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Sammanfattning

I politiken betonas ofta vikten av att samhillsmal nas med kostnadsef-
fektiva atgirder. FOr atgdrder som sparar liv innebir det att resurser fO1-
delas till atgarder med ligst kostnad per sparat liv oavsett politikomrade.
Ett styrmedel av stor ekonomisk omfattning som syftar till att minska
hilso- och miljdriskerna dr Naturvardsverkets sakanslag f6r sanering av
férorenade omraden. I den hir rapporten analyserar Konjunkturinstitutet
vad det kostar att spara liv genom sanering. Analysen av kostnaderna
visar att livriddande insatser inom saneringsarbetet virderas implicit
minga ginger hogre dn dtgirder for att spara liv inom till exempel trafi-
ken. Mot bakgrund av dessa resultat anser vi det angeliget att det £6rs en
allmin diskussion om hur sambhillets resurser ska anvindas for att ridda
liv.

BAKGRUND

Regeringen har beslutat att sexton miljomal med tillhérande delmal ska
vara vigledande f6r Sveriges utveckling i riktning mot ett hallbart sam-
hille. Miljémalet ”Giftfri milj6” har tva delmadl som ror sanering av for-
orenade omraden. Enligt dessa delmal ska samtliga férorenade omraden
som innebir akuta risker vid direktexponering vara utredda, och vid
behov atgirdade, till 2010. Dessutom ska dtgirder ha genomforts 1 sa
stor andel av de prioriterade omrddena att miljomalet i sin helhet ska
vara uppnatt senast ar 2050.

I dag finns drygt 80 000 férorenade omriden i Sverige. Av dessa tillhor
ca 1 500 omréden risk klass 1, vilka utgor storst risk f6r hélsa och miljé.
Hittills har sanering av férorenade omraden kostat drygt tre miljarder
kronor. Att sanera de mest férorenade omrddena berdknas kosta ytterli-
gare 60 miljarder kronor. Naturvardsverket leder arbetet med efterbe-
handling av férorenade omraden i Sverige. Via ett statligt sakanslag, pla-
nerar och genomfor de efterbehandlingsatgirder i samarbete med berdr-
da linsstyrelser och kommuner. Sakanslaget uppgar till ca 0,5 miljarder
kronor per ér vilket motsvarar ca 10 procent av miljopolitikens drliga
utgifter.

RISKBEDOMNING

For att géra det mojligt att prioritera mellan férorenade omraden har
Naturvardsverket utvecklat en metodik f6r riskbedémning. Naturvards-
verkets riskbedémning tar sillan hinsyn till den verkliga exponeringen
vid ett foérorenat omride utan stannar ofta vid att méta halten i marken
och jimféra med ett visst riktvirde. Principiellt innebdr det att ett omra-
de kan saneras utan att nigon minniska faktiskt exponeras. Det sker
siledes ingen kvantifiering av saneringens férvintade riskreduktion, vil-
ket eliminerar méjligheten att géra ekonomiska virderingar av risk-
minskningen som sedan skulle kunna vigas mot saneringskostnaden.
Den hir rapporten analyserar hur hilsoeffekter fran férorenade omriden
virderas implicit 1 efterbehandlingsarbetet, genom att utgd fran en mil-



jomedicinsk ansats som tar hinsyn till faktisk exponering. I en sidan
ansats beaktas huvudsakliga exponeringsvigar med traditionell toxikolo-
gisk metodik. Exponerings-responssamband fran den vetenskapliga litte-
raturen anvinds for att kvantifiera de olika féroreningarnas hilsoeffekter.

FOKUS PA ARSENIK I ANALYSEN

Av de 1 500 omradena som tillhor risk klass 1 har ca 80 omraden paga-
ende eller avslutad sanering som 4r finansierad med statliga bidragsme-
del. Aven om omridena har férorenats av flera féroreningar kan man i
minga fall definiera en sa kallad primir férorening. Den primira férore-
ningen 4r ofta den férorening som ir farligast, férekommer i stérst
mingd och ir vigledande f6r ambitionsnivin pé efterbehandlingsinsat-
serna. Bland de hogst prioriterade objekten utgdr arsenik den enskilt
vanligaste féroreningen. Arsenikféroreningarna hirstammar fran tidigare
industriella aktiviteter i form av exempelvis triimpregneringsanldggningar
och gruvor. Arsenik sprids fran férorenade omriden huvudsakligen med
grundvatten, men luftburen spridning férekommer ocksa. For arsenik dr
hilsoriskerna (inte miljoriskerna) vigledande f6r saneringsarbetet. Efter-
som riskerna kan vara manga dr det endast de risker som férvintas vara
styrande for resultaten som behover kvantifieras. Arsenik dr cancerfram-
kallande och det dr endast for cancerogena dmnen som risken kan upp-
skattas kvantitativt, det vill sdga uttryckas 1 antal extra cancerfall under en
livstid.

Det finns 23 arsenikomrdden i riskklass 1 med pagiende eller avslutad
sanering. For att kvantifiera den extra cancerrisk som orsakas av arsenik-
exponering anvinds exponerings-responsfunktioner f6r de huvudsakliga
exponeringsvigarna: inandning av luft, intag av jord och hudkontakt. Vi
utgir frin markanvindningen som indikerar vistelsetiden f&r att om-
vandla antal exponerade individer till antal heltidsexponerade individer
som vistas pa omrddet. Sedan anvinds medelhalten pi omradet for att
berikna koncentrationen for varje exponeringsvig. Slutligen appliceras
exponeringsresponsfunktioner for att berdkna saneringens riskreduktion.
Direfter anvinds saneringskostnaden for att berikna kostnaden per
sparat liv 1 saneringsarbetet.

