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* EURISKED studies the interaction between endocrine disruptors with estro-
genic actions; and

* FIRE: aims at an improved, integrated risk assessment of brominated flame
retardants for human health and wildlife.

Together, these projects represent more than 60 research laboratories in Europe,
with a total budget of more than 20 million Euros. Research on endocrine dis-
ruptors is believed to cross traditional borders between human health and envi-
ronmental research and include themes important to integrated risk assessment
such as combined effects, human and non-human receptors, and multi-pathway
exposure.

In 2003, a further research call on integrated risk assessment resulted in two
projects, NoMiracle and ERApharm, with 54 partners and a total budget of 12.8
million Euros. NOMIRACLE (Novel Methods for Integrated Risk Assessment of Cu-
mulative Stressors in Europe, www.dmu.dk/International /Environment + and + so-
ciety/ NOMIRACLE/), will develop methodological systems to analyse interactions
between environment and health, and integrated risk assessments methods for the
evaluation of cumulative effects, interactions between stressors and their influence
on human health. ERApharm (Environmental Risk Assessment of pharmaceuticals,
http://www.erapharm.org/summary.html) aims to advance existing knowledge and
methods for evaluating potential risks, which human and veterinary pharmaceuticals
pose to the environment.

In addition to opportunities focused specifically on chemicals, increasing
international attention is focusing on problems associated with cyanobacterial
blooms as they affect drinking water supplies, agricultural production, recreational
opportunities and other ecosystem services, and the condition of aquatic and terres-
trial communities. An integrated approach to risk assessment of these blooms was
considered at the recent International Symposium of Cyanobacterial Harmful Algal
Blooms (Orme-Zavaleta and Munns, submitted). The approach outlined during
the symposium considered the direct and indirect effects of cyanotoxins as well
as effects that can result from increased algal biomass and other bloom-associated
stressors. It also considered socioeconomic risks resulting from loss of ecosystem
services and other insults to human well-being. Although not vet finalized at the
time of this writing, the symposium report will recommend a number of research
directions that will not only support integrated assessments of risks of cyanobacterial
blooms, but also development and acceptance of integrated risk assessment as a
decision-support methodology.

ISSUES OF DEVELOPMENT AND IMPLEMENTATION

The impediments to the development and implementation of integrated risk
assessment are, in general, not regulatory in nature. In most nations, the laws
that control pollution to assure the quality of air, land, and water call for pro-
tecting both human health and the environment which may imply that assess-
ments take on a holistic approach. Rather, the impediments are institutional and
technical.
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Institutional Impediments

Some new governmental entities such as the EU and the Republic of South Africa
are availing themselves of the opportunity to base their new environmental man-
agement on integrated approaches. However, most governments, such as those of
the United States, Canada, and Japan, are implementing decades-old laws, using es-
tablished regulations, in well-entrenched institutional structures. Although the laws
might have been enforced in an integrated manner and there is some impetus to-
ward that direction in various assessment activities, they were not. Instead, risks to
human health and to nonhuman populations and ecosystems have been assessed
separately by distinct groups within regulatory organizations. Over time, they have
developed separate approaches and methods that have been incorporated into guid-
ance documents.

Failure to integrate assessments is most obvious in the development of different
approaches to the analysis of exposure-response relationships. For example, in the
U.S. human health benchmarks such as reference doses are estimated by applying
factors of 10 to No Observed Adverse Effects Levels to account for extrapolations
between species and between typical humans and sensitive subpopulations and for
uncertainties such as from minimal data sets. Quantitative uncertainty analysis of
human exposure-response benchmarks is currently precluded by policy. In contrast,
quantitative uncertainty analysis may be applied to ecological exposure-response
analyses along with probabilistic extrapolation models such as species sensitivity
distributions (USEPA 2004). Similarly, toxicity testing of effluentsand ambient media
iscommonly used in ecological risk assessments but notin human health assessments.
These discrepancies in assessment methods illustrate the degree of separation of
human health and ecological risk assessment in practice and suggest that integrated
assessment will require overcoming the policies that create technical barriers.

