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Risk Calculation Tools 
Several risk tools that use a simple model, have been provided to estimate Human Health Risks.  The tool calculates 
exposure (i.e., dose) via ingestion, inhalation and dermal contact. Calculated doses are then used to calculate 
expressions of human health risk:

❍ Hazard Quotients (HQs) for non-carcinogens  

❍ Incremental Lifetime Cancer Risk (ILCRs) for carcinogens 
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Risk Calculation Tool for a Non-Carcinogen (Threshold)

Contaminant

 Use this tool to calculate the Hazard Quotient (HQ) for a threshold contaminant (see training material for more

information).

If a Hazard Quotient greater than 0.2 is calculated, a risk to human health potentially exists.

 Accidental Soil Ingestion Dose Calculation (hide)

DoseSoilIngestion =
(Cs × IRs × AFGIT × DHours × DDays × DWeeks × DYears)

= 
BW × 16 × 365 × LE

Cs = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

IRs = kg/day Accidental soil ingestion rate for adult (see Table: Receptor Characteristics)

AFGIT = (unitless)
Absorption Factor for the gastrointestinal tract. Use a value of 1 for a preliminary

risk assessment (as recommended by Health Canada, 2004)

DHours = # of hours
Hours per-day with exposure (0 - 16) (16 is the maximum assumed awake hours

per day)

DDays =
# of days in a

week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks in

a year
Weeks in a year with exposure (0 - 52)

DYears = N/A years Number of years of exposure (not used for non-carcinogens)



BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = N/A years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Note: dusts can be trapped by the nose and later ingested, soils can also be ingested from hands if hands are not

regulary washed or if dusts deposit on foods eaten at the site.

 Water Ingestion Dose Calculation (hide)

DoseWaterIngestion =
(CW × IRW × AFGIT × DDays × DWeeks × DYears)

= 
BW × 365 × LE

CW = mg/kg Concentration of contaminant in drinking water, usually 90th percentile or maximum.

IRW = L/day
Water ingestion rate for adult (see Table: Receptor Characteristics - adapted from

Health Canada, 2004)

AFGIT = (unitless)
Absorption Factor for the gastrointestinal tract. Use a value of 1 for a preliminary

risk assessment (as recommended by Health Canada, 2004)

DDays =
# of days in a

week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks in

a year
Weeks in a year with exposure (0 - 52)

DYears = N/A years Number of years of exposure (not used for non-carcinogens)

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = N/A years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Food Ingestion Dose Calculation (hide)

DoseFoodIngestion =
(Cfood × IRfood × AFGIT × DDays × DYears)

= 
BW × 365 × LE

Cfood = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

IRfood = kg/day Food ingestion rate (see Table: Receptor Characteristics)

AFGIT = (unitless)
Absorption Factor for the gastrointestinal tract. Use a value of 1 for a

preliminary risk assessment (as recommended by Health Canada, 2004)

DDays =
# of days in a year

food item is ingested
Number of days in a year food from the site is ingested (0 - 365)

DYears = N/A years Number of years of exposure (not used for non-carcinogens)

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)



LE = N/A years
Life expectancy. The number of year that the person is likely to live. Not used

for non-carcinogens.

 Note: If multiple animals are consumed from the site (i.e., crabs, chickens, snakes, snails etc.), the dose from

eating these items should be calculated separately using the same formula.

 Inhalation of contaminated particles Dose Calculation (hide)

DoseParticleInhalation =
(Cs × PAir × IRA × AFInh × DHours × DDays × DWeeks × DYears)

= 
BW × 365 × LE × 10e

-9

Cs = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

PAir = µg/m
3 Concentration of particles in the air. Use 0.76µg/m

3
  for typical conditions as per

USEPA (1992)

IRA = m
3
/hour Inhalation rate (see Table: Receptor Characteristics)

AFInh = (unitless)
Absorption Factor for the lungs. Use a value of 1 for a preliminary risk assessment

(as recommended by Health Canada, 2004)

DHours =
# of hours in a

day
Hours of a day with exposure (0 - 24)

DDays =
# of days in a

week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks in a

year
Weeks in a year with exposure (0 - 52)

DYears = N/A years Number of years of exposure (not used for non-carcinogens)

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = N/A years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Note: the concentration of respirable dust may be much higher in certain circumstances. Examples would include

locations next to dirt roads and inside workshops or storage facilities.

 Dermal contact with contaminated soil Dose Calculation (hide)

DoseDermalContact =
(Cs × SAH × SLH × AFSkin × EF × DDays × DWeeks × DYears)

= 
BW × 365 × LE

Cs = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

SAH = cm
2 Surface area of hands (assumes only hands are exposed, see Table: Receptor

Characteristics)



SLH =
kg/cm

2
 -

event

Soil loading to exposed skin (see Table: Receptor Characteristics). For a given area of

skin, hands will be exposed to a greater mass of contaminated soil than skin on other

parts of the body. Health Canada (2004) give hands a 10x greater loading (SLH) than

other skin covered portions of the body.

AFSkin = (unitless) Absorption Factor for the skin (see Table: Relative Dermal Absorption Factors)

EF = events/day number of dermal exposures per day

DDays =
# of days in

a week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks

in a year
Weeks in a year with exposure (0 - 52)

DYears = N/A years Number of years of exposure (not used for non-carcinogens)

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = N/A years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Note: For a given area of skin, hands will be exposed to a greater mass of contaminated soil than skin on other

parts of the body. Health Canada (2004) give hands a 10x greater loading (SLH) than other skin covered partions of

the body. Please refer to Exposure Table.

Calculation of Hazard Quotient:

HQ =

(DoseSoilIngestion + DoseWaterIngestion + DoseFoodIngestion + DoseParticleInhalation +

DoseDermalContact) = 

TDI

TDI = mg/kg - day
Tolerable daily intake (TDI) (see Table: Health Canada’s TDIs, or US

EPA's TDIs).

DoseSoilIngestion = mg/kg - day

DoseWaterIngestion = mg/kg - day

DoseFoodIngestion = mg/kg - day

DoseParticleInhalation = mg/kg - day

DoseDermalContact = mg/kg - day

Total Dose =  mg/kg - day
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Risk Calculation Tool for a Carcinogen (Non-Threshold)
Contaminant

 Use this tool to calculate the Incremental Lifetime Cancer Risk (ILCR) for a non-threshold contaminant (see

training material for more information ).

