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COMPARATIVE RISK ANALYSIS OF DIOXINS IN FISH AND FI NE
PARTICLES FROM HEAVY-DUTY VEHICLES

Olli Leino, Marko Tainio, Jouni T. Tuomisto

ABSTRACT

Dioxins and airborne fine particles are both enuinental health problems that have
been the subject of active public debate. Knowleolgdine particles has increased
substantially during the last ten years, and eVvendurrent, lowered levels in the
Europe and in the United States appear to be armajdic health problem. On the
other hand, dioxins are ubiquitous persistent gomtants and some being

carcinogens at high doses, and therefore of goaatern.

Our aim was to a) quantitatively analyze the twdypant health risks b) study the
changes in risk in view of the current and forthaomEU-legislations on pollutants.
We performed a comparative risk assessment for potlutants in the Helsinki
metropolitan area (Finland), and estimated thethesffects with several scenarios.
For primary fine particles: a comparison between phesent emission situation for
heavy-duty vehicles and the new fine particle emrsstandards set by the EU. For
dioxins: an EU-directive that regulates commerdishing of Baltic salmon and
herring that exceed the dioxin concentration lisat for fish meat, and a derogation
(=exemption) from the directive for these two specBoth of these two decisions are
very topical issues and this study estimates tipeeed changes in health effects due

to these regulations.

It was found that the estimated fine particle red&arly outweighed the estimated
dioxin risk. A substantial improvement to publicalte could be achieved by
initiating reductions in emission standards, ab80t avoided premature deaths
annually in the study area. In addition, the beaeff fish consumption due to omega-
3 exposure were notably higher than the potenitdinl cancer risk. Both regulations
were instigated as ways of promoting public health.

Keywords: risk assessment, dioxin, fine particledish, European Union

legislation, risk comparison



INTRODUCTION

Exposures to dioxins and ambient fine particles laméh ranked high as health
hazards, but these pollutants display many importhfierences. Data for fine
particle risk comes mainly from epidemiological dieas whereas most of the
information of dioxin comes from toxicology. Theege also differences in their
biological half lives Furthermore exposure to fpegticles is rather uniform within a
given area while exposure to dioxins varies acegrdo food consumption habits.
This leads to another difference between theserisks. Fine particle exposure is
perceived as an unavoidable risk, whereas thefmgk dioxin can be individually

controlled, at least to some extent.

Dioxins are a group of highly toxic chemicals. Tim@st potent dioxin congener is
2,3,7,8-tetrachlorodibenze-dioxin (TCDD). Due to their lipophilicity, dioxingre
very slowly metabolized and excreted, thus theyatsomulate and become
biomagnified in wildlife and humans. We use thertedioxin’ in this study to refer to
polychlorinated dibenzodioxins and dibenzofuran<CPF) and polychlorinated
biphenyls with dioxin-like toxicity (DL-PCB). Dioxis have been demonstrated to be
animal carcinogens at high doses. The internatidwgaincy for Research of Cancer
(IARC) of the World Health Organization (WHO) hdassified TCDD as a group 1
human carcinogef. They have been linked to many serious health &sffespecially
in animals but also in humans, including cancepraductive and developmental
effects, altered immune function, and disruptiorih& endocrine system. Dioxins are

believed to be a powerful cancer promoter, rathen @n initiatof?



The ecosystem of the Baltic Sea has been badlytpdllby dioxins. The EU has set
the maximum dioxin concentration of 8 pg/g (WHO-THQfresh weight) for fish
products® However, the dioxin concentrations of wild salmard herring from the
Baltic Sea frequently exceed 10 pg/g (WHO-PCDD/BPIEQ in fresh weight}”

In comparison, wild salmon from the north-east perdisplay dioxin concentrations
of approximately 2-3 pg/g (WHO-PCDD/F-PCB-TEQ iregh weight) and salmon
from the South and North America have less thag/g pWHO-PCDD/F-PCB-TEQ
in fresh weightf® In Finnish farmed salmon, the concentrations okitis are lower
since these fish are fed cleaner fish feed comparédthe diet of wild salmon in the
Baltic Sed” In Finland, the principal human exposure of disxtomes from fish,

with fish from the Baltic Sea being the main soufte

In 2001, EU authorized a five-year transitionaliperfor Finland and Sweden to
allow Baltic herring and salmon to be sold on thdmestic markets. During this
five-year period, countries were obligated to stutg health effects due to the
consumption of these fish species. In the year 208land and Sweden were
permitted to undergo another transitional periqutilh the end of the year 2011 (EC
199/2006)f2 Again, studies about health risks and benefits twueonsumption of

these fish will play an important role in the demmsmaking concerning future

regulation due in 2011.