The opportunities for integration are more obvious in the modeling of chemical
transport, fate, and exposure, and the use of common transport and fate models
for human health and ecological assessments is common. However, even here insti-
tutional barriers operate. For example, the accumulation of chemicals by fish and
shellfish has recently been addressed by USEPA guidance for water quality criteria
to protect human health (USEPA 1998). Clearly, this is also an important issue for
ecological risk assessment. It would have required little additional effort to address
issues related to wildlife (e.g., consumption of whole fish versus filets) and publish
integrated guidance.

The opportunities for integration could be increased by one important change
in risk assessment practices, the weighing of multiple lines of evidence to charac-
terize exposure, response and risk. For example, in the United States toxicological
benchmarks for human health are based on a single critical study. That critical study
is usually a rodent chronic toxicity test. If, rather than a single critical study, all
relevant toxicological data may be used, it would be possible to use data from non-
standard mammalian tests as well as tests of birds and fish. The test data could be
interpreted in the light of observations of ecological effects in the field such as de-
formed piscivorous birds and diseased marine mammals. By weighing the evidence
from conventional mammalian toxicology, ecotoxicology, human epidemiology, and
eco-epidemiology, risk assessors could better characterize mechanisms of action and
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the forms of the relationships of exposures to responses. However, the policy of using
a single critical study inhibits that weighing of the entire body of human health and
ecological data.

Finally, the institutional tradition of considering only direct effects on human
health reduces the opportunities for integration. Although ecological risk assess-
ments consider indirect effects of chemicals including loss of food resources and
habitat structure, human health risk assessors do not consider how human health
and well-being are affected by damage to the environment. Indirect effects on health
have been little studied but could include reduced consumption of wholesome foods
such as fish due to contamination, loss of the health benefits of outdoor recreation,
and the health effects of stress due to loss of livelihood when resources are destroyed
or stress due to perceptions of inhabiting a degraded environment. Even when in-
direct health effects cannot be demonstrated, reduced environmental quality can
resultin reduced quality of life. Finally, as ecosystems are degraded, services of nature
such as water purification and pollination are lost, resulting in economic costs. None
of these effects of chemicals on humans are routinely assessed, because they are not
institutionally recognized as risks to humans. If they were, assessments of those risks
to human health, well-being and quality of life would necessarily be integrated with
ecological risk assessments.

Technical Impediments

Much of the interest in integrated risk assessment of chemicals is associated with
the possibility of using the increasing knowledge of toxicokinetics and toxicody-
namics to assess effects on various species using a common mechanistic framework.
For example, estrogenicity, cholinesterase inhibition, and the “dioxin-like” toxicity
of Ah receptor agonists are toxicodynamic mechanisms common to all vertebrates.
Similarly, except for the lung/gill dichotomy, the basic routes of toxicokinetics are
common to all vertebrates. However, case studies performed by the WHO/IPCS
integrated risk assessment program have shown that the benefits of this approach
are constrained by the types of data and models that are currently available. That is,
knowledge of shared mechanisms will benefit mechanistic assessments more than the
current risk assessment approaches that treat effects phenomenologically. Greater
benetits will come as the growth of mechanistic knowledge and testing methods leads
to new cellular and molecular tests, molecular modeling, and organism simulation
modeling. Increasing knowledge of the genomics, proteomics and metabonomics
of a wider range of species holds out the promise of being able to address effects by
modeling when testing is not practical. Asaresult, itshould become practical to assess
risks to taxa such as cetaceans, amphibians, and reptiles that are not now routinely
considered. The primary impediment to realizing this vision is the tremendous com-
plexity of the necessary assessment models and their data requirements. However,
because of the importance of these techniques to biomedical science, the necessary
molecular methods and computational tools are developing rapidly (Waters ef al
2003).