If an Incremental Lifetime Cancer Risk greater than 1 x 10
-5

 is calculated, a cancer risk potentially exists.

 Accidental Soil Ingestion Dose Calculation (hide)

DoseSoilIngestion =
(Cs × IRs × AFGIT × DHours × DDays × Dweeks× DYears)

= 
BW × 16 × 365 × LE

Cs = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

IRs = kg/day Accidental soil ingestion rate for adult (see Table: Receptor Characteristics)

AFGIT = (unitless)
Absorption Factor for the gastrointestinal tract. Use a value of 1 for a preliminary

risk assessment (as recommended by Health Canada, 2004)

DHours = # of hours
Hours per-day with exposure (0 - 16) (16 is the maximum assumed awake hours

per day)

DDays =
# of days in a

week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks in

a year
Weeks in a year with exposure (0 - 52)

DYears = years Number of years of exposure



BW = kg
Body Weight of Receptor (see Table: Receptor Characteristics - adapted from

Health Canada, 2004)

LE = years Life expectancy. The number of year that the person is likely to live.

 Note: dusts can be trapped by the nose and later ingested, soils can also be ingested from hands if hands are not

regulary washed or if dusts deposit on foods eaten at the site.

 Water Ingestion Dose Calculation (hide)

DoseWaterIngestion =
(CW × IRW × AFGIT × DDays × DWeeks × DYears)

= 
BW×365 × LE

CW = mg/kg Concentration of contaminant in drinking water, usually 90th percentile or maximum.

IRW = L/day
Water ingestion rate for adult (see Table: Receptor Characteristics - adapted from

Health Canada, 2004)

AFGIT = (unitless)
Absorption Factor for the gastrointestinal tract. Use a value of 1 for a preliminary

risk assessment (as recommended by Health Canada, 2004)

DDays =
# of days in a

week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks in

a year
Weeks in a year with exposure (0 - 52)

DYears = years Number of years of exposure

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Food Ingestion Dose Calculation (hide)

DoseFoodIngestion =
(Cfood × IRfood × AFGIT × DDays × DYears)

= 
BW ×365 × LE

Cfood = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

IRfood = kg/day Food ingestion rate (see Table: Receptor Characteristics)

AFGIT = (unitless)
Absorption Factor for the gastrointestinal tract. Use a value of 1 for a

preliminary risk assessment (as recommended by Health Canada, 2004)

DDays =
# of days in a year

food item is ingested
Number of days in a year food from the site is ingested (0 - 365)

DYears = years Number of years of exposure (not used for non-carcinogens)

BW = kg
Body Weight of Receptor (see Table: Receptor Characteristics - adapted

from Health Canada, 2004)



LE = years
Life expectancy. The number of year that the person is likely to live. Not used

for non-carcinogens.

 Note:  If multiple animals are consumed from the site (i.e., crabs, chickens, snakes, snails etc.), the dose from

eating these items should be calculated separately using the same formula.

 Inhalation of contaminated particles Dose Calculation (hide)

DoseParticleInhalation =
(Cs × PAir × IRA × AFInh × DHours × DDays × DWeeks × DYears)

= 
BW×365 × LE × 10e

-9

Cs = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

PAir = µg/m
3 Concentration of particles in the air. Use 0.76µg/m

3
  for typical conditions as per

USEPA (1992)

IRA = m
3
/hour Inhalation rate (see Table: Receptor Characteristics)

AFInh = (unitless)
Absorption Factor for the lungs. Use value of  1 for a preliminary risk assessment

(as recommended by Health Canada, 2004)

DHours =
# of hours in a

day
Hours of a day with exposure (0 - 24)

DDays =
# of days in a

week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks in a

year
Weeks in a year with exposure (0 - 52)

DYears = years Number of years of exposure

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Note: the concentration of respirable dust may be much higher in certain circumstances. Examples would include

locations next to dirt roads and inside workshops or storage facilities.

 Dermal contact with contaminated soil Dose Calculation (hide)

DoseDermalContact =
(Cs × SAH × SLH × AFSkin × EF × DDays × DWeeks × DYears)

= 
BW×365 × LE

Cs = mg/kg Concentration of contaminant in soils, usually 90th percentile or maximum.

SAH = cm
2 Surface area of hands (assumes only hands are exposed, see Table: Receptor

Characteristics)

SLH =
kg/cm

2
 -

event

Soil loading to exposed skin (see Table: Receptor Characteristics). For a given area of

skin, hands will be exposed to a greater mass of contaminated soil than skin on other



parts of the body. Health Canada (2004) give hands a 10x greater loading (SLH) than

other skin covered portions of the body.

AFSkin = (unitless) Absorption Factor for the skin (see Table: Relative Dermal Absorption Factors)

EF = events/day number of dermal exposures per day

DDays =
# of days in

a week
Days in a week with exposure (0 - 7)

DWeeks =
# of weeks

in a year
Weeks in a year with exposure (0 - 52)

DYears = years Number of years of exposure

BW = kg Body Weight of Receptor (see Table: Receptor Characteristics)

LE = years
Life expectancy. The number of year that the person is likely to live. Not used for

non-carcinogens.

 Note: For a given area of skin, hands will be exposed to a greater mass of contaminated soil than skin on other

parts of the body. Health Canada (2004) give hands a 10x greater loading (SLH) than other skin covered partions of

the body. Please refer to Exposure Table.

Total Calculation of  Incremental Lifetime Cancer Risk:

ILCR =
((DoseSoilIngestion + DoseWaterIngestion + DoseFoodIngestion ) × SFOral) + ( DoseParticleInhalation ×

SFInhalation)+ (DoseDermalContact × SFDermal)
= 

SFOral = mg/kg - day
Oral slope factor for contaminant (see Table: Health Canada’s Slope

Factors, or US EPA’s Slope Factors).

SFInhalation = mg/kg - day
Oral slope factor for contaminant (see Table: Health Canada’s Slope

Factors, or US EPA’s Slope Factors).

SFDermal = mg/kg - day

Dermal slope factor for contaminant (see Table: Health Canada’s

Slope Factors, or US EPA’s Slope Factors). Where SFDermal is not

available, use the SFOral value.