Airborne ambient fine particles with aerodynamiardeter less than 2{5m (PM,s),
are one of the major environmental health probleammeodern western societies. Fine
particles have been linked to several adversethe#fiicts. The adverse health effects
have been seen in both short-term (daily varia)iShsind long-term (chroni)

studies. The strongest association has been foetvekbn ambient PM and elevated



cardiopulmonary mortality, lung cancer mortalitydareduced lung functiof? The
Clean Air for Europe (CAFE) program, funded by tBReiropean Commission,
claimed that fine particles are responsible for@@ 000 premature deaths annually

in Europe (EU25) and lower the average life-expentdy 8.6 month§?

In Finland, traffic and domestic wood combustioe #re main sources of primary
fine particles!” Emissions of particles due to traffic were highiesthe 1980$?
Changes to fuel composition,, especially the declin the levels of sulfur
compounds, have lowered the particle emissions. djomdecrease took place in
1994, when reformulated fuels entered generaf’@sat present, heavy-duty vehicles
are responsible for 60% of the total fine partielmission of road traffic in the
Helsinki metropolitan area, although the numbehedvy-duty vehicles accounts for
only 13% of total number of vehicles on the rod@sl.e. heavy-duty vehicles emit
more fine particle emissions than the automobil@sgred by gasoline-engines. For
this reason heavy-duty vehicles are of particuiéegrest in any attempt to reduce

health effects of traffic-generated fine particles.

The aim of the study was to carry out a comparatisie assessment of these two
pollutants and to compare health effects of the tegulations being initiated by the

European Union.

MATERIALS AND METHODS

We chose the Helsinki metropolitan area as the rggdgcal area. In this way we
could gain full access to the actual road traffatad measurements performed in

Helsinki metropolitan area and define the estimatist of fine particles more



accurately than elsewhere in Finland. To estimae dioxin risks due to fish

consumption, we calculated the risk for the Finrpsipulation and scaled it down to
the population of Helsinki metropolitan area. Weumsed that the citizens of the
Helsinki metropolitan area would have similar fnsumption patterns as the rest of

the Finnish population.

We had to use toxicological information to estimatee dioxin risk and
epidemiological information to estimate the finertjude risk. When there was a
discrepancy, we preferred to utilize assumptioraggerating rather than understating
the risk due to dioxins. This was because our gngothesis was that the estimated
dioxin risk would be smaller and we wished to miizen the probability of

encountering a false negative result for the dioigk.

For demographics statistics, we used the database $tatistics FinlaritP and for
mortality data, data from Statistics Finl&iticombined with WHO-databa$¥) The
estimate of coronary heart disease mortality eséincansisted of acute myocardial
infarction and other ischemic heart diseases. Mtytatatistics are summarized in

table 1

Scenarios

We estimated the health effects for the alternaseenarios. EU has set emission
standards for the fine particle emissions of ther teavy-duty vehicles. The fine
particle emission standards scenarios are calledd@W/ and EURO V which have
the same emission limit 0.02 g/kWM for particles. Therefore we combined these

two scenarios into one scenario, EURO IV&V. We camaal this EURO V&V



scenario to the present situation ‘business asl'uSCARRENT PRACTICE PM).
EURO standards represent total suspended partimiesye assumed that virtually all

of the particles are <2.5 micrometers.

The two decision alternatives concerning dioxingevbased on the commission
regulation (EC) N:o 1881/2008 setting maximum levels for certain contaminants in
foodstuffs (see table 2). EU has set the directive dioxins (scenario NO
DEROGATION) which regulates the consumption of figleducts exceeding dioxin
concentration of 8 pg/g WHO- PCDD/F-PCB-TEQ. Howeuénland and Sweden
have been granted an exemption (scenario DEROGATfGi\the Baltic salmon and
herring. These scenarios, based on the EU-diretave used in the model and are
described in table 2. In the case of dioxins, weduygremature cancer deaths as the
endpoint; and for fine particles, we used cardiopaniary, lung cancer, and other

non-accidental causes of dedth.

Fish consumption and dioxins

The major part of Finnish dioxin exposure comesgfifcsh. This is because the Baltic
Sea is heavily contaminated with persistent orggaliutants such as dioxin and
PCBs, while the environment is otherwise relativdBan of dioxins. Typical sources
in other countries, such as dairy products or meake only a small contribution to
the total dioxin exposure in Finla/fl Therefore, it is very difficult to reduce Finnish
dioxin intake without affecting fish intake. It iherefore necessary to study the
collateral effects, i.e. the detrimental effectshmalth, of reduced fish consumption

when evaluating the overall risks of dioxin.



