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Introduction

Water policy in the U.S., and indeed in much of the world, is based on the belief that increasingly stringent regulations, leading to lower concentrations of contaminants, improve public health. There are two assumptions hidden inside this belief: (1) that any level of contamination produces some level of human health risk, so that decreasing concentration always decreases human health risk, and (2) that the act of reducing a contaminant does not, in and of itself, produce a competing risk that might offset or even exceed the risk from the original contaminant.

The first assumption is usually called the non-threshold assumption. We are not concerned primarily with that issue here, although it is an important debate within the scientific and regulatory communities. We are interested instead in the second assumption. This assumption has recently received some scrutiny in the water industry as water standards have become increasingly stringent, driving up both the costs of treatment and the energy consumed by the water industry. Since one of the hallmarks of sustainability is the provision of safe, plentiful and affordable water, there is a danger that these increased costs could affect the affordability, and hence sustainability, of the water supply. 

Affordability seems a concept quite distinct from the protection of public health – in fact some of the legislation under which the U.S. Environmental Protection Agency acts appears to argue against considering cost as a basis for establishing measures to protect that health (although under the provisions of the Safe Drinking Water Act, the stringency of a standard is established based on the risks, costs, and benefits that accrue). Research over the past several decades, however, suggests that the price of a commodity such as water can affect the disposable income of a family, which in turn affects the money they can devote to other parts of their lives such as health care. This situation raises the spectre of a risk-risk (or health-health) trade-off to be made by regulators, water providers and water consumers. The trade-off is particularly acute in communities served by small water systems, as the economies of scale that keep water prices reasonable in large systems can fail to apply in the smaller systems, leading to a significant rise in the cost of water supply to these communities and therefore to the affordability and sustainability of water provision. 

The small water system problem is not a trivial one. There are many more small water systems than large ones in the U.S. Very small (25 to 100 persons served) and small (101 to 3,300 served) systems collectively account for 83% of the nation’s approximately 52,000 community systems, even if they supply only 9% of the U.S. population served by community systems  (US EPA, 2008). Many of these small systems are located in rural areas with limited resources and with median household community incomes below the national level (Rubin, 2001, Ottem et al., 2003). As a result, issues of affordability and a health-health trade-off are most likely to be acute in communities served by such small supplies.

This paper explores whether increased cost of water provision in small, largely rural, communities might introduce the trade-off mentioned above. We note from the start that this trade-off is not usually considered in the approach to risk-based decisions of the U.S. regulatory community, in large part due to the two assumptions noted at the start and the way in which the Precautionary Principle is applied here. By contrast, the European Commission (E.C.) has an approach based on a very different view of the Precautionary Principle, with the E.C. view requiring that a regulator consider the follow-on effects of regulation in determining the overall health risk resulting from a regulation. In the E.C. approach, the health-health trade-off discussed here is a natural feature of regulatory decisions, whereas in the U.S. it has been largely set aside to date. Our argument here is that the issue must be re-opened in the U.S. as increasingly stringent regulatory standards drive up the cost of treatment and delivery of safe, plentiful and affordable water.

We note also that arguing for greater consideration to the health risks that might be caused by rising water costs does not automatically mean a reduction in public health due to the contaminants in water. Water standards in the U.S. have a margin of safety built into them, often on the order of a factor of 100 to a 1000. A less stringent standard, one that both keeps down water costs and reduces energy use in water treatment, does not necessarily increase health risks from contaminants that remain. It instead reduces the margin of safety built into a regulation. Keeping this distinction in mind is important in the following discussion.

The Current Study

For our purpose, we define affordability of drinking water – and of the regulations that influence cost - as household monthly water bills that do not impose “undue economic hardship” (also referred to as “financial distress”) on low or fixed income households. Obviously, there is not a single objective, quantitative measure for this definition. Further, tradeoffs in spending choices for any household are inevitable, so the fact that some tradeoffs occur in spending is not, in and of itself, an indication of economic hardship or increased risk. There may come a point, however, where a household experiences a reduction in effective disposable income (e.g., due to higher water bills) that begins to crowd out the household’s expenditures for health care, food, energy or other essential services.  

For more than two decades, researchers have been studying the relationship between income and health at the household level. This literature is reviewed in detail elsewhere (Rubin et al., 2008).  In general, authors have concluded that there is a strong correlation between income and mortality, regardless of race, gender, or other factors (Rogot and Sorlie, 1992; Lin et al., 2003). Further studies found that this correlation was much stronger at lower income levels than it was at higher income levels (Backlund et al., 1999), and there also was a strong correlation between income and the incidence of various diseases including diabetes, heart disease, stroke, tuberculosis, influenza, and lung cancer  (Rubin et al., 2008).

