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Risk Assessment

· “risk assessment forms the foundation of scientific advice with regard to consumer health.  Scientific risk assessment offers the Commission a sound basis for proposals and measure sin the field of consumer health and food safety.”

· EC Working Group on Harmonization of Risk Assessment Procedures

Short History of Risk Assessment

· Our sense of smell is often used to signal if something might be risky to eat or drink

· Kosher Laws of Moses were a form of risk management in response to food safety risks

· “Acceptable daily intake” (ADI) was developed in mid 1950’s, which is believed be attributed to the late professor René Truhaut of the University of Paris, France, (Poulsen, 1995).

· At its first meeting in 1956 (JECFA, 1957) the Joint FAO/WHO Expert Committee on Food Additives noted that when setting upper levels the “minimal levels which in animal studies produce significant deviations from normal physiological behavior" should be taken into account. 

· In addition, the Committee recommended “an adequate margin of safety to reduce to a minimum any hazard to health in all groups of consumers.”

Short History, con’t

· In 1957 (JECFA, 1958) the Committee set out guidelines for testing and evaluating food additives noting “a dosage level can be established that causes no demonstrable effect in the animals used. In the extrapolation of this figure to man, some margin of safety is desirable to allow for any species difference in susceptibility, the numerical differences between the test animals and the human population …, the greater variety of complicating disease processes in the human population, the difficulty of estimating the human intake and the possibility of synergistic action among food additives.” 

· The text also noted that it is “inescapable that some arbitrary factor must be applied in order to provide an adequate margin of safety. Where the maximum ineffective dose in animals is calculated in g/kg body-weight, a margin of safety of the order of 100 has been widely used. In the absence of any evidence to the contrary, the Committee believes that this margin of safety is adequate.”

History of Quantitative Risk Assessment

· Owes scientists, statisticians and philosophers from Europe. 

· In 1814, Laplace set out the basis of the theory of probabilities. 

· Around 1930, researchers like Ramsey (1931) or Di Finetti (1937) elaborated a framework for analysis of decisions in the face of uncertainties and from these beginnings research on risk began.

· In 1972 the US, the National Academy of Engineering and the National Academy of Sciences organized the first conference on risk analysis.

· The National Research Council, edited a series of reports, culminating in 1983 with the publication of the report "Risk Assessment in the Federal Government: Managing the Process", also called "the red book”

· The main feature of this report is that it established the four steps paradigm for risk assessment (hazard identification, hazard characterization, exposure assessment, and risk characterization).

History, con’t

· This framework was originally focused on human health assessment only, but was later adopted for ecological risk 

· Today, most, risk assessment frameworks are based on this report.

· Differences, where they exist, are mainly with regard to terminology. 

· The main difference refers to the use of "hazard identification" which is at times used to indicate the stage at which hazards of concern are selected, whereas, in other schemes, hazard identification refers to the identification of adverse effects a hazard has an inherent capacity to cause. 

· International bodies have played active roles as well

· WHO, ILO, UNEP, IPCS, FAO, OECD are a few examples

Risk Assessment is not only quantitative

· Modern society and its complexity has given rise to the need for a more formal way to assess risk.

· However, risk assessment must be placed in the context of other factors such as

· Public perception of risk

· Values established by political debate and culture

· Public willingness to tolerate risks in return for benefits

· We will discuss both

· Quantitative

· Qualitative

Why perform risk assessments?

· Legal & regulatory requirements

· Political & public concerns

· Change in scientific knowledge leading to increased human and/or environmental health concerns

· New or rapidly emerging issue requiring policy advice

· For harmonization among member states

· A major increase in the use of a risk source or change in type of use.

Risk assessment can be applied to natural hazards

A more local context

Company wide context at


Rohm & Haas

· Risk Assessment are performed for:

· new product

· new applications of existing products 

· where hazards for exposure have changed

· additional information becomes available 

Setting the context – a facility based risk assessment

Military context: White Phosphorus (WP)

· WP has been used extensively by the military for artillery practice and training

· Contacts with air forms a thick, white (P2O5) obscuring smoke

· Contact with water or wet sediment it may remain in pellet form indefinitely

· Waterfowl have eaten pellets and have had extensive mortality for over a decade (exploding ducks).