DoseSoilIngestion = mg/kg - day

DoseWaterIngestion = mg/kg - day

DoseFoodIngestion = mg/kg - day

DoseParticleInhalation = mg/kg - day

DoseDermalContact = mg/kg - day

Total Dose =  mg/kg - day
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Regional Capacity Building Program for 

Health Risk Management of 

Persistent Organic Pollutants (POPs) in 

South East Asia Program
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Economic Valuation of Health Impacts from POPs

by Thomas Boivin

Hatfield Consultants Partnership

SLIDE 3© Hatfield Consultants. All Rights Reserved. 3/5/2009

Why Conduct An Economic Valuation 
of  POPs Impacts? (1)
Understanding economic costs 
of POPs is important for 
convincing policymakers of the 
impacts of POPs;
However, there are not enough 
resources - financial, human, 
or technical to deal with these 
problems;
Countries need to prioritize to 
make better use of limited 
resources
We need to be strategic to 
maximize the use of limited 
funds;

SLIDE 4© Hatfield Consultants. All Rights Reserved. 3/5/2009

Why Conduct An Economic Valuation 
of  POPs Impacts? (2)

An economic valuation is not commonly 
done in countries where strong regulations 
and enforcement are in place; 
If a site is contaminated, then the 
government or developer is responsible to 
clean it up to avoid human health or 
ecological impacts;
“Polluter Pays Principle” is common in 
western countries, but is often not enforced 
in SE Asian countries;
Risk Assessment requires a good 
understanding of the economic costs of 
different management options;

SLIDE 5© Hatfield Consultants. All Rights Reserved. 3/5/2009

Overview of Economic Valuation of 
Health Impacts from POPs

Preliminary methodology has been 
developed for discussion;
Economic costs will be calculated 
from the case study sites, and 
these will be compared with 
different risk management or 
remediation measures; 
Limited data exists on the 
economic costs of POPs in the 4 
countries;
Any estimates of economic impacts 
from POPs can be modified in 
future as additional data becomes 
available.
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Overview of Economic Valuation of 
Health Impacts from POPs (2)

The objectives of the economic 
valuation of health risk portion of the 
project are:

a) To estimate (in quantitative terms) the 
dollar value of the human health impact 

of POPs contamination at a designated  

‘hot spot‘;

b) to compare the estimate with the cost of 

remediation measures; and

c) to describe (in qualitative terms) the 

values of POPs impacts in direct human 

health and other unquantified costs.
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Economic Valuation Within Overall Risk Governance 
Framework
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Impact of Chemicals On Environment And 
Human Health - cause-impact chain

ERA/52856/Revised final report/2005.09

Chemical 
Properties

Production, Use 
& Disposal

Releases

Environmental Fate, Degradation &
Transport to Receiving Environment

Impact on Environment
Impact on Health from 
Receiving Environment

Economic Impact
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Land Use Land Use for SPL Site

SLIDE 10© Hatfield Consultants. All Rights Reserved.

Suspected POPs Contaminants

The site is used to collect, store and repair 
used transformers from 1982.
Recycled oil is transferred into 45-gallon 
drums, and is re-used
Previously analyzed samples from the site 
suggested potentially high concentrations of 
PCBs.
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Valuation of Health Risk

Valuation of human health risks is the most significant 
and also the most controversial parameter.
In many cases, we can define the effect concentration, 
but a dose-response relationship has not been defined to 
show how types of morbidity and premature mortality 
respond to the exceedance of the no-effect level.

SLIDE 12© Hatfield Consultants. All Rights Reserved.

The Ideal Approach

The ideal measurement of economic impacts involves four ‘end 
points’:

(a) Health effects from exposure to ambient environmental 

concentrations;

(b) Health effects from chemicals accumulated in food and water;

(c) Health effects from exposure to chemicals in the workplace; and

(d) Loss of ecosystem functioning.

Difficulties in establishing relationships between ecological 
or health effects and economic costs:

Limited health dose-response information exists;

Effects are not known with any precision; and

Resources are required to conduct “willingness to pay” (WTP) 

studies and collect other important information.
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Possible Economic Valuation Approaches

There are several 
methodologies for establishing 
a dollar value for adverse 
human health impacts;
Each approach requires 
significant data collection to 
ensure accuracy of the results. 

SLIDE 14© Hatfield Consultants. All Rights Reserved.

Disability Adjusted Life Years (DALY) Approach to 
Economic Valuation 

DALY is originally developed by WHO to quantify the 
impact of premature death (mortality) and disability 
(morbidity) on a population by combining them into a 
common metric. 
One DALY can be thought of as one lost year of "healthy" 
life. 
DALYs show the relative importance of health problems 
and can be combined with other data to establish which 
public health interventions would be most cost-effective.
For example, 3,300 DALYs would equal 100 infant deaths 
or 5,500 people aged 50 living one year with blindness. 
These comparisons are helpful in setting national and 
global health priorities. 
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Why the DALY Approach Was Selected

Given limitations of time and resources, the DALY approach to 
estimating the physical component of human health impact is 
judged the best approach because:

Conceptual simplicity: DALY covers both mortality and 
morbidity in one number.  The equations are straightforward 
with 5 elements in 2 equations;

Data availability: WHO has estimated DALY rates per 100,000 
population for all countries, not just the four of the POPs study; 

Ethically Acceptable: The DALY approach does not place a value 
on a human life; rather is places a value on the risk shared by 
members of an exposed population. 

SLIDE 16© Hatfield Consultants. All Rights Reserved.

Approach – Limitations of the Analysis

Human health impacts are not the only 
impacts at a POPs contaminated site;  
Non-human health impacts such as 
environmental impacts, decreased land 
values, and ecological impacts may also 
be significant;  
However, non-human health impacts can 
be qualified (e.g., described in words).

SLIDE 17© Hatfield Consultants. All Rights Reserved.

Key Steps in Economic Valuation using DALY

Step 1 - Obtain DALY 
Step 2 - Scale DALY to Local Site
Step 3 - Calculate Unit Price per DALY

Step 4 - Estimate Site Remediation Costs 
Step 5 - Estimate Benefit of Remediation

(#DALYs saved per year)
Step 6 - Calculate Cost-Effectiveness 

of Remediation

Calculate Cost 
of Impacts

Calculate Cost 
of RM Options =>

Cost-Effective

SLIDE 18© Hatfield Consultants. All Rights Reserved.