Relying on income alone as a measure of financial distress, however, can be problematic. Income is an imperfect measure of financial distress. It does not account for significant differences in expenditures on necessities due to household size or health status (such as food or medical care) and it does not measure household wealth or the resources available through an extended family network, which can affect a household’s total available resources for current expenditures. 

Research conducted by Bauman (1998, 1999), Bernstein et al (2001), and others (e.g., Energy CENTS Coalition, 1999) shows that there is a hierarchy of expenditures on household necessities. From their work, we can answer questions such as: “What will a household give up first if it doesn’t have enough money for all necessities?” and “What will a household do to try to keep food on the table?” The hierarchy they find is shown in Table 1. Households that have trouble paying for all of their necessities will tend to do without health insurance first. Distressed households will effectively work their way down this list, on average, trying to avoid the last item on the list: the loss of their home. These distress indicators may provide a good complementary measure of household ability to pay, along with more traditional measures of income.

Table 1. The hierarchy of impacts of reduced income on consumption of goods and services in the U.S.

	First to be eliminated:
	Health insurance

	
	Paying utility bills in full

	
	Seeing a dentist when needed

	
	Paying rent or mortgage in full

	
	Seeing a doctor when needed

	
	Getting enough to eat

	
	Telephone service

	
	Child care

	
	Utility connections

	Last to be eliminated:
	Avoiding foreclosure


We explored the health-health trade-off in water provision by using a particular set of data on how health depends on a variety of factors in a person’s life: The Behavioral Risk Factor Surveillance System (BRFSS) from 2002 through 2006 maintained by the U.S. Centers for Disease Control and Prevention (CDC).  For this analysis, our focus is on health care and health outcomes, using risk factors and socio-demographic characteristics as ways to control for other differences between populations – aside from water costs – that might also affect health. Importantly, the BRFSS contains data on the household’s income and two additional indicators of financial distress shown in Table 1: whether the person failed to see a doctor because of the cost of a medical visit, and whether the household lost telephone service for at least one week during the previous 12 months (U.S. Centers for Disease Control, 2005). We combined these two indicators into a single indicator of distress: if a person answered “yes” to either, they were considered to be in financial distress. 

The results of the study are summarized in Table 2. They were obtained using three different ways to analyze the data: an approach examining the fixed effects specification using Metropolitan Statistical Area (MSA) data and MSA-level fixed effects; an approach using the cross-section or single year specification using MSA data; and an approach based on cross-section specification using the national BRFSS dataset. For the non-technical reader, understanding these three approaches is not so important, since the results are essentially the same. The point is that these analyses allow us to examine whether a person being in financial distress is associated with higher rates of various diseases. 

The results in Table 2 show the relationship between (i) the chances of an individual having an adverse health outcome such as asthma and (ii) household income. The results indicate a strong correlation between income and the several illnesses and other adverse health outcomes (such as diabetes and cardiovascular disease) included in BRFSS – consistent with the past studies we mentioned. The same relationship was found between the indicator of financial distress and the various diseases. If one uses the results from Table 2, a $10,000 increase in annual income (at the mean) is associated with 0.4% lower likelihood of having asthma (and respondents experiencing some type of financial distress are 4.5% more likely to have asthma). Other parts of the analyses (not shown in Table 2) show that an additional $10,000 in income is associated with 0.8 fewer days per month in poor health; respondents experiencing financial distress experience 1.85 more days in poor health than those who are not in distress. 

Table 2. Probability of adverse effect per $10,000 in annual income lost (first value) or per $1 lost (second value) due to annual water treatment costs. 

	Effect
	Increased probability per $10,000
	Increased probability per $1

	Asthma
	0.004
	4.0 x 10-7

	High blood pressure
	0.017
	1.7 x 10-6

	Angina
	0.007
	7.0 x 10-7

	Mycardial infarction
	0.008
	8.0 x 10-7

	Stoke
	0.006
	6.0 x 10-7

	Diabetes
	0.012
	1.2 x 10-6

	High cholesterol
	0.001
	1.0 x 10-7

	
	
	

	SUM
	0.056
	5.6 x 10-6


Adding together all of the results for the different health effects in Table 2, we find that a decrease of $1 in disposable income increases the probability of an adverse health effect (i.e., increases the risk) by 5.6 x 10-6 (5.6 chances in a million). Since, as was mentioned in the Introduction, the impact of lost income on health is stronger for low income households, the risks shown in Table 2 can be expected to be higher than the values we calculate here (although we cannot determine how much higher).

