7 /4x10-3 = 4x10-4 (HQ is less than one, therefore, risk 

is acceptable) 

 Cancer  risk  (oral)  =  4x10-7x.015x10-2   =  6x10-9   (risk  level  is 

negligible) 

 Cancer risk (drinking water) = 1x1.6x10-6 = 1.6 x10-6 (risk level is 

low) 

 Cancer risk (Inhalation) = 1x2.2x10-6 = 2.2 x10-6 (risk level is low) 
 

(2) Using TDI and PTWI 

(2.1)   Principle 

The risk from consumption of food contaminated with toxic 
chemicals can be determined using risk tolerability criteria 
recommended by Codex. Both TDI and PTWI are an endpoint used for 
food contaminants such as heavy metals with cumulative properties. Its 
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value represents permissible human daily or weekly exposure to those 
contaminants unavoidably associated with the consumption of 
otherwise wholesome and nutritious foods. 

 
Note:   TDI   means   tolerable   daily   intake   and   PTWI   means 

provisional tolerable weekly intake. 
 

o Determining daily or weekly intake 
 

𝐷𝐼/𝑊𝐼 = 

𝐶𝑥𝐼𝑅 

𝐵𝑊 

- DI/WI=   daily   intake or   weekly   intake   (µg/kg/day   or 

µg/kg/week): 
- C = chemical concentration found in food consumed (mg/g) 

- IR= ingestion rate: for TDI, the amount of food that people 
consume per day; for PTWI, the amount of food that people 
consume per week 

𝑅𝑖𝑠𝑘 = � 
𝐷𝐼 
� 100% or 

𝑇𝐷𝐼 

𝑅𝑖𝑠𝑘 = � 

𝑊𝐼 

𝑃𝑇𝑊𝐼 � 100% 

(2.2)   Interpretation 

A safety level considers the ratio DI/TDI or WI/PTWI which is 
less than 1 or 100% 

 
(2.3)   Example 

Example 1. TDI: An individual consumes fish contaminated with 
dioxin with concentration 0.776 pg/g and fish intake 97 g/day, Body 
weight 50 kg, thus, TDI of Dioxin is 4 pg/kg/day) 

 
Calculation 
-  DI = (0.776x97)/50 = 1.056 pg/kg/day 
-  Risk = (1056/4)100 = 26.4 % 
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The DI/TDI ratio is less than 1 or 100%, 
 

Example 2. PTWI: An individual consumes fish contaminated 
with dioxin with concentration 0.776 pg/g and fish intake 97 g/week, 
Body weight 50 kg, thus, PTWI of dioxin is 1.6 µg/kg/week. 

calculation 
-  DI = (0.776x97)/50 = 1.056 µg/kg/day 
-  Risk = (1056/1.6)100 = 66 % 

A safe level is assumed when the DI/TDI ratio or WI/PTWI ratio 
is less than 1 or 100% 

 
(3) Using other reference standards 

This approach is used when neither of the indices used in 
equation (1) and equation (2) are available. The principle is similar to 
(1) and (2) as well as the calculated value must not exceed 1. 

 
 

2.3.4 Development of mitigation options 
 

As a result of impact  assessment at  a project level, potential 
impacts must be controlled or managed. The effective mitigations must 
be developed to minimize the impacts in terms of reducing likelihood, 
consequence or both (Fig. 2-13). 
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Fig. 2-13  Schematic diagram of development of mitigation measures 

and monitoring programs 

The following are examples of how mitigations are proposed: 
o during a construction phase, local traffic may be cause 

congestion due to over-sized trucks or heavy equipment. 
Therefore, proponents should arrange traffic lines and time 
that avoid the rush hour. 

o where chemical transportation is necessary, it may be 
necessary to consider sensitive areas nearby, for example, a 
kindergarten or nursery. In this case, precautionary measures 
may be necessary, for example, transportation restrictions 
including lines and time, or a participatory monitoring 
program or resettlement plan for community preschool 
nearby. 

o traditional control measures, in particular, for environmental 
health problems, are likely to focus on pollutant treatment 
(End-of-pipe treatment) rather than pollution prevention. 
End-of-pipe treatment is usually very expensive. Additionally, 
it    may    not    be    possible    to    meet    statutory    emission 

Potential impacts 

Likelihood Consequences 

Factors involved
frequency, 

duration, period 

Factors involved
Severity, risk group, 

magnitude 

Control measures Mitigation measures 

Monitoring programs 



63 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

requirements by end-of-pipe measure alone. Therefore 
additional mitigation measures may  be required.  Examples 
are as follows: 
 Pollution Prevention (P2): This approach means 

eliminating or reducing the amount and toxic of 
potentially harmful substances at source, prior to 
generation, treatment, off-site recycling or disposal. 
Examples are: Green chemistry and design, use of less 
hazardous chemicals, clean technology which reduces 
waste pollution 

 Reuse and Recycling 
 Community empowerment in environmental 

sustainability through a participatory approach. 
 Enhancement strategies, i.e., green market 
 Compensation: This may include repairing or making 

restitution for environmental damage, replacement of the 
environmental values lost at another location, career 
training and planning for the local community in the risk 
area. 

 
The  specification  of  mitigation  options  should  consider  the 

following; 
o efficiency 
o suitability 
o the  significance of  mitigation  measure  on the  likelihood of 

project approval. 
o stakeholder engagement 
o economic considerations 
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Table 2-10 Examples of mitigation options for the iron and steel industry 

Pollution Technology for Control measure 

Air pollution 

Dust (production 

process) 

- general and local exhaust ventilation 
- cyclone 
- Bag filter 
- electrostatic precipitator 
- wet scrubber 

Dust (raw material 

transportation) 

- water dust spray control measures 
- wind Shield installation 

H2S /NH3 -  H2S /NH2 (Scrubber) 

Thermal NOx - Selective Catalytic Reduction (SCR): 
Technology is a proven and effective method 
to reduce nitrogen oxides (NOx) 

- Regenerative activated carbon process 
PCDD/F 

(Dioxin/Furan) 

emission 

- option 1: Fine wet scrubbing system 
- option 2: Fabric filter 

Heavy metal - wet scrubbing system 
- bag filter 

SOx -  wet desulphurization 

Water pollution 

Waste water: 
domestic waste 
water 

- preliminary wastewater treatment extracts 
coarse solids and grit through screens and 
other filtering devices. 

- primary wastewater treatment usually 
involves gravity sedimentation of screened 
wastewater to remove settled solids. 

- secondary wastewater treatment is 
accomplished through a biological process, 
which removes biodegradable material. 

- tertiary or advanced treatment is used when 
extremely high-quality effluent is required, 
such as direct discharge to a drinking water 
source. The solid residual collected through 
tertiary treatment consists mainly of 
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Table 2-10 Examples of mitigation options for the iron and steel industry 
Pollution Technology for Control measure 

 chemicals added to clean the final effluent. 
Waste water: Blast 
furnace, Sinter 
factory 

physical and chemical treatment system 

Industrial waste - integrated waste management-slag 
- recycle-dust, sludge, steel scape 

 

2.3.5 Development of a monitoring program 
 

Monitoring may be necessary to verify that predicted emission 
levels have been achieved and to provide information to assess the 
project’s impact on the environment and health. A framework for the 
integration of information from environmental,  social and health 
surveillance can facilitate achieving the dual goals of greater efficiency 
and informed decision making. For example, iron and steel production 
generates air and water pollution, thus, air and water pollution 
monitoring is required. In addition, surveillance and health status 
assessment should also be considered. 

 

Government agencies play a crucial role in reviewing and 
controlling the operation of a project. Thus, stakeholder identification 
must be conducted methodically. Primary stakeholders, at least, should 
include the project proponent, independent expert groups (i.e., 
environment, health, etc.), local governments or risk group. 

2.3.6 Indicator collection 
 

Data collection during the monitoring stage of a project 
considers factors or issues which are likely to be of relevance to project 
activities. Although some indicators may not directly related to the 
project, they may provide a useful input to the assessment process, if 
relevant. An example of a record form is presented in Table 2-11. 
Further details of how to use the form are shown in appendix D. 
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Table 2-11  Example of environmental and health indicators for the 

iron and steel industry 
 

Health 

determinant 

Indicator 
Monitoring program at project level1 Area surveillance2 

Environment Health/Public health 
Environm 

ent 

Health/Public 

health 
Outside a 

project3 

Inside a 

project4 

Community5 Worker6 

Air quality: 

VOCs 

Indicators 

following the 

impact 

appraisal 

stage 

Indicators 

following the 

impact 

appraisal 

stage 

- incident rate 
of 
respiratory 
disease 

- complaint 

- Health 
status 

- cause of 
day- 
away- 
from 
work 

-  air quality 
report 

- incident rate of 
disease 
associated with 
pollutants 

- open burning 
- other sources 

of air pollution 
- complaints Air quality: 

particulate 

Particulate 

concentration 

Particulate 

concentration 

 

Note: 1responded by project proponent; 2related local government and local 
statistical data; 3primary and secondary data; 4primary data; 
5secondary data; 6primary data 
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REPORT PREPARATION 
 

 

 
 

Preparation of the HIA report includes a project description, 
potential impacts on environmental and health issues and proposed 
mitigation options and monitoring programs. These steps ensure that 
the impacts are thoroughly assessed and controlled. It may therefore 
be demonstrated that the HIA report transparently communicates the 
important messages to all stakeholders facilitating a consensus-based 
decision- making process. 

