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Introduction

A Monte Carlo Simulation was developed to estimate total lifetime risk from radon drinking water (inhalation plus ingestion), while accounting for variability in some key variables in the analysis. This program develops estimates lifetime excess risk for 7 potential MCLs (100, 300, 500, 700, 1000, 2000, 4000) and baseline (assuming no regulations on radon in drinking water). Essentially, the model creates lifetime exposure profiles for a probability-based sample of 10,000 individuals. The approach walks each individual through each day of his or her life, summing risks from radon exposure as they occur. It incorporates variability in an individual’s relevant characteristics, such as lifespan, whether they are smokers or not, the size and type of systems the individual may live in, and the duration of residence in each system size. It also incorporates variability in radon occurrence, based on system size and type. Finally, this simulation accounts for variability in the risk factor itself. 

This memo summarizes the methods and the results of this simulation. 

Methods

This program accounts for variability by drawing randomly from distributions with specified parameters. These parameters are based on values in demographic, epidemiological, and regulatory literature. It draws new random values for each person, but retains the same random values across the MCLs tested for each person. The following steps are followed for each individual in the simulation. 

1. Gender and Age. The first variables drawn are gender and age based on gender. Age is drawn from a normal distribution with a mean life expectancy of 73.6 years for men (and a standard deviation of 10) and 79.2 years for women (and a standard deviation of 10) (NCHS, 2002b).

2. Smoking Status. After gender is determined, the individual’s smoking status is drawn based on data provided by the National Center for Health Statistics (NCHS, 2002a). According to this data, 25.7% of men are smokers and 21.0% of women are smokers. The individual’s smoking status is used to determine the risk factor they receive. 

3. Residential Tenure. Next the length of an individual’s tenure at his or her first residence is drawn, based on data provided by the Census Bureau (Hansen, 1998). Median tenure is 5.2 years, with 26.5% of the population moving once every two years. Approximately 15% of the population has lived in the same house for at least 20 years. 

4. System Type. Now the type of community water system that the individual lives in during that residence period is drawn; we did not include risk estimates for individuals on private wells or other water sources. Based on EPA data, we assume 69% of individuals live in community water systems served by surface water and the remaining 31% live in community water systems served by ground water (U.S. EPA, 2002). 

5. System Size. If an individual lives in a ground water system, we then draw the size of the system they live in, as EPA believes radon concentrations vary substantially across system sizes (U.S. EPA, 1999). The random draw for this is based on population-weighted estimates of the number of individuals served by systems of each size (Table 3‑2 from U.S. EPA, 1999). If an individual lives in a surface water system, we do not draw a size because radon concentrations in surface water systems are set at zero. 

6. Daily Concentration. For an individual who resides in a ground water system, his or her daily concentration is drawn from occurrence data in Table 3-2 from U.S. EPA, 1999. The occurrence parameters vary depending on the system size in which the individual resides. The simulation then evaluates each of the 7 MCLs and, if the concentration exceeds the MCL, exposure for that residence period is capped at 80% of the MCL (to reflect compliance with the MCL). For example, if the simulation drew a concentration of 500 pCi/L, and was evaluating an MCL of 100 pCi/L, the daily concentration would be set to 80 pCi/L in order to reflect a typical, post-regulation concentration. If, on the other hand, the simulation were evaluating an MCL of 1,000 pCi/L, the individual’s daily concentration would not change. Simulations of baseline conditions are not capped at any level. Also, if an individual is in a surface water system, his or her daily concentration is 0 pCi/L.

7. Daily Risk Factor. An individual’s daily risk factor is based on the lifetime excess risk factor of 9.44x10-5 for smokers and 2.36x10-5 for non-smokers (Crawford-Brown, 2003). This value is based on 75 years of constant 100 pCi/L exposure from birth to death, assuming a 15-year latency period between age of exposure and age of first potential onset. To scale this risk factor to a daily excess risk factor for the individual’s drawn concentration, we divide the risk factor by: 75 years * 365 days * 100 pCi/L. We multiply this daily excess risk factor by the individual’s daily concentration to get the daily risk factor for a given concentration. These daily risk factors are calculated for each day of the individual’s tenure in the current location. 

8. Latency. With radon exposure, we are applying a 15-year latency period between age of exposure and age at onset. This is based on Crawford-Brown (2003) and may be a conservative estimate of latency. Under this approach, if an individual is exposed to radon at age 60, but only lives to age 70, the risk from that exposure will not be realized in that individual’s lifetime. To incorporate the latency period into our analysis, for each day in an individual’s life, we add 15 years to their present age. If this number is less than or equal to the individual’s life expectancy, then that day’s risk will count towards his or her total lifetime risk. If not, the potential risk from that day’s exposure will not be added into his or her lifetime exposure. 

9. Subsequent Moves and Periods of Residence. At the end of the individual’s first residence, steps 2-7 are repeated until the day of the simulation equals the individual’s life expectancy. 

10. Lifetime Exposure. An individual’s lifetime excess risk is calculated by summing the individual’s daily risk factors incurred 15 years before the last day of the individual’s life. The simulation calculates a lifetime risk factor for each of the 7 MCLs and for baseline. Significant interpersonal variability surrounds these exposure and risk factors, and to account for this we multiply the individual’s lifetime exposure by a value drawn randomly from a lognormal distribution with a median of 0.4 and a geometric standard deviation of 3.96. This distribution is based on Crawford-Brown (2003). 

Steps 1 through 9 are repeated for each individual in the population. For this particular simulation, we used 10,000 individuals. The following section reports the results from these simulations.

Results and Summary Statistics

Table 1 includes summary statistics of 10,000 Monte Carlo simulation runs. The marginal changes in mean lifetime excess risk are greatest between the lower MCLs: 100, 300, and 500 pCi/L. Radon occurrence has a lognormal distribution, therefore most systems are at levels below 500 pCi/L. Therefore, any regulation that caps radon concentrations at a relatively low level (e.g., below 500 pCi/L) will achieve the greatest marginal risk reductions. This lognormal occurrence pattern also means that few individuals are exposed at very high levels. Therefore the higher MCLs would have little effect on mean lifetime excess exposure, as is evident in the slight difference between mean risk levels (and no difference between median risk levels) between at 4,000 pCi/L and baseline. 

	Table 1:  Monte Carlo Lifetime Cancer Risk Estimates, Reflecting Residential Mobility

	MCL
	NOBS
	Mean
	Median
	Min
	Max
	Std. Dev.
	Incremental risk reduction for mean person

	100
	10,000
	1.78E-05
	2.38E-06
	0
	2.01E-03
	9.80E-05
	4.90E-05

	300
	10,000
	3.45E-05
	4.25E-06
	0
	6.04E-03
	2.02E-04
	3.23E-05

	500
	10,000
	4.16E-05
	4.69E-06
	0
	1.09E-02
	2.69E-04
	2.52E-05

	700
	10,000
	4.49E-05
	4.84E-06
	0
	1.50E-02
	3.10E-04
	2.19E-05

	1000
	10,000
	4.76E-05
	4.93E-06
	0
	1.50E-02
	3.38E-04
	1.92E-05

	2000
	10,000
	5.42E-05
	5.05E-06
	0
	2.52E-02
	4.51E-04
	1.26E-05

	4000
	10,000
	6.25E-05
	5.12E-06
	0
	3.65E-02
	6.22E-04
	4.30E-06

	Baseline
	10,000
	6.68E-05
	5.13E-06
	0
	3.65E-02
	6.95E-04
	0.00E+00
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