We selected the most common species availableofmswners in Finland, including
farmed salmor{Salmo gairdneri), wild salmon (includes wild salmofsalmo salar),
wild rainbow trout(Salmo gairdneri) and wild trout(Salmo trutta)), herring(Clupea
harengus membras), white fish(Coregonus lavaretus), sprat(Sorattus sprattus), perch
(Perca fluwviatilis), flounder (Platiochthys flesus), pike-perch (Stizostedion
lucioperca), bream(Abramis brama), pike (Esox lucius), vendacgCoregonus albula)

and burbofLota lota).

The fishery catch data was obtained from the Fim@sme and Fisheries Research
Institute (RKTL). Recreational and commercial fisheatches were 40,952 metric
tons and 109,025 metric tons, respectively, in 280 hese values include both sea
areas and fresh waters. Units were reported i fne=ght i.e. uncleaned, so filleting
factors fot the different species were used in otdeobtain gutted weight. The
filleting factor is a ratio of the gutted fish watgand whole fresh fish weight and this
variable includes uncertainty estimated by the expef the RKTL and varies
between species. The herring species exhibitsoagtrorrelation between size and
dioxin concentration. Therefore we included sizgtribution of the fishery catch for
herring. Finally, we estimated the proportion @hfi(by species) that will actually be
consumed by humans. The reminder of the catcheid as animal feed, waste and for
other purpose® In this way we obtained an estimate of consumptbirFinnish

fish.

The pollutant concentrations of fish were obtaifredh the National Food Agency of
Finland® Dioxin concentrations of the different speciesgesh from 0.2 — 14 ng/kg
(WHO-TEQ in fresh weight), large herring and wildlrmon being the species with

the highest concentrations and fresh water fishgeneral exhibiting the lowest



concentrations. Samples included skin and ven#ial This approach overestimates
the concentration of dioxins in the edible parthas everyone consumes these parts
as food. In addition, we assumed a linear exposspense relationship for excess
cancers associated with dioxin intake as reportedhe IRIS databaS€ of the
U.S.EPA. The cancer slope factor (CSF) for TCDI156 000 per mg/kg-day. The
estimated pollutant health risk was calculated masy additivity between the

pollutants. All cancer cases were assumed to hallet

Estimated risks from consuming Finnish fish werewated in commensurable units,
premature deaths, because this is readily commganalth both fine particles and
consumption of fish. Non-lethal endpoints e.g. depwmental effects were not

guantitatively taken into consideration in thisdstu

The exposure was calculated as the product of aletant concentration of fish and
the fish consumption and the estimate of risk viresroduct of exposure-response,

exposure and background mortality.

A number of studies have shown the beneficial &fe¢ omega-3 fatty acids in the
reduction of coronary heart diseases (CIH3J? CHD includes acute myocardial
infarction and other ischemic heart diseases. Iriicodar fatty fish species, like
salmon and herring, are rich in omega-3 fatty adids evaluating the concentrations
of omega-3 fatty acids of fish species, we usedrnhitional database Finéff
maintained by the National Public Health Instituf@land, and scientific articles as
reference value$®?® Omega-3 fatty acids are also associated with sother
beneficial end points e.g. risk reduction of strolkeproved cognitive development,

prevention of depression and decrease in hypeaeft&?'?® These results are less



definitive and the effects of these endpoints oblipthealth would be smaller than of

CHD, so they were not taken into account in thislygt

We were careful not to overestimate the benefiefdcts of omega-3 fatty acids. A
large proportion of the omega-3 benefit literatisrbased on about studies on cardiac
patients. We included a factor that reflected theeutainty whether there was cardiac
health benefit for everyone or only for CHD patgenccording to Mozaffarian and
Rimm #® modest consumption (250-500 mg/d) of omega-3 creddce CHD deaths
by 14.6% per each 100 mg/d of omega-3 exposurer Alfis limit, no extra benefit

was assumed from omega-3 fatty acids in termscdafaieg CHD incidence.

The estimate of the health effects was calculatedthee product of omega-3
concentrations in the different fish species, camstion of fish by species and

background mortality.

Fine particles emitted by heavy-duty vehicles

The estimated risks due to primary fine particleissions were based on a recent
study, which estimated emissions, exposure ancciaged health effects of primary
fine particles due to local bus-traffic in the Hels metropolitan are&” Brief
overviews for the exposure and health effect suldefso are described in the
following two chapters. The emission sub-model tedally renewed for the present

study and it is described after the exposure aadhéalth effect sub-models.