 
The components of a final report are: 

o project description 
o existing environment 
o community and worker profiles 
o impact assessment process in details, from screening to 

impact appraisal including types and sources of data. 
o results including types of potential impacts, area and 

people which may be affected 
o management measures related to the impacts most likely 

associated with project activities. These include mitigation 
options and monitoring programs. 

o Information of stakeholders who participate in the 
assessment process and a summary of opinion and 
suggestions from stakeholders. 
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1. Production overview 

The production of steel at an integrated iron and steel plant is 
accomplished using several interrelated processes. The steel 
production process is generally divided into three phases as upstream 
(phase 1 iron making), intermediate (Phase 2 steel making and casting) 
and downstream production (Phase 3 steel forming). 

 Phase 1: Iron making 

Iron is produced in blast furnaces or direct reduced iron (DRI) 
by the reduction of iron bearing materials with a hot gas. The large, 
refractory lined furnace is charged through its top with iron as ore, 
pellets, and/or sinter; flux as limestone, dolomite, and sinter; and coke 
for fuel. Iron oxides, coke and fluxes react with the blast air to form 
molten reduced iron, carbon monoxide (CO), and slag. The molten iron 
and slag collect in the hearth at the base of the furnace. The by-product 
gas is collected through extraction ventilation located at the top of the 
furnace and is recovered for use as fuel. The product from a blast 
furnace is pig iron and hot metal whereas the direct reduction furnace 
produces sponge iron. Pig iron, hot metal and sponge iron are the 
fundamental materials for the next phase of steelmaking and casting. 

 

 Phase 2: Steel making and casting 

In Phase 2, hot metal and pig iron are inserted into a basic 
oxygen furnace to produce liquid steel as part of the refining process. 
Sponge iron and scrap can be fed into an electric arc furnace and 
converted into liquid steel. Then the molten steel is sent for casting to 
generate billets, blooms and slabs, which are the basic components for 
all further production. 

 Phase 3: Steel forming 

The blooms, billets, or slabs undergo a surface preparation step, 
scarfing, which removes surface defects before shaping or rolling. They 
can be continuously transformed by cold-rolled forming  to  produce 
cold rolled products. Further processing produces steel products such 
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as long products (bar, wire and hot formed section) derived from billets 
and flat products (hot-rolled coil, hot-rolled plate and cold rolled coil) 
derived from slabs. The steel products in this phase can be transformed 
into value-added products by galvanising either through hot-dip or 
electro methods, aluminisation, colour coating or tin plating. 

 
2. Process description 

 

The production of steel at an integrated iron and steel plant is 
accomplished using several interrelated processes. The major 
operations are: (1) coke production, (2) sinter production, (3) iron 
production, (4) iron preparation, (5) steel production, (6) semi-finished 
product preparation, (7) finished product preparation, (8) heat and 
electricity supply, and (9) handling and transport of raw, intermediate, 
and waste materials. The interrelation of these operations is depicted in 
a general flow diagram of the iron and steel industry in Fig.1. 

 

 

Fig. 1 General flow diagram for the integrated iron and steel industry 
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2.1 An ironmaking manufacturing process 
 

The iron making process includes raw material transportation and 
stockyard activities, raw material preparation, iron smelting process, 
and carburization 

 
2.1.1 Raw material transportation and stockyard process 
2.1.2 Raw material preparation 

Making iron is the first step in the production of steel. Iron is 
usually made from iron ore, fuel (coal) and limestone (flux). Basically, 
preparation of these raw materials is required in order to adjust the 
chemical composition and the metallurgic properties. The preparation 
steps include: 

 
 Iron ore processing 

Iron ore processing usually involves ore dressing, concentration 
(a combination of crushing, sizing  or screening) and agglomeration. 
After concentration activities,  agglomeration is used to combine the 
resulting fine particles into durable clusters. Basically there are two 
main methods, depending on the size and chemical composition, 
sintering or pelletizing. The purpose of agglomerating iron ore is to 
improve the permeability of the blast furnace feed leading to faster gas- 
solid contact in the furnace. 

 
 Coke production 

Coking coal is converted  to coke by  driving off impurities to 
leave almost pure carbon. The physical properties of coking coal cause 
the coal to soften, liquefy and then resolidify into hard but  porous 
lumps when heated in the absence of air. Coking coal must also have 
low sulphur and phosphorous contents. The coking process consists of 
heating coking coal to around 1200-13000C in the absence of oxygen to 

drive off the volatile compounds (pyrolysis). The coking process takes 
place over long periods of time between 12-36 hours in the coke ovens. 
Once pushed out of the vessel the hot coke is then quenched with either 
water or air to cool it before storage or is transferred directly to the 
blast furnace for use in iron making. Pulverised Coal Injection (PCI) 
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technology is used to injecting coal directly into the blast furnace to 
provide the carbon for iron-making – displacing some of the coke 
required for the process. A wider range of coals can be used in PCI, 
including steam coal which has lower carbon content than coking coal. 
This method has a number of advantages, including reducing overall 
costs and prolonging the life of existing coke batteries. 

 
 Flux preparation 

In a smelting furnace, flux can remove impurities and form a slag 
that can be separated from the steel and poured from the furnace as a 
liquid. It also reduces refractory wear, and can provide a foaming slag 
for long arc operation. This flux can be pure high calcium limestone, 
dolomitic limestone containing magnesia or a blend of the two types of 
limestone. 

 
2.1.3 Iron smelting process 

Iron is produced in blast furnaces by the reduction of iron bearing 
materials with a hot gas. Very high temperatures (1530oC) are needed 
to reduce the ore to iron. The large, refractory lined furnace is charged 
through its top with iron as ore, pellets, and/or sinter; flux as limestone, 
dolomite, and sinter; and coke for fuel. Iron oxides, coke and fluxes 
react with the blast air to form molten reduced iron, carbon monoxide 
(CO), and slag. The molten iron and slag collect in the hearth at the base 
of the furnace. The byproduct gas is collected through extraction 
located at the top of the furnace and is recovered for use as fuel. 

 
The molten iron and slag are removed, or cast, from the furnace 

periodically. The casting process begins with drilling a hole, called the 
taphole, into the clay-filled iron notch at the base of the hearth. During 
casting, molten iron flows into runners that lead to transport ladles. As 
slag builds up on the surface of the molten metal it, too, is tapped off at 
regular intervals through a separate ‘notch’ or taphole at the base of the 
hearth. During casting, molten iron flows into runners that lead to 
transport ladles. Depending on the high top pressure (250 Kpa), a top- 
pressure Recovery Turbine (TRT) should be installed to control top 
pressure and generate electric power using high-pressure exhaust gas. 
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Technologies used in the iron smelting process are: (1) Blast furnace 

technology (Fig. 2); (2) Smelting reduction technology (Fig. 3); and (3) 

Direct reduction technology (Fig. 4). 
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Fig. 3  Smelting reduction iron making 

 

 

Fig. 4  Direct reduced iron (DRI): Sponge iron production 
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2.2 Steel making and casting 
 

Steelmaking is the second step in producing steel from iron ore. In 
this stage, impurities are removed from the raw iron, and alloying 
elements are added to produce the required steel composition. Modern 
steelmaking processes are broken into two categories: primary and 
secondary steelmaking. 

 

 Primary process 

The primary practice is for reducing impurities, such as carbon, 
silicon, phosphorus, sulfur and for refining. The molten iron from blast 
furnace or iron scrap can be refined using two different furnaces. These 
are a basic oxygen furnace (BOF) and an electric arc furnace (EAF). In 
BOF, the input material is typically 70 percent molten metal and 30 
percent scrap metal. High purity oxygen is blown through the molten 
bath to lower carbon and other impurities, reducing the carbon content 
as low as 0-1.5%. Unlike the BOF, the EAF does not use hot metal. It is 
charged with steel scrap. Other  forms of raw  material are however 
available which have been produced from iron ore. These include direct 
reduced iron (DRI) and iron carbide, as well as pig iron, which is iron 
from a blast furnace which has been cast and allowed to go cold, instead 
of being charged straight into a basic oxygen vessel. 

 
 Secondary process 

Secondary steelmaking, also known as ladle metallurgy, takes 
place after the crude steel is tapped from the BOF or EAF into a ladle. 
This secondary practice entails adjusting compositions,  temperature 
and also removing impurities, such as carbon, silica, phosphorus, 
sulpher. In addition, many alloys (i.e., manganese, nickel, lead, copper, 
chromium, tungsten) may be produced meet the required steel grade 
specification. 