RESULTAT

Resultaten visar pa férvanande sma hilsoeffekter fran saneringsarbetet.
Som mest sparas det 0,03 liv genom sanering av ett av omradena. Totalt
spatas pa arsenikomradena 0,12 liv till en férvintad kostnad pa 881 mil-
joner kronor. Kostnaden per sparat liv varierar mellan 287 miljoner kro-
nor och 1 835 miljarder kronor. Det Gverstiger vida virdet av ett statis-
tiskt liv som uppgir till 21 miljoner kronor. Aven om vi férdubblar vir-
det av ett statistiskt liv (vilket fOreslagits i riskvirderingslitteraturen for
att ta hinsyn till att virderingen av riskreduktionen fran milj6relaterad
dodlighet skiljer sig fran virderingen av riskreduktionen fran trafikrelate-
rad dédlighet) sa dr skillnaden mycket stor. Detta trots att vii vara anta-
ganden har varit konservativa, det vill siga sannolikt Gverskattat expone-
ringen och dirmed hilsoeffekten och siledes underskattat kostnaden pet



sparat liv. Intressant att notera dr att 72 procent av de beriknade hilsoef-
fekterna astadkoms pa tre omraden vilka har sanerats till 13 procent av
de totala kostnaderna f&r arsenikomradena. Det understryker vikten av
ritt prioriteringar i saneringsarbetet. Vi har dven ridknat pa hur manga
exponerade som krivs for att spara ett liv pd varje omrade. Resultaten
visar att antal exponerade mdste i vissa fall 6ka sd mycket att de 6versti-
ger antalet invanare i kommunen. Trots osdkerheten i analysens antagan-
den illustrerar det hir att ambitionsnivén 1 saneringsarbetet 4r hég och i
vissa fall kanske orimligt hog.

Baserat pd vara resultat anser vi det ddrfor angeldget att det f6rs en all-
min diskussion om hur samhillets resurser ska anvindas f6r att ridda liv
inom olika politikomraden. Vilken hilsorisk dr acceptabel vid férorenade
omraden och hur och varfér skiljer den sig jaimfért med andra hilsoris-
ker? Som jimférelse kan nimnas att bostadsradon varje ar berdknas or-
saka 400 nya fall av lungcancer, och luftféroreningar utomhus flera tusen
fortida dédsfall per ar. Om miljérelaterade hilsorisker ska férebyggas
finns det sannolikt omraden dir ekonomiska insatser kan géra mer nytta.

Tabell 1 Antal sparade liv, kostnader och resultatjamforelser

Akterspegeln” 23 185 000 0,0098 2 357 100-1 000
Robertsfors 59 433 934 0,0010 60 785 10-100
Burtraskbygden 7 620 350 0,0008 9 341 1-10
Tvérdn” 15 494 619 0,0219 707 10-100
Svartbyn® 2122176 0,0015 1427 1-10
Sjbsa 32 748 762 0,0013 25 884 10-100
Lyshalla” 1227 383 0,0035 348 1-10
Mjolby 2 703 250 0,0000 121 505 1-10
Rimforsa 9 820 099 0,0001 76 520 1-10
Hjulsbro 1219 711 0,0005 2613 10-100
Glasbrukstomten 88 000 000 0,0344 2559 100-1 000
Grimstorp 126 910 779 0,0015 82672 1-10
Elnaryd 84 834 848 0,0003 254 208 1-10
Hogsby-Ruda” 75 400 000 0,0047 16 049 10-100
Tréingeberg 9350919 0,0026 3653 10-100
Oxhult” 2 853 000 0,0018 1 580 1-10
Gudarp 73 666 537 0,0002 419 213 10-100
Konsterud” 9 087 563 0,0317 287 10-100
Kramfors” 15 072 604 0,0018 8 373 1-10
Svang” 34 080 000 0,0019 18 169 10-100
Svartvik 84 932 698 0,0000 1834 629 1-10
Forsmo” 24 658 432 0,0005 53 126 1-10
Fagervik 96 539 845 0,0002 601 087 10-100
Total 880 962 509 0,1219 7 227

Anm." Indikerar att saneringen &r avslutad. For de pdgdende saneringsomradena &r den totala
kostnaden uppskattad. Kostnaden &r hamtad fran kvartalsrapporter frén lanstyrelserna till
Naturv8rdsverket (kvartal 4, 2007).” Avrundat till fyra decimaler.
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1. Introduction

Swedish environmental policy is based on 16 environmental quality objectives (Gov.
Bill 2000/01:130 and Gov.Bill 2004/05:150).t One of the most challenging objectives,
‘A non toxic environment’, has two interim targets that concern remediation of con-
taminated sites. In sum, they state that the highest priority should be given to sites
posing the highest risks to human health and the environment.2 By eliminating pollut-
ants in soil, groundwater and sediment, the interim targets aim to reduce risks to hu-
man health and the environment. In Sweden, 83,000 sites are potentially contaminated
due to previous industrial activities. According to the Swedish Environmental Protec-
tion Agency (EPA), the administrator of the governmental funds for remediation,
approximately 1500 of these sites contain contaminant concentrations that could seri-
ously harm human health and the environment (Swedish EPA, 2008a). To reach the
interim targets, all these sites need to be remediated by 2050. Remediation of con-
taminated sites has so far cost more than SEK 3,000 million.? The approximated cost
to mitigate the potential risks at the most harmful sites is estimated at SEK 60,000
million.4 The Swedish government’s funding for remediation presently comes in the
form of a directed grant (sakansiag). The directed grant, administrated by the Swedish
EPA, subsidises remediation of contaminated sites that were contaminated prior to
modern environmental legislation (in 1969) or for which no liable party can be found.
The directed grant amounts to approximately 455 millions annually, which corre-
sponds to about 10 percent of the annual national funds for environmental protection
(Gov. Bill 2007/08:1). To make it possible to priotitise among contaminated sites, the
Swedish EPA has developed a method for risk assessment called the ‘MIFO” (i.e. the
Method for Inventory of Contaminated Sites). The risk assessment does not take into
account the actual exposure at a contaminated site. Risk is instead assessed based on
divergence from guideline values for acceptable concentrations given a standardised
(i.e. worst case) exposure situation on an individual level. This means that a site can be
remediated without any individuals actually being exposed. The expected risk reduc-
tion is consequently not quantified. This eliminates the possibility of valuing the risk
reduction, which should be weighed against the remediation cost.