· U.S. Fish and Wildlife Service and the U.S. Army investigated the toxicity and possible remediation of WP sites.

Global Environmental Challenges 
for the 21st Century
· Population growth

· Food production and distribution to meet population growth

· Energy and resource depletion

· Soil erosion, desertification, deforestation

· Water shortages and quality

· Air pollution, ozone depletion, global warming

· Waste disposal, toxic

· War, NBC threats, terrorism, arms proliferation

· Inequalities within nations, social, economic, and political

· Inequalities between industrial and non-industrial nations

Challenges ~ Risks

· Which are important – they all are

· Which are more important – how do we decide?

· Unfinished Business: A Comparative Assessment of Environmental Problems 1987

· USEPA compared, using senior staff judgment, the “relative risk” of 31 environmental problems within 4 categories

· Human cancer risk

· Human non-cancer risk

· Ecological risk

· Welfare risk

· USEPA found that Problems rated as most serious risk were not necessarily those that Congress had targeted

· USEPA found a correlation for problems believed to be the greatest risk by the public with those that received the most funding.

Unfinished Business

· USEPA ranked environmental problems

· high or at least medium

· criteria air pollutants (NOx, SOx, CO, etc.)

· stratosphere O3 depletion

· pesticide residues on food

· other pesticide risks 

· high in health risk, low ecological and welfare risks

· hazardous air pollutants

· indoor radon and others

· exposure to consumer products

· worker exposure to pesticides and other chemicals
Unfinished Business

· USEPA ranked environmental problems

· high in ecological and welfare risk but low health risk

· global warming

· point and nonpoint sources of surface water pollution

· alteration in aquatic habitats

· low or medium in all types

· groundwater
Public vs. USEPA Experts on Risks

Risk Perception Exercise

Perception plays a role in assessment and management

Risk is a context specific term which perception demonstrates

· Kaplan’s theories of communication failure 

· (Kaplan, S. 1997. The words of risk analysis. Risk Analysis. 17(4): 407-417)

· Theorem 1: 50% of the problems in the world result from people using the same words with different meanings

· Theorem 2: The other 50% comes from people using different words with the same meaning.

Problem and risk definition

· An essential part of problem definition is what is meant by risk.  

· To presume what is meant by risk is shortsighted

· To some risk may mean danger to other reward

· Professions have differing and conflicting views of risk

· Economic risk – minimizing it may increase a health risk

· Pubic health risk – minimizing it may increase economic costs

· Insurance risk – minimizing it may jeopardize both

· And what is the benefit

· If there is no benefit then no risk is worth taking

· If there is benefit then the risk may be worth taking

Risk measures and indicators

· Safety and Health

· LD50

· Fatalities

· Injuries, (lost workdays)

· Illnesses (lost workdays)

· Cancer cases (#)

· Economic

· Property damage ($)

· Lost production (days)

· Lost sales or profit ($)

· Insurance premiums ($)

· Law suits ($)

· Ecological

· Species diversity (type)

· Species population (#)

· Natural resource damage

· Habitat capacity (acres)

· Public Welfare

· Resource capacity

· Resource restrictions (days of swimable water, ozone alert days)

· Odors (days) 

· Property values ($)

Two schematics of the RA process

European Commission Definitions

· Risk assessment is a process of evaluation, including the identification of the attendant uncertainties, of the likelihood and severity of an adverse effect(s) / event(s) occurring to man or the environment following exposure under defined conditions to a risk source(s). A risk assessment comprises four steps: hazard identification, hazard characterization, exposure assessment, and risk characterization.

· Risk management is the process of weighing policy alternatives in the light of the result of a risk assessment(s) and of other relevant evaluations, and, if required, of selecting and implementing appropriate control options (including, where appropriate, monitoring/surveillance activities).

· Risk communication is the interactive exchange of information and opinions throughout the risk analysis process concerning risk. It should involve not only risk assessors and risk managers, but also consumers and a wide range of other actual or potential stakeholders.

