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    Cost is an inevitable, but often overlooked and uncounted, consequence of environmental contamination. Any degradation of the environment, whether it is contamination of air or water, pollution of landfills by toxic waste or exposure of children to hazardous chemicals, carries costs. Among these costs are: 1) direct medical expenses for persons made ill by toxic exposures; 2) indirect health-related costs such as time lost from school or work, costs of rehabilitation and costs of special education; 3) diminished economic productivity in persons whose brains, lungs or other organ systems are permanently damaged by toxic exposures; 4) loss of irreplaceable environmental treasures such as the Everglades or the Black Forest; and 5) the costs of environmental clean-up.
A methodology for estimating the costs of diseases caused by environmental contamination was developed in the US in the early 1980s by an expert committee convened by the Institute of Medicine and chaired by Stanford University's Nobel Laureate in Economics, Prof. K. Arrow [1]. The core of this methodology is the calculation of the “fractional contribution” of the environment to causation of a particular disease in a particular population. This environmentally attributable fraction (EAF) is defined as: “the percentage of a particular disease category that would be eliminated if environmental risk factors were reduced to their lowest feasible levels” [2].
The EAF for a particular disease, such as childhood asthma, may be converted to an estimate of the cost of that disease in a particular population using the following equation:[image: Embedded Image]
[image: Embedded Image]

Costs are traditionally divided into direct and indirect health-related costs, and both are included in the calculation.
The EAF model has now been used in a series of important cases to assess the costs of environmental and occupational disease. Findings from these analyses have had powerful impacts on the health and well-being of societies around the world.
In one of its earliest applications, the EAF approach was used in 1989 in New York State, USA, to estimate the fractional costs of four categories of illness attributable to occupational exposures: cancer, chronic respiratory disease, cerebrovascular and cardiovascular disease, and end-stage renal failure. This analysis found that, using fairly conservative assumptions, occupational exposures resulting in these four diseases cost more than $600 million per year, with the largest proportion (80%) due to occupationally related cancer [3]. This analysis persuaded the New York State Legislature to allocate funds to support a statewide network of clinical centres of excellence in occupational medicine that continue to the present day to provide medical care to employees injured or made ill at work.
A similar approach was used by Leigh et al. [4] to calculate the costs of occupational disease and injuries across the USA. That estimate found that the total direct ($65 billion) plus indirect ($106 billion) medical costs were $171 billion per year for 1992. Of the total, occupational injuries cost $145 billion and illnesses $26 billion [4]. Leigh et al. [5] recently updated these analyses and found that for 2007 the total estimated annual costs for occupational injuries and diseases combined had risen to approximately $250 billion.
Economic costs of disease in children caused by harmful exposures in the environment have been examined. A 2002 report by Landrigan et al. [6] analysed the costs of four categories of paediatric illness for which there is published evidence for an environmental contribution: lead poisoning, asthma, cancer and neurobehavioral disorders. EAFs were judged by expert panels to be 100% for lead poisoning, 30% (range 10–35%) for asthma, 5% (range 2–10%) for cancer and 10% (range 5–20%) for neurobehavioral disorders. The total annual costs of the fractions of these four diseases due to environmental exposures were estimated in 1997 US dollars to be $54.9 billion (range $48.8–64.8 billion): $43.4 billion for lead poisoning, $2.0 billion for asthma, $0.3 billion for childhood cancer, and $9.2 billion for neurobehavioral disorders. The single largest component of these costs was the diminished lifelong economic productivity that resulted from permanent reduction in cognitive capability (IQ score) in children exposed to neurotoxic chemicals, such as lead, in early life.
These data provided a powerful argument in support of the US government's decision to allocate funds to the National Children's Study, a prospective epidemiological study that plans to follow 100,000 children across the US from early pregnancy to age 21 yrs with the aim of discovering potentially preventable environmental causes of disease [7].
The above cost estimates of disease in children were updated and expanded in 2011 by Trasande and Liu [8]. By incorporating new information on environmental causation of disease and by updating estimates on cost of illness, they found that the annual costs of lead poisoning, prenatal methylmercury exposure, childhood cancer, asthma, intellectual disability, autism and attention deficit hyperactivity disorder in US children currently amount to $76.6 billion [8].