The purpose of this paper is to analyse how health effects, in the form of cancer risks,
from sites contaminated by arsenic are valued implicitly in remediation. By using an
environmental medicine approach that takes exposure into account, and without un-
derestimating the potential health consequences of arsenic exposure, our purpose is to
place arsenic risk management in the overall picture of live-saving interventions. In
the case of cancer prevention, it is necessary to recognise that focus on an environ-
mental carcinogen like arsenic may draw public attention — and funding — away from

1 The environmental quality objectives are: Reduced Climate Impact; Clean Air; Natural Acidification Only; A
Non-Toxic Environment; A Protective Ozone Layer; A Safe Radiation Environment; Zero Eutrophication;
Flourishing Lakes and Streams; Good-Quality Groundwater; A Balanced Marine Environment, Flourishing
Coastal Areas and Archipelagos; Thriving Wetlands; Sustainable Forests; A Varied Agricultural Landscape; A
Magnificent Mountain Landscape; A Good Built Environment; and A Rich Diversity of Plant and Animal Life.

2 Interim target 6: Studies will have been carried out and, where necessary, appropriate action will have been
taken by the end of 2010 at all contaminated sites that pose an acute risk on direct exposure, and at
contaminated sites that threaten important water sources or valuable natural environments, today or in the
future. Interim target 7: From 2005 to 2010, measures will be implemented at a sufficiently large proportion of
the prioritised contaminated sites to ensure that the environmental problem as a whole can be solved by 2050
at the latest.

3 0On average, 1 Euro=SEK 9.61 and 1 USD=SEK 6.58 in 2008.

4 Based on the sites’ average remediation cost of SEK 40 million (Swedish EPA, 2008b).
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more important causal factors like tobacco, dietary habits and exercise, and environ-
mental health risks like ambient air pollution and indoor radon. Although environ-
mental pollution accounts for less than ten percent of all cancer cases (Harvard Centre
for Cancer Prevention, 1996; Saracci and Vineis, 2007), environmental factors are
important to recognize since they may be preventable. We emphasise, however, the
inefficiency in becoming overly concerned about small risks while, at the same time,
losing sight of the large risks. If society’s spending on lifesaving measures with small
effects (i.e. a small number of lives saved) crowds out spending on lifesaving measures
with large effects, then remediation can, in fact, even be said to wasz lives.

By using data on 23 arsenic-contaminated sites in Sweden, we estimate the site-
specific cancer risks and calculate the cost per life saved by using the sites’ remediation
costs. Our results show that the cost per life saved through remediation is much
higher than that associated with other primary prevention measures, indicating that
the ambition level of Swedish remediation may be too high.
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2. The cost per life saved in primary prevention

Although valuation of life is difficult, uncertainty-laden and filled with ethical consid-
erations, we do not have a choice between doing it and not doing it. All decisions
made by society about lifesaving interventions implicitly reflect the decision makers’
valuations. The resulting ‘implicit’ values of lives can be calculated from the costs of
risk-reducing interventions, given the number of lives saved. In contrast, an ‘explicit’
value of life is a pre-determined value used in e.g. cost-benefit calculations. Thus, im-
plicit values of lives are ex post values, i.e. values resulting from measures taken,
whereas explicit values are ex ante values, i.e. calculation values used before a measure
is taken.

Ramsberg and Sjéberg (1997) investigate the cost-effectiveness of 165 lifesaving inter-
ventions in Sweden and show that the average cos? per life-year saved varies from USD
470 to USD 1,245,000 (in 1993 prices). The least costly way of saving life-years was
found to be in the ‘lifestyle risk’ category. That is, by e.g. raising the age on tobacco
use and using campaigns against smoking, life-years can be saved at a low cost (condi-
tional on the interventions leading to fewer smokers). Burstrom (1999) uses Ramsberg
and Sjéberg’s results to calculate the cos? per life saved for a subgroup of the interven-
tions, i.e. the primary prevention interventions (see Table 1).

As shown in Table 1, the implicit cost per life saved is, on average, SEK 66.6 million,
with a large variation among different sectors from SEK 68,000 to SEK 675 million.
The median cost per life saved is approximately SEK 12 million. Rosén et al. (2006)
compare the Swedish guideline values for contaminated sites to other risks and find
that in some cases, 100-1,000 times higher health risks are accepted in working and
housing environments compated to tisks from contaminated sites.

