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ABSTRACT

This study aims to develop a method for evaluating the environmental risk of harmful chemical substances released
from specific sources, using two atmospheric dispersion models and GIS (Geographic Information Systems). In the first
stage of evaluation, ADMER was used to conduct a wide-area evaluation which covered the entire area of the evalua-
tion target region. In the second stage, METI-LIS was used to conduct a detailed limited-area evaluation which targeted
the vicinity of sources. In this study, incinerators were selected as sources and dioxins were selected as harmful chemi-
cal substances. The area selected for evaluation was the Tokyo Metropolis in Japan, and the evaluation method pro-
posed in this study was used to evaluate environmental risk. Through the use of atmospheric dispersion models and GIS,
the behavior of dioxins emitted into the atmosphere from incinerators was estimated. By superimposing atmospheric
levels and population data, the amounts of dioxins that humans exposed to were found. Additionally, by superimposing
deposition amounts and land use data, the amounts of dioxins accumulated in each land environment were found. Con-
ducting these steps enabled the impact of dioxins on humans and the environment to be grasped quantitatively and visu-
ally, and the risk that dioxins emitted from incinerators pose to the environment to be evaluated.
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1. Introduction as breathing, eating and drinking, and skin contact, and
there is a risk that they may affect health. Further, harm-
ful chemical substances accumulate in the ecosystems of
plants, animals, fish and so on, through environmental
mediums such as the atmosphere and soil [1]. In the en-
vironmental risk field, importance is being placed on
effectively and economically preventing or reducing the
burden on the environment caused by such harmful che-
mical substances [2,3].

Based on the above background, this study aims to
develop a method for evaluating the environmental risk
of harmful chemical substances released from specific
sources. Further, dioxins, which are representative ex-
amples of harmful chemical substances that became an
issue of public concern in Japan at the end of the twentieth
century, are taken up as an environmental risk for discus-
sion; and focusing on incinerators, which are a major
“Corresponding author. source of dioxins in the atmosphere of the Tokyo Me-

Due to advances in the world’s chemical technology,
chemical substances which are beneficial to humans have
been researched, developed, and manufactured. However,
there are also many chemical substances that are harmful,
and chemical substances which are produced artificially
in the process of manufacturing things and chemical sub-
stances generated unintentionally when things inciner-
ated are having a harmful impact on humans and the
ecosystem. Presently, harmful chemical substances re-
leased from specific sources—in particular, chemical sub-
stances which are harmful to humans, such as carcino-
genic substances—exist in the environment in places
such as the atmosphere, soil and rivers. Harmful chemi-
cal substances such as these which exist in the environ-
ment are taken into the human body through routes such
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tropolis, Japan [4,5], the environmental risk is evaluated
using this evaluation method. Japan’s measures against
dioxins are promoted based on the basic guidelines for
promotion of measures against dioxins and the law con-
cerning special measures against dioxins, which were
formulated in 1999 [6].

2. Related Works

In research related to dioxins [7-12] used atmospheric
dispersion models to conduct simulations of the behavior
of dioxins with incinerators as a source, similarly to this
study. [1,13-15] conducted simulations of the behavior of
dioxins using atmospheric dispersion models. [16-20]
modeled the behavior of dioxins in the atmosphere. Fur-
ther, [21,22] used dispersion models to conduct simula-
tions of the behavior of dioxins in bodies of water such
as sea waters and canals, and [23] modeled the behavior
of dioxins in bodies of water.

[7,8] in the above-mentioned related research con-
ducted a comparison of estimated dioxin levels, which
were the results of simulation of behavior of dioxins
conducted using ADMER, an atmospheric dispersion
model, and actual measured levels of dioxins in the en-
vironment. They demonstrated the satisfactory repro-
ducibility of the former, and thereby confirmed the use-
fulness of this atmospheric dispersion model. Therefore,
this study also employs ADMER, when evaluating the
environmental risk over a wide area in the first stage of
evaluation. Further, [13,18] demonstrated the value of
using an atmospheric dispersion model and GIS (Geo-
graphic Information Systems) in combination in order to
estimate the behavior of dioxins in the atmosphere.