Annual average population exposure to traffic-exditprimary PM;s in the Helsinki

Metropolitan Area was estimated using two altexgaxposure models. The first



model was based on the EXPOLIS-Helsinki stiiflyin which the observed average
exposure to total Ppk in this area was 10.7 pghin 1996-9732 The average

exposure was apportioned to source categories wdarmgental compositions. The
exposure fraction attributable to the local traffimissions was separated from the
source-categorized results by comparing the emmssates of different emission

sectors. In an alternative approach, exposure aksilated also based on ULTRA
study, in which the contribution of the local tiafEmissions was analyzed by using
an absolute principal component analysis and nasitite linear regression, based on

both particle and gaseous air pollutant concewotnaf?®

An exposure-response sub-model described the sbdpthe exposure-response
function and the plausibility of the PM health effect. Only mortality due to long-
term PM s exposure was considered. The exposure-responséciers for three
mortality outcomes (cardiopulmonary, lung cancetheo non-accidental) were
estimated by using values with equal probabilignfrthe result distributions reported
in Dockery et af*¥ and Pope et &"”. They assumed that the exposure-response
function was linear with no threshold. The plaugipiof the estimated health effects
was included in the exposure-response sub-moded) @ithor judgment. Plausibility
was defined as the probability that the observedosure-response relationship
actually represents a causal association. Backgreardiopulmonary (International
Classification of Disease (ICD-10) codes: 111-I'flal15-J47), lung cancer (C34),
and total mortality (A-Q) were 2888, 313, and 73i&ths per year, respectively, in

the Helsinki Metropolitan Area in 1998’ (see table 1)

An emission sub-model was created for the prededisData for the emission sub-

model was received from the LIISA emission modelintaaned by the Technical
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Research Centre of Finland (VT‘H). The emission model included annual fine
particle emissions of all heavy-duty vehicles ie thities of Helsinki, Vantaa, Espoo,
and KauniainenEmissions were calculated by data of road andtstrakic volume

in cases of the cities of Helsinki, Vantaa and Bsgamissions of the municipality of
Kauniainen were calculated by average Finnish raad street traffic data in
proportion to the population of city of Kauniain€fo calculate the present situation

(CURRENT PRACTICE PM), we used also the data of T

Smulation

The variables and the uncertainty distributionduded in the model are summarized
in Table 3. The whole model was implemented usimglyica TM version 3.1.1
(Lumina Decision Systems, Inc., CA) Monte Carlo @iation program. We used
Latin hypercube sampling and the model was run vidth 000 iterations. An
illustrative depiction of the graphical layout diet model is presented in figure 1. A
more detailed description of this type of illusiwat can be found from an article and
the model by Tuomisto and Tairi5:*® The complete model of this study is
published in thtHEANDE webpage. For a more detailed description of theabkes

and calculation, please see the model (URN:NBN20D71159§3"

Uncertainty analysis was performed by calculatibgodute rank-order correlations

between the uncertain input variables and the moakpluts.
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RESULTS

The estimated health risk due to dioxins from Fshriish was 1.2 cancer deaths (90%
Confidence Interval 1.1 — 1.4) per year in Helsinketropolitan area population
(980412 inhabitants, year 2004). Most of the edtahdotal cancer risk was due to
PCDD/F; PCBs were responsible for only 13% (0.16cea death) of the total
pollutant risk. Over 50% of the total risks of diox were attributable to large (size
over 17 cm) Baltic herring. The extent of Finnisaring consumption has been
declining in resent years. According to RKTL, in030 it was approximately 20% of

the total fish consumptiofi®

In the NO DEROGATION scenario, the cancer deathslevbe decreased by 0.7 per
year due to reduced dioxin exposure. At the same,tithere would be almost 40
more CHD deaths due to diminished omega-3 intake {able 4 and figure 2). The
net health effect, annual avoided CHD deaths, @iseming Finnish fish are 170
(90% CI 50-350) and 140 (90% CI 40-270) in scesaEROGATION and NO

DEROGATION, respectively. The benefits of consumiigh due to the reduced
CHD mortality are clearly larger than the estimatadcer risks due to dioxins. The

uncertainties of the health benefits are remarkkgbye.

In case of the estimated fine particle risk, cgsdimonary death was clearly the
predominant end point accounting for over 85% ad thtal fine particle risk. A

further 12% of the risk was attributable to lungnoar whereas other non accidental
causes of death contributed only a few percenheftdtal risk. The estimated total
mortality due to the fine particle exposure emitted heavy-duty vehicles was 34

(90% CI 0-93) and 9.3 (90% CI 0-27) deaths per yeascenarios CURRENT
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PRACTICE and EURO V&V, respectively (table 4). Thecertainties are large

including a zero value for the lowest percentile.