There are dangers in attempting to implement this vision of integrated risk as-
sessment. The greatest danger is that ecological risk assessments will become too
focused on the effects that other species have in common with humans and will
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miss biological eccentricities. Egg-shell thinning by DDE in birds, deformities in
molluscs exposed to tributyltin, and inhibition of the mating pheromones of newts
by endocrine disruptors are some of the sorts of responses that would be missed by
all but the most sophisticated imaginable toxicodynamic models. This danger could
become an impediment to the development of integrated risk assessment, if it is
perceived that integrated assessment misses important effects on non-mammalian
species. However, the current regulatory test sets also miss many effects. The develop-
ment of integrated mechanistic risk assessment will make it even more apparent that
eco-epidemiological monitoring is needed, along with epidemiological monitoring
of public health, to reveal unanticipated effects. Integration of available knowledge
in various assessments may give deeper insight and help understanding real situa-
tions as shown in examples in the section on “Benefits of Integration” for complex
exposure situations.

Another danger is that integrated risk assessment will become too focused on
risks to vertebrate organisms and neglect other ecological endpoints. This is already
occurring in the sense that toxicity testing is disproportionately performed with
vertebrates. This is problematical from the ecological point of view given the much
great importance of invertebrates, plants, and microbes to the functioning of the
biosphere. Ifrisk assessment becomes fully integrated, there could be an even greater
temptation to neglect mechanisms that are not shared with humans and the species
possessing those mechanisms.

RECOMMENDATIONS FOR CONTINUED DEVELOPMENT AND
ACCEPTANCE OF IRA

To summarize, the strengths of IRA are:

* Risk-based decision-making will be informed of all risks that are potentially
significant,

* IRA may predict and diagnose previously unexpected risks,

¢ Assessment efficiency will increase with regard to data collection, methodology
and decision-making,

* Cost effectiveness will increase in view of shared resources,

* Assessment results will be more coherent in view of shared methodology and
characterization of exposure, hazards and risks, and

* Assessment uncertainty will decrease by confirmation of mechanisms of action
and increased knowledge on toxicokinetics and toxicodynamics.

However, a number of serious weaknesses can also be identified, not so much in
the approach per se, but rather in the demonstration of its benefits and in organiza-
tional backing:

* Although several cases have been studied to demonstrate the benefits of IRA,
none of them have demonstrated convincingly that this approach will be effi-
cient and cost effective.

* These case studies also revealed that an increased quality of the assessment
seems likely, but hard to prove.
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* Although many regulations call for protection of both human health and the
environment, scientifically and institutionally these areas often have developed
independently.

* The emphasis on direct effects on human health reduces the opportunities for
integration.

* The knowledge of shared mechanisms, testing methods and integrated testing
strategies still has to evolve to really appreciate the benefits of IRA.

It is clear that further demonstrations of the scientific, economic and regula-
tory benefits of the IRA approach are needed. Our analysis of opportunities for the
promotion of IRA shows that, apart from scientific reasons, societal and political
pressures require increased efficiency in risk assessment as well as moving away from
vertebrate testing. This necessitates integration of in silico, in vitro, and in vivo meth-
ods across species. As risk assessment is becoming more mechanistic and molecular
there may be new opportunities to create an integrated approach based on common
mechanisms and a common systems-biological approach. This development will au-
tomatically provide the examples asked for, which subsequently have to be analyzed
for economic and regulatory benefits.
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ABsTRACT  The Law concerning Reporting etc., of Releases to the Environment of
Specific Chemical Substances, and Promoting Improvement in Their Management (the
so-called Pollutant Release and Transfer Register Law or the PRTR Law) was
promulgated in Japan in 1999. Estimated amounts of the specific chemical substances
released from their major emission sources to local environments are publicly available
by law. Concentrations of benzene, toluene, xylene (i.e., volatile organic compounds or
VOCGs) and formaldehyde specified by law were measured in different seasons from
2003 to 2005 both at outdoor and indoor sites within the Tokushima University
campus and in a nearby local area to estimate their human exposures. There were no
substantial differences between the indoor and the outdoor concentrations of benzene,
toluene, and xylene. Higher concentrations observed for formaldehyde in the indoor
environment than in the outdoor environment in the 2003 winter season could be
explained by the fact that there was renovation of the building nine months before the
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measurement. The exposure data obtained were used to evaluate the possible human
health risks of these four chemicals by referring to their health criteria. The results
indicated that the overall risks from the exposures to these chemicals both in the indoor
and the outdoor environments were not significantly high even if fluctuations are taken
into account. The results of our evaluation were released on the university website and
also presented and discussed at a public meeting and three PRTR data seminars in the
local society.