Compared to the preceding studies mentioned above,
this study demonstrates its uniqueness in that it develops
a method that can quantitatively evaluate impact on hu-
mans and the environment based on the behavior of di-
oxins in the environment. Further, the method can ana-
lyze dioxin level distribution using two spatial scales—
wide area, and narrow area with high dioxin levels—and
evaluate the environmental risk in detail. Further, taking
into account the results of preceding studies, in the eva-
luation method, GIS is used in addition to an atmospheric
dispersion model, and through this, dioxin behavior can
be spatially analyzed. Therefore, the impact on people
and the environment of dioxins released from sources
can be quantitatively evaluated. Specifically, the envi-
ronmental risk is evaluated by using atmospheric disper-
sion models to calculate atmospheric levels and deposi-
tion amounts of dioxins emitted from specific incinera-
tors; using GIS to conduct overlay with population and
land environment spatial distribution; and estimating
amounts people are exposed to and amounts accumulated
in the environment.
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3. Evaluation Method
3.1. Evaluation Outline and Method

The evaluation outline and method of this study are as
shown in Figure 1. Below, each stage is described in de-
tail.

1) Incinerators were selected as the source to be evalu-
ated, dioxins were selected as the harmful chemical sub-
stance which was the index of evaluation, and the envi-
ronmental risk was evaluated. In Japan, according to the
Law Concerning Special Measures against Dioxins, from
the year 2000 onward it has been compulsory for places
of business to carry out independent measurements of
dioxins once a year or more; therefore, this data, which
each prefecture releases, was processed into data neces-
sary in calculations for the atmospheric dispersion model,
and the source data was created.

2) Based on the created source data, data necessary to
the dispersion calculations of the atmospheric dispersion
models was entered, and the atmospheric levels and
deposition amounts of dioxins released from the sources
were calculated. In the evaluation method of this study,
two atmospheric dispersion models, ADMER and METI-
LIS, which will be described in detail in the next section,
were used. In the evaluation of the entire area of the re-
gion for evaluation, in which ADMER was used, the en-
tire area of the Tokyo Metropolis was evaluated. In the
evaluation of the vicinity of the sources, in which METI-
LIS was used, regions where the contamination risk from
dioxins was high based on evaluation results of the pre-
vious stage were selected, and the areas surrounding ge-
neral waste incinerators were the main targets of evalua-
tion.

3) Results of analysis obtained using the atmospheric
dispersion models were displayed on digital maps using
GIS, and spatial analysis was conducted. Superimposi-

| (1)Creation of source data | ‘ Meteorological data |
[ J

v
| (2) Analysis using atmospheric dispersion models |
I
y M
ADMER ver2.5 METL-LIS ver3.02

Entire area of region for evaluation Vicinity of sources
I |

|

| Calculation of atmospheric levels |
I

| Calculation of deposition amounts ‘

| (3) Spatial analysis using Geographic Information Systems (GIS) ‘

ArcGIS verl0
Spatial analysis (overlay analysis)

v
| Atmospheric levels | Population | l Deposition amounts I Land environments
[ |

| (4) Environmental risk evaluation |

Figure 1. Evaluation method procedure.
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tions of data of atmospheric levels and deposition amounts,
estimated using the atmospheric dispersion models, and
population and land use data were conducted. This en-
abled human dioxin exposure levels and land environ-
ment accumulated dioxin amounts to be estimated.

4) Based on the above-mentioned superimposed re-
sults, statistical processing was conducted, and the total
population figure per unit of dioxin atmospheric level
and the amount of dioxins accumulated in each land en-
vironment were aggregated. Comparing the atmospheric
levels and the total population figures enabled the expo-
sure level to humans from the atmospheric levels to be
estimated and the total population in high dioxin level
areas to be quantitatively calculated. Further, based on
deposition amounts and land use, it was possible to cal-
culate the amount of dioxins accumulated in each land
environment, and to identify land environments with
high levels of contamination. In addition, it was possible
to fully understand whether contamination levels for rice
fields, farming land, watercourses and the like, which are
considered to be routes of ingestion to the human body,
met environmental standards or not. Through conducting
these steps, environmental risk was evaluated from the
perspective of impact on people and the environment.