Step 1 - Obtain DALY

• Step 1 - Obtain DALY

• These estimates are found at the WHO website:
Go to WHO website  http://www.who.int/en/

Click on “Data & Statistics” http://www.who.int/research/en/

Scroll down to “Data by Categories”

Under “Mortality & Health Status”, select: Causes of Death [xls 

3.03 MB]

Download the file.  Filename = bodgbddeathdalyestimates



Draft Project Implementation Plan 4

SLIDE 19© Hatfield Consultants. All Rights Reserved.

DALYs/100,000 population, 2002. 4 POPs countries

DALYs per 100,000 of population Cambodia

Lao People's 
Democratic 

Republic Malaysia Thailand

Population ('000) (e) 13,810    5,529          23,965    62,193  

All Causes 38,451    40,324        14,626    20,508  

I. Communicable, maternal, perinatal and nu 23,975    24,340        2,906      6,111      
A. Infectious and parasitic diseases 16,191    10,740        1,604     4,563    

1. Tuberculosis 1,904      643             281        320       
2. STDs excluding HIV 154         417             146        155       
3. HIV/AIDS 3,180      28               320        2,221    
4. Diarrhoeal diseases 2,801      3,181          117        297       
5. Childhood-cluster diseases 1,124      994             68          51         
6. Meningitis 1,573      422             70          156       
7. Hepatitis B (g) 182         106             48          135       
8. Malaria 884         832             28          259       
9. Tropical-cluster diseases 85           360             84          84         
10. Leprosy 6             9                 12          11         
11. Dengue 44           112             17          111       
12. Japanese encephalitis 32           84               9            8           
13. Trachoma 18           17               0            0           
14. Intestinal nematode infections 357         317             92          96         

B. Respiratory infections 1,799      3,660          357        532       
C. Maternal conditions 864         1,371          146        162       
D. Perinatal conditions (h) 3,324      6,663          358        463       
E. Nutritional deficiencies 1,797      1,906          441        390       
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DALYs/100,000 population, 2002. 4 POPs countries

DALYs per 100,000 of population (continued) Cambodia

Lao People's 
Democratic 

Republic Malaysia Thailand

II. Noncommunicable diseases 11,847    11,257        10,180  11,673  
A. Malignant neoplasms 1,125      932             955       1,157    
B. Other neoplasms 17           24               11         12         
C. Diabetes mellitus 254         157             394       421       
D. Endocrine disorders 358         95               113       218       
E. Neuropsychiatric conditions 2,968      3,183          2,874    3,222    
F. Sense organ diseases 764         795             1,888    2,236    
G. Cardiovascular diseases 2,362      2,315          1,545    1,568    
H. Respiratory diseases 837         933             649       728       
I. Digestive diseases 888         1,093          522       592       
J. Genitourinary diseases 440         212             260       330       
K. Skin diseases 88           50               104       122       
L. Musculoskeletal diseases 429         409             502       575       
M. Congenital anomalies 1,171      913             200       310       
N. Oral conditions 147         144             164       181       

III. 2,628      4,727          1,540    2,724    
A. Unintentional injuries 1,923      3,849          1,071    2,032    

2. Poisonings 22           137             15         19         
B. Intentional injuries 705         878             469       692       

Injuries
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Step 2 - Calculate Unit Price per DALY

To calculate the dollar value (unit cost) of a DALY, the benefits transfer 
method is used. 
Value of 1 DALY: Using benefit transfer, the calculation of the 2007 US$ value 
of 1 DALY in Laos is made as follows:

Start with the value of a DALY in the United Kingdom used in the 2003 “The Social 
Cost of Chemicals” study: € 94,936;

Convert this 2003 Euro value to a 2007 US$ value using historical data on the Euro –
US$ exchange rate[1] and UK inflation from 2004 – 2007.[2] That yields a 2007 US$ 
value of 1 DALY in the UK of $118,401;

Adjust the UK DALY to local conditions by the ratio of per capita income of the two 
countries.[3] GNI/capita in the UK is 17.4 times that of Laos in 2007. Divide the UK 
value of a DALY by that multiple to yield a 2007 US$ value of 1 DALY in Laos of 
$6,796

[1] The average exchange rate for 2003 was US$1.1321 = €1.00. www.oanda.com
[2] Annual inflation in the UK was: 2.6% (2004), 2.2% (2005), 2.4% (2006) & 2.6% (2007). 

World Bank.
[3] Gross National Income per capita, PPP method: $33,800 (UK); $13,570 (Laos). UK / Laos 

= 17.4
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Step 3 - Estimate Site Remediation Costs

Cost estimates for different remediation options can be 
developed;
Issues which need to be considered, including:

Remediation method to be used (e.g., Capping? 
Incineration?);

Costs are site-specific, depending on type of 
contamination and extent of the problem;

Simple solutions can significantly reduce risk, and may 
be preferable to more costly, high-tech solutions;

Social/cultural acceptance of remediation method used; 
and

Government and local priorities.
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Step 4 - Calculate Cost-Effectiveness of Remediation 

The economic analysis must include an estimation of 
benefit over time, and needs to consider the following 
questions:

How much money can we save in future by investing 
in environmental protection today?

How much money would we lose (or how many 
people will be impacted) if we do not invest in 
environmental protection, and end up with a bigger 
problem in the future?
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Step 5 - Relate Site Remediation Costs to 
Number of DALYs Saved

Therefore:

# DALYs Saved Per Year = Site Remediation Costs Over Time
Average Price Per DALY

The above simple calculation can be used to compare the 
#DALYs saved as part of decision-making process;
For example:

Site remediation costs (Option A) = $100,000;

Average price per DALY (Laos) = $6,796

Therefore: #DALYs Saved Per Year = $100,000/$6,976

= 14.7 DALYs/Year



Draft Project Implementation Plan 5
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Conclusions (1)

Understanding economic costs of POPs is important 
for convincing policymakers of the impacts of POPs;
Helps to prioritize sites which may require 
remediation;
Can also prioritize across different 
sectors/investments (e.g., how does the costs of a 
clean-up project compare to the investment 
required for other civil projects (clean water project, 
etc.?);
In most developed countries, there is a well 
developed legislative framework, strict enforcement 
and sanctions against violators.  As such, an 
economic valuation is not normally performed.
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Conclusions (2)

Key Questions and Assumptions:

How do we place a value on health impacts, and how 
do we link health problems to POPs?
Use of the DALY approach requires certain 
assumptions and professional judgment to be applied, 
and accordingly may generate uncertainties in final 
economic estimates. 
Costing remediation measures also requires a number 
of assumptions, as these vary between different sites 
and between countries.
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Conclusions (3)

The POPs Project Economic Analysis will develop a 
simple method which can help prioritize risk 
management and remediation activities;
Methodology developed is still a draft for 
discussion;
Comments from workshop participants, local public 
health officials and economists would be 
appreciated;
Risk Management Discussion session will include 
discussion of costs for remediation at the Case 
Study Site;
Final draft reports for review– early March 2009.
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Introduction to Risk Management 
Risk Assessment results feed directly into the Risk Management phase. 
Risk Assessments evaluate the probability and magnitude of contaminant-
related effects, while Risk Management is a process used to:

❍ Decide whether a level of risk is acceptable in a larger context 
(socially, economically and politically); and/or, 

❍ Select risk reduction options (i.e., either technical or policy-based 
solutions), and assess cost-benefit of the options.  

Characteristics of Effective Risk Management 
Strategies

Experience from industrialized countries show that certain characteristics 
are likely to promote an effective and successful risk management 
decision-making process: 

Current: Risk reduction strategies need to remain up to date with evolving 
national policies and priorities, new scientific findings or technological 
developments, and they need to take into account the effectiveness of 
existing strategies.

Participatory: Numerous stakeholders play a role in the development of an 
effective Risk Management strategy. Consequently, effective risk 
communication and dialogue must be apparent in all Risk Management 
activities.

Source: Hatfield Consultants
( click to enlarge )

Place of Risk Management in Overall Risk 
Governance Framework
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Informed: Risk management decision-making requires various types of 
information such as statistical data, probability studies, information about 
local customs and practices, knowledge about the nature of past and 
present exposure, economic analyses, information about regulatory and 
other control options, etc.

Contextual: Risk reduction strategies should be adapted to the political, 
cultural and socio-economic context as well as local realities. 
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Five Step Process for Risk Management 
The Five Step Risk Management Process used in the POPs Toolkit can be 
used for planning risk management activities on either a site-specific or a 
nation-wide basis. 

The Risk Management process must be carried out within the context of the 
unique institutional mechanisms and circumstances of each country. 
Therefore, the guidance and broad suggestions presented in this module 
should be used and applied in a flexible manner.
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The Five Step Process for Risk Management
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Step 1 ­ Baseline Review  
The Baseline Review provides the framework for the Risk 
Management process. It defines and describes the following:

❍ The exposure scenarios resulting in risks that need to be 
managed;  

❍ The types of economic information needed to estimate the 
costs related to chemical contamination (i.e., health care, 
lost wages, reduction in property value, loss of property 
usage); 

❍ Information related to local and national conditions; 

❍ Communications strategy and approach; and  

❍ The basis for the collaborative development of national 
priorities for health risk management. 

For Risk Management programs addressing human health risks 
on a country-wide basis and/or site specific, it is helpful to divide 
the Baseline Review into a Situation Statement and a Problem 
Statement. 

Source: Hatfield Consultants
( click to enlarge )

Baseline Desk Review & Needs Assessment follows 
directly from Risk Assessment data and results
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Step 2 ­ Setting Risk Reduction Goals  
The process of setting risk reduction goals involves clearly defining the 
goals for the protection of human health and the environment from POPs-
related risks. These goals provide the framework for developing and 
evaluating Risk Management Options in Step 3.

The expected output from this step is a concise statement and table of 
the main risk reduction goals which includes goal setting for the overall 
goals, sub-goals and indicators. 
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Step 2 follows from Baseline Desk Review & Needs 
Assessment phase
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Step 3 ­ Developing and Evaluating Management Options  
Step 3 builds upon the results from Step 1 (Baseline Review), and Step 2 
(Goal Setting). The development and evaluation of risk management options 
can be accomplished by:

❍ Developing a list of possible response actions, technologies and 
process; 

❍ Preliminary screening of the list; 

❍ Qualitative screening of the list; and 

❍ Semi-quantitative evaluation of selected approaches on the list.  

The suggested output is an evaluation of the advantages and drawbacks of 
possible risk reduction options that could be used to prevent, or reduce, the 
risk of concern. The last step (iv) ties into the policy making process.
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Clearning up a contaminated storage building
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General Risk Reduction Considerations 

Use a Multi­pronged Approach 

In most cases, there will be more than one way to achieve a particular risk 
reduction goal.  A combination of regulatory and voluntary risk management 
approaches should be considered when dealing with unacceptable risks at 
contaminated sites.

Communication

The development of risk management options requires communication and 
participation between government agencies and other stakeholder groups to 
focus on:

❍ Existing national and local risk management approaches; 

❍ Lesson learned from other countries that have risk managed POPs 
contaminated sites; 

❍ New and innovative risk management measures; and 

❍ Resources available. 

Use Existing Tools

When considering possible actions, it may also be useful to consider how 
existing tools and measures can be made more effective. For example, a lack 

Source: Hatfield Consultants
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Conducting a multi-pronged approach 
requires a large amount of communication 

(Thailand)
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of active enforcement of existing regulations, or lack of awareness, may be 
contributing to observed risks.

Continuum of Risk Management Approaches

Each category of risk reduction measures can be placed in a range of 
flexibility, between formal command and control measures to informal, 
voluntary measures. The figure below shows the categories of risk reduction on 
this range.
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Example Risk Management Options 
This page provides a list of risk management approaches. Most were 
presented in National Implementation Plans (NIPs); however, some additional 
approaches are also provided.

Chemical Hazard:

Risk management approaches addressing the chemical hazard usually involve 
the removal of the contaminants from soil, sediments or groundwater.

Example approaches include:

❍ Excavation of contaminated soils followed by off-site disposal,  

❍ Solidification or stabilization, 

❍ Removal (excavation), 

❍ Disposal (off-site),  

❍ Removal of contamination by treating soils with microbes, 

❍ Phytoremediation , 

❍ Chemical degradation, 

❍ Proper segregation, 

❍ Research and development., 

❍ Mandatory screening for POPs contamination, 

❍ Cap contaminated soils, 

Source: Mike Rankin
( click to enlarge )

A GeoMembrane Cap in Vancouver, BC
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❍ Establish guidelines and limits for acceptable values of residual 
chemical products or equipment, 

❍ Redesign process, change substance/material used, 

❍ Include BAT in relevant industrial activities related to waste incineration 
and disposal, metallurgical industry, chemical industry and 
transportation sector, 

❍ Natural attenuation, or 

❍ Volatalization. 