Key Worbps: PRTR data, volatile organic compounds, formaldehyde, exposure assessment,
health effects

Introduction

The Law concerning Reporting etc., of Releases to the Environment of
Specific Chemical Substances, and Promoting Improvement in Their
Management (the so-called Law for Pollutant Release and Transfer
Register, or PRTR) was promulgated in Japan in 1999. The PRTR Law
introduced a new concept to Japanese society in that protection of the
environment and human health is promoted not through regulation but
through disseminating of data on chemical releases from emission sources
and with voluntary reduction of such chemical releases (Figure 1; Ohtawa
et al., 2004). However, several obstacles exist for people to understand the
potential human health risks based on the data of the chemical release and
transfer made available by the law. First, amounts of chemicals released in
the environment from emission sources are not directly linked to possible
human exposure concentrations, because chemicals go through processes
including dilution, conversion and reaction after being released from
emission sources, and no information on the total concentrations exposed
to humans is available. Secondly, even if concentrations exposed to humans
are available, toxicological information on each chemical must be integrated
with exposure information to evaluate possible human health risks. Thirdly,
people spend most of the time indoor, and thus, information of chemical
concentrations in the indoor environment is important for estimating human

‘, Publicly Available Information of

E the Estimated Amounts of

~_Pollutants Released to the

i«

Voluntary Reduction of : Promotion of
the pollutant Releases by Right-to-know of
the Local Plants, etc. the Local People

Figure 1. PRTR System is a New Paradigm for Environmental Protection in Japan
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health risks from exposure to chemicals. We measured exposure concentra-
tions of four chemicals in the local environment not only of outdoor, but
also of indoor environment, and compared the results with health criteria to
estimate human health risks. Our measurements were compared with the
exposures estimated based on the local PRTR data using a model. Also, the
significance of possible human health risks from the estimated exposures
was evaluated using a health risk estimation model.

Methods
Chemicals, Sampling and Analysis

Indoor and outdoor concentrations of benzene, toluene, xylene (volatile
organic compounds or VOCs) and formaldehyde were measured. The
official methods described in the toxic air pollutant measuring method
manual of the Air Pollution Control Division, Air Quality Bureau, Ministry
of the Environment, Japan (1997) were used. Briefly, active sampling of the
air was performed using Perkin Elmer ATD400 for thermal desorption
sampler (SUPLECO) with pump, and high performance passive sampler,
VOC TD (SUPLECO), was used in passive sampling each for 24 hour on
certain days. Aldehyde was trapped by Sep-Pak XPoSure aldehyde sampler
with Ozone Scrubber and DSD-DNPH passive sampler. VOCs were
analyzed using gas chromatography/mass spectrometry (PerkinElmer ATD-
400) equipped with thermal desorption apparatus at the Hyogo Prefectural
Institute of Public Health and Environmental Sciences. Dinitro-
phenylhydrazone was analyzed using liquid chromatography (SHIMADZU
LC-VP) equipped with Shim-Pack FC-ODS column.