Step 1:  Data analysis and hazard identification

· The initial step, hazard identification, involves identifying agents that present a risk to health 

· Performing a qualitative assessment of an agent’s potential for negative health impacts

· Quantities and concentrations of chemical, physical, and biological agents in environmental media

· Site or study specific area

· Agent selection, such as chemicals of concern

Step 2:  Exposure Assessment

· Understanding the pathways and receptors including sensitive subgroups, exposure rates, and timing

· Routes of entry

· Dermal

· Ingestion

· Inhalation

Step 3:  Dose-response or toxicity assessment

· Understanding the relationship between exposure or dose and effects

Step 4:  Risk Characterization

· Integration of toxicity and exposure data 

· Remember that Risk = Hazard (toxicity) x Exposure

· For qualitative or quantitative expression of health risks

· Including assumptions and expressions of uncertainty either qualitatively or through a sensitivity analysis

· Examine

· Non-cancer (toxicity) risk

· Cancer risk

Probability of Risk - perspectives

· Classical

· “the number of outcomes of interest divided by the total number of possible outcomes” 

· Relies on outcomes being specified and counted

· “the probability of rolling a 6 from a single die is 1 in 6”

· Frequency based

· Relies on empirical observations of outcomes

· Basis for actuarial analyses, foundations of insurance

· For the most part objective, but presupposes possibility of replication as a basis for projecting into the future

· Limited value for rare events

· “the annual probability of a random individual dying in a motor vehicle accident in a given year in United States is 1 in 16,000”
Probability of Risk - perspectives

· Bayesian

· Probability estimates for real events cannot be developed in a strictly objective sense

· There exists for a given event some level of belief that it will happen

· Thus it recognizes uncertainty which arises from our limited state of knowledge

· This subjectivity is limited to the inferential

· Less likely to be interpreted as a point estimate

· “my probability of dieing in an automobile accident is < 1 in 16,000”

Risk of death from automobile accidents in the U.S.

· Population Based Annual Risk:

· 46,000 deaths/yr (Actual)

· Individual Based Annual Risk

· 46,000 deaths/yr

· 286,000,000 people = 1.6 x 10-4 deaths/person-yr

· Individual Lifetime Risk

· 1.6 x 10-4 x 70 years = 1.1 x 10-2 

· About 1/100

Non Cancer Endpoints

· Based on USEPA protocols non cancer endpoint risks are characterized as the 

· Hazard Index or HI 

· HI = ( (HQ)

· Hazard Quotient or HQ

· Typically calculated for each substance and exposure pathway

· Hazard Quotient

· HQ is a function of Exposure and an Acceptable Daily Intake Value

· Exposure is based on an Average Daily Dose (ADD) estimate

· Acceptable Daily Intake (ADI) = Reference Dose

Non Cancer Endpoints

· Hazard Quotient

· HQ = ADD/ADI, 

· In this case, ADD = Exposure & ADI = RfD

· Exposure = Average Daily Dose (ADD)

· = [(C x IR x EF x ED) / (BW x AT)] x conversion factor
· C = Concentration, e.g., soil is in units of mg/kg of soil

· IR = Intake rate, e.g., soil = mg/day

· EF = Exposure frequency, days/yr

· ED = Exposure duration, years (chronic > 7)

· BW = Body weight,

· Adult = 70 kg 

· Child = 16 kg

· AT = Averaging time, days

Standard Values for Daily Intake (Canada)

Basic Equations for Calculating Daily Intake

· Ingestion

· = C x IgR x EF/BW

· Skin Absorption (water)

· = C x P x SA x ET x EF/BW

· Skin Absorption (soil)

· = C x A x BF x EF/BW

Finding Exposure Factors

Reference Dose (RfD)

· Acceptable Daily Intake over a lifetime is a function of the Reference Dose

· RfD = (NOAEL) / (UF)

· NOAEL = No Observable Adverse Effect Level

· UF = Uncertainty Factors

· 10x, Only Acute Studies 

· 10x, Animals to Man

· 10x, Susceptibility

· 1-10x, Others

Finding Reference Doses, USEPA - IRIS

· 14.4 mg/kg-day

· Divided by UF=100

· = .14 mg/kg-day or 1x10-1 mg/kg-day
· In absence of NOAEL

· RfD =(LOAEL)/(10)