 
After metallurgy treatment, molten steel flows from a ladle, 

through a tundish into the mold. The continuous casting process casts 
molten steel directly into semifinished shapes, such as blooms, billets, 
or slabs. 
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2.3 Steel forming 
 

Forming processes convert blooms, billets, or slabs into products 
useful for the fabrication and construction industries. The objectives 
are to obtain the desired shape, to improve cast steel’s physical 
properties, and to produce a surface suitable for a specific use. There 
are two processes as follows: 

 
2.3.1 Steel casting 

Steel casting can be divided into a continuous casting process or 
ingot casting process. Continuous casting is a process whereby molten 
steel is solidified into a semifinished billet, bloom, or slab for 
subsequent rolling in the finishing mills. It has advantages of increased 
yield, quality, productivity and cost efficiency. Fig. 5 shows some 
examples of continuous casting configurations. Ingot casting is still used 
especially for highly alloyed or large forging steel grades. 

 

In the continuous casting process, molten steel from a BOF or EAF 
is tapped into a ladle and transported to the continuous casting 
machine. The ladle is raised onto a turret that rotates the ladle into the 
casting position above the tundish. Referring to Fig. 5, liquid steel flows 
out of the ladle into the tundish, and then into a water-cooled copper 
mold. Solidification begins in the mold, and continues through the 
strand and torch-cutoff and is then discharged for intermediate storage 
or hot charged for finished rolling. 

 

Depending on the product end-use, various shapes are cast. The 
melting/casting/rolling processes may be linked while casting a shape 
that substantially conforms to the finished product. The metal strand 
can be rolled directly into a given sectional shape such as an “I” beam. 
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Fig. 5  Continuous casting process 
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electroplating. Examples of steel coating are tin plate and galvanized 
steel. 

 
2.4 Sources of pollution 

 

Integrated iron and steel production entails the use of several 
inter-related processes including coke production, sinter production, 

Ladle 

Mold 

Strand 

Solidifying shell 

Torch cutoff 

Billets 
Blooms 
Slabs 

Spray cooling 
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iron production, and steel production. Production of steel can also be 
accomplished through the EAF using scrap steel as input. Production 
operations involve heat and electricity supply, and handling and 
transport of intermediate and waste materials. This guidance describes 
only major pollutants associated with iron and steel making which may 
be harmful the environment and health. 

 
2.4.1 Iron making 

Major pollutants associated with the iron making are described 
for each production process. These are: 

 
1) Coke production 
The major pollutants from coke production are generated when 

coal is fed into a coke oven and heated to very high temperatures until 
it is moved directly to an iron melting furnace or into storage for future 
use. Fig. 6 depicts where pollutants are emitted and the types of the 
major pollutants are summarized in Table 1. 

 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6  Byproduct coke oven showing major emission points 

1, 2 : charging of a coal into an oven 

3 : combustion 

4, 5, 6 : pushing operation 

7 : quenching operation 

8 : stack 
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Table 1  Major pollutants and sources of emission 

Pollutant 
type 

Source Control measure 

Coal dust  Raw materials handling, 
blending and mixing 

 Hammer mill and coal 
storage bunker 

 Coke wharf 
 Charging 
 Pushing Doors 
 Coke guide and Coke 

quenching car 
 Wet quenching or Dry 

quenching 
 Coke screening plant 

 The major control technique 
used to reduce these 
emissions is water wetting. 

 Conveying and sieving: 
enclose potential dust 
sources, and filter evacuated 
gases. 

 Application of cleaning 
processes for eliminating dust 
from surface area of conveyor 
belt 

 application of wind shield 

Crude gas  Coke oven 

 Waste gas from firing 
chamber 

 Waste gas from a coke oven 
- By-Product Recovery 

 Use vapor recovery systems to 
prevent air emissions from 
light oil processing, tar 
processing, naphthalene 
processing, and phenol 
and ammonia recovery 
processes. 

 Recycle all process solid 
wastes, such as tar, light oil. 
Crude gases from a coke oven 
are benzene, toluene, xylene 
(BTX), H2S and ammonia 

- Air emission control 

including Wet ESP, H2S 

/NH3 Scrubber, H2S /NH3 

stripper and BTX Washing 

oil 

 Waste gas from firing 
chamber 

- Staged combustion 

- regulating temperature of 

a coke chamber 
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Table 1  Major pollutants and sources of emission 
 

Pollutant 
type 

Source Control measure 

Waste water  Wet scrubber 
 Waste ammonia liquor 
 Benzene plant waste 
 Ammonia sulfate crystallizer 

blow-down 
 Control system for emission 

to ground water 

 Biological treatment 
 Ammonia removal 

 

2) Sintering process 
The major pollutants from sinter plants are generated from raw 

material handling, wind box exhaust, discharge, cooler and the  cold 
screen. Fig. 7 depicts where pollutants are emitted and the types of the 
major pollutants are summarized in Table 2. 

 

 
Hot sinter for recycling 

 

Fig. 7  Sinter process showing major emission points 
 

 

Table 2  Major pollutants and sources of emission: Sinter process 

Pollutant type Source Control measure 
Dust  Roll feeder 

 Agglomeration 
 Ore sizing 
 Dedusting plants 

 Waste gas dedusting 

1: Suction pipe 

2: Hot crushing 

3: Rotation cooler 

Mixing drum 

Rotation 

cooler 

gas 
Cold screening 

air 

Ignition furnace Sinter 

Off 
gas 

Sinter cake Bunker 
Off gas 

Suction pipe 

Initial layer 
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Grating & 

transport 

 

Table 2  Major pollutants and sources of emission: Sinter process 

Pollutant type Source Control measure 
Off gas  Wind box  PCDD/F emission 

control(Dioxin/Furan) : 
- Fine wet scrubbing 

system 

- Fabric filter 

 Minimization of heavy metal 
emissions : 

- Wet scrubbing system 

 Wet desulphurization 
 waste gas denitrification 

(Regenerative activated 
carbon process or Selective 
catalytic reduction) 

 PCDD/F treatment 
- Adsorption 

- ESP 

Waste water  Wet scrubber 
 Blowdown system (closed 

cooling system) 
 Sludge from wet scrubber 

 waste water treatment 

 

3) Pelleting process 
A pellet plant contains a series of balling drums where the iron 

ore concentrate is formed into soft pellets. Fig. 8 depicts where 
pollutants are emitted and the types of major pollutants are 
summarized in Table 3. 

 
 

 
 

Iron ore 

O2, NOx, Heavy metal, 
F 

 
 

 
Pellet 

 
 

Fig. 8  Pelletizing plant showing major emission points 
 
 
 
 
 

 
 

Balling 

process 

 Dust, NOx 

Grinding & dewatering  
 

 

 Dust, HF, S 

PAH, PCDD/ 

 
Drying 
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Table 3  Major pollutants and sources of emission: Pelleting process 

Pollutant type Source Control measure 

Dust  A roller feeder 

 Balling or Pelletizing 
 particulate control using 

water wetting, scrubber 
system or wind shield 

Particulate, CO, 
methane, Dioxin, 
Furan, PAH, PCB, 
heavy metal, nitric 
acid, cyanide 

 Drying machine 
 Grinding 
 Grate oven 

 Wet scrubber system 

 Gas Suspension 
Absorption (GSA) 

Waste water  Off-gas scrubbing  Waste water treatment 
 

4) Blast furnace 
The function of the blast furnace is to reduce solid iron oxides to 

molten iron. Combustion of the coke in the furnace charge provides the 
heat necessary to melt the iron and slag and the gas produced reduces 
the iron oxides to metallic iron. Fig. 9 depicts  where pollutants are 
emitted and the types of the major pollutants are summarized in Table 
4. 

 

 

Fig 9  Blast furnace showing major emission points 

1: raw material preparation 
2: Tapping of molten pig iron 
3: Removal of slag 
4: feedstock inlet 

 
5: Cowper stoves for hot blast 

Feedstock inlet 
Smoke 

outlet 



Cowper stoves 

for hot blast 



Raw materials 


Coke Hot blast 

Slag pot Torpedo car 
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Table 4  Major pollutants and sources of emission: Blast furnace 

Pollutant type Source Control measure 
Dust  Raw material preparation  Same as Table 3 

off gas  Casting house 
 Removal of slag 
 Torpedo car for pig iron 
 BF gas from furnace outlet 
 Hot blast stove 
 Cooling of molten slag 

- Top Recovery Turbine 

(TRT) 

- Cyclone, Venturi 

scrubber 

- Wet purifying tower 

- Fabric filter 

- Electrostatic precipitator 

- Tar-free runner linings 

should be used to 

minimise PAH and VOCs 

- Air emission control 

including Wet ESP, H2S 

/NH3 Scrubber, H2S /NH3 

stripper and BTX 

Washing oil 

 

2.4.2 Steel making 

Steel making involves two processes, which are steel refining 
(primary process) and casting process (secondary process). Major 
pollutants based on the production processes are: 

 

1) Primary process 

There are two furnaces commonly used for steel making, which 
are (1) Basic Oxygen Furnace (BOF) and (2) Electric Arc Furnace (EAF). 