Sampling Sites and Weather Conditions

Air samples were collected inside and outside of several chemistry
laboratories (in the 2003 and 2004 period the outside samples were
collected exclusively at our own laboratory) in the University of Tokushima,
outside the Health Center in Komatsujima in a residential area where a
sampling station is settled by Tokushima prefecture. A small amount of
benzene was used several times in one laboratory, but other chemicals were
not used in any laboratories before or during the sampling period. Weather
conditions were mostly fine or cloudy on the sampling days.

Model Estimation of Exposure Data and Human Health Risk Estimation

AIST-ADMER, an atmospheric dispersion model for exposure assessment,
and Risk Learning, a human health risk estimation tool developed by the
Research Center for Chemical Risk Management (CRM) of the National
Institute of Advanced Industrial Science and Technology, was used (AIST,
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2005a, 2005b). Health criteria data such as RfC (reference concentration) or
unit risk were cited from the IRIS database developed by the US
Environmental Protection Agency (US EPA, 2005).

Meetings and Information Release on the Website

Meetings were held in a hall of the Tokushima University in 2004, and in the
auditoriums in the local cities (Okayama, Osaka and Hyogo) to commu-
nicate our data and results of human health risk evaluation to the public.
The latter were organized by either the New Energy and Industrial
Technology Development Organization (NEDO) or the Kansai branch of
the Japan Society on Water Environment in 2004 and 200S5. The
information was also released on the university website (Laboratory for
Environmental Chemistry, 2005), although contents are currently given in
Japanese.

Results

We selected four chemicals specified in the law, i.e., benzene, toluene,
xylene, and formaldehyde, and measured their concentrations in the living
environment in Tokushima in the period between autumn 2003 and spring
2005 to estimate their indoor and outdoor exposures. Toluene and xylene
are reported to be the most abundantly released chemicals in the PRTR
estimation nationwide and also in the Tokushima area (Table1). Only
PRTR data of the previous years are available for comparison, as data from
each emission source are collected once per year and publicly available only
after editing of the raw data, nationwide, is completed. Benzene is known to
be a human carcinogen which is found in automobile exhausts, while
formaldehyde is known to be an irritant to eyes and respiratory system
which is released from adhesives used in wallpaper and other household
goods.

Table 1. Estimated Amount of Chemicals Released in the Air of Tokushima Prefecture and
Nationwide in the 2002 year period

Release 1in the Air (tonfyear)

Chemical Tokushima Prefecture Nationwide
Benzene 6.3 1807
Formaldehyde 5.07 342
Toluene 92.8 122790
Xylene 56.9 47305
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VOC Data

There were no substantial differences in the indoor concentrations of
benzene, toluene, and xylene (VOCs), respectively measured at different
occasions in the period from November 2003 through May 2005 as shown
in Table2a. Similarly, no substantial differences were seen in the
concentrations of each VOC measured outside of our own laboratory or
at the local air sampling station in this period (Table2b). Although we
applied passive sampling methods in the year of 2005, as compared to an
active sampling method in the previous years, the measured concentrations
were comparable and showed no difference due to the sampling methods.
Furthermore, there were no statistically significant differences between the
indoor concentrations (1.30+0.64 for benzene, 6.04+2.62 for toluene,
3.94+1.56 for xylene; unit in pg/m?®) and the outdoor concentrations
(1.30+0.42 for benzene, 5.83+3.37 for toluene, 3.18+1.29 for xylene;

Table 2A. VOC Concentrations in the Indoor Environment (ug/m3)