· Additional uncertainty factors continue to apply

Risk indication as Hazard Quotient

· HQ = ADD/ADI or Exposure/RfD

· If ADD/ADI > 1, Risk of Adverse Health Effect

· 1 should not be considered a bright line value

· If ADD/ADI < 1, No Adverse Health Effect Anticipated

· Risk may still exist – it is just not calculable 

· Some have argued that HQ is not a true risk assessment

· Rather it is a method to identify concerns

· This would depend on the “realness” of the data

Cancer Endpoints

· Risk = Chronic Daily Intake (CDI) x Slope Factor (SF)

· Chronic Daily Intake is averaged over 70 years

· CDI = (C*IR*EF*ED)/(BW*AT)

· Slope Factor is used as the ADI

· upper 95% CI of the dose-response curve

· e.g., for ingestion units of mg/kg-day

· This value is derived using a linear model that assumes no threshold

· That is the curve is extrapolated to zero

· Typically an acceptable risk is defined as < 1 x 10-6

· However, 10-4 to 10-5 may be acceptable

Finding Slope Factors USEPA - IRIS

The linear extrapolation model is shown here.

Predicts zero risk at zero exposure.

Data variability prevents drawing a straight line that goes through all data points; thus there is some level of uncertainty or variability associated with the data. 

To account for variability confidence intervals are used to envelop the central tendency.

Usually this is the upper and lower 95% confidence limits representing that there is a 95% probability that the true line–the one we would draw if we had perfect knowledge–lies between these two. 

There is a 2.5% chance that the actual line lies above the upper limit and a 2.5% chance that the actual line lies below the lower limit. 

However, since we are interested in the upper confidence limit,  the chance that the actual line lies below the upper limit is 97.5%, not 95%. 

Also, shown here is a curve that could represent the true dose-response relationship.

The slope of the upper 95% confidence limit is sometimes referred to as the q1* (mathematical notation).

Some cautions about risk values

· While risk is often characterized by a single number

· For example we often use a single (bright line value) such as a regulatory standard to serve as a surrogate for what is safe and what is not.

· While risk can be quantified, risk is also a policy construct and it may be inappropriate to rank risks on strictly objective grounds

· More on this later in the course.

· Risk estimates should not be labeled as “real”

· Yet hazards may be real

· Yet consequences may be real 

· Representing risk as a single number (bright line) is misleading

· Variability and uncertainty are important if not explicit aspects

Some cautions about risk values

· Expressing a quantified risk as a number appears “rational” and is often requested

· A single number seems scientific

· Facilitates priority setting – but perhaps not the right priorities

· Quantitative data is more compelling than qualitative evidence

· When pronounced by a credible professional even more weight is given to the estimate

· Quantitative features of risk are probability and the magnitude of consequences

· A common approach is risk = probability times consequences

· However, logical extension would treat 1 in a 1000 probability of 1000 deaths = to certainty of 1 death

Some cautions about risk values

· Single bright line values may seem to be reasonable as a default assumption

· But it is an assumption

· This may be compounded when other single values are compared and equivalency is implied

· Qualitative aspects can help to bring out faulty assumptions

· Is painless, rapid death from an airline crash the same as slow painful death from cancer?

· Is the death of a 90 year old the same as the death of a 1 year old?

· Is permanent, severe and painful disability a greater or lesser negative risk than death?

· Is the certainty of a disease in the near term equal to the uncertainty of a more debilitating disease far in the future?

· These are value judgments that are not quantitative

Some cautions about risk values

· Hidden assumptions when risk is reduced to a single value include:

· The use of default exposure, hazard, dose, response, and uncertainty factors

· The values of age, culture, gender may or may not have been considered 

· Multidimensional nature of risk demands that some weighting be given to each dimension

· Societal preferences may or may not have been reflected in how the components of risk have been weighted

Given these warnings

· We need to be diligent enough to examine the underlying assumptions, data, and inferences that have been used to develop a risk estimate

· As we have seen, from epidemiology and toxicology, most environmental health risk models are very simplified and linear

Arsenic in Bangladesh and West Bengal

· It may be the largest mass arsenic poisoning in history

· Affected population estimates range from 38,000,000 to 80,000,000 people

· Bangladeshis and West Bengalis are ingesting well water on a daily basis with Arsenic concentrations that exceed World Health Organization (WHO) drinking water standards of 10ug/L

· Some wells are greater than 2 mg/L.