Economic analysis can also be used to quantify the benefits of economic improvements. Grosse et al. [9] undertook a combined epidemiologic and economic analysis to quantify the economic benefits of removing lead from the US gasoline supply. They found that from 1976 to 1999, the total decline in mean blood lead level in US children aged 1–5 yrs that resulted from the removal of lead from gasoline was 15.1 μg·dL−1. They calculated that this decline in lead levels produced a gain in the mean IQ score of US children of between 2.2 and 4.7 points. Because each IQ point increases a child's economic productivity over a lifetime by 1.76–2.38%, the authors estimated that removing lead from gasoline has generated an economic benefit in each year's birth cohort since the 1990s of $213 billion (range $110 to $318 billion); an aggregate economic benefit over the past two decades of more than $3 trillion [9].
This striking finding has influenced countries around the world to remove lead from gasoline. Sharp declines in population blood lead levels have been documented in country after country. Today, only a handful of nations still use tetraethyl lead as a fuel additive [10].
Those reports form the backdrop to the elegant study by Brandt et al. [11] on the economic costs of childhood asthma in the USA in this issue of the European Respiratory Journal. To estimate the social burden and economic costs of asthma due to traffic-related air pollution in the two Southern California communities of Long Beach and Riverside, Brandt et al. [11] used an EAF approach. They skilfully distinguished the fraction of asthma due to local traffic-related pollution from that due to regional air pollution in Southern California. They examined the direct medical and the indirect health-related costs of five adverse outcomes associated with asthmatic episodes: school absences, antibiotic prescriptions, medical office visits, emergency room visits and hospitalisations. They incorporated new epidemiologic data showing that traffic-related pollution not only exacerbates pre-existing asthma, but that it is also capable of causing new asthma in previously unaffected children [12–15]. This information has not been previously incorporated into risk assessments or cost calculations for childhood asthma. The key findings are that asthma attributable to traffic-related air pollution costs at least $18 million each year in the communities of Long Beach and Riverside, and that new cases of asthma due to traffic-related pollution account for almost half of this total cost. The methodological approaches developed in this study promise to have global implications for urban planning and the siting of major roadways.
A common theme that runs through all of these analyses of the costs of occupational and environmental diseases is their focus on identifying and quantifying costs that had previously been overlooked or hidden. These analyses may, therefore, be viewed as examples of a powerful new approach to measuring the impacts of environmental contamination termed full cost accounting or green accounting [16]. Full cost accounting is an approach to accounting practice that attempts to explicitly consider and quantify the environmental, health and social costs of business or governmental operations. Full cost accounting differs from traditional accounting, which meticulously tabulates the costs of materials, labour and energy, but fails to consider, or “externalises”, the costs of factors that fall outside conventional market mechanisms, such as environmental degradation and illness. The goal of full cost accounting is to develop monetary values for these externalities, many of which have the potential to profoundly affect the health and well-being of society. Full cost accounting is growing in its application [17, 18]. It has the potential to fundamentally transform business practice and governmental operations.
At this point, it is worth posing the question: why should physicians and epidemiologists care about monetising the costs of environmental degradation or calculating the costs of diseases caused by toxic chemicals? Economic analyses and full cost accounting certainly fall far outside the scope of traditional medical education and epidemiologic practice.
Perhaps the most important argument in support of the notion that doctors should know something about economics is that economic information can be a very powerful tool for disease prevention [19]. Accurate information on the previously hidden costs of diseases of environmental origin can be a persuasive adjunct to clinical, pathophysiologic and epidemiologic data. Economic data can sway the opinions of elected officials and governmental policy makers. It is relatively easy for an industry to calculate the one-time costs of installing pollution controls and much more difficult for epidemiologists and economists to develop accurate information on the costs of pollution because these hidden costs are typically spread across populations and extend over many years [19, 20]. However, economic data on the costs of disease can help counter one-sided arguments put forward by business interests that focus exclusively on the costs of preventing pollution [21]. They can be very important in the setting of priorities and in the allocation of scarce resources.
In summary, information on the costs of disease caused by environmental contamination can lead to major policy changes, save hundreds of billions of dollars and improve the lives of generations. That is why this information is worth developing and why the study by Brandt et al. [11] is so important.
	©ERS 2012
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