Pathway: 

Risk Management approaches addressing the pathway usually involve placing 
a barrier between the contamination and the receptor.

Example approaches include:

❍ The use of personal protective equipment, 

❍ Local bans on hunting/fishing, 

❍ Limit occupation & accidental exposure, 

❍ Drainage and dust erosion controls, 

❍ Loading and unloading control (transport), 

❍ Access restriction, 

❍ Activity restriction, 

❍ Compulsory use of personal protection equipment, 

❍ Public awareness information and education - school curriculum,  

❍ Monitoring & maintenance of equipment, 

❍ Biological and medical monitoring of workers, 

❍ Awareness of the value of protective equipment and going home from 
work with clean clothes/hands/shoes, 

❍ Rules and enforced demobilization and decontamination after work, 

❍ Sanitation and cleanliness, 

❍ Capping or covering contaminated soils with clean soils, asphalt etc., or 

❍ Using vegetation, wind fences and dust suppressants to control dust 
levels. 

Receptor:

Risk Management approaches addressing the receptor usually involve 
restricting receptor access to the site.
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Example approaches include:

❍ Use of walls or fences to keep people out of the contaminated area, 

❍ Containment, 

❍ Control on storage, 

❍ Develop national guidelines (inventory and identification /labeling 
contaminated equipment), 

❍ Land use restrictions, 

❍ Provide free alternatives to behaviours resulting in risk, 

❍ Public awareness information and education - school curriculum,  

❍ Warning signs and labels, and 

❍ Land use restrictions on contaminated sites. 
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The preliminary screening step can be simplified by expanding general approaches ("response actions") into Technologies 
and Process Options. This is best done using either a table or a flow diagram (as shown below). Reviewing this table/flow 
diagram, it assists with the selection of approaches which are unlikely to be effective.

The table/flow diagram is developed from the long list of potential risk management options and is therefore site-specific. 
Consequently, a new table/flow diagram will have to be created for each new site.
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Qualitative Screening 
Risk Management Options retained from the preliminary screening 
are evaluated in the qualitative screening.

Balancing Factors

During the qualitative screening, each management option is 
weighed against various balancing factors. Balancing factors may 
include:

❍ Effectiveness  

❍ Long term Reliability  

❍ Ease of Implementation  

❍ Implementation risk  

❍ Cost: 
❍ cost for implementation 

❍ cost for operation and maintenance 
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Risk management options should be weighed against 
each other using balancing factors
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Recommending Management Alternatives 
Once all technologies and implementation options have been weighed, the 
concerned officials will recommend risk management alternatives from those 
developed and evaluated in the risk management decision process.

Criteria for Recommendations

The person who proposes a list of recommended management 
alternatives is responsible for demonstrating to decision-makers that the 
recommended actions meet the following criteria:

❍ They are protective of present and future public health, safety and 
welfare and of the environment; 

❍ Are based on balancing different key factors; 

❍ Treat hot spots of contamination to the extent feasible; and 

❍ Take into consideration the concerns of stakeholders. 

As a rule, the least expensive, more protective alternative is 
preferred, unless the additional cost of a more expensive alternative is 
justified by proportionately greater benefits within one or more of the 
weighting factors.
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Recommending management options is a 
balancing act
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Implementation Planning 
The detailed Risk Management action plan must include implementation 
plans by addressing:

❍ How – under what legal mandate will the activity(ies) be 
undertaken and with what resources? 

❍ When – realistic timeframe for the actions; and key milestones?  

❍ By whom – ministry, agency, or stakeholder groups to be 
involved? 

For more discussion on stakeholder identification and planing, please read 
here. 

Assigning Responsibilities

Risk management responsibilities may be shared between different 
ministries depending upon the complexity of the risk situation – multi-
media, multi-source, or multi-chemical in context.

The Responsibility Assignment Matrix (RAM) can be used as a tool to 
help organize responsibilities, organizations involved, expertise and 
experience; appropriate level of decision making authority, etc.
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Stakeholders should be consulted in 
implementation planning
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Step 4 ­ Risk Communication and Policy Making  
Step 4 - Risk Communication and Policy Making - focuses on: 

❍ Risk Communication and creating a risk awareness culture; 

❍ Communicating with decision-makers; and  

❍ the Policy Process. 

The main purpose of this step is to discuss Risk Management strategies and 
means for:

❍ Sensitizing and mainstreaming identified POPs health risk management 
(RM) options into national political agenda and national development 
planning; 

❍ Fostering national political and securing financial commitments to 
ensure their effectiveness and sustainability. 
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Step 5­ Monitoring and Evaluation of Risk Management 
Programmes 
Step 5 of the risk management training module will introduce you to the 
key steps and approaches to monitor and evaluate the adopted risk 
management options.

Monitoring and evaluation are integral parts of the risk management 
decision-making process. However, in most developing countries, it is 
often the weakest link in the whole risk management process.

Risk management is only as good as its weakest link – every step from 
risk characterization to monitoring and evaluation is important.

Objectives and Expected Outcomes of Step 5

Objective: To evaluate the progress and impact of the risk 
management options and determine whether adaptive action is required.