Benzene 2003 Winter *1 2004 Summer *2 2005 Spring *3 Summary
Range 0.89-2.0 1.4-1.7 0.41-2.54 0.41-2.54
Mean +SD 1.40+0.42 1.55+0.21 1.25+0.81 1.30+0.64
Toluene 2003 Winter *1 2004 Summer *2 2005 Spring *3 Summary
Range 2.6-14.0 5.9-6.9 3.75-5.04 2.60-14.0
Mean + 5D 5.94+4.00 6.40+0.71 6.03+1.74 6.04 +2.62
Xylene 2003 Winter *1 2004 Summer *2 2005 Spring *3 Summary
Range 3.4-6.3 3.3-36 1.56-6.68 1.56-6.68
Mean + 5D 4.70+1.24 3.4540.21 3.51+1.78 3.94+1.56

Table 2B. VOC Concentrations in the Outdoor Environment (ug/m”)

Benzene 2003 Winter *1 2004 Summer *2 Summary
Range 1.1-2.4 1.2-1.3 1.10-2.40
Mean+ 5D 1.31+0.48 1.25+0.07 1.30+0.42
Toluene 2003 Winter "1 2004 Summer *2 Summary
Range 2.2-13.0 6.3-8.1 2.20-13.0
Mean + 5D 5.44+3.75 7.2+1.27 5.83+3.37
Xylene 2003 Winter *1 2004 Summer *2 Summary
Range 1.4-5.2 2.6-3.7 1.40-5.20
Mean +SD 3.191+1.46 3.15+0.78 3.18+1.29

*1 November 2003~January 2004 (n=7)
*2 June-July 2004 (n=2)
*3 April-May 2005 (n=10)
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unit in pg/m?®) with respect to measured VOCs using t-test for the case
showed no significant difference in variance.

Formaldehyde Data

High concentrations (8.57 +2.62 ug/m’) were observed for formaldehyde in
the indoor air sampled in the 2003 winter season, which decreased to
2.03+0.61ug/m’ in the 2004 summer season, and further in 2005
(Table 3a). A probable reason for the higher concentrations of formalde-
hydes in the indoor environment in the 2003 winter season could be that
there was renovation of the building nine months before the measurement. A
statistically significant difference (p<<0.01, in the t-test) was seen for
formaldehyde when the overall average of the indoor concentrations
(1.10+0.747 ug/m>) of 2004 and 2005 period was compared against that
of the outdoor concentrations (1.93+0.535 pg/m’) of the 2003 and 2004
period. A specific reason for the lower indoor concentrations as compared to
the outdoor concentrations is not known, however the laboratory had been
well ventilated after we started to keep experimental small fish in the 2004
summer period.

Comparison with Model Estimations by AIST-ADMER Using PRTR Data

[n-air exposures of benzene, formaldehyde, toluene, and xylene in the
Tokushima city area were cited from the NITE (2005) which estimated the
average concentrations of pollutants in the area using AIST-ADMER with
the PRTR data of 2002 period by using a 5 km mesh for the year-round
emission and the pertinent meteorological data (Table4). The estimated

Table 3A. Formaldechyde Concentrations in the Indoor Environment (ug/m’)

2004 Spring “1 2004 Summer *2 2005 Winter *3 Summary *4
Range 4.7-12.0 (n=6) 1.13-2.86 (n=11) 0.17-2.10 (n=22) 0.17-2.86 (n=33)
Mean+SD  8.57+2.62 2.03+0.61 0.67+0.374 1.10+0.747

Table 3B. Formaldehyde Concentrations in the Outdoor Environment (ug/m?)

2004 Spring *1 2004 Summer 2 Summary
Range 1.3-2.7 (n=10) 0.60-2.98 (n=14) 0.60-2.98 (n=24)
Mean + 5D 1.89 +0.407 1.96 +0.625 1.93+0.535

“1 November 2003-January 2004
*2 June-September 2004

*3 February-May 2005

“4 Summary : April 2004-May 2005
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Table 4. Exposure Estimation by AIST-ADMER using Local PRDR Data in the 2002 period

(ug/m’)
Measured Outdoor
Chemical Estimated Exposure Data Concentrations
Benzene 0.193 1.30
Formaldehyde 0.226 1.93
Toluene 335 5.83
Xylene 172 3.18

exposure concentrations of toluene and xylene were fairly close to our
measured data, however estimated values for benzene and formaldehyde
were lower than our measured data. Since our measurements were limited in
the location and in frequency, they may not represent the general conditions
of air pollution in Tokushima area and/or the emission sources for
formaldehyde and benzene may have been localized in the area where our
sampling was made.