We note also that Table 2 examines whether a person answered Yes in a particular year to the question of whether a doctor has ever told them they had a given disease (asthma, diabetes, etc), and examines this answer for each disease separately (hence the SUM mentioned). An alternative is to ask whether a person answered Yes to ANY of the diseases; so if a person was told by a doctor they had any of the diseases, they are counted as having “disease” only once. This is a different question, and results in lower risk estimates because it does not reflect any difference in a person having been told they had one disease or more than one. We find this latter kind of analysis less appropriate for the questions addressed here, but note that the SUM of 5.6 x 10-6 per $ decreases to approximately 1.4 x 10-6 per $ under this alternative approach, indicating that people who have an adverse effect (or are told they have it by a doctor) are likely to have had multiple effects. This supports the idea that financial distress is correlated with general poor health, and not just with any one disease. 

We next asked whether the risks imposed by such an increase in water costs, and hence loss of disposable income, were large or small compared against the risks calculated from ingesting a contaminant in water. To provide a concrete example, we used the case of arsenic in water, a regulatory decision that is receiving significant attention in the U.S. due to the potentially high costs of treatment. In doing the study, we used the cancer exposure-response model developed by the National Academy of Sciences (NRC, 1999), who performed their analysis at the request of the EPA. Their report suggests a linear relationship between level of arsenic in water and the lifetime excess probability of cancer, with a slope of approximately 8.9 x 10-4 per µg/L of arsenic in water. The reduction in cancer risk by removing some of the arsenic from water is then equal to 8.9 x 10-4 per µg/L times the actual reduction in arsenic concentration (with the reduction also in units of µg/L).

We also used EPA’s estimated cost of compliance, which varies between about $395 and $407 per year (in 2007 dollars) for households in very small communities of 25 to 100 persons served (U.S. EPA, 2000), depending on the starting and ending concentration of arsenic. The probability of an adverse health effect in a population paying for increased water treatment for arsenic is then equal to 5.6 x 10-6 per $ times the cost of compliance per household.   

The results are shown in Table 3 and 4. In Table 3, we show how large the risk due to rising water costs is as a percentage of the risk reduction due to treatment of the arsenic. This comparison depends on the original concentration of the arsenic in water (shown as [As] in the tables) and the regulatory limit a water provider is trying to reach (the post-treatment concentration, assuming the regulatory limit or MCL - Maximum Contaminant Level – is achieved). For example, in a very small system with a starting arsenic concentration of 20 μg/L that incurs EPA-estimated levels of costs for reaching the MCL of 10 μg/L, the estimated cost-associated health risks amounts to 25% of the risk reduction estimated for the reduced exposure in arsenic (e.g., the net risk reduction is about 75% of the level estimated by EPA, at the mean, because 25% of the arsenic risk reduction is offset by the added health impact of higher water costs).  All percentages in Table 3 decrease by a factor of 2 to 3 if the alternative analysis mentioned previously  is used, in which a person is counted as having an adverse effect only once if ANY effect occurs at any time during the study.


Table 3. Risk trade-off as a percentage of cancer risk reduction benefits. Concentration of arsenic [As] is in units of μg/L. Some cells are blank because the pre-treatment concentration would be below the post-treatment concentration.

	
	Post-treatment [As] concentration

	
	1
	5
	10
	20

	Pre-treatment [As] concentration
	5
	61%
	
	
	

	
	10
	27%
	49%
	
	

	
	20
	13%
	16%
	25%
	

	
	50
	5%
	5%
	6%
	9%


In Table 4, we performed an uncertainty analysis and asked the following question: How likely is it that the health risks caused by rising water costs would be larger than the reduction in health risks caused by treating the water to remove arsenic?  The results in Table 4 thus indicate that for a move from 20 μg/L to 10 μg/L of arsenic in very small systems, there is a 12% probability that the cost-imposed health risk would outweigh the arsenic-associated risk reduction.

Table 4. Probability that the number of adverse effects from rising water costs is larger than the decrease in number of cancer cases from arsenic in water. Concentration of arsenic [As] is in units of μg/L. Some cells are blank because the pre-treatment concentration would be below the post-treatment concentration.