Uncertainty analysis of uncertain variables

Key input variables with uncertainty are summarizedtable 3. The uncertainty
analysis of the benefits of consuming domestic fishealed that variables: 'Does
omega-3 help only CHD patients or everyone' andeédesponse of health benefits'
were clearly the most important sources of unaetygifigure 3). The former variable
was our own judgment and the assumptions are itngcaContributions of the other

risk variables were lower (below 0.3), than the key variables.

The uncertainty analysis of the fine particle niskeals one variable which had a high
level of uncertainty. Plausibility of cardiopulmageeffects contributes clearly most
to uncertainty (figure 4a and figure 4b). The rawgkof the variables is rather similar
in the two scenarios. Variable ‘Emission factor reat to EURO IV&V' is
significantly larger in the scenario EURO IV&V than CURRENT PRACTISE

because it is used only in the calculations ofldtier scenario.

DISCUSSION

Our goal was to compare the effects of the EU mdguis for two environmental
pollutants. There are topical EU regulations settfe Baltic salmon and herring
consumption and fine particle exposure from the aesh gases of heavy-duty

vehicles. We compared estimated dioxin risk dusto consumption with estimated
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fine particle risk due to heavy-duty vehicles andrfd that the risk of fine particles
was much higher than the risk of dioxins when deel considered as the endpoint
of the health effects. In addition, the benefidiglalth effects of fish consumption
outweigh the cancer risk. The uncertainties wergelaand therefore the results must

be considered with caution.

Dioxins

Omega-3 is believed to reduce the tendency towands/thmias and formation of
atherosclerotic plaqués) We were careful not to overestimate the benefifiacts
of omega-3 fatty acids by assuming maximum beradficitake and uncertainty of
whether omega-3 helps only CHD patients or everytadde 3). In addition we used
a linear model instead of a threshold concentratioorder not to underestimate the
cancer risk of dioxins. Uncertainty in the cancleps factor (CSF) offset the three
major factors (@) inter-species extrapolation, l{lgh to low exposure extrapolation
and (c) data analysis techniques, designed to geavpper-bound valué¥’ We also
assumed every cancer case due to dioxin exposuudd\vibe fatal. Therefore it is
unlikely that the dioxin risks have been undereated or the benefits of omega-3

overestimated.

We limited this study to cover only Finnish fishnsomption because accurate
geographical and concentration data for importesh fiproducts are usually
unavailable or they would be crude approximatiohlso the Baltic Sea, the main
source of domestic fish, is a problematic area wébpect to dioxins and we can

assume that concentrations of these pollutantssigreficantly lower elsewher®!
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According to RKTL, domestic fish consumption re@meis approximately one half of
the total fish consumption in Finland. Therefore, @an assume that the consumption
of domestic fish is the most relevant dioxin riskhwespect to fish consumption in
Finland. The amount of imported fish consumed lnmsyever, an impact on the
calculations of health benefits as the maximum feiaé omega-3 intake for the
reduction of CHD has been proposed to be 250-50@lag® We deducted the
omega-3 exposure of the imported fish from the maxn beneficial intake. Thus
omega-3 exposure from imported fish was 70 mg/d#ly ¥80 mg/day from domestic
fish. Inclusion of omega-3 consumption from impdrfessh has a mitigating effect on

the health benefits of domestic fish source.

The use of a linear exposure-response for the cahmee factor for dioxin provides a
high estimate for risk when compared to an apprasahg threshold assumption and
safety margin. The latter approach, using developateffects as the most sensitive
endpoint, was used by the WHO. They concluded weeekly intake of 7 pg/kg bw

dioxin in TEq would lead to a negligible risk. Tharrent average intake of young
women in Finland is estimated for 10.5 pg/kg bwhk/&eHowever, it is not clear

how large the risk is if the exposure is 50% mdi@nt“negligible”, as is the case in

Finland.

There has been much discussion about the recomtmmmdhat risk groups e.g.
pregnant women and young children should only cowsdish species with low
concentrations of pollutants or. Also the use @hfioil supplements instead of
consuming fish has been debated. Cohen éP @onducted a study to evaluate fish
consumption after the hypothetical consumption maoendation. They found that

the health benefits of increased fish consumptien health benefits increase more



15

than the risks. Even special population risk grouige women of childbearing age
seemed to benefit from increased consumption af flihie conclusion was that the
recommendations may well have negative impacts lbe health of other
subpopulations. In addition, fish consumption appe® be even more vital to
developing children as omega-3 fatty acids seemlday an important role in the
cognitive development of childréff’ Thus, by restricting fish use, we might have a
negative effect on the health of the general putjiagnoring the health benefits of

fish.