 
1.1) Basic Oxygen Furnace and continuous casting process 

The basic oxygen converter and casting processes involve energy 
use and raw materials. Consequently, a number of pollutants are 
emitted to the environment. These pollutants include dust, off-gas, 
hazardous wastes and waste water. Table 5 presents major pollutants 
from BOF operation. 
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Table 5 Major pollutants and sources of emission: BOF 
 

Pollutant type Source Control measure 
Primary off-gas  Hot metal pretreatment 

 Oxygen blowing and BOF gas 
or Converter gas 

 Refining process 

 Application of ESP 
The 

 Control of the fume and 
off-gas (CO, dust including 
metal oxides and heavy 
metals, SOX, NOX, PCDD/F 
and PAH) escaping from 
such sources is required 

Secondary off-gases 
form 

 Hot metal handling 
 Molten iron feeder 
 Removal of slag and steel 

molten 
 Handling of additives 
 Continuous casting 

Solid wastes/ by- 
products including 
slag, particulate, 
iron fume, 
refractory bric 

 Desupherization 
 BOF 
 Sludge from wet BOF gas 

treatment 
 Continuous casting process 

 Application of ESP 

Heat  Fuel gas  Application of a cooling 
system in parallel with 
the ESP system 

Wastewater 
emissions 

 Venturi scrubber (Wet BOF 
gas treatment 

 Cooling system of a 
continuous casting process 

 Step 1: Primary 
treatment is designed 
to remove gross, 
suspended and floating 
solids. It includes 
screening to trap solid 
objects and 
sedimentation by 
gravity to remove 
suspended solids. 
Primary treatment is 
usually the first stage of 
wastewater treatment. 

 Step 2: Secondary 
treatment removes the 
dissolved organic 
matter that escapes 
primary treatment. 
About 85% of the 

suspended solids and 
BOD can be removed by 
a well runplant, 
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Table 5 Major pollutants and sources of emission: BOF 
 

Pollutant type Source Control measure 

  Secondary treatment 
technologies include 
- basic activated 

sludge process; 
- Equalization tank 
- pH control tan 
- rapid mixing tan 
- coagulation tank 
- flocculation tank 
- filter and belt press 

 

1.2) Electric arc furnace and continuous casting process 
 

The electric arc furnace and casting process involve energy use 
and raw materials. Consequently, a number of pollutants are emitted to 
the environment. These pollutants include dust, off-gas, hazardous 
wastes and waste water. Table 6 presents major pollutants from BOF 
operation. 

 

Table 6  Major pollutants and sources of emission: EAF 

Pollutant type Source Control measure 
Off-gas  EAF 

 Ladle metallurgy furnace 
 Mold oscillator 

 

-  application of air 
ventilation systems 

Dust  EAF 
 Ladle metallurgy furnace 
 Mold oscillator 

 

Waste water  Direct cooling system 
 Cleaning practice 

-   waste water treatment 

Solid waste/by- 
product 

 Steel making process 
 Dust collector 
 Continuous casting process 
 Cooling system 

- solid waste management 
- water wetting 

 

2.4.3 Steel forming 

The major pollutants from steel forming processes are described 
in Table 7. 
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Table 7  Major pollutants and sources of emission: Steel forming 

Pollutant type Source Control measure 
Dust and iron fume  Reheat furnace 

 Rolling mill, Hot strip mill, 
Cold mill 

- Primary Fume Exaust 
System 

- Secondary fume, Canopy 
hood, exhausting 
system 

Waste water  Cooling system -  waste water treatment 

 

2.4.4 A summary of sources and types of major pollutants from 
the iron and steel industry 

1) Group 1 includes pollutants emitted during transportation of 
raw materials. Table 8 summarizes types and sources of 
group 1 pollutants. 

 

Table 8  Overview of sources and types of group 1- pollutants 

Pollutant type Source 

Dust  Transportation of raw materials 
  Stacking, Blending and Reclaiming 

Waste water  Run-off from bedding system 
 

2) Group 2-pollutants involve production processes such as 
crushing, screening, transporting to storage bin and feeding 
raw materials. Table 9 summarizes types and sources of 
group 2- pollutants. 

 

Table 9  A summary of sources and types of group 2-pollutants 

Pollutant type Source 

Dust  Feeding raw materials and processes including 
crushing and screening 

  Transporting materials to storage bin 



A-19 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

3) Group 3-pollutants are summarized in Table 10. 
 

Table 10  A summary of sources and types of group 3-pollutants 

Pollutant type Source 

Dust and off-gas  Sintering process (dust, heavy metals, SOX, 
NOX, HCl, HF, CO, Organic C (org. C), PAH, 
PCDD/F, PCB) 

  Coke production (dust, org.C, VOCs, H2S, SOX, 

NH3, HCN, CO, Hg, PAH, BTX and Fugitive 

emission) 
  Blast furnace (dust, org.C, VOC, SOX, NOX, 

H2S, CO, heavy metal, PAH) 

  Removal of molten iron and slag (Brown 
fume and H2S) 

  Torpedo car 
  Ladle metallurgy 
  Feeding molten steel to blast furnace 
  Releasing oxygen from BOF 

Flue gas  Firing chamber of a coke oven 
  Hot blast stove 

Dust and crude gas  Induration process of pelelltization which 
includes drying, hardening and cooling 
(dust, org.C, VOCs, SOX, NOX, CO, F, Heavy 
metal, PCDD/F, PCB, PAH) 

Dust  Steel casting 
Waste water  Domestic waste water from office 

  Wet scrubbing waste water (TDS, SS, heavy 
metals, cyanide, PAH) 

  Wet scrubbing waste water from basic 
oxygen converter, secondary refining 
process and Direct cooling 

  Wet scrubbing waste water from Coke oven 
crude gas purification (Oil, BOD, COD, NH3, 

H2S, Phenol, HCN, PAH) 
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Table 10  A summary of sources and types of group 3-pollutants 
 

 

Industrial waste 
 

Dust  Collected dust 
Sludge  Waste water treatment 
Tar  Tar sludge 
slag  BF slag 

 BOF slag 
Iron dust  Mill scale 

By-product 
 

 Waste recover such as ammonia, H2S, Light oil 

including Benzene, Toluene, Xylene (BTX) and 

Naphthalene 
(NH4)2SO4 NH3  recovery 

Brimestone H2S recovery 
Benzene Light oil separator (recycled gas) 
Tar Tar separator 

 

2.5 Major pollutants and adverse health effects 
 

The adverse  health effects of major pollutants from iron and 
steel industry are presented in Table 11. 

 
 

Table 11  Adverse health effects of major pollutants from iron and 
steel industry 

Pollutants Health effect Target organ Remark 

Particle 
Matter (PM) 

Nose, throat and 
lung 

Heart 
Lung 

 Respiratory 
system 

 Bronchitis 
 Pulmonary 

fibrosis 
 Lung cancer 


    

Pollutant type Source 
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Table 11  Adverse health effects of major pollutants from iron and 
steel industry 

Pollutants Health effect Target organ Remark 

Coal dust Coal workers 
pneumoconiosis, 
Restrictive lung 
disease 

Lung 
Gas-exchange 
Alveoli 

 

CO Acute 
hypotension and 
syncope 

Heart 
Brain 

 

NOx hematologic 
system 
neurologic 
system 

Lung 
Respiratory 
system 

 

SOx  Respiratory 
system 

 

H2S Eye irritation 
loss of smell 

Respiratory 
system 

 

Cyanide 
compounds 

Inhibition of 
cellular 
respiration 
Muscle 
weakness 
Thyroid disease 

Bronchial 
mucosa 

 

PAHs  Lung, liver, 
renal 

Cancer 

Ammonia Skin irritation 
Wheezing 
Pulmonary 
edema 
bronchitis 

Lung  

Lead (Pb) Anemia 
Arthritis 
GI disturbance 

Neurological 
system 
Brain 
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Table 11  Adverse health effects of major pollutants from iron and 
steel industry 

Pollutants Health effect Target organ Remark 

Dioxins 
(TCDD, 
PCDDs, 
PCDFs, PCBs) 

Liver 
Scleroderma, 
chloracne 
wasting 
syndrome 
GI disturbance 
Immune system 
hematological 
system 
Reproductive 
system 
cancer 

Liver 
Kidney 

TCDD is Class I 
carcinogen (Know 
human 
carcinogen) 

Cadmium 
(Cd) 

Naso- 
pharyngeal 
irritation 
Proteinuria 
Anemia 

Liver, kidney, 
Lung, bone and 
hematological 
system 

Pulmonary 
Emphysema 
Itai-itai disease 
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Appendix B Screening and Scoping tool 
 

 

 

Example  Screening checklist 1-1 Community in the vicinity of project: A construction phase 
 

 
 
 

Activity 

 
 
 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment  
Availability 
& access to 

public 
services 

 
Air 

quality 

 
 
Noise 

 
 

Vibration 

surface 
water quality 

(in case of 
water 

supply) 

 
Ground 
water 

quality 

 
Solid 
waste 

 
Industrial 

waste 

 
Food 
safety 

 
Surface 
water 

drainage 

 
Public 
safety 

Excavation of 
site, earthwork 
such as 
embankment, 
grading, 
backfilling 

- sources of 
materials (soil, 
rock, etc.) 