	
	Post-treatment [As] concentration

	
	1
	5
	10
	20

	Pre-treatment [As] concentration
	5
	30%
	
	
	

	
	10
	13%
	23%
	
	

	
	20
	6%
	8%
	12%
	

	
	50
	2%
	2%
	3%
	4%


As a more concrete example, consider a community with 10,000 people (the size is large here just so the risks appear as numbers that can be easily interpreted). The original water concentration is 15 ug/L, and the MCL is set at 10 ug/L. This reduction in arsenic “saves” 45 cases of cancer (8.9 x 10-4 x 5 x 10,000), about half of which would be fatal. 

By contrast, the treatment costs of $407 per household per year would increase the number of other effects by 5.6 x 10-6 x 407 x 10000, or 22. So the adverse health effects from rising water costs might be on the same scale as the reduction in cancer cases through treatment.  Again, as noted in the Introduction, if a small rural community has a relatively large proportion of low income households compared to the national average (which most do), then the cost-associated health impacts are expected to be even larger, and would result in an even lower net benefit from the removal of the arsenic.

Conclusions and Implications

The bottom line from this empirical study is that it reveals that both sides of the health-health trade-off from a drinking water regulation may be of the same order of magnitude.  That is, the estimated health risk as a result of rising water costs may be large enough to make consideration of such a health-health trade-off important in regulatory decisions. This suggests that the suitable application of Heath-Health Analysis (the technical term for this kind of trade-off) to the issue of water treatment in small rural water systems is justified, and that the issue of affordability is not only an economic but a public health concern. 

The affordability of federal drinking water regulations in the U.S., especially in the context of households served by small water utilities, has been a serious and challenging policy issue for many years. Despite the magnitude of the problem, and despite considerable recognition and discussion by EPA, Congress, and many other bodies, the problem remains unresolved. The current study adds to an extensive body of literature on the health-health trade-offs associated with reduced incomes, and on the need to consider Health-Health Analysis within the context of regulatory policy. The imposition of federal drinking water regulations in small communities is one such suitable application, and may call for direct consideration of the health risks imposed by rising water costs in these small, rural, and often poorer, communities. 

0. References

Backlund, E., P. Sorlie, and N. Johnson. 1999. A Comparison of the Relationships of Education and Income with Mortality: the National Longitudinal Mortality Study, Social Science and Medicine, 49:1373-1384 (1999).

Bauman, K. 1998. Direct Measures of Poverty as Indicators of Economic Need: Evidence from the Survey of Income and Program Participation, U.S. Census Bureau Population Division Technical Paper No. 30 (1998).

Bauman, K. 1999. Extended Measures of Well-Being: Meeting Basic Needs, U.S. Census Bureau Current Population Reports No. P70-67 (1999).

Bernstein, J., H. Boushey and C. Brocht. 2001. Hardships in America: The Real Story of Working Families, Economic Policy Institute (2001).

Energy CENTS Coalition. 1999. Minnesota’s Energy Gap: Unaffordable Energy and Low Income Minnesotans (1999).

Lin, C. and E. Rogot. 2003. A Further Study of Life Expectancy by Socioeconomic Factors in the National Longitudinal Mortality Study, Ethnicity & Disease, 13:240-247 (2003).

Ottem, T., R. Jones, and R. Raucher. 2003. Consolidation Potential for Small Water Systems – Differences Between Urban and Rural Systems. White Paper for National Rural Water Association. Stratus Consulting Inc., Boulder, CO. Available at: http://www.nrwa.org/whitepapers/TOC.htm. Accessed April 2, 2009.

Rogot, E. and P. Sorlie. 1992. A Mortality Study of 1.3 Million Persons by Demographic, Social, and Economic Factors: 1979-1985 Follow-Up (National Institutes of Health, July 1992).

Rubin, S. 2001. Criteria to Assess the Affordability of Water Service. White Paper for National Rural Water Association. Available at: http://www.nrwa.org/whitepapers/TOC.htm. Accessed April 2, 2009.  

Rubin, S., R. Raucher, and M. Lawson. 2008. The Relationship Between Household Financial Distress and Health: Implications for Drinking Water Regulations. White Paper for National Rural Water Association. Available at: http://www.nrwa.org/whitepapers/TOC.htm.  Accessed April 2, 2009.  

US EPA. 2008. Factoids: Drinking Water and Ground Water Statistics for 2008. Office of Water, EPA 816-K-08-004, Nov.  Available at www.epa.gov/safewater/data. Accessed March 31, 2009.