We took into account the benefits of omega-3 faitids only in the reduction of
coronary heart disease. This seems to be the mpstiant health attribute of omega-
3 fatty acids although there might be well someeptheneficial health effects, like
reduced risk of sudden death, decrease of mild rtgp&ion, prevention of cardiac
arrhythmias, lowering incidence of diabetes, retigvsymptoms of rheumatoid
arthritis, fighting against some types of cancars] promoting the development of
nervous system to name but a f8(#>***?However, these benefits have a less solid

foundation are more or controversial.

The beneficial effects of consuming fish were twders of magnitude times higher
than their estimated risks. If the exemption wasomger available, there would be an
almost total cessation of commercial fishing in Badtic and this would impact on
some of the most nutritionally beneficial fish sigs¢ salmon and herring. This could
cause tens of deaths more in the form of incre&ddB® mortality in the Helsinki
metropolitan area alone. The beneficial effectommiega-3 fatty acids dramatically

outweigh the estimated risk of consuming fish.



16

We estimated the dioxin risk of the Helsinki metlifan area assuming a similar
consumption pattern of fish consumption as in teeegal Finnish population. This is
probably an underestimate, since the city of Hkldies on the coast and its citizens
may consume more fish from the sea-areas than détsewhere in Finland. However,
this difference is not very large because consumwst often purchase their fish
mostly from large grocery chains, who sell fish glatuand transported from a variety
of locations. Traditional market places with logatlaught fish account for only a

small proportion of the total sale of domestic fish

The current EU-legislation allows the domestic imgdof the Baltic salmon and
herring. The net benefits of this present scen@® DEROGATION) seem to

promote public health as was the purpose, dedmtentarginal risk from dioxins.

Fine particles

Estimation of vehicle related emissions may oftease some problems. The Helsinki
metropolitan area was selected as geographicaladrdas study. Since then it was

possible to use the best available road traffie @aud in this way reduce the bias due
to inaccurate estimations of emissions and rodfidreolumes. The traffic volume

prediction was based on calculations performed BY.%?

Vans and six-wheeler trucks were estimated to beorsible each for about 40% (14
deaths [0-38 90% CI] and 13 deaths [0-35 90% Cdpeetively) of the premature
mortality. With the implementation of EURO IV and iVwas estimated that these
numbers would be reduced to 4.3 [0-11 90% CI] a®d@10 90% CI] respectively.

Tractor trailers and buses accounted for only 2@%he estimated total premature
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deaths. It is important to note the large uncetiesnassociated with the fine particle

risk estimates. The uncertain variables used imtbdel are listed in table 3.

The calculation of the risk estimates for fine wdet are based on epidemiological
data. This means that confidence intervals in #higly only reflect the particular
conditions in the study and the estimation metheil. If a confounding or exposure
measurement error exists, then the confidencevatecalculated in this study may

not reflect the true uncertainty.

Another source for uncertainty comes from an assiamphat all fine particles are
the same in terms of toxicity. This may not be teumal it must be accounted as a

potential source of uncertainty.

The emissions from light-fleet vehicles have desdirsignificantly, but the problem
remains for the heavy-duty vehicles, i.e. thesegred by diesel engines which emit a
constant stream of fine particles. Thus, tighte@dh§URO emission standards for the
heavy-duty fleet, should achieve the greatest hdsnefits related to traffic-related
fine particles. There are still vehicles which da meet the EURO IV or even EURO
lll standards, but their number is decreasing. difference between EURO IV and
EURO V emission standards relates only toy,d@issions. All other emission limits
(carbon monoxide, hydrocarbons, fine particles simtke) are the same in between

these two standards.

There are two possible ways to reduce fine partchessions from vehicles. First,
improving the technology and design of motor engiaed secondly by installing
particle traps. It appears to be easier for autal@abanufacturers to decrease only

NOy-emissions. There are technical challenges in iaduboth fine particles and
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NOy-emissions at the same time. However, there isdrene known way to achieve
this goal by using a process called cooled reusexbéust ga$® Also some major
changes are taking place in diesel technology, asatxhaust after-treatment and the
introduction of ultra low sulphur fuels. These smos are being tested currently by
several manufacturers and in the future they maye ha substantial impact in

reducing the fine particle emissions.

It is clear that the estimated cardiovascular heaffects of this study are
substantially smaller than cardiovascular healfects of smoking. In other words,
reducing smoking obviously promotes public healtiichmmore effectively than the
implementation of EURO IV&V emission standard. Fgu5, illustrates the
decreasing trend of cardiopulmonary mortality (IODIR20, 121, 122, 124 and 125) in
the study area over the last ten years. The trérndtal mortality is very similar.

These trends might be attributable to reduced sngokinong male$?