Tube Wells in Bangladesh

Unintended Consequences

· Early 1970’s UNICEF promoted the installation of tube wells as a clean alternative water source to polluted disease spreading surface water.

· UNICEF, and other aid agencies provided funding for ~ 900,000 tube

· Now there is an estimated 4,000,000 government and private tube wells

· The perceived “safety” of biologic disease-free water was a likely contributor to not testing for groundwater contaminants 

· Another contributing factor may have been cost, 1997 per capita income of under $300, made tubes affordable

· Testing at $150-$300 (for biologicals) was not affordable

· In the 1970’s it may not have been possible to detect 

Arsenic induced hyperpigmentation and keratosis

Where is the arsenic coming from?

· Groundwater, containing naturally occurring arsenic, is extracted through millions of tube wells

· An international team of experts testing and marking contaminated tube wells

· But they continue to be used

· Private new wells are being dug to satiate the unquenchable thirst for water

· Drinking, cooking, and agriculture.

Where does the arsenic come from

· The source of the arsenic is naturally occurring, however the mechanism causing its release remains unresolved

· Geologist have theorized that sedimentation occurring some 25,000 to 80,000 years ago in the Younger Deltaic Deposition.  These soils contained arsenic.

· Bangladesh is at the lower end of the 3 great river systems: the Ganges, Brahmaputra and the Meghna, with a total catchment area of ~ 1.5 million sq. kms.

· The area produces and the three rivers carry over 2.4 billion tons of sediments each year through Bangladesh.

Epidemiologic evidence began to emerge in the 1980’s and 1990’s.

· Health reports of people included symptoms such as

· Hyperpigmentation

· nodular keratosis

· accompanied with vomiting and respiratory complaints

· These cases were eventually linked to arsenic poisoning

· Human health impacts include

· 1.5 million Bangladeshis likely to have skin legions now

· 5.1 million West Bengalis that could die from cancer

· The potential for Bangladesh may be an order of magnitude higher

The International community

· Including:

· World Bank

· UNICEF

· British Geological Service

· UNDP

· WHO

· Local Indian and Bangladesh administrative agencies

· In the mid 1990’s begun a program of detection, identification, and mitigation.

· British Geological Survey estimates as many as 50% of the wells exceed the WHO guideline

· 35% exceed the current Bangladeshi standard of 50 ppb.

A summary of sampling data

Properties of arsenic

· In the industrialized economies, exposure to higher than average levels of arsenic occurs primarily in the workplace, near hazardous waste sites, near smelters, or in areas with high natural levels.

· Arsenic is a powerful poison, causing illness and death. 

· It is the most often found hazardous substance at National Priorities List sites according to USEPA and ASTDR

· Arsenic 

· Lead 

· Mercury 

· Vinyl Chloride 

· Benzene 
What is Arsenic

· Arsenic is found in two forms: organic and inorganic.

· The organic form is found in plants and animals.

· The inorganic form is found in treated wood, insecticides, and weed killers.  (check labels for arsenic content)

· Organic arsenic is usually less harmful than inorganic arsenic.

· Most arsenic compounds have no smell or special taste. 

· Arsenic is a known human carcinogen and toxicant. 

What happens to arsenic in the environment?

· Does not evaporate but can enter the air when contaminated materials are burned. 

· Does not break down, but can change from one form to another.

· Most arsenic compounds are soluble in water.

· Arsenic in air eventually settles to the ground. 

· Fish and shellfish build up organic arsenic in tissues

· For the most part arsenic in fish is not toxic. 

Non-carcinogenic effects

Cancer effects

· The suspected association of arsenic and cancer can be traced back to 1820.  Associated cancers include

· skin, 

· lung, 

· liver, 

· gastrointestinal tract, 

· kidney, 

· prostate, 

· bladder, 

· breast, 

· colon, 

· stomach, 

· nasal-cavity, 

· lymphoma 

Exposure pathways

· Ingestion of contaminated drinking water is the primary source 

· Possible additional food chain components maybe sources (land based foods such as crops, milk from cows grazing in field irrigated with contaminated water).