From a societal perspective, a cost efficient allocation of resources occurs when the
marginal cost of saving one life is equal in all interventions, given the same risk prefer-
ences. If the marginal costs differ, resources should be reallocated to the sector with
the lowest marginal costs. Departure from this principle implies that fever lives are
saved at a given cost.5

The literature gives ample evidence on differences in the valuations of different types
of risk reductions. Except socioeconomic factors, the character of the risk, the type of
consequences, the baseline risk, and the magnitude of the risk reduction may also
matter (Rosén et al., 2000). The public’s (and therefore the politicians’) risk percep-
tions differ quite substantially from those of experts (Slovic et al., 1981; Chess et al.,
2004). Differences in cost per life saved among different sectors can therefore partly
be explained by differences in risk perceptions, even if very large differences can

hardly be justified (Sjoberg, 2003).

5 Tengs and Graham (1996) show that it would be possible in the US to save an additional 60,000 lives per year
through a more cost efficient allocation.



12

Table 1 The cost per life saved for primary prevention measures (SEK 2007
prices)

Type of measure Number of Average cost Median cost

measures (SEK) (SEK)
Medicine 20 25,411,000 6,331,000
Radiation 10 13,307,000 1,075,000
Traffic safety 31 78,778,000 22,457,000
Lifestyle risks (smoking) 3 68,000 47,000
Fire protection 6 41,012,000 3,166,000
Electrical safety 2 674,910,000 674,910,000
Accidents 1 170,340,000 170,340,000
Environmental pollution 5 80,655,000 23,174,000
Crime 1 5,614,000 5,614,000
Total 79 66,566,000 11,587,000

Sources: Own calculations based on Ramsberg and Sjéberg (1997) and Burstréom (1999).
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3. Data

Of the 1,500 sites with highest priority, about 80 have been remediated or have on-
going remediation financed by government funds. Even if a site has been contami-
nated by several pollutants, it is often possible to identify a so-called primary contami-
nant. The primary contaminant is often the most hazardous and is present in the larg-
est quantity, and hence guides the ambition level of the remediation work. Among the
most prioritised sites metals (30 percent) and arsenic (26 percent) are the most com-
mon primary contaminants (Swedish EPA, 2008b). Since metals can, in turn, be di-
vided into mercury, lead, chromium, copper and cadmium, the single most common
primary contaminant is arsenic which motivates the focus of the analysis. Table 2 lists
the 23 arsenic-contaminated sites with either completed (10) or on-going measures

(13).

Table 2 Site-specific characteristics

Akterspegeln” 163 15 100-1,000 Open Recreation
Robertsfors 250 15 10-100 Enclosed Recreation
Burtraskbygden 260 40 1-10 Open Industry
Tvaran® 608 17 10-100 Open Industry
Svartbyn” 80 15 1-10 Open Housing
Sjosa 30 6 10-100 Enclosed Industry
Lyshalla® 170 15 1-10 Open Housing
Mjolby 46 40 1-10 Enclosed Industry
Rimforsa 49 15 1-10 Open Industry
Hjulsbro 87 15 10-100 Open Recreation
Glasbrukstomten 102 20 100-1,000 Open Industry
Recreation

Grimstorp 424 10 1-10 Open Industry
Elnaryd 130 40 1-10 Enclosed Industry
Housing

Hégsby-Ruda” 55 5 10-100 Open Industry
Recreation

Troéingeberg 23 15 10-100 Open Housing
Oxhult” 94 15 1-10 Open Housing
Gudarp 119 80 10-100 Enclosed Recreation
Konsterud® 119 15 10-100 Open Housing
Kramfors” 500 15 1-10 Open Industry
Svané” 418 100 10-100 Open Recreation
Svartvik 150 40 1-10 Open Recreation
Forsmo” 1,128 10 1-10 Enclosed Recreation
Fagervik 65 40 10-100 Open Recreation

Note:"Remediation has been completed (based on the quarterly report [Quarter 4, 2007] provided by the
county administrative boards by order of the Swedish EPA). (a) The arsenic concentrations before remediation
are derived from site-specific investigation reports or from involved consultants. (b) The land use data is
derived from agent officials.

Arsenic contaminants result from previous industrial activities such as wood impreg-

nation, and from sawmill, glasswork and sulphate and metal industries. Arsenic is

mainly transported from contaminated sites through groundwater, but also through

the air. Remediation work for arsenic is guided by health effects and not environ-
mental effects (Swedish EPA, 2008c). Since there can be several risks involved, only
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the primary risks need to be quantified (Swedish EPA, 2008d). Both acute health risks
and long-term risks can be important for arsenic-contaminated sites. Arsenic is classi-
fied as carcinogenic to humans (IARC, International Agency for Research on Cancer,
2004; 2008).6 That is, arsenic exposure is scientifically proven to increase the risk of
developing cancer, primatily in the lungs, urinary bladder and skin, but probably also
in the liver and kidneys (U.S. Department of Health and Human Services, US-HHS,
2007). At long-term low-level exposure to inorganic arsenic, cancer is the most impor-
tant proven health risk, since blood vessel disease and skin changes (other than can-
cer) do not occur below a certain exposure level.

ARSENIC CONCENTRATIONS

To estimate the risk reduction associated with arsenic mitigation, the average arsenic
concentrations pre remediation have been collected. A reason for estimating risk based
on an average concentration is that, over time, an individual will be exposed to an
average concentration rather than to exceptionally high or low concentrations (US-
EPA, 1992; Swedish EPA 2008d).7-8 As illustrated in Table 2, the average pre remedia-
tion arsenic concentrations show a range from 23 to 1,128 mg/kg.> The atsenic con-
centrations post remediation refer to the sites” quantitative remediation objectives. As
illustrated in Table 2, a majority of the sampled sites have remediation objectives that
correspond to the Swedish EPA’s guideline values for either sensitive, i.e. 15 mg/kg, or
less sensitive, i.e. 40 mg/kg, land use. As shown, some of the sites’ remediation objec-
tives have, however, been adjusted in regard to the site-specific background concen-
trations of arsenic.