Suggested outcomes: An evaluation of the risk management 
effectiveness as measured against the baseline situation and in light of 
the risk reduction goal. Also determine whether the current options 
should be continued, and if not, recommendations for adaptations. Any 
results from monitoring and evaluation should be communicated to 
stakeholders as part of a public accountability process.
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Monitoring and evaluation is an integral part of the 
risk management decision-making process
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Appendix A12 

Group Discussion Composition 
Vientiane, January 31, 2009 

Group Yellow (Question 1+) 
 
No Name Organization 
1 Mr. Soukvilay INPANYA EIA 
2 Dr. Somchith VONGSASITH 103 Hospital 
3 Dr. Thongsavanh VONGMANY UXO 
4 Mr. Soulaphone THILAKOUNE Luang Prabang 
5 Mr. Khamngeun ONLUESAY LuangNamtha 
6 Mr. Keo udom PHANYAXAY Bokeo 
7 Mr. Phetdavong BOUNMISAVATH Sekong 
8 Mr. Sharnvansay Sengmany Phongsaly 
9 Mr. Thoumma LUEMXAY  Xiengkouang 
10 Mr. Outhone SINGHADUANGPHANYA Bolikhamsay 
11 Mr. Khamphay PHENGPHEANGMOUNG Khammouane 
12 Mr. Vanhna Phanphongsa WREA 
13 Mr. Aloon PHENGMANY Champasak 
14 Mr. Chanhsamy PHOMMALA Attapue 
 
Group Pink (2+) 
 
No Name Organization 
1 Mr. Sommay VONG INH EDL 
2 Mr. Vilavong KENSOULINE Vientiane Capital 
3 Mr. Souphone SENGTHEP EDL,Sok Praluang 
4 Mr. Kongmnoun VONGSAY Ministry of defense 
5 Mr. Aloun MANOSANE Luang Prabang 
6 Mr. Onsy DUANGBOUNTHAM Houaphan 
7 Mr. Khammanh CHANTHAKEO Bokeo 
8 Mr. Amphaivanh SANiPHONH Sekong 
9 Mr. Phonesay LEX Phongsaly 
10 Mr. Vilaiphone Manivong Xiengkouang 
11 Dr. Khamphew TAYBOUAVONE Oudomxay 
12 Mr. Sinsalerm PHOMMACHANH  Sayaboury 
13 Mr. Som Oula YAPHICHIT WREA 
14 Mrs. Vayouvet VISAYSOMBOUN Savannaket 
 
Group Green (3+) 
 
No Name Organization 
1 Mr. Keosangkhoum PHOMMASENG Environment department 



 

2 Mr. Khonekeo KINGKHAMBANG WREA 
3 Mr. Vaiyakone SYSAVATH Industry Department 
4 Mr. Bounmai KHOUNMYSAY  Vientiane province 
5 Mrs. Khamfong PHOUMVONGXAY Vientiane Capital 
6 Mr. Phongsavath YINGYONG WREA 
7 Mr. Synouane SIHARATH Savannaket 
8 Mr. Bounkham PHOETHISARN Champasak 
9 Mr. Bouankeuam SIMMA Saravan 
10 Mr. Navalat NOUANTHONG Attapue 
11 Dr. Khamla PHOUMMANY Ministry of health 
11 Mr. Khamphua PHENGPHANHACK Vientiane 
12 Ms. Malaythong KEONGOTHI WREA 
13 Mrs. Johnnaly KEOBOUNPHANH WREA 
 
Group White (Question 2+) 
 
No Name Organization 
1 Mr. Keosangkhom PHOMMASENG Environment department 
2 Mr. Sivannakone  MALIVARN WREA 
3 Mr. Bounthanong Environment social impact 

assessment  
4 Mrs. Vanh VOLASANE EDL 
5 Mr. Sylathong Ministry of defense 
6 Mrs. Khamfong PHOUMVONGXAY Vientiane Capital 
7 Mr. Phounmysay PHENGKHAMHACK Houaphan 
8 Mr. Som SYHATHEP LuangNamtha 
9 Mr. Oukham KEOVILAY Sayaboury 
10 Mrs. Phetdala PHONTHASI Oudomxay 
11 Mr. Khampasong VONGTHANA Boilikhamsay 
11 Mr. Phonevisith KHOUNBOULOM Khammouane 
12 Mr. BounEua KHAMPHILAVANH WREA 
13 Mr. Sengchan KHAMMANIVONG Saravan 
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Regional Capacity Building Program for 

Health Risk Management of 

Persistent Organic Pollutants (POPs) in 

South East Asia Program
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“Debriefing Note for Group Discussion

Session 9: Risk Management Development &Selection ”

National Training Workshop

Vientiane, Lao PDR, January 30, 2009

SLIDE 3© Hatfield Consultants. All Rights Reserved.

PATH FORWARD TO RISK MANAGEMENT

It is challenging to categorize a contaminated site based only 
on a screening level risk assessment and based on a limited 
number of samples. 
For training purposes, it may be reasonable to categorize the 
SPL Site as a Level A – actions are required immediately.
The site is a concern because of:

The potential risks to human health and ecology (from the 
results of the risk assessment); and

Responsibility/liability that it may pose to the owners (e.g. 
cost of remediation, reputation and relation with 
community, and affected parties.

SLIDE 4© Hatfield Consultants. All Rights Reserved.

Background

Goal - to facilitate improved communication 
and coordination between key Ministries in 
the areas of RA and RM, compliance 
monitoring and enforcement;
The objective of the RM component = to 
enhance the capacity to apply the RA results 
to set RM and identify priority interventions 
to reduce risks to an acceptable level:

(i) developing strategies for the management of 
these risks at the selected site; and, 

(ii) Developing cost and benefits of alternatives.

Persistent Organic Pollutants 

SLIDE 5© Hatfield Consultants. All Rights Reserved. 3/5/2009

Assignments for Group Discussion

3 discussion groups chaired by one designated member (selected by the 
group), and facilitated by the project team.  The discussion group topics are:

Topic 1 – What are the potential risks associated with the site? How will
risks evolve with time and is there a need to worry about this?

Topic 2 – What are the management options for the site? What are the 
potential costs of implementing them?

Topic 3 – What additional monitoring and remediation should be 
conducted? What are the potential costs of implementing them? Who 
should be reviewing the results of the monitoring and how often?
Who should be notified of the results of monitoring?

SLIDE 6© Hatfield Consultants. All Rights Reserved.

Topic 1

Please review draft Risk Assessment Report pp. 40-43, and 
pay attention to Table 5.1 and Figure 5.1
Your group has 20 minutes to work on the questions:

What are the potential risks associated with the site? and 

How will risks evolve with time and is there a need to 
worry about this?
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Suspected Activities Generating PCBs at SPL Site

Misuse of PCB containing fluids10

Disposal of PCB containing equipment9

Retro filling8

Maintenance and Repair of PCB containing equipment7

Leakage of PCB containing equipment6

Storage of PCB containing equipment and fluids5

Handling of PCB-containing equipment and fluids4

Use of PCB-containing equipment and fluids3

Production of PCBs containing fluids2

Production of PCBs1

StatusActivities

SLIDE 8© Hatfield Consultants. All Rights Reserved.