· Bathing with contaminated water may represent a dermal exposure route

· Ingestion or inhalation of fine-grained soils that may contain adsorbed arsenic may represent additional routes of exposure.  

· Additionally, since 50% percent of the male population smokes at least an occasional cigarette there may be a potential for arsenic inhalation from tobacco that may have been treated with arsenic

BGS data set

· The data set was converted to an Excel spreadsheet format

· Over 2000 risk calculations were prepared for each scenario set

· A scenario set was defined as

· USEPA default assumptions or 

· Modified assumptions for a skin cancer endpoint or non-cancer endpoint (skin)

· Four scenario sets were examined. 

· The data set was also analyzed for patterns related to installation date of well versus As concentration and depth of well versus As concentration

A screen shot of the BGS imported data set

Limitations of exposure and risk assessment

· The data set of ground water arsenic values represents synoptic data, that is no repeat samples were taken

· Thus, impossible to determine if arsenic values are increasing, decreasing, or at some steady state condition

· The representiveness of the data was assumed; however, previous investigations reported widely varying degrees of regional contamination

· The quality of the data is also not known; quality assurance, limits of detection, quantification levels, and other details about the data are also unknown.  

· Data on soil concentrations were not available although they were expected to be near background levels and thereby not a significant source of exposure. 

Limitations of exposure and risk assessment

· While assuming exposure duration as lifetime may be reasonable, given the general contamination of the region, it does not directly take into consideration movement within the area to those of lower arsenic drinking water concentrations.  

· An attempt was made to account for this by running multiple calculations at varying concentrations. 

· Limitations related to values for equation variables.  

· Risk values were calculated using USEPA default values as outlined in current USEPA Risk Assessment Guidance documents.

· For modified scenarios 

· body weight of 55 kg, similar to a Taiwanese farmer, 

· drinking water consumption (5.5 liters/day based on an average value between 5-6) 

Equations and Values

· Equations

· Non-Cancer: Hazard Quotient = Average Daily Dose/RfD; where Average Daily Dose = (C*IR*EF*ED)/(BW*AT)

· Cancer: Risk = Chronic Daily Intake * Slope Factor; where Chronic Daily Dose = (C*IR*EF*ED)/(BW*AT)

· Variables and Assumptions

· For non-cancer risk assessment the USEPA RfD value was used

· For the cancer risk assessment the USEPA Slope Factor was used

· For the purpose of this risk assessment the following assumptions have been made:

· Exposure duration: lifetime was chosen as 70 years to reflect the farming population – this assumption carries an underlying assumption that life expectancy is equal to the U.S. and will remain at the 70 year level 

Equations and Values

· Variables and Assumptions, continued

· For the purpose of this risk assessment the following assumptions have been made:

· Body weight: default (70 kg) and modified (55 kg) values were used to compare results of EPA methodology with more site specific approach

· Intake rate: default (2 L/day) and modified (5.5 L/day) values were used to compare results of EPA methodology with more site specific approach

· Averaging Time: 70 years was used for both carcinogen and non-carcinogen calculations to reflect the farming population

· RfD and Slope Factor was assumed to be representative of the Dose Response respective endpoints. Inherent uncertainties of the dose response relationships such as the shape of low dose extrapolations, genetic characteristics, dietary habits, and additional non-drinking water exposures

Equations and Values

· Variables and Assumptions, continued

· For the purpose of this risk assessment the following assumptions have been made:

· The data are representative of the region, i.e., that variability of well contamination is reflective of general variability and not biased toward high or low levels of contamination in the region, that well contamination has not increased or decreased substantially (unknown) since these data were collected, that they were collected and analyzed to accurately reflect actual conditions. 

· Arsenic concentration data that were listed as less than a detected limit (e.g., <0.0005) were converted to a value that was midpoint between the reported level and zero (e.g., 0.000025)

· The data set consists of tube well sampling results and do not provide an indication as to scope (number of people) exposed or consuming the well water.  

· Therefore it is assumed that equal number of individuals (one) consume water from a given sampled well. 