- types of 
materials 

- procedure of 
earthworks 
(i.e., trenching, 
land clearing, 
compactor, 
etc.) 

           

Camp site 
construction 

- Location 
- number of 

workers 
- management 

procedure 
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Example  Screening checklist 1-1 Community in the vicinity of project: A construction phase 

 

 

 

 

 

 

Activity 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment  

Availability 
& access to 

public 
services 

 

Air 
quality 

 

 

Noise 

 

 

Vibration 

surface 
water quality 

(in case of 
water 

supply) 

 

Ground 
water 

quality 

 

Solid 
waste 

 

Industrial 
waste 

 

Food 
safety 

 

Surface 
water 

drainage 

 

Public 
safety 

Transportation 
earthwork 
materials 

- traffic lines 
- types and 

density of 
vehicle 

- traffic hour 

           

Construction 
equipment 

- types 
- control 

measures for 
air emission 

           

freshwater use - water 
resources 

- water quality 
- rate of 

consumption 
- water supply 

planning and 
management 

           

Waste water 
treatment 

- sources 
- characteristics 

and volume of 
wastewater 
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Example  Screening checklist 1-1 Community in the vicinity of project: A construction phase 

 

 

 

 

 

 

Activity 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment  

Availability 
& access to 

public 
services 

 

Air 
quality 

 

 

Noise 

 

 

Vibration 

surface 
water quality 

(in case of 
water 

supply) 

 

Ground 
water 

quality 

 

Solid 
waste 

 

Industrial 
waste 

 

Food 
safety 

 

Surface 
water 

drainage 

 

Public 
safety 

 -  treatment 
system 

           

Excavation of 
public utilities 

- existing public 
utilities 

- size and 
location 

- excavation 
duration 

           

Electric power - Provider 
- consumption 

rate 

           

Solid / 
industrial 
wastes 

- types and 
volume 

- waste 
management 

- Leachate 
management 

           

Excavation of 
site, earthwork 
such as 
embankment, 

- sources of 
materials (soil, 
rock, etc.) 

- types of 
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Example  Screening checklist 1-1 Community in the vicinity of project: A construction phase 

 

 

 

 

 

 

Activity 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment  

Availability 
& access to 

public 
services 

 

Air 
quality 

 

 

Noise 

 

 

Vibration 

surface 
water quality 

(in case of 
water 

supply) 

 

Ground 
water 

quality 

 

Solid 
waste 

 

Industrial 
waste 

 

Food 
safety 

 

Surface 
water 

drainage 

 

Public 
safety 

grading, 
backfilling 

materials 
-  procedure of 

earthworks (i.e., 
trenching, land 
clearing, 
compactor, etc.) 

           

Camp site 
construction 

- Location 
- number of 

workers 
- management 

procedure 

           

Transportation 
earthwork 
materials 

- traffic lines 
- types and 

density of 
vehicle 

- traffic hour 

           

Construction 
equipment 

- types 
- control 

measures for 
air emission 
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Example  Screening checklist 1-1 Community in the vicinity of project: A construction phase 

 

 

 

 

 

 

Activity 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment  

Availability 
& access to 

public 
services 

 

Air 
quality 

 

 

Noise 

 

 

Vibration 

surface 
water quality 

(in case of 
water 

supply) 

 

Ground 
water 

quality 

 

Solid 
waste 

 

Industrial 
waste 

 

Food 
safety 

 

Surface 
water 

drainage 

 

Public 
safety 

freshwater use - water 
resources 

- water quality 
- rate of 

consumption 
- water supply 

planning and 
management 

           

Waste water 
treatment 

- sources 
- characteristics 

and volume of 
wastewater 

- treatment 
system 

           

Excavation of 
public utilities 

- existing public 
utilities 

- size and 
location 

- excavation 
duration 
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Example  Screening checklist 1-1 Community in the vicinity of project: A construction phase 

 

 

 

 

 

 

Activity 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment  

Availability 
& access to 

public 
services 

 

Air 
quality 

 

 

Noise 

 

 

Vibration 

surface 
water quality 

(in case of 
water 

supply) 

 

Ground 
water 

quality 

 

Solid 
waste 

 

Industrial 
waste 

 

Food 
safety 

 

Surface 
water 

drainage 

 

Public 
safety 

Electric power - Provider 
- consumption 

rate 

           

Solid / 
industrial 
wastes 

- types and 
volume 

- waste 
management 

- Leachate 
management 
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Example  Screening checklist 2-1 Workers: A construction 

 

 

 

 

 

 

 
Activity 

 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

 

Environment 
 

Life style and social condition 
Availability & 

access to public 
services 

 

Air 
quality 

 

Noise 

 

Vibration 

 

Light 

 

Workplace 
safety 

 

Risk 
group 

Water/ 
electric power 
consumption 

Life safety 
& 

property 
protection 

 

Recreation 
Heath services/ 

other related 
services 

Campsite 
- Location 
- condition 

          

Transportation 
of materials 

- traffic line 
- types of 

vehicles 
- traffic hour 
- number of 

vehicle 

          

Construction 
methods & 
equipment 

- types 
- construction 

procedures 
- control 

measures of 
emission 

          

Freshwater 
use 

- water 
resources 

- water quality 
- consumption 

rate 
- Availability 
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Example  Screening checklist 2-1 Workers: A construction 

 

 

 

 

 

 

 
Activity 

 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

 

Environment 
 

Life style and social condition 
Availability & 

access to public 
services 

 

Air 
quality 

 

Noise 

 

Vibration 

 

Light 

 

Workplace 
safety 

 

Risk 
group 

Water/ 
electric power 
consumption 

Life safety 
& 

property 
protection 

 

Recreation 
Heath services/ 

other related 
services 

Solid and 
industrial 
waste 

- types and 
volume 

- existing 
waste 
management 

- Leachate 
management 
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Example  Screening checklist 1-2 Community in the vicinity of project: An operation phase 

 

 

 

 

 

Activity 

 

Data/ 
information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment Life style and social condition 

Air 
quality 

Surface 
water 

Ground 
water 

quality 

 

Noise 
 

Vibration 
 

Heat 
Solid 

waste 
Industri 
al waste 

Public 
safety 

Water 
use 

Electric 
power 

consumption 

 

Transport 
Recreation 

/public 
place 

Raw 
material 
transport 

              

Fabricate/ 
stockpile 

              

Chemical use - chemicals 
used in 
the 
process 

- chemicals 
used in 
pollutant 
treatment 

- additives 

             
Chemical 
storage 

             

Energy 
consumption 

             

Air pollutant 
treatment 

             

Water 
pollutant 
treatment 

- characteri 
stics of 
wastewate 
r 

- volume 
- water 

discharge 
quality 

- budget 
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Activity 

 

Data/ 
information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment Life style and social condition 

Air 
quality 

Surface 
water 

Ground 
water 

quality 

 

Noise 
 

Vibration 
 

Heat 
Solid 

waste 
Industri 
al waste 

Public 
safety 

Water 
use 

Electric 
power 

consumption 

 

Transport 
Recreation 

/public 
place 

 - space 
- recycled 

water 

             

Fresh water 
consumption 

- water 
resource 

- water 
quality 

- water 
supply 
demand 

- availability 
- water 

management 

             

Electric 
power 
consumption 

              

Water 
drainage 

- quality 
- volume 
- public 

drainage 
system 

- land use 
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Activity 

 

Data/ 
information 

input 

Positive impact (+) or negative impact (-) on health determinant 

Environment Life style and social condition 

Air 
quality 

Surface 
water 

Ground 
water 

quality 

 

Noise 
 

Vibration 
 

Heat 
Solid 

waste 
Industri 
al waste 

Public 
safety 

Water 
use 

Electric 
power 

consumption 

 

Transport 
Recreation 

/public 
place 

Solid waste/ 
industrial 
waste 

              

Cooling 
water 
system 

- Technology 
/ 
equipment 

- volume 
- maintenance 

system 

             

Fire protection               
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Activity 

 

 

 

Data/information 
input 

Positive impact (+) or negative impact (-) on health determinant 

 

Social condition 
 

Economic condition 
 

Biological factor 
Availability & 

access to public 
services 

Social 
network 

Life safety 
& property 
protection 

Land use 
(career) 

Income 
/job 

 

Tourism 
Risk 

group 

 

Sex/age 
 

disability 
Health 
service 

Other 
public 
services 

Raw material 
transport 

           

Fabricate/ 
stockpile 

           

Chemical use 
- using in the 

process 
- using in 

pollutant 
treatment 
system 

- additives 

           

Chemical 
storage 

           

Energy 
consumption 
(natural gas, 
fuel, coal) 

- fuel 
contamination 

- amount of fuel 
- storage 
- specific heat 
capacity 

- leakage of fuel 
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Activity 

 

 

 

Data/information 
input 

Positive impact (+) or negative impact (-) on health determinant 

 