Human Health Risk Estimation

Significance of the possible health risks were evaluated for human exposures
of benzene, formaldehyde, toluene and xylene for indoor, outdoor and time-
weighted combination of the two environments assuming that humans spend
21 hours in the indoor environment and 3 hours in the outdoor environment
on average (Griffin, 1994), and against the health criteria shown in Tables 5a
and 5b. Concentrations of all chemicals were lower than either the air quality
standard or the indoor air quality guideline values. Provisional estimation of
possible human health risks was performed using Risk Learning based on a

Table SA. Health Criteria for Pollutants

Health Criteria

3

Chemicals Toxicity ug/m’ (ppm)*3

Benzene Leukemia (Annual average value) 3 %1 B

Formaldehyde Irritation to Eyes and Respiratory 100 *2 (0.08)
Tract

Toluene Neurotoxicity Developmental Toxicity 260 "2 (0.07)

Xylene Neurotoxicity Developmental Toxicity 870 *2 (0.20)

*1 Air Quality Standard, Ministry of the Environment, Japan
*2 Indoor Air Concentration Guideline, Ministry of Health, Labor and Welfare, Japan
*3 Converted values from pg/m’
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Table 5B. Risk Esnmation for VOCs and Aldehydes

Ratio™
Chemicals Indoor Qutdoor Combined
Benzene 0.43 0.43 0.42
Formaldehyde 0.0056 0.02 0.0071
Toluene 0.023 0.022 0.022
Xylene 0.0045 0.0037 0.0042

“ Ratio of the Environmental Concentrations to the Standard or Guideline Values

scenario that humans spend 21 hours in the indoor environment and 3 hours
in the outdoor environment on average and shown in Table 6.

The excess cancer risks from exposures to benzene and formaldehyde are
in the orders between 1077 and 10~°. Hazard quotients were less than 0.1 for
the measured concentrations of these chemicals when compared to the health
guidance values estimated by the U.S. Environmental Protection Agency.

Risk Communication

We communicated the results of our exposure measurements and evaluation
of possible human health risks associated with the measured concentrations
of benzene, formaldehyde, toluene and xylene on several occasions at public

Table 6. Human Health Risk Estimation Using Risk Learning

Summed Risk

Average for Indoor and
exposure Unit Risk Cancer Risk Outdoor
Exposure (ug/m?) or RfC*1 *2 or HQ'*3 Exposure
Benzene Indoor 1.1E+00 7.8E—-06 8.52E-6 9.74E—-6 *2
3.6E-2
Outdoor 1.6E-01 30 *1 1.22E-6 4,12E-2 %3
5.2E-3
Formaldehyde Indoor 9.6E—01 1.3E-35 1.25E-6 4.39E-6 *2
Outdoor 2.4E-01 3.14E-6
Toluene Indoor 5.1E+00 4E2 *1 1.27E-2 1.44E-2 %3
Qutdoor PE—=01 1.75E~3
Xylene Indoor 3.3E+00 1.00E2 *1 3.3E-2 J.68E—2 %3
Ourdoor 3.8E-01 381E~3

*1 REC: Reference Concentration estimated by the US EPA
*2 Cancer Risk=Unit Risk x Average Exposure
*3 HQ: Hazard Quotient=Average exposure/RfC
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meetings such as one in our campus, and three others in the local PRTR data
seminars, as well as through the release of the information on our university
website in an attempt to educate the university students and the local people,
to stimulate discussions among them, and to increase their awareness and
understanding on the relationship between their health and the environment.
Although the detailed analyses of the feedback of the audiences in the
meetings or of the people accessing the information on the website are not
ready, our preliminary assessment indicates that they showed increased
awareness about environmental pollutions and interests in learning more
about the quality of the environment in Tokushima.