EXPOSURE

To be able to take actual exposure into account, we collected data from agent officials
(i.e. municipality or county administrative board personnel) by asking them to ap-
proximate the number of individuals on or adjacent to (i.e. within 500 metres of) a
particular site. To simplify the approximation for the respondents, the following inter-
vals were given: 1-10, 10-100 and 100-1,000. In addition, the respondents were asked
to address the current and planned land use as well as the prevalence of children on or
adjacent to the site. In order to take children who put fingers and occasionally soil in
their mouth into account, we used the municipality’s share of children aged 0-3 years
provided by Statistics Sweden.

6 The IARC is part of the World Health Organization. IARC is the publisher of the Monograph series (1972-
2002), which contains evaluations and classifications of environmental agents and exposures linked to the
development of human cancer. The categories are: Group 1: Carcinogenic to humans ; Group 2A: Probably
carcinogenic to humans ; Group 2B: Possibly carcinogenic to humans ; Group 3: Not classifiable as to
carcinogenicity to humans ; and Group 4: Probably not carcinogenic to humans.

7 Commonly applied concentration values in risk assessments of contaminated sites are: average concentration;
Upper Confidence Limit (UCL) of the mean (based on t-statistics); a specific percentile (e.g. the 50" percentile
or the 95" percentile); and maximum measured concentration (Swedish EPA, 2008d).

8 A conservative average concentration (i.e. called UCLys) would, if available, be preferred (US-EPA, 2002;
Swedish EPA, 2008d) as the average site concentration depends on the depth and range of the investigated
area, number of samples, purpose of sampling (i.e. to define the contaminated area or to determine the
average concentration), and the distribution of concentrations (e.g. many samples with low concentrations and
few with very high concentrations).

9 The natural background concentrations of arsenic vary. Depending on geographical location, concentrations
from 3 to 15 mg/kg are found. Notably, for almost half of the sample sites the investigation reports do not
provide information on background concentrations. Thus, these are not included in the subsequent
quantifications.



15

ACCESSIBILITY AND LAND USE

Accessibility indicates whether a site is open or fenced. Land use refers to pre reme-
diation use. The data on land use is relevant for approximating exposure times. The
daily exposure times applied in subsequent quantifications (see the next section) is 24
hours for individuals residing on or adjacent to a site, 1 hour for recreational activities,
and 5.7 hours for occupational activities. If pertinent, 5.7 hours also applies to day-
care/school. We assume that both land use and the numbers of exposed individuals
are unchanged post remediation, although it is plausible that both these factors in-
crease post remediation. By assuming that these factors are unchanged we may hence
underestimate the population at risk post remediation, overestimate the number of
lives saved and, therefore, underestimate the cost per life saved.
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4. From exposure to lives saved

RISK ASSESSMENT

Since arsenic occurs naturally in the environment, humans are exposed by merely
eating, drinking and breathing. The scientific task is to determine the levels of arsenic
exposure and their effects on human health and the environment when additional con-
taminant sources, like a contaminated site, are present. According to the MIFO risk
assessment developed by the Swedish EPA, risk classification is based on an overall
evaluation of the hazardousness and migration potential of site-specific contaminants,
contamination level, and a site’s environmental sensitivity and protection value (Swed-
ish EPA, 2007a). To be able to make lucid risk assessments of all contaminated sites,
the Swedish EPA has compiled general guideline values for contaminants in the soil
for different types of land use. The guideline values are in turn based on conservative
assumptions about toxicological data and human exposure that often overestimate the
risk posed by a site. These are national values and mark the levels that should not be
exceeded. Occasionally, health risk assessments are supplemented with formal opin-
ions from environmental medicine experts. In contrast to the conventional procedure
for health risk assessment, environmental medicine personnel make use of their quali-
fications in exposure assessment, toxicology and medicine to answer questions regard-
ing e.g. what the actual exposure is at a specific site and what human health risks arise
at a specific level of exposure.

The major aim of the Swedish EPA’s risk assessment is to compare site-specific con-
taminant levels with the general guideline values. For health risk assessments, the
starting point is, in general, the tolerable daily intake (TDI) that the World Health
Organization (WHO) or other international organisations have recommended.!® For
carcinogenic substances without thresholds, the general guideline value in Sweden is
the value that is expected to result in one extra cancer case per 100,000 lifetime ex-
posed individuals.!! It is then calculated how much an individual may actually be ex-
posed to in total through aggregation of different exposure pathways at a certain con-
taminant level. For sites with less sensitive land use (i.e. offices, industries, roads etc.),
the exposure pathways are: direct intake of contaminated soil, dermal contact with
contaminated soil and inhalation of dust from the contaminated site. For sites with
sensitive land use (i.e. residential areas and playgrounds), all relevant exposure path-
ways are considered (direct intake of soil, dermal contact, inhalation, intake of
groundwater and intake of vegetables and fish). The Swedish EPA then makes stan-
dardised assumptions and uses models to estimate dissemination from soil to air,
drinking water, vegetables etc. (Swedish EPA, 1997, 2007b). Under the assumption
that humans are exposed through all possible pathways (a so-called ‘worst case’), ex-
posures through all pathways are added together. Then a general guideline value for
the soil contaminant is calculated, which should protect humans from exceeding the
TDI. The Swedish EPA does not make any judgment on the probability of exposute
through a certain pathway. The precautionary principle is used for handling all uncer-
tainties in the risk assessment, implying that in order to not underestimate the risks: (i)
the contaminant levels should represent a ‘bad but possible scenario; (if) possible but

10 The TDI is the amount of intake per kilo body weight per day of a chemical that can be ingested over a
lifetime without posing a significant risk to health.