Social condition 
 

Economic condition 
 

Biological factor 
Availability & 

access to public 
services 

Social 
network 

Life safety 
& property 
protection 

Land use 
(career) 

Income 
/job 

 

Tourism 
Risk 

group 

 

Sex/age 
 

disability 
Health 
service 

Other 
public 
services 

Air pollutant 
treatment 

- characteristic 
of wastewater 

- volume 
- budget 
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Activity 

 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

 

Social condition 
 

Economic condition 
 

Biological factor 
Availability & 

access to public 
services 

 

Social 
network 

Life safety 
& 

property 
protection 

 

Land use 
(career) 

 

Income 
/job 

 

Tourism 

 

Risk 
group 

 

Sex/age 

 

disability 

 

Health 
service 

Other 
public 
services 

 - space 
- recycled 

water 

          

Water supply 
use 

- water 
resource 

- water quality 
- water 

management 

          

Electricity 
consumption 

           

Water 
drainage 

- volume 
- public 

drainage 
system 

- land use 

          

Solid 
waste/industrial 
waste 
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Activity 

 

 

 

 
Data/information 

input 

Positive impact (+) or negative impact (-) on health determinant 

 

Social condition 
 

Economic condition 
 

Biological factor 
Availability & 

access to public 
services 

 

Social 
network 

Life safety 
& 

property 
protection 

 

Land use 
(career) 

 

Income 
/job 

 

Tourism 

 

Risk 
group 

 

Sex/age 

 

disability 

 

Health 
service 

Other 
public 
services 

Cooling water 
system 

- technology/ 
equipment 

- maintenance 
system 

          

Fire protection            
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Example  Screening checklist 2-1 worker: Operation phase 

 

 

 

 

 

 

Activity 

 

 

 

Data/information 
input 

Positive impact (+) or negative impact (-) on health determinant 

 

Environment 
 

Life style/Biological factor 
Availability & 

access to public 
services 

Air 
quality 

 

Noise 
 

Heat 
 

Light 
Workplace 

safety 

 

Ergonomics 
Water & 

electricity 
consumption 

 

Recreation 
Risk 

group 
Health 
service 

Other 
public 
services 

Fabricate/ 
stockpile 

-  location            

Raw material 
transportation 

- traffic line 
- types of vehicle 
- number of 

vehicle 
- traffic hour 

           

Equipment - types 
- control measure 

of pollutant 
emission 

           

Chemical use & 
storage 

- type 
- amount of 

chemical use 
- stockpile 

           

Energy 
consumption 

- type 
- amount of energy 

           

Solid 
waste/industrial 
waste 

- types & amount 
- existing 

management 

           

Pollutant -  types of            
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Example  Screening checklist 2-1 worker: Operation phase 

 

 

 

 

 

 

Activity 

 

 

 

Data/information 
input 

Positive impact (+) or negative impact (-) on health determinant 

 

Environment 
 

Life style/Biological factor 
Availability & 

access to public 
services 

Air 
quality 

 

Noise 
 

Heat 
 

Light 
Workplace 

safety 

 

Ergonomics 
Water & 

electricity 
consumption 

 

Recreation 
Risk 

group 
Health 
service 

Other 
public 
services 

treatment pollutants 
-  types of 

chemicals 

           

Fire protection 
system 

- Equipment 
- management 

plan 

           

Transport 
system 

- types of vehicles 
- number of 

vehicle 
- parking area 
- traffic line in the 

project 
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Example  Scoping checklist 1-1 Community in the vicinity of project: Construction phase 

 

 

 

 

Health determinant 
indicator*  

Activity 
Potential impact Supportive 

data/information Environment Health/public health Yes No 

Air quality  dust  open burning of garbage 

 other emission sources 
 incidence rate of 

respiratory disease 
 incidence rate of dermatitis 
 health status 
 population at risk 
 population density 

    efficiency of existing 
mitigation 

 Local air quality 
monitoring, if applicable 

Noise  Noise level and 
community noise 

 Traffic and road 
condition 

 Noise complaint 
 Public opinion 

    

Vibration  vibration 

 condition of houses 
and buildings in the 
vicinity of project 

 observation 

 community complaint 
 public opinion 

    Notification of 
Environmental Board No. 
37 B.E 2553: Noise and 
Vibration standards 

Surface water quality  pH, COD, BOD, Total 
Nitrogen, Ammonia, 
TCB, FCB, 
Temperature 

 Suspended solids, 
Turbidity, color, odor 

 Local pollution report 
 Wastewater collection 

and drainage system 

 Population size 

 Household wastewater 
drainage 

 incidence rate of GI disease 
 odor complaint 
 water resource of local 

community 
 report of water quality 

surveillance 
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Example  Scoping checklist 1-1 Community in the vicinity of project: Construction phase 

 

 

 

 

Health determinant 
indicator*  

Activity 
Potential impact Supportive 

data/information Environment Health/public health Yes No 

Public utility  water and electricity 
consumption of 
project and of 
community 

 water and electricity 
suppliers 

 population size 

 Consumption rate 
 Availability and access 
 Public services 

    

Solid waste  Generation rate 

 management 

 Generation rate 

 management 
 uncollected waste issue 

    

Land use  land use zoning 
including: residential, 
commercial, industrial, 
urban services, 
agricultural and direct 
control. 

 Population size 

 Career/job distribution 
 Urbanization rate 

    

transport  Number of vehicles 

 Traffic line 
 Traffic management 

 (Volume capacity 
ratio: V/C ratio) 

 Population density 

 Public transport line 
 Incidence rate of accident 
 complaint 
 public opinion 

    

General environment 
health 

 local air quality 
including open air 
solid burning 

 domestic wastewater 
drainage and 

 Housing sanitation 
 Vector control 
 Potential management of 

local government 
 Incidence rate of 
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Health determinant 
indicator*  

Activity 
Potential impact Supportive 

data/information Environment Health/public health Yes No 

 treatment 

 surface and ground 
water quality 

respiratory and GI diseases 
 Food safety surveillance 
 Nuisance complaints 
 Access to fresh water 

    

Public safety   Disaster Prevention and 
Mitigation plan 

 Statistical data of public 
accident 

 Emergency response plan 

    

Social network and 
services 

  Social conflict in the 
community 

 Social Contract 
 Culture and social support 
 social activity 

 social networks strength in 
community 

    

Tourism  Attraction places 
including cultural and 
heritage places 

 Tourism income 

     

Recreational activities  Public park 

 Public open space 

 Health promotion program     

Health services   Number of hospital, other 
health services in 
community 
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Health determinant 
ind icator*  

Activity 
Potentia l impact Supportive 

 Environment Health/public health  Yes No data/information 

   Hospital bed occupancy rat 

 Number of doctors, nurses, 
dentists, pharmacists per 
population 

 Access to health services 
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Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health Yes No 
Air quality  Dust  Number of workers 

 Health status of workers 
 Accident incidence rate 
 Health services provided 
 Availability and use of PPE 

    
Noise  Noise level     
Vibration  Vibration 

 Building/housing 
condition 

    

Utility/living condition  Fresh water 

 amenity 
 Electricity 
 Solid waste 

management 

    

Heat  Heat source 

 Workplace conditions 
 Heat stress monitoring 

    

Lighting in the 
workplace 

 Light Intensity 
measurement in the 
workplace 

    

Workplace safety  Workplace condition 

 Standard workplace 
policies and procedures 

    

Health service provided   Potential of health service at 
the workplace 

 Availability and access to 
health services provided by 
proponent 

    

Workplace recreation   Open space     
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Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health/Public health Yes No 
Air quality*  Indicator 1: Coke plant 

 Indicator 2: Iron 
making 

 Indicator 3: Steel 
making and forming 

 Local air quality 
including open burning 
for solid waste 

 Other sources of air 
pollutions 

 Incidence rate of respiratory 
disease including cancer 

 Incidence rate of dermal 
disease 

 Population at risk 
 Population density 

    Efficiency of pollutant 
treatment system 

 Air quality monitoring 

Noise  Noise level and 
community noise 

 noise nuisance complaints 
 public opinion 

    

Groundwater quality 
(Source of water supply) 

 VOCs 
 Heavy metals 
 cyanide 
 PCB 
 NO3 

 Population size 
 Drinking water quality 
 Access to fresh water 
 Characteristics of domestic 

water supply 

    

Surface water (water 
supply) 

 pH, COD, BOD, total 
nitrogen, Ammonia, 
phenol, cyanide, TCB, 
FCB 

 suspended solid, 
turbidity, color, odor 

 Sulpher, BTX, PAH 
 Temperature 
 Monitoring report of 

surface water quality 

 Population size 

 Water resources 
 Drinking water quality 
 Access to fresh water 
 Characteristics of domestic 

water supply 
 Incidence rate of GI disease 
 Odor nuisance complaint 
 Monitoring report of 

domestic water supply 
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Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health Yes No 

  Domestic wastewater 
treatment 

 Domestic wastewater 
drainage 

     

Public utility  Consumption rate of 
water and electricity 

 Availability and access to 
utility 

    