PCB/Dioxin Concentrations of Samples Collected 
from the EDL Compound

Ponds 

Transformer 
Workshop 

Rice Fields

>50 pg TEQ/g
>10 to 50 pg TEQ/g
>5 to 10 pg TEQ/g
>1 to 5 pg TEQ/g
0 to 1 pg TEQ/g

PCB and PCDD/F TEQ concentrations in soil/sediments
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Land Use

SLIDE 10© Hatfield Consultants. All Rights Reserved.

Topic 2 

Please spend 20 minutes to discuss:
What are the management options for the site? And

What are the potential costs of implementing them?

(Reference Table 6.2 pp. 48-49) 

SLIDE 11© Hatfield Consultants. All Rights Reserved.

Topic 3 

Please spend 20 minutes to discuss:
What additional monitoring and remediation should 
be conducted? 

What are the potential costs of implementing them? 

Who should be reviewing the results of the monitoring 
and how often? And

Who should be notified of the results of monitoring?

SLIDE 12© Hatfield Consultants. All Rights Reserved.

Special Notes

Please kindly assign one team member to take notes from the 
discussion and present the outcomes to the plenary session.
Hatfield and World Bank Project Team members will join the 
discussion groups, to provide technical support if required.
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For further information contact:
Sokhem Pech

HATFIELD CONSULTANTS
201 – 1571 Bellevue Ave.
West Vancouver, BC, CANADA
V7V 1A6

phone 604.926.3261
spech@hatfieldgroup.com
www.hatfieldgroup.com

Thank You
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Appendix A 14 
 

Group Discussion Notes 
Setha Palace, Vientiane, January 30, 2009 

 
Group Yellow:  
 
Topic 1: Topic 1 – What are the potential risks associated with the site? How will 
risks evolve with time and is there a need to worry about this? 
 
1.1. The following were the main risk associated with the site: 

• Use, handling, storing and disposal  of PCB-containing equipment and 
fluids; 

• Maintenance, Repair of PCB containing equipment, and retro-filling of 
contaminated fluids; 

• Leakage of the PCBs into the drainage and surrounding areas; 
• Dermal contacts; 
• Off-site transport of contaminants – drainage, vehicles, wind, and human 

behaviors. 
 
1.2. The risk was expected to evolve with time if proper risk management actions 
are undertaken now. The great concern is for heath of the workers, family and 
ecology. The potential risk is also growing with the rapid population growth, 
and land use changes. The contaminated substance releases into the environment 
is expected to be increase, and so the level of their concentration. 
 
Cost can be reduced by just prevention. 
 
Additional comments from the floor on immediate follow-up: 
 

• Specific training for the Sok Pa Luang staff for improving their 
understanding about the outcomes of the risk assessment and 
prevention/mitigation measures; 

• Public awareness for the staff and community at the site; and  
• Potential replication of the risk assessment and management to other sites.  

 
Group Pink: 
 
Topic 2 – What are the management options for the site? What are the potential 
costs of implementing them? 
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2.1. Management options for the site: 
 

• Government Regulation controlling use of PCBs, and other dirty dozen; 
• Health and Safety Plan + personal protection equipment and training + 

enforcement; 
• Awareness raising campaign about POPs – what is POPs? Its impacts? 

How to prevent or mitigate them etc..? Approaches: posters; media, and 
public meeting.  

• Control off-site transport of contaminants – engineering measures and 
control measures;  

• Regular monitoring (environment sampling and regular health check for 
workers); 

• Regular inspection and investigation of health and safety plan; 
• Welfare for taking care of the workers at the site. 

 
2.2. Costing:  No cost estimate is provided. It depends on the actual cases of risk 
management options and need further market search. 
 
 
Group White 
 
Topic 2 – What are the management options for the site? What are the potential 
costs of implementing them? 
 
2.1. Management options for the site: 
 

• To relocate the site, but the cost is high for new facility, land area and 
clean-up of the old location (US$10 million); or 

• To clean-up the existing site (improvement of the existing site to the 
required standards:  

 
o Removal of contaminants (contaminated equipment, waste, soil, 

sediment etc…) and disposal at proper containment facility;  
o Constructing the containment facility so that the contaminants will 

not be transported off-site, and the exposure to the staff at the site 
will be reduced.  

o Control access and transport to and from the site; 
o Public awareness about the hazard of the PCBs, control hunting 

and fishing at the site. 
o No more misuse of the fluids (strict regulations and enforcement); 

and 
o Safety and Health Plan must be in place and strictly enforced and 

monitored. 
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2.2. Potential costs of implementing then: 
 
Need more information about the cost of the containment measures. The rough 
cost-estimates are 03 million $ for engineering measures + 0.5 million for other 
public awareness and training for a period of 05 years. 
  
 
Group Green 
 
Topic 3 – What additional monitoring and remediation should be conducted? 
What are the potential costs of implementing them? Who should be reviewing 
the results of the monitoring and how often? Who should be notified of the 
results of monitoring? 
 
3.1. Additional monitoring and remediation 
 

• Monitoring the sensitive groups – staff and immediate family members.  
• Regular environmental monitoring of the site – in addition to the human 

health.  
• More detailed risk monitoring plan: addition to blood analysis, need to 

assess further the health consequences. Need to add impacts on ecology 
and animals, such as chicken, aquatic animals etc... 

 
3.2. Relocation of the site is needed. However, it would be very expensive. 
Awareness raising and other management measures leading to reduction in 
exposure rates are immediately required. Raise awareness among people, but be 
well designed and conducted to avoid panicking. 
 
3.3. Cost of additional measures: cannot come with a rough costing, as they 
needed more information on the specific actions and unit costs.  
 
3.4. Who should be reviewing the results of the monitoring and how often? 
Who should be notified of the results of monitoring? 
 
Regular monitoring and reporting (accountability) should be carried out by 
company and responsible agency (EDL).  WREA will have to verify the results of 
monitoring. Agencies in charge:  WREA, MOH, MINE, Company (EDL).  
Frequencies: 3-6 monthly - annually. 
 
The result of the monitoring should be informed to the concerned authorities – 
national and local, and raising awareness of the nearby community using all 
appropriate media/means.  
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Comments: The site selection for capacity building, maybe there are other more 
hot sites in the country that need to study applying human health risk 
assessment further.  