11 This is a low risk to the individual. Since the lifetime risk of cancer in Sweden is around 40 percent, it implies
that the risk increases to 40.001 percent (Liljelind and Barregdrd, 2008).
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less probable circumstances that could increase the risks are considered; and (iii) con-
servative values should be chosen for the parameters in the risk assessment (Swedish
EPA, 2007b).

Important to note is that the guideline values are national and that the risk is calcu-
lated at the individual level. It does not matter how many individuals reside at or close
to a contaminated site. The relation between the guideline value and the adverse effect
is also unclear, which makes it difficult to relate a reduction in a contaminant level to a
risk reduction (Rosén et al., 20006). To be able to make risk valuations, the risk before
and after remediation needs to be quantified e.g. in the number of cancer cases
avoided. Since the expected risk reduction is not quantified by the Swedish EPA, it is
difficult to make socioeconomic priorities in remediation.

The model for generic guideline values can simplify the decision process in the early
stages of risk assessment. One of the significant limitations is however that site-
specific circumstances are only taken into account to a certain extent. The model is
therefore indirect, mechanical and not directly applicable to calculate actual health
risks. An environmental medicine assessment, on the other hand, aims to a larger ex-
tent to assess the health risks associated with actual exposure. In such an analysis, the
main exposure pathways are considered through toxicological methods. Exposure-
response relationships from scientific studies are used to quantify health effects of
different contaminants. An important difference between the two approaches is the
time perspective. The Swedish EPA strives for long-term sustainability and argues that
100-1000 years should be considered. The environmental medicine approach strives to
a larger extent to describe the actual exposure and does not usually analyse periods
longer than a couple of decades (Liljelind and Barregird, 2008). Another difference is
that environmental medicine treats high concentrations of contaminants on the sur-
face more seriously than contaminants deeper down that humans normally do not risk
being exposed to, except for the case of ingestion of ground water.

On a Buropean level there are large differences between different models for guideline
values. A comparison between European guideline value models is made by Carlon
(2007) in order to analyse differences among methods and reasons behind these dif-
ferences in order to identify possibilities for harmonisation. The differences in some
cases depend on sociocultural factors. In other cases the differences mirror different
national strategies for environmental policies. Additionally, national differences can
reflect lack of scientific consensus. In other cases there are no obvious reasons for the
disparities and random factors seem to dominate, such as personal expetience or his-
torical aspects. For carcinogenic substances, the acceptable risk is expressed in extra
cancer risk during a lifetime and varies between one per 10,000 and one per million in
EU member states. The importance of this risk level should be evaluated in relation to
the conservative assumptions made in the risk assessment, and then compared to the
risks associated with other sources, such as air pollutants and smoking.

The consequences of exceeding guideline values vary according to national legislation.
The strength in the execution of a sanction can also vary (Carlon, 2007). In the US,
remediation started in the 1980s, and the focus has, as in Sweden, been placed on
potential individual specific cancer risks rather than actual exposure. This has made
the remediation programme much more expensive than planned. The annual cost of
the US remediation programme ‘Superfund’ is now around USD 1,000 million. To
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remediate the remaining sites is estimated to take 30 years and to cost USD 30,000
million in total (US EPA, 2004).

CALCULATING THE NUMBER OF CANCER CASES AVOIDED

Exposure-response functions for different exposure pathways are used to calculate the
extra cancer risk due to arsenic contamination. The main exposure pathways for can-
cer risks due to arsenic-contaminated sites are: inhalation of air, ingestion of soil and
skin contact.12 We depart from land use to estimate the exposure time for the site. The
contaminant average concentration levels are then used to calculate the exposure for
every pathway. For inhalation of air, the arsenic exposure is calculated based on as-
sumptions of how the character of the soil affects the amount of particles in the air
and that fine particles may contain higher concentrations of arsenic (see Appendix for
an illustration). For ingestion of soil, the arsenic exposure is calculated based on as-
sumptions of the amount of intake during the exposure time. For skin contact, the
arsenic exposure is calculated based on assumptions of amount of soil on skin and
percentage of skin absorption. These assumptions are all made in a manner that is
customary for environmental medicine analyses. Uncertainties are indicated with an
interval for certain factors (for example amount of soil on skin and bioavailability of
arsenic contaminants). In the cases where such intervals are used, we have in the fol-
lowing calculations used the values of the intervals that lead to the highest exposure,
resulting in the highest possible numbers of lives saved.13 Hence, the calculations are
conservative. If we instead would have used mid-interval estimates, the calculated risk
and the number of saved cancer cases would have been several times lower. Thereaf-
ter, exposure-response functions are applied to calculate the risk reduction caused by
the remediation. Table 3 lists the exposure-response functions used in the calculations.
First we calculate the number of cancer cases that may occur during a 30 year period if
the site is not remediated. Then we calculate the risk that remains following remedia-
tion, according to the Swedish EPA’s guideline values.!415 The risk reduction there-
fore consists of the difference between the risk pre remediation and the remaining risk
post remediation. However, since not all cancer cases lead to death, the numbers must
be adjusted when estimating the numbers of lives saved.!¢ The future cancer cases
have not been discounted, since we do not know when in time they will occur.1? This
implies that we underestimate the cost per life saved. It should be noted that we used
a more updated risk assessment than the one used by the Swedish EPA. The number
of cancer cases in our calculations becomes several times higher than if we had used
the Swedish EPA’s exposure-response function. The reason is that not only do we
take skin cancer into account, but also the risk for lung and bladder cancer.