Solid waste  Generation rate 
 Management 

procedure 

 uncollected waste issue 
 efficiency of solid waste 

management 

    

Industrial waste  types such as tar, sinter 
dust, iron scrap, 
refractory, slag from 
BOF 

 generation rate 
 management 

procedure 
 transportation 

 complaints 

 public opinion 
    

Land use  Zoning  Demographic data 
 career 
 Urbanization rate 
 Public opinion 

    

transport  Number of vehicles 
 Traffic line 
 Traffic management 
 (Volume capacity ratio: 

V/C ratio) 

 Population density 
 Public transport line 
 Incidence rate of accident 
 complaint 
 public opinion 
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Example  Scoping checklist 2 worker: construction phase 

 

 

 

Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health Yes No 
General environment 
health 

 local air quality 
including open air solid 
burning 

 domestic wastewater 
drainage and treatment 

 surface and ground 
water quality 

 Housing sanitation 

 Vector control 
 Potential management of 

local government 
 Incidence rate of respiratory 

and GI diseases 
 Food safety surveillance 
 Nuisance complaints 
 Access to fresh water 

    

Public safety   Disaster Prevention and 
Mitigation plan 

 Statistical data of public 
accident 

 Emergency response plan 

    

Economic condition   Employee turnover rate 
 Employment rate 
 Household income 
 Household/personal 

expenditure 
 Local productivity 

    

Social relation/social 
network 

  Severe conflicts in the 
community 

 Mutual living in community 
 Culture and social support 
 Community and mutual 

partnership 
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Example  Scoping checklist 2 worker: construction phase 

 

 

 

Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health Yes No 
Tourism  Attraction places 

including cultural and 
heritage places 

 Tourism income 

     

Recreational activities  Public park 
 Public open space 

 Health promotion program     

Health services   Number of hospital, other 
health services in 
community 

 Hospital bed occupancy rat 
 Number of doctors, nurses, 

dentists, pharmacists per 
population 

 Access to health services 
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Example  Scoping checklist 2-1 worker: Operation phase 

 

 

 

Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health/Public health Yes No 
Air quality*  Indicator 1: Coke plant 

 Indicator 2: Iron 
making 

 Indicator 3: Steel 
making and forming 

 Local air quality 
including open burning 
for solid waste 

 Other sources of air 
pollutions 

 Number of worker 

 Special risk group 
 Health status of existing 

workers, if applicable 
 Hearing monitoring of 

existing workers, if 
applicable 

 Health service provided 
 Availability and use of PPE 

    Efficiency of pollutant 
treatment system 

 Air quality monitoring 

Noise  Noise level     
Heat  Heat source 

 Workplace conditions 
 Heat stress monitoring 

    

Lighting in the 
workplace 

 Light Intensity 
measurement 

    

Workplace condition  Workplace condition     
Ergonomics  workplace design 

 job characteristics 
 working hours 
 characteristics and 

design of equipment 
and tools 

 Effective Workplace 
Practices and Programs 

 Incidence or prevalence rate 
of musculoskeletal disease 
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Example  Scoping checklist 2-1 worker: Operation phase 

 

 

 

Health determinant 
Indicator* 

Activity 
Potential impact Supportive 

data/information Environment Health/Public health Yes No 
Health services   Potential of health service at 

the workplace 
 Availability and access to 

health services provided by 
proponent 

    

Recreation   Open space     
Remark *Types of environmental and health indicators, which are based on production process, are as follows: 

 
 

Type of industry Environmental indicator Remark 
Coke plant Indicator 1 

 particulate (not exceed 100 micron, 10 micron and 2.5 micron) , H2S, 
SOx, NH3, HCN, CO. mercury, PAH, BTX 

 
In Thailand, a coke plant may not be 
included in iron and steel industry 

Iron making 
 Sintering process 
 Pelletizing process 
 Blast furnace 

Indicator 2 
 dust, SOx, NOx, HF, HCl, CO, heavy metal (specifically, Mn, Pb) PCDD/F, 

PAH and BTX 
 dust, SOx, NOx, HF, HCl, CO, heavy metal (specifically, Mn, Pb) PCDD/F, 

PAH and BTX 
 dust organic carbon, SOx, NOx,VOCs, H2S, CO, heavy metal (specifically, 

Mn) and HCN 

 

Steel making, casting and 
forming 
 BOF 
 EAF 

Indicator 3 
 dust, SOx, NOx, HF, HCl, CO, heavy metal (specifically, Mn), PCDD/F, 

PAH and BTX 
 dust, SOx, NOx, HF, HCl, CO, heavy metal, PCDD/F, PCB and PAH 
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Appendix C  Example of Public health tools for data collection 
 

 

 

1. Record form: Environmental indicator 

 
Air quality 

 

 
Substance1 

 
unit 

 
standard 

Year 

2013 2014 2015 2016 2017 2018 

SO2 ppb        

NO2 ppb        

CO (8 hr) ppm        

CO (1 hr) ppm        

O3 (8 hr) ppb        

O3 (1 hr) ppb        

PM-10 (24 hr) µg/m3        

PM-25 (24 hr) µg/m3        
 

Note: 1substancs based on a production process 
2standards must be complied with current laws, legislation, 

ministerial notification and regulation 

 
Water quality 

Substance unit standard 
Year 

   
pH      
DO (mg/l)     
BOD (mg/l)     
TCB (MPN/100ml)     
FCB (MPN/100ml)     
NO3-N (mg/l)     
NH3-N (mg/l)     
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Air quality: Volatile organic compounds (VOCs) 
 

 

Substance 

Year 
Standard 

concentration 
(µg/m3) 

 
2013 

 
2014 

 
2015 

 
2016 

 
2017 

 
2018 

Vinyl Chloride        

1,3 Butadiene        

Dichloromethane        

Chloroform        

1,2-Dichloroethane        

Benzene        

Trichloroethylene        

1,2-Dichloropropane        

Tetrachloroethylene        

 
 

Water resource: study area 
 

 
 
 
 

District 

Year 

 

type 

 

 
Total 

 
reservoir 

 

 
dam 

 

 
floodgate 

 

Swamp, 

basin 

 
 

Canal, 
pipeline 

 
 

Artesian 
well 

 
 

Shallow 
well 

Large small 
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2. Record from: Health/public health indicator 
 

2.1. Number and rate of out-patient categorized by cause of illness 

per population (RP 504): district 
 

 
 
 

Cause of illness (disease group) 

year year year 

Rate 

ca
se

 

N
u

m
b

er
 

o
f v

is
it

 

ca
se

 

N
u

m
b

er
 

o
f v

is
it

 

C
as

e 

N
u

m
b

er
 

o
f v

is
it

 

01 Certain Infectious and parasitic 
diseases 

      

02 Malignant and non-malignant 
neoplasms 

      

03 Diseases of the blood and blood 
forming organs and certain disorder 
involving the immune mechanism 

      

04 Endocrine, nutritional and metabolic 
diseases 

      

05 Mental and behavioral disorders       
06 Diseases of the nervous system       
07 Diseases of the eye and adnexa       
08 Diseases of the ear and mastoid 

process 
      

09 Diseases of the circulatory system       

10 Diseases of the respiratory system       

11 Diseases of the digestive system       

12 Diseases of the skin and 
subcutaneous tissue 

      

13 Diseases of the musculoskeletal 
system and connective tissue 

      

14 Diseases of the genitourinary system       
15 Complication of pregnancy, 

childbirth and the puerperium 
      

16 Certain conditions criginating in the 
perinatal period 

      

17 Congenital malformations, 
deformations and chromosomal 
abnormalities 

      



C-4 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

 

 
 

 
 
 

Cause of illness (disease group) 

year year year 

Rate 

ca
se

 

N
u

m
b

er
 

o
f v

is
it

 

ca
se

 

N
u

m
b

er
 

o
f v

is
it

 

C
as

e 

N
u

m
b

er
 

o
f v

is
it

 

18 Symptoms, signs and abnormal 
clinical and laboratory findings, not 
elsewhere classified 

      

19 Poisoning, toxic effect, and their 
sequelae 

      

20 Transport accidents and their 
sequelae 

      

21 Other external causes of morbidity 
and mortality (eg: accdients, injuries, 
intentional self-harm, assault,animals 
and plants, complications of medical 
and surgical care and other - 
unspecified causes) 

      

 

2.2. Household utility 
 

 
Major characteristic 

year year year 

number % number % number % 

Fuel for cooking       

charcoal       

Wood       

kerosene       

LPG       

Electricity       

No cooking       

Drinking water       

bottle       
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Major characteristic 

year year year 

number % number % number % 

Pipe water in resident       

Artesian/shallow well in resident       

Public pipe water       

Public artesian/shallow well       

River, canal, basin       

Rainwater       

Pipe water with treatment       

other       

Water use, except drinking water       

Pipe water in resident       

Artesian/shallow well in resident       

Public pipe water       

Public artesian/shallow well       

River, canal, basin       

Rainwater       

Pipe water with treatment       

Amenity       

Not application       

Flush Toilet       

squat toilet/water privy       

Both       
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Major characteristic 
year year year 

number % number % number % 

Residential Solid Waste Disposal       

Use of municipal services       

Open burn       

dumping in household       

Animal feed       

organic fertilizer       

Dumping in river and canal       

Dumping in an area where it is not 
permitted 

      

other       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

 