3.2. Outline of Atmospheric Dispersion Models
and GIS

In this study, evaluation of the environmental risk was
divided into two stages; therefore, two types of atmos-
pheric dispersion model were used. In the first stage,
which was a wide-area evaluation which targeted the
entire area of the region for evaluation, the “National

Institute of Advanced Industrial Science and Technology
Atmospheric Dispersion Model for Exposure and Risk
Assessment” [24-26] was used. This is an atmospheric
dispersion model suited to estimating the atmospheric
levels of a chemical substance based on the emissions of
sources and meteorological conditions, and predicting
long-term level distribution over a wide area. In the sec-
ond stage, which was a detailed evaluation focusing on
the vicinity of some sources, the “Ministry of Economy,
Trade and Industry-Low rise Industrial Source Disper-
sion Model” [27-29] was used. This model predicts the
level of chemical substances in the vicinity of sources,
and can take into account the downwash which occurs
when there is influence from turbulence of air current
due to buildings in the vicinity of sources. That is, when
this model is used, when data concerning the height of
buildings in the area surrounding sources is input, the
influence of buildings on dispersion can be taken into
account, and detailed level distribution analysis can be
performed for limited areas. Further, as the GIS, ESRI
Inc.’s ArcGIS ver.10 was used. In assessing the envi-
ronmental risk, ArcGIS ver.10 was used to conduct
overlay analysis involving the analysis results obtained
from the two types of atmospheric dispersion model, and
the population and land use data, and to conduct statisti-
cal processing.

4. Data Collection and Processing

In this study, the data shown in Table 1 was used. Source
data and meteorological data were used for the atmos-
pheric dispersion models, and population data, digital

Table 1. Usage data.

Type Name

Source

Results of independent measurements based on the law
concerning special measures against dioxins

Source data

Bureau of Environment, Tokyo Metropolitan
Government

(data for the 23 wards of Tokyo and the Tama region for 2000 to 2008)

AMeDAS data for ADMER for 2001 to 2009

Meteorological data

AMeDAS annual reports, AMeDAS statistics (1996 to 2004)

Population data

National census subregion total population figures (2000)

National Institute of Advanced Industrial Science
and Technology, Japan

Japan Meteorological Business Support Center

National census 500 m mesh total population figures (2000, 2005, 2010) Statistics Bureau, Ministry of Internal Affairs and

Communications

Administrative district (area) data (2012)

Land use subdivision mesh data (1997, 2006)

Digital map data

Land use tertiary mesh data (1997)

Policy Bureau, Ministry of Land, Infrastructure,
Transport and Tourism

Elevation/gradient fourth-level mesh data (2011)

Map basis information (Scale: 1/2500)

Data of actual

measurements results (2000 to 2008)

Tokyo Metropolitan dioxin emission estimation results and dioxin survey

Bureau of Environment, Tokyo Metropolitan
Government
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map data and data of actual measurements were each
processed into GIS data and used in the spatial analysis.
Further, both the two types of atmospheric dispersion
model used in this study require input of the amount of
emissions per hour (mg/h); therefore, results of inde-
pendent measurements in the Tokyo Metropolis based on
the Law Concerning Special Measures against Dioxins
were referred to, and a method of calculating the emis-
sions from an incinerator based on the dioxins in gas
emissions (ngTEQ/m’N) and incineration capacity (kg/h)
is shown below. As the amount of gas emissions per unit
of amount incinerated, which is the amount of gas emis-
sions generated per ton of waste, 5000 (m*N/ton), set by
the Committee to Investigate Measures for the Reduction
of Dioxins Related to Waste Treatment (1997) [30] and
the Ministry of the Environment (2001) [31], was used.
Level in gas emissions Cp

_C+C+-+C,

n

c, 107 (1)