12 In some cases the exposure-pathways ingestion of groundwater and intake of vegetables could be relevant.
Exposure through intake of vegetables has not been relevant for the sites included in this analysis. Exposure
through ingestion of groundwater implies that the wells are used for drinkingwater and that the water contains
contaminant levels that exceed drinkingwater guidelines for arsenic. There is risk for exposure through
ingestion of groundwater on two of the sites. In addition there is risk for migration to groundwater on a third
site. Our analysis is, however, limited to the exposure-pathways inhalation of air, ingestion of soil and skin
contact.

13 That is, the numbers of exposed individuals are based on the upper bound of the applied intervals, and the
exposure times in regard to for instance residential activities are assumed to be as high as 24 h a day.

14 To use a 30 year period is consistent with the US EPA’s calculations (Viscusi, Hamilton and Dockins, 1997).
15 For more information about the data, see Forslund and Barregérd (2008).

16 For lung cancer, mortality is more than 90 percent, but we have also calculated the risk for skin cancer and
bladder cancer, which have lower mortality (around 20 and 30 percent respectively). We therefore use 50
percent mortality in the calculations (see also Rosén et al., 2006, and Tallback et al., 2004).

17 This is consistent with US EPA (Hamilton and Viscusi, 1999).
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Table 3 Quantified cancer risks, descriptions and sources.
Exposure pathway Cancer risk Description Source
(Concentration)
Inhalation of air 1.5 x 103 (1 pg/m?) At an air concentration of 1 pg/m* WHO (2000)
an estimate of excess lifetime risk
for cancer is 1.5 x 107>

Ingestion of groundwater ; a) 6 x 10™ (0.01 mg/litre) At a concentration of 0.01 mg/litre WHO (1993)

Skin contact” ; an estimate of excess lifetime skin

Ingestion of soil’ cancer risk is 6 x 10™.
b) 2.5 x 10 (0.01 At a concentration of 0.01 mg/litre Modified for
mg/litre) an estimate of excess lifetime risk Sweden from

for cancer in lung and urinary US-NAS (2001)
bladder is 2.5 x 107,

Note:" The Cancer risk was estimated assuming the same risk per unit of absorbed dose for exposure by
ingestion of soil or skin absorption as for drinking water.
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5. The cost per life saved at arsenic sites

Table 4 shows that at most 0.03 lives will be saved through remediation of the site
‘Glasbrukstomten’. In total 0.12 lives can be expected to be saved on the arsenic sites
at a cost of SEK 881 million. The cost per life saved on the arsenic sites varies from
SEK 287 million to SEK 1,834,000 million. This widely exceeds the value of a statisti-
cal life (VSL), which in Sweden is considered to be about SEK 21 million (SIKA,
2008). Even if we double the VSL, which has been suggested (SIKA, 2005) in order to
take into account that valuations of reductions in risks of environmentally related
mortality differ from valuations of reductions in risks of traffic related mortality, the
difference is enormous. It is interesting to note that 72 percent of the health effects
occur at three sites (Tvirdn, Glasbrukstomten, Konsterud), where remediation costs
amount to 13 percent of the total remediation costs. This underlines the importance
of making the right priorities in the remediation work. The cost per life saved can be
compared to similar estimates from an analysis of 150 contaminated sites financed by
the US remediation program ‘Superfund’; there the average cost of an avoided cancer case
amounted to USD 3 million (SEK 20 million), ranging from USD 20,000 (SEK
131,000) to USD 1,000 million (SEK 6,600,000 million) and with a median of USD
388 million (SEK 2553 million) (Hamilton and Viscusi, 1999), which can be compared
to our average cost of one /fe saved of SEK 7,200 million and our median of SEK
16,000 million.ts The average Swedish cost is hence much higher than the U.S. average
cost. If we are less conservative in our calculations on exposure, the cost per life saved
becomes several times higher. We also calculated how many individuals need to be
exposed at each site in order for one life to be saved. The results show that the num-
ber of exposed must increase from 10-1,000 to 2,850-620,000 individuals. These fig-
ures in some cases exceed the number of inhabitants in the municipality. Despite the
uncertainties involved in our assumptions, the calculations illustrate that the ambition
level in remediation is high, and in some cases unreasonably high.

18 The average cost is calculated as the quotient between the total remediation cost and the total number of
cancer cases avoided (or lives saved). If we instead use the average of the site-specific costs per cancer case
avoided (or life saved), the average would be higher.



Table 4 Number of saved lives, costs and comparisons

Akterspegeln”
Robertsfors
Burtréskbygden
Tvarén®
Svartbyn”
Sjosa
Lyshalla”
Mjélby
Rimforsa
Hjulsbro
Glasbrukstomten
Grimstorp
Elnaryd
Hogsby-Ruda”
Tréingeberg
Oxhult”
Gudarp
Konsterud”
Kramfors”
Svand”
Svartvik
Forsmo”
Fagervik

Total

23,185,000
59,433,934
7,620,350
15,494,619
2,122,176
32,748,762
1,227,383
2,703,250
9,820,099
1,219,711
88,000,000
126,910,779
84,834,848
75,400,000
9,350,919
2,853,000
73,666,537
9,087,563
15,072,604
34,080,000
84,932,698
24,658,432
96,539,845
880,962,509

0.0098
0.0010
0.0008
0.0219
0.0015
0.0013
0.0035
0.0000
0.0001
0.0005
0.0344
0.0015
0.0003
0.0047
0.0026
0.0018
0.0002
0.0317
0.0018
0.0019
0.0000
0.0005
0.0002
0.1219

2,357
60,785
9,341
707
1,427
25,884
348
121,505
76,520
2,613
2,559
82,672
254,208
16,049
3,653
1,580
419,213
287
8,373
18,169
1,834,629
53,126
601,087
7,227

100-1,000
10-100
1-10
10-100
1-10
10-100
1-10
1-10
1-10
10-100
100-1,000
1-10
1-10
10-100
10-100
1-10
10-100
10-100
1-10
10-100
1-10
1-10
10-100

21

104,000
103,000
12,500
4,600
6,700
79,000
2,850
450,000
78,000
215,000
35,000
6500
30,000
47,000
39,000
5500
570,000
3200
5600
53,500
215,000
21,500
620,000

Note:" Indicates that remediation has been completed. For the sites with ongoing remediation the total cost is

estimated. The cost is derived from the quarterly reports.”™ Rounded to four decimals.