Discussion

Humans are exposed to various toxic chemicals from different sources. The
estimated amounts of toxic chemicals released from major emission sources
to the local environments are publicly available by the PRTR law. Since
many people now spend most of their time in the indoor environment,
comparisons were made between the indoor and the outdoor air concentra-
tions of four toxic chemicals, and the measured data were further compared
with several health criteria to assess the quality of the current living
environment in Tokushima. Due to the limitations in the sampling frequency
and the number of sampling sites, it is not possible to draw a solid
conclusion in this study. However, our study provided an example of
comparisons of the indoor and the outdoor exposures of four widely used
chemicals in the environment, as well as making use of newly available
PRTR data on environmental release of these chemicals from emission
sources to understand potential human health effects of their exposures in
the local environment in Tokushima.

Provisional Risk Evaluation for VOCs

Although the margins between the air quality standard and measured
concentrations were narrow for benzene, considering the fact that the air
quality standard for benzene was established based on the excess cancer risk
of 3-7x 10 %, the estimated level of current risk is not considered seriously
high. Recently, CRM published a risk assessment document on toluene in
which they described that AIST-ADMER estimation of environmental
exposure can be lower for the area of less population as compared to the
dense population area (CRM, 2005). CRM suggests that indoor air
concentration may vary among houses and also from day to day. We
collected the air samples of both the indoor and the outdoor environments of
our laboratory on the same day to eliminate the possible day-to-day
fluctuations but there may have been other factors affecting the comparison
of the indoor and the outdoor concentrations. In their toluene human health
risk assessment, CRM assessed the distribution of population in terms of
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possible effects of toluene exposure to decrease the quality of life, which
makes it difficult to directly compare our assessment with theirs.

Provisional Risk Evaluation for Formaldebydes

Since there was a wide margin between the measured concentrations of
formaldehyde and the air quality guideline value, the current levels may not
pose a significant human health risk. IPCS (2002) published a Concise
International Chemical Assessment Document on Formaldebyde in which
they cited the indoor and the outdoor air concentrations of formaldehyde in
Canada. The median of the outdoor concentrations was 2.8 pg/m’ and that
of the residential indoor concentrations was 28.7 pg/m? or 29.7 pg/m? (IPCS,
2002). Although IPCS used the data from a large scale survey in Canada, the
indoor concentrations were higher when compared to our data. The
difference may be attributable to the possible high use of formaldehyde in
the furniture and other household goods in Canada.

Conclusion

(1) Except with formaldehyde, no substantial difference was seen between
the indoor and the outdoor concentrations of the chemicals measured in
our study. From these data, we can estimate daily exposure levels both
from indoor environment and from outdoor environment. It also
prompts us to identify the possible sources of pollution to reduce
exposures.

(2) We selected four chemicals which may potentially affect our health
through environmental exposure. Toluene and xylene are most
abundantly released from emission sources to the environment,
Benzene is a known human carcinogen and detected in not negligible
amounts in the environment. Formaldehyde is known to be an irritant
to eyes and the respiratory system. Our data indicated that the
current exposure levels of these four chemicals in the living
environment in Tokushima are not likely to cause adverse effects to
human health.

(3) The outcome of our study was communicated to our university students
and the local people at several meetings and through the university
website in an attempt to increase their awareness on the relationship
between their health and the environment conditions. The level of
consciousness on the health in relation to environmental pollutant
exposure in daily life is still not very high. It is necessary to translate the
available data in such a way that people can easily understand the
relationship between chemical exposures and possible health effects. To
enhance the knowledge of chemicals used in our daily life and their
possible health effects among the public, we encourage further
communication.
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