There are 62 traffic-related fatalities per yeartie study area (see table 1.).
Estimated fine particle health risk is 34 deathfaffic related fatalities also includes
the fatalities caused by the light-duty fleet. Thiirse particles pose a significant risk

when considering the risks of the traffic as a whol

The comparison between the results of this studythe study performed by Tainio
et al® is not straightforward. First, they use bus end#ehnologies as scenarios
whereas in this study, we use the emission stasd&etondly, the results of Tainio
et al. paper are presented in the level of yeaf 2@f#ereas in this study the results are
presented in present time. By selecting technolg¢ggenario DIESEL WITH
PARTICLE TRAP) which best corresponds to EURO I\ éaking into account 60%

increase in traffic intensity proposed by Tainioaét” we get 2.8 (0-8.8 90% ClI)
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deaths/year death. The comparable estimate ofsthdy (scenario EURO IV&V)
gives 0.8 deaths/year (0-8.1 90% CI). The estimateson the same level and the

range is similar.

Comparing risks

The risks of dioxins are a matter of wide publitenest and their risks are often
considered as unacceptable. At the same time thléhHeenefits of fish consumption
may appear ambiguous. Nonetheless, the fine pestiemitted by road traffic
represent a health risk which is more than an ooflenagnitude higher than the risk
of dioxins present in Baltic fish. The fine paltigisk is generally accepted by the
population because of readily comprehensible beniedi. necessity of transportation.
These benefits are difficult to take into accoumamtitatively and to some extent fine
particle health risks of road traffic may be coesetl by the general population as an
unavoidable phenomena of the urban world. Howewsr, can reduce the risk
substantially by implementing EU-regulated emisstandards, as pointed out in this
study (figure 2). The public health outcomes ofsthéwo pieces of EU-legislations
may differ greatly; perversely the outcome with wmaller risk seems to attract

greater public attention.

The half lives of dioxins are very long, in botretanvironment and in humans, and
they will cause a risk of similar order of magnigutbr many years to come. This
means that the situation concerning the risk oxid®is more stable whereas the risk

of fine particles could be reduced rapidly.
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When comparing the estimated fine particle risksl #me estimated risk of fish
consumption, we find that the risk of fish consuimptis much lower. Even after
including pessimistic assumptions in the estimatibthe risk of fish consumption we
can be quite confident in our conclusion of rankiimg particles as a more relevant
risk from the public health point of view. Howevaiso the dioxin question requires
scrutiny, as the collateral effects of possibleiqgg@$ are even greater than the risks

posed by fine particles.

It is useful to perform comparative risk assessmemhis study illustrates a case
where the magnitudes of two well-known risks adjula on different levels. The EU

decision-makers have to deal with risks of veryfedént magnitudes and often
considerations outweigh scientific data. Many Baliea fishermen obtain much of
their income from salmon fishery and their boate aften equipped for herring
fishing. To this extent the entire professionahiiigy community is largely dependent

on the exemption.

In this study, we did not describe new major riskisaply we compared two well-
known risks and quantified how these EU regulatiomgact on the health problems

associated with these risks.

CONCLUSION

We found that the estimated risks of fine partigdestted by heavy-duty vehicles are
much greater than the estimated risks of dioxim@ased with the consumption of
Finnish fish. The estimated fine particle risk aqueel to be tens of times higher than

the estimated dioxin risk. According to our modile annual cardiopulmonary
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mortality attributable to heavy-duty vehicles colld reduced by approximately 30
deaths by moving from the present situation to EURRYV. The estimates are

somewhat uncertain and both risks need to be cersidindependently. When
estimating risks due to fish consumption, the agialypeeds to consider not only risks

but also benefits.

Based on our results, two recent EU-directives eremption allow domestic
consumption of Baltic fish and imposing strict stards of PM emission both achieve

their intention of protecting public health.

Mortality could be reduced much more effectively time case of fine particles
compared with dioxins. However, the net benefit ldobe higher in the case of
sanctioning salmon and herring consumption rathem twith restricting their

consumption, thanks to their omega-3 fatty acids.
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Table I. Mortalities and population characteristi€éshe Helsinki metropolitan area in
2004.

Helsinki metropolitan area Value ICD-10 codes

mortality statistics

Population size 980412

Mortality rate 0.007454

Total cancer mortality 1727 C00-D48

Total mortality 7308 A-Q

Lung cancer mortality 313 C34

Non-accidental deaths 6560 Total mortality-V01-Y98
Cardiopulmonary mortality 2888 [11-170 and J15-J47
Traffic related fatalities in Helsinki 62 V01-V99

CHD mortality 1488 121,122 and 120, 124, 125
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Table II. The fine particle emission scenarios iy EU for new heavy-duty diesel
engines and the fish consumption scenarios.