          

   

A
rea 

          
Food waste 

C
o

m
p

o
sitio

n
 (%

 b
y w

eigh
t) 

          
paper 

          
Plastic 

          
Glass 

          
Metal 

          Rubber/ 
leather 

          
Textiles 
/shoes 

          
Garden waste 

           

pebble/ 
cardboard 

           

Miscellaneous 

           

Total 

           

Population size 

          
Solid waste volume 

(ton/day) 

           

Generation rate 
(kg/person/day) 

2
.3

. So
lid

 w
aste co

m
p

o
sitio

n
 (p

ercen
tage b

y w
eigh

t) 

C
-7

 
H

e
a

lth
 Im

p
a

ct A
sse

ssm
e

n
t G

u
id

a
n

ce: Iro
n

 a
n

d
 Steel In

d
u

stry
 



C-8 Health Impact Assessment Guidance: Iron and Steel Industry 

 

 

3. Self-assessment for of community development (NRD 2 C)* 
 

 
Indicator 

Situation (%) 

Yes 
No 

Good/adequate Not good/inadequate 

1. Infrastructure 
1.1 Road 
1.2 Drinking water 
1.3 Water supply 
1.4 Agricultural water 
1.5 Electricity 
1.6 Land use 

   

2. Economic condition 
2.1 Job opportunity 
2.2 Job opportunity in a 

workplace 
2.3 Agriculture product 
2.4 Household Industry 
2.5 Benefit of tourism 

   

3. Health 
3.1 Safety in a workplace 
3.2 Communicable disease 

prevention 
3.3 Athlete 
3.4 Effective anti-drug program 

   

4. Education 
4.1 Compulsory education 
4.2 Further Education in 

secondary school/ 
vocational education/ 
university 

   

5. Community Strength 
5.1 Community-based Learning 
5.2 Social Protection 
5.3 Social cohesion and 

integration 
5.4 Community participation 
5.5 Access to finance and 

funding 

   

6. Natural resource and 
environment 
6.1 Soil quality 
6.2 water quality 
6.3 Land use 
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Indicator 

Situation (%) 

Yes 
No Good/adequate Not good/inadequate 

6.4 Propagation of forest tree 
6.5 environmental management 

   

 

Note: NRD2C refers to the village’s status database. 
 
 

4. Sanitation and environmental health survey (observation and 

record) 

1. condition of sewages disposal system 
 no toilet  storage tan available  
 toilet  releasing into the rivers and canal 
 no storage tank  other, specify..........  

2. toilet condition 
 poor condition 
 good condition  dirty  bad smell 
 fresh and clean  no light  adequate illumination 

3. solid waste 
 garbage bin available  garbage bin with cover  garbage bin without cover 
 remaining waste  no bin  bad smell 
 vector other, specify.....................  

4. water supply 
 pool  ground water  pipe water 
 mountain water  village pipe water  bottled water 
other, specify................ 

5. drinking 
 bottled water  pool  ground water 
pipe water  mountain water  village pipe water 
other, specify................ 

6. household water treatment 
 boiling  alum coagulation  water chlorination 
 no treatment other, specify.................  

7. vector 
 rat  fly  cockroach 
 mosquito other, specify....................  

8. residence 
 private  well organized  clean 
 good ventilation  too dark  overcrowding 
 untidy  bad smell  dirty 
other, specify................ 
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9. food sanitation 

9.1. cooing platform 
 separate area  not separate area  clean dirty 

9.2   food storage area 
 separate area for 

fresh or dried food 
 no specific area  

 storage area for 
cooked food 

 no food storage are  

9.3   food storage procedures 
 cupboard  refrigerator  other, specify…………. 
 no procedure  left it on floor without cover 
 left it on table without cover 

9.4   personal hygiene: person working with food 
 clean clothing  Wear dirty clothing  clean, short nails and hand 
 dirty nails and hand  hygienic practice  not hygienic practice 

9.5   personal hygiene: consumer 
 using spoon  using hand  using middle spoon 
 not using middle 

spoon 
 eating cooked food  eating half cooked food 

 reheating food 
before eating 

 washing hand before eating 

9.6   kitchen sink 
 located in the service 

area 
 not located in the service 

area 
 no remaining food waste 

 dirty  food waste container  drainage system clogged 
 adequate water for 

washing 
 bad smell  clean 

 inadequate water for  food waste on the floor  remaining food waste 
washing  good drainage system  

 
 

5. A survey form or quality of life and risk factors 
 

1. self-rated general health status in past 3 years 
 excellent  good  average 
 fluctuate  getting worse  

2. Self-perceived quality-of-life scale 
 good to excellent  average  bad 

3. sleepless due to irritation and anxiety 
 never  sometimes  often 

4. smoking 
4.1.  inside the house 
 never  sometimes  often 
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4.2.  Do you smoke? 
 everyday  sometimes abstinence 
 never  try smoking, not addicted  

5. illness 
5.1.  your present illness 
 hypertension  cancer  heart disease 
 respiratory disease  Multiple chemical sensitivity other…………. 

5.2.  Have you ever been diagnosed with asthma? 
 no  yes not certain 

5.3.  Have many timed did you get sick last year 
 1-5 days 
 > 20 days 

6-10 days 10-20 days 
 other 

5.4.  How you ever had nausea and vomiting 
 yes  no  
5.5.  How many times did you have nausea and vomiting last year 
 1-5 days 
 > 20 days 

6-10 days 10-20 days 
 other 

5.6.  How many times did you have a headache last year 
 1-5 days 
 > 20 days 

6-10 days 10-20 days 
 other 

6. health effects from these following factors: 
 perfume  pollutants from traffic chemical used in household 
 workplace  other not applicable 

7. Do you have pets in your house? 
 dog  cat rabbit 
 bird  other…………  

 

6. A survey form for environmental health data 
 

1. How many times did you deal with nuisance last year 
 1-5 days 
 > 20 days 

 6-10 days 
 other 

10-20 days 

2. How many times did you deal with odour problems 
 1-5 days 
 > 20 days 

 6-10 days 
 other 

10-20 days 

3. Have you ever have a headache from odour problems? 
 never  sometimes  regular 

4. Do nuisance problems cause sleepless night 
 never  sometimes  regular 

5. Do nuisance problems cause nausea and vomiting? 
 never  sometimes  regular 
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7. Key questions or focus group/ group interview 

1) Community health 

2) Environment and health issues in community 

3) Major factors influencing community environmental health 

4) Major community problems that affect the livelihood (i.e., traffic, 

industry, Indiscipline community) 

5) Major problems from factory that affect people in community 

6) Major impacts on health of people in community 

7) general impacts that may affect properties of people in 

community 

8) Factors that may affect the relation inside family and in 

community 

9) Local governments which respond to the complaint 

10) Actors 

11) Community area may be affected by pollution associated with 

factory 

12) Major causes of pollution in the community 

13) Factors influencing the improvement of community 

environment 
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Appendix D Indicators for monitoring program of a project 
 

 

 

Example of environment and health/public health indicators for monitoring program of a project 
 

 
Health 

determinant 

Indicator 
Project level1 Area surveillance2 

Environment Health/Public health Environment Health/Public 
health Surrounding area3 Project area4 Community5 worker6 

Air quality: VOCs Indicators 
following the 
impact appraisal 
stage 

Indicators 
following the 
impact 
appraisal 
stage 

- incident 
rate of 
respiratory 
disease 

- complaint 

- Health status 
- cause of days- 

away-from 
work 

-   air quality 
report 

- incident rate of 
disease 
associated with 
pollutants 

- open burning 
- other sources of 

air pollution 
- complaints 

Air quality: 
particulate 

Particulate 
concentration 

Particulate 
concentration 

Air quality: 
Heavy metal 

Indicators 
following the 
impact appraisal 
stage 

Indicators 
following the 
impact 
appraisal 
stage 

Noise Noise level Noise level -   complaint - monitoring 
report 

- Audiogram 

 - complaints 
- public opinion 

Solid waste  -   separation, 
collection, 
transport 
and disposal 

-   complaint   - data 
management 
system 

- complaint 

Industrial waste 
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Health 

determinant 

Indicator 
Project level1 Area surveillance2 

Environment Health/Public health Environment Health/Public 
health Surrounding area3 Project area4 Community5 worker6 

Availability of 
health service 

   - utilization rate 
of health care 
provided by 
project 
proponent 

- unit cost 

 - number of 
health cares 

- number of 
doctors, nurse, 
pharmacist or 
dentist per 
population 

- bed occupancy 
rate 

Economic      - income/job 
- unemployment 

rate 
 

Note: 1responded by project proponent 2related local government and local statistical data; 
3primary and secondary data; 4primary data; 
5secondary data; 6primary data 
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