A spreadsheet was used to develop data

Non-cancer risk values

Cancer risk

Comparative Risk Assessment

· History of its use

· First used in the U.S. in 1987

· “Unfinished Business” evaluated 31 problems and changed USEPA priorities

· Used in other regions outside of the United States by USAID and USEPA

· First assessment was in Bangkok, 1990

· Assessments completed for about 10 cities and regions

· Recently used by the Environmental Health Project

· “Comparative Risk Assessment: Setting Priorities for Urban Environmental Management in Developing Countries”

Environmental Risks and Comparative methods

· Environmental damage can effect:

· Public Health in the form of illness, injuries, deaths

· Ecological such as loss of species and habitat 

· Quality of Life such as economic and social costs

· Methods that can be used

· Health Risk Assessment:

· evaluates the potential public health impacts of an environmental condition

· Comparative Health Risk Assessment:

· evaluates and compares the potential health impacts of several environmental conditions

· Comparative Risk Assessment:

· evaluates and compares the potential health, ecological, and quality-of-life impacts of several environmental conditions

CRA methodology phases

· Planning

· Determine scope of the study

· Select and organize the team

· Identify data types and sources

· Data Collection and Analysis 

· Identify and gather data

· Analyze data to estimate risks

· Priority Setting

· Interpret and compare risks

· Debate and agree on priorities

· Reporting

· Prepare report as input to risk management planning

CRA methodology follows traditional Risk Assessment approach

· Health risk assessment is quantitative, based on experimental and observational data.

· Hazard Identification

· Dose-Response Assessment

· Exposure Assessment

· Risk Characterization

· Identify and evaluate health impacts environmental conditions

· water and food

· sanitation, drainage, and wastewater

· ambient and indoor air, gases and particles 

· solid and hazardous wastes

· occupational injuries and exposures

· infectious, vector-borne, and pollutant-related diseases 

And, adds risk ranking

· Categorize each health impact by magnitude and severity

· magnitude -- number of people affected

· severity -- of effect, and importance of group affected

· Combine magnitude and severity scores

· Compare and categorize environmental problems

· high, medium, and low risk

· Risk ranking requires judgments based on values

· Comparing health effects:

· acute vs. chronic

· disease vs accidents

· Comparing effects among groups:

· children  vs. working adults vs. elderly

· poor vs. middle income

· voluntarily exposed  vs. involuntary exposed

· women vs. men
Which, leads to setting priorities

· For setting priorities

Adapting Technical Analysis for CRA in developing Countries

Results of a comparative risk assessment

1990 CRA Results of the Bangkok

Bangkok Health Risk Assessment - CRA

· Population 


5.9 million people

· Airborne particulates 
90 to 200 mg/m3

· Health effects (per year)

· 9 – 51 million cumulative restricted activity days

· 300- 1400 deaths

Probabilistic Risk Assessment

· Traditional risk assessments are deterministic.

· Single point estimates for each of the variables that are used in the equations.

· Using point estimates produces a point estimate

· However, we have learned that data being put into an equation is variable and uncertainties about the data, model, and assumptions exist.  Variables such as:

· Body weight

· Quantity of food eaten at a meal

· Skin surface area

· Breathing rate 

· Absorption of a chemical into the body

· Soil ingested by a child playing outside 

· The time a person will spend in a contaminated area over a lifetime

Probabilistic Risk Assessment

· Risk assessment coefficients can be treated probabilistically to account for:

· Natural variation between organisms and contexts

· Imperfect knowledge

· Monte Carlo Simulation methods can be used to account for variability and uncertainty in risk assessment

· Results in a distribution of risk estimates rather than a single point

· The distribution reflects both the variability and uncertainty that exists in a situation

Variability vs. Uncertainty
· Variability refers to the differences that come from heterogeneity or diversity in a population. 

· Variability is usually not reducible by further study.

· Uncertainty refers to the lack of knowledge about specific factors, parameters, or models.  

· Uncertainty can potentially be reduced by additional study.