Pollutant Endpoint Scenario Description
Particles Cardiopulmonary & CURRENT PRACTICE Business as usual
lung cancer mortality 0.077 g/kWh
due to heavy-duty

vehicles
EURO IV&V Commission regulation
_________________________________________________ 0.02g/kWh ______98/69/EC and 99/96/EG
Dioxin ~ Total cancer No derogation (salmon an@ommission regulation

herring must meet 8 pg/g) EC 1881/2006
Derogation (salmon and Commission regulation
herring exempted) EC 199/2006




30

Table Ill. Key variables with uncertainty. Distrittans with parameters and
references.
Variable Distribution Parameters Reference
Exposure to road traffic fine  Bernoullf ~ P=0.7 for 1.8ug/m’® P=0.3 for Jantunen et.
particles 2.4ug/m? al®V vallius
et. al.®®

Concentration of combustion- Triangular
based long-range transported

fine particles

Relative weight factor for road Triangular

traffic emissions

Plausibility’ of:

- Cardiopulmonary mortality
- Lung cancer mortality

- All other mortality

Crude mortality rate random

Does omega-3 help CHD

patients only

Exposure-response of health

benefit

Highest omega-3 dose with

health benefit

Omega-3 content in fish

RR

- Cardiopulmonary mortality
- Lung cancer mortality
- All other mortality

Bernoulli

Bernoulli

Bernoulli

Mixed

Uniform

Mixed

Mixed®

Mixed
Mixed

Probabilities®”

1.0,2.0,2.5 (min, mode, max) Tainio et. al.

(ug/nt)

1.0,2.0,3.0 (min, mode, max)

P=0.7 yes, P=0.3 no
P=0.9 yes, P=0.1 no
P=0.1 yes, P=0.9 no

P=0.5 yes, P=0.5no

P=0.5 yes, P=0.5no

Relative risk of CHD death:
36 % (95 % CI 20-50) at
intake 250 mg

0.25,0.5 (min, max) (g/d)

Vary by fish speci€s
Mean 1.0 % SD (0.68) (%)

1.013 (1.000-1.023) (ngfn
1.009 (0.994-1.033) (ugfn
1.000 (1.000-1.001) (ngAn

200439

Tainio et. al.
200430

Tainio et. al.
20040

Tainio et. al.
2004%9

Mozaffarian,
D., Rimm, E.B.
2006%Y
Mozaffarian,
D., Rimm, E.B.
2006%9

Mozaffarian,
D., Rimm, E.B.
2006%9
Database of
fineli, ¢
Distributions by
AX

Tainio et. al.
2005°%0

®Bernoulli (binomial) binary probability distributiowith probabilities (P,1-P)
PPlausibility= probability that the observed effextiue to true causal connection

“Includes 12 fish species
daJ=Author judgment

“Combination of several distributions mean (95% mt@rfce intervals in parenthesis)
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Table IV. Health risk (annual excess mortality) l8élsinki metropolitan area in
decision situations. Mean (90% confidence interval)

Hazard Decision/action Number of prematuriet effect including
deaths per year benefits
Fine particle exposureCURRENT 34 (0-93)
caused by heavy-dutyPRACTICE
vehicles
EURO IV&V 9.3 (0-27)
Background ICD 10 (I111-170, J15- 3201

cardiopulmonary  andJ47and C34)
lung cancer mortality in
the study area

Exposure from dioxin DEROGATION for 1.2 (1.0-1.4) 170 (50-360)
and PCB from Finnishcommercial fishery of
fish salmon and herring

NO DEROGATION 0.6 (0.46-0.65) 130 (40-280)

for commercial fishery
of salmon and herring

Background total cancerdCD 10 (C00-D48) 1727
mortality in the study
area
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Fig 1. lllustrative figure of the graphical layaeitthe model. Trapezoid shaped, larger
boxes state an argument or a conclusion relatesh tobject. Flat parallelograms are
indexes of a table. Round cornered, darker coloumectangles with thicker black
border lines are submodels and the other roundecednand oval shaped objects are
variables. See the mod&fs’”for more detailed description.
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Fig 2. Mean value of health risk (annual mortality}he Helsinki metropolitan area
accordingly to whether the two pieces of legiskatoe implemented in decision
situations. Mean values and 90% confidence intsrval
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Fig 3.Uncertainty analysis of omega-3 exposuretdu@nnish fish consumption.
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Fig 4a. Uncertainty analysis of fine particle enaas of heavy-duty vehicles in
scenario EURO V.
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Fig 4b. Uncertainty analysis of fine particle enoss of heavy-duty vehicles in
scenario CURRENT PRACTISE.
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Figure 5. Mortality rates in Helsinki metropolitanea 1996-2005.
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