Environmental Health: Science, Policy and Social Justice

Winter 2009

Midterm exam

Part I – Risk Assessment

Q1 – A scientist is designing a toxicity assay that measures inhibition of enzyme (e.g. acetylcholinesterase) activity in vitro (in test tubes) for two chemicals, an organophosphate pesticide and a new pesticide chemical that is introduced as a less toxic alternative. One of the chemicals is water-soluble but the other is more lipophilic, so he/she tried to dissolve it in the following solvents: ethanol, isopropanol, DMSO and diethylether. All of them were effective in dissolving the lipophilic pesticide but ethanol was chosen as the least toxic of the solvents.

Briefly describe the study design that you think would be appropriate for these chemicals.  (10 points)

Two chemicals tested

Endpoint tested for is the enzyme activity 

* Replicates (at least duplicates, preferably triplicates or more) for each concentration of each chemical

* Negative controls specifically include water and ethanol (in replicates as above) (no chemical)

* Negative control of no enzyme to test for spontaneous or background reaction rate

* A positive control for the assay (in replicates as above) that shows total enzyme activity

* A minimum of five concentrations of each chemical to produce a dose-response curve

Results give (inhibition of) enzyme activity as percent of total enzyme activity

An EC50 can be derived for each chemical – compare EC50s and slopes 

May include a time course in addition to dose-response so that kinetic parameters are derived for the new chemical

Q2 – Assume an individual consumed recreational fish contaminated with 3 * 10-3 ug/g methylmercury. As a child he/she had three meals a year for 6 years and as an adult he/she had five meals a year for 24 years.

Childhood consumption: 
75 g fish per meal

Adult consumption:
 
150 g fish per meal

Child bodyweight: 

15kg

Adult bodyweight:

70kg

Note: Methylmercury gastrointestinal absorption from fish is 90%.

1. What is the average daily dose of methylmercury during childhood? (5 points)

2. What is the average daily dose of methylmercury during adulthood? (5 points)

3. What is the total amount of methylmercury that this person has been exposed to up to this point (regardless of metabolism or elimination)? (5 points)

(Total 15 points)

Childhood exposure = 6 years for a 15 kg child eating 3 meals/year of 75 g fish per meal 

Total Dose = (3 x 10-3 ug/g) * (75g/meal) * (3meals/yr x 6yr) * 0.9 = 3.645 ug


ADD= 3.645 ug/ (6*365d/y*15kg) = 1.107*10-4 ug/kg-day  


Adult exposure = 24 years for a 70 kg adult eating 150 g fish per meal

Total Dose = (3 x 10-3 ug/g) * (150g/meal) * (5meals/yr x 24yr) * 0.9 = 48.6 ug


ADD= 48.6 ug/ (24y * 365d/y * 70kg) = 7.935 *10-5 ug/kg-day  



Total amount: 3.645 ug + 48.6 ug = 52.245 ug
Q3 – A person is exposed to vinyl chloride monomer (VC), a known carcinogen, in an occupational environment. The individual is working in an area with an average air level of VC of 0.01ppm for 4 hours a day, 3 days a week, for 20 years. The inhalation bioavailability for VC is 80%. Protective masks (when used) reduce exposure by 90%. Use the default retention factor for inhalation (0.5); assume a 48-week work year. MW= 62.5g/mol

1. What is the lifetime average daily intake for this worker if a mask is used and if it is not? (5 points)

2. What is the risk of developing liver angiosarcoma from the exposure (with and without a mask) if the air unit risk for VC is 4.4*10-6 (mg/m3)-1? (5 points)

3. How does this risk compare to the risk derived from exposure at the EPA Reference Concentration of 0.1mg/ m3? (5 points)
4. What is the air concentration that would result in liver angiosarcoma in 1:10,000 people? (5 points)
(Total 20 points)

0.01ppm = 1mg/m3 * 24.45/62.5 = 0.39mg/m3
1. LADD = total dose / lifetime averaging factors

Total dose = 0.01ppm * (1mg/m3 *24.45/62.5)/ppm * 20m3/d *4h/24h * 3d/w * 48 weeks/y * 20 yr * 0.5 * 0.8 * = 15.02 mg
LADD = 15.02 / (70years * 70kg * 365 d/yr) = 8.4*10-6 mg/kg-d
With the mask it is10% of the above:

LADD * 0.1 = 8.4*10-6 mg/kg-d *0.1 = 8.4*10-7 mg/kg-d
2. Risk = LADD * unit risk = 8.4*10-7 mg/kg-d  * 1000ug/mg * 70 kg * 1/20m3-d * 4.4*10-6 (ug/m3)-1 = 1.3*10-7
With the mask the risk is 10% of the above = 1.3*10-8 

3. Risk at RfC = 0.1mg/m3 * 4.4*10-6 (ug/m3)-1 = 4.4*10-4
To compare take a ratio risk from this exposure over risk from exposure to the RfC:

1.3*10-7/4.4*10-4 = 0.294 or ~30% of the risk that the RfC gives, i.e. this exposure scenario is well within the safe exposure level.

Alternatively, take the inverse ratio to show how many times higher is the risk from exposure to the RfC compared to the risk from this exposure scenario:

4.4*10-4/1.3*10-7 = 3.4 times higher (this means it would take 3.4 times higher exposure to just reach the risk afforded by the RfC. 

4. Risk = Concentration * unit risk -> 

   Concentration = risk /unit risk = 10-4 / 4.4*10-6 (ug/m3)-1 = 22.72 ug/m3
Q4 – In a toxicity study of methyl tert-butyl ether (MTBE), a non-carcinogenic chemical, 10 rats were exposed to one of three concentrations or control for 10 days. The lowest dose, 2mg/kg/day showed a statistically significant increase in liver size and elevations in liver enzymes in blood tests. Calculate the RfD for this chemical based on this study. Explain what uncertainty factors you are using. (10 points)

The study gives LOAEL: first convert to NOAEL by dividing by 10, as this is not a dose of no effect.  Then divide by 10 four more times to account for intraspecies, interspecies, children, and low number of animals (you can use a UF other than 10 for low #animals) (RfD=2x10-5) also another 10 for short study (RfD=2x10-6).

You may use modification factors lower than 10 for short study or few animals, as long as you explain what you are using.
Q5 – What are some advantages and disadvantages you can identify for the biomonitoring program of CDC? (5 points)

Advantages: 

· Measures internal levels of chemicals (internal dose) and reflects more directly on the body burden

· It reflects the exposure of a large number of individuals representing the national scale population 

· Includes range of exposure levels that may indicate the degree of high exposure groups

· Includes a large number of chemicals of concern

Disadvantages:

· Cannot tell where the exposure originated or if there was more than one sources

· It requires biological sample collection which may be harder than simply measuring ambient levels because they need to recruit volunteers

· It is more expensive

· It may not be specific for a single chemical if a metabolite measured is common of more than one chemical.

Q6 – What is the main difference between cancer and non-cancer risk assessment and what are the main characteristics of each? (5 points)

The concept of threshold for a non-cancer effect which doesn’t apply for carcinogens under the most conservative assumption that a single hit on DNA may result in a transformation of a normal cell to a cancer cell.

Non-cancer risk assessment uses a point-of-departure from a dose-response relationship to estimate a safe dose or Reference Dose (RfD) below which there is no risk. It also estimates a margin of safety or hazard index from the relationship between exposure level and reported safe dose (RfD, etc)

Cancer risk assessment doesn’t produce a threshold value or safe dose but an estimate of excess cancer incidence (above background) expected from a specific exposure level, and based on the carcinogenic potency of the chemical (a measure of slope of the cancer dose-response curve)

Q7 – In the article by Byron E. Butterworth, 2007 the authors selected a risk assessment approach for 1,4-dichlorobenzene which treated the chemical as a non-carcinogen rather than a carcinogen. What are the main criteria and lines of supporting evidence presented in the article upon which this determination of approach was based? (10 points)

The article gives evidence that DCB is a non-genotoxic carcinogen (which means it would act as a promoter not initiator), and therefore there is assumed to be a minimum dose that is required for this type of effect to take place (one molecule is not enough to act as a mitogen). The main points are: lack of genotoxicity, reversibility of effect and effect observed at high doses 

Lack of genotoxic potential – section 4 of the article

Mitogenic mode of action – section 5 of the article and 

Evidence supporting mitogenic mechanism  - section 6 of the article

Q8 – What are the four components of risk assessment? (5 points)


· Hazard identification

· Dose-response assessment

· Exposure assessment

· Risk characterization

With some explanation of each perhaps for completeness
PAGE  
1