Statistical Methods for Expressing Uncertainty and Variability

· Uncertainty can be expressed as:

· Order of Magnitude

·  “The value is … within an order of magnitude”

· Percent Error 

· “The value is no more than plus or minus 50%”

· Plausible Range and Best Estimate

·  “The value is most likely …  but it could be as low as … or as high as …”

· Probability Distribution:

· Distribution Functions 

· Based on data, or

· Specified distribution form and parameters

· Confidence Interval around an estimate

Data Sources

· Empirical Data

· General 

· Site Specific

· Information and Expert Knowledge

· Experience

· Scientific literature

· Expert judgment

· However, data reliability remain factors

· Quality assurance/quality control 

· sample collection, transport, and storage

· analytical laboratory handling and measurement

· data input, manipulation, reporting
Representativeness of data 

· Data representativeness of the population and relevance are critical factors facing all estimates of risk

· Temporal and spatial aspects

· Random or targeted samples

· Demographic characteristics of the population

· Important considerations

· The range of the distribution should cover the theoretical range of the variable

· Some distributions have upper and lower bounds (bounded estimates), others have tails 

Literature and experts

· Literature sources often define a range or a most likely value and a range

· If mechanistic information is absent the most useful distributions are uniform and triangular

· If data or literature values are not reliable or representative

· expert opinion can be used with some caveats

· Commonly occurring biases:

· Belief in opinion

· For rare events, the opinion may be affected by the timing of the last occurrence, media coverage, personal impact, and other factors

· Example - estimates of the probability of an airliner used for terrorist activity increased after an event

Using expert panels

· Representativeness - Probability is estimated based on how alike a specific situation is to some class or group

· Example - the probability of five consecutive numbers appearing (21, 22, 23, 24, 25) may be judged less likely than five widely spaced numbers (8, 14, 26, 28, 43)

· True probability is the same. 

· Anchoring and Adjustment -  Estimators begin at a value (most likely) and adjust up or down from there but adjustments are usually too small to encompass all uncertainty. 

· Example - If initial estimate is 30%, min and max may be estimated up and down 10% (20% to 40%).

· True uncertainty may be wider than this range. 

Using expert panels

· Personal agenda - expert has something to gain from a particular answer (research funding, forwarding a scientific hypothesis, enhanced reputation, etc)

· Unwillingness to appear uncertain

· Tunnel Vision - difficulty in imagining other scenarios or extreme events

· Estimates of reality may be affected by goals or recent events 

Techniques on using experts 

· Preparation

· All parties in advance using written material and possibly meetings

· Review the potential for, be aware of, and guard against, bias and over-confidence

· The expert panel

· Create a common understanding of the problem, terminology, and the data to be elicited

· Obtain estimates of distribution percentiles, or min/max/mean, or other values; discuss supporting reasons.   

· Elicit extreme values first and then others in random order.

· Encourage “stretching” the extremes to avoid over-confidence.

· When complete, allow the experts to review the probability estimates and adjust them.

Understanding Uncertainty

· Monte Carlo Analysis 

· Uses a random selection of values from each input probability distribution

· This procedure is repeated a large number of times (N=100, 500, 1000, 10000)

· Together, the output values define a probability distribution on the model output

@RISK

@ Risk

· “If we begin with certainties, we shall end in doubts; but if we begin with doubts, and are patient in them, we shall end in certainties”

· Francis Bacon

· “The man who insists upon seeing with perfect clearness before he decides, never decides.”

· Frederic Amiel

· “To know one’s ignorance is the best part of knowledge”

· Lao Tzu, The Tao

EPA RAGs Guidance

EPA RAGs Guidance

EPA RAGs Guidance, basic questions

· How bad is the contamination on site?

· What if nothing is done?

· Does the site warrant remedial action?

· How much should be cleaned up for the site to be acceptable?

· What will be the result of remedial action?

EPA RAGs – Exposure Assessment

EPA RAGs – Exposure Assessment

· Five basic variables are used to estimate intake

· Exposure concentrations

· Contact rate

· Exposure frequency and duration

· Body Weight

· Exposure Averaging Time
EPA RAGs – Exposure Assessment

Reasonable Maximum Exposure (RME)

· Definition:  Highest exposure that is reasonably expected to occur at a site, considering

· Land use

· Intake variables

· Pathways in combination

· The purpose is to estimate a conservative exposure case that is still within the range of possible exposures