The analysis has not taken into account acute health risks, other health risks than can-

cer and environmental risks. The acute risks are mostly associated with children’s pica-

behaviour, i.e. the risk that children to a high extent put fingers and contaminated soil

in their mouths. However, the risk that children eat soil at the arsenic-contaminated

sites in our sample is considered to be very small. It is also questionable whether such

small contributions to a human’s normal arsenic exposure are able to increase the risk

of contracting any chronic disease other than cancer. The environmental risks differ

among sites and are very difficult to estimate and value. As discussed eatlier, it is the

primary risks that should be valued, and in arsenic remediation health risks are consid-

ered to be primary.
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6. Discussion

Remediation of contaminated sites is one of the most challenging Swedish environ-
mental quality objectives in terms of reaching it on time. In addition, its cost amounts
to as much as 10 percent of the total environmental budget. Sweden is only in the
beginning of the remediation work, which until now has cost more than SEK 3,000
million, but is estimated to reach SEK 60,000 million after remediating the most haz-
ardous sites. Internationally, the US Superfund has been criticised due to remediations
having become much more expensive than estimated. In order for the Swedish objec-
tives to be reached, remediation must prioritise the right sites and use an appropriate
level of ambition.

Our results show that the level of ambition is high, maybe even too high. The cost per
life saved under a 30 year period amounts to between SEK 287 million and

SEK 1,835,000 million in the 23 sites examined, despite conservative calculations that
probably underestimate the cost. The average cost per life saved amounts to SEK
7,200 million. This widely exceeds the explicit value of a statistical life, which in Swe-
den amounts to SEK 21 million (SIKA, 2008). Even if differences in risk preferences
can motivate differences in marginal cost of saving lives, very large differences can
hardly be justified. Based on our results we believe it is important to start a general
discussion on how society’s resources should be spent in different sectors to save
lives. What level of health risk is acceptable at contaminated sites, and how and why
does this level differ from what is acceptable in terms of other health risk? Our results
indicate that no more than 0.12 lives will be saved during a 30 year period at a cost of
SEK 880 million. Compare this to the estimated 400 new lung cancer cases in Sweden
each year (12,000 in 30 years) due to residential radon, and the several thousand pre-
mature deaths every year due to air pollutants. If environmental health risks are to be
reduced, there are probably other areas where economic resources can do more good.

A societal decision criterion is that measures can be defensible as long as the benefit
of the risk reduction is larger than the cost. The benefits consist mainly of reduced
health and environmental risks. How come realistic quantifications of risk reductions
at contaminated sites, which are a prerequisite for economic risk valuations, are so
rare? While the Swedish EPA’s risk assessment starts from a guideline value and then
assesses whether the contaminant concentrations exceed this value, it does not take
actual exposure at the contaminated site into account. In Sweden, there is no estima-
tion of a remediation’s risk reduction and therefore no valuation of the remediation
benefit. To be able to make risk valuations, a new working method is needed. Of
course we believe it is important that Sweden decreases the pressure put on the envi-
ronment, both nationally and globally. However, it is equally important that it is done
in a manner that takes costs into account and weighs possible environmental benefits
from different measures against each other. It simply seems reasonable to perform
socioeconomic analyses when considering costly environmental policy measures.
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Appendix

Calculation of the extra cancer risk posed by arsenic-contaminated
air on the basis of soil concentration.

This exercise is based on the assumption that a site’s average arsenic concentration is 163 mg/kg.
The site and its surroundings are used for recreational purposes and the number of individuals visit-
ing the site is 100 per day.

Relevant parameters for approximating air exposure: (1) mass concentration of soi/ particles in inbaled
air, (2) respirable particle fraction, and (3) exposure time (Swedish EPA, 1997).

The excess inhalable particle concentration tells how much of the total dust in the air that originates
from the contaminated site. That is, the parameter depends on the soil characteristic (i.e. grass,
sand, soil) and is assumed to vary from 1 to 5 ug/m3.

To control for the fact that fine particles in the air may contain higher concentrations than a sample
of soil with a larger average particle size, a concentration factor of 1-5 is applied to the arsenic con-
centration in soil.

The exposure time is based on land use. Approximating recreational activities to one hour a day,
the population exposure is equivalent to a number of individuals exposed 24 hours/day given by

(1h+24h)x 100= 4.16 = 4individuals.
Given the information above, the arsenic concentration in inhaled air can be calculated as:
1- 25mg/m®x 0.163 ng/mg = 0.163- 4.075ng/m* = 0.16 - 4.1ng/m".

As emphasised, the exposure-tresponse function applied to quantify the number of cancer cases
from air inhalation over a lifetime at or adjacent to the site is 1.5X 10™ per ng/m?. The effect

(cancer risk) is given by:

0.16 - 4.1ng/m*x 4 individual sx (1.5x 10°® ng/m® )= 0.96x 10°° - 24.6x 10° = 1- 25x 10°.
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