Amount incinerated 7,

I
g, -k @
1000
Amount emitted E;
E =C,xI,xE, 3)

Cp: Level in gas emissions (gTEQ/m’N)

N: Number of times measured

C,: Level in gas emissions the nth time (ngTEQ/m’N)

1,; Amount incinerated (g/year)

1.: Incineration capacity per hour (kg/h)

o: Hours operated per day (hours/day)

f: Days operated per year (days/year)

E;: Amount emitted (gTEQ/year)

E,: Amount of gas emissions per unit of amount incin-
erated (m*N/ton)

Among the incinerators which were evaluated, many
report dioxin levels as being unmeasured. General waste
incinerators which were evaluated by ADMER are large-
scale incinerators managed by local governments; there-
fore, none of these were among those that had not carried
out measurements. However, all the incinerators required
by the Law Concerning Special Measures against Diox-
ins to carry out independent measurements of dioxins
once a year or more were evaluation targets of METI-
LIS; therefore, besides general waste incinerators, me-
dium-sized and small incinerators were also evaluation
targets of METI-LIS. In particular, many small incinera-
tors do not carry out measurements of dioxins, so it was
necessary to estimate the emissions from these incinera-
tors. Accordingly, incinerators which measure dioxins
each year were classified in detail according to incinera-
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tion capacity (the scale of the facilities of the incinerator),
and as shown in Table 2, the average annual amount of
emissions was estimated for each one. Then, after taking
into consideration the number of days of operation per
year and the number of hours of operation per day, based
on Table 2, the amount of emissions per hour for incin-
erators that had not measured dioxins was calculated.

5. Evaluation of Entire Area of Region for
Evaluation

5.1. Evaluation Targets

The evaluation targets in this section were all 41 large-
scale general waste incinerators which were total-con-
tinuous-type incinerators and were set up by local gov-
ernments. The first reason for evaluating general waste
incinerators was that they are large-scale incinerators
which continue operating 24 hours a day throughout the
year, and they have a long burning time and a high incin-
eration capacity; therefore there is a high probability that
they will have a large impact on the environment. The
second reason was the height of their stacks. ADMER is
basically suited to analyzing level distribution over a
wide area. In wide-area level distribution analysis, sources
for which there is a possibility that chemical substances
will be dispersed further by the behavior of the atmos-
phere must be selected; therefore, incinerators with high
stacks were focused on. Small incinerators with low
stacks are influenced by high buildings in their sur-
roundings, and disturbance of the dispersion of dioxins in
the atmosphere occurs. However, the stacks of general
waste incinerators are 40 m high or more; therefore, it is
not necessary to take into account the influence of dis-
turbances of the air stream which occur due to the sur-
rounding buildings. For the evaluation target range, GIS
was used, and a range of calculation of 90 km east-west
and 50 km north-south was set, such that the entire area
of the Tokyo Metropolis except for the islands was in-
cluded, and level distribution was output using 500 m
mesh units. As the period evaluated, the nine years from
2000 to 2008, for which source data was available, was
selected.

Table 2. Average annual emissions of incinerators, classified
by scale of facilities (JTEQ/year).

Scale of facilities Year 2000  Year 2001

Fire bed area of more than 0.5 m*

and less than 50 kg/h 0.0048 0.0021

50 kg/h—Iless than 100 kg/h 0.0110 0.0089

100 kg/h—TIess than 200 kg/h 0.0180 0.0151

200 kg/h—Tless than 4000 kg/h - 0.0373
JEP
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5.2. Calculation Conditions

1) Source data and chemical substance parameters

For ADMER, necessary source data is source location
(longitude and latitude), annual emissions and emissions
elevation; necessary chemical substance parameters are
decomposition coefficient, washout ratio, background
levels and dry deposition velocity. Annual emissions
were calculated using the calculation method in the pre-
vious section. In the ADMER analysis, only incinerators
which operated continuously throughout the year were
evaluated for each year. Incinerators whose operation
was suspended, incinerators which were under construc-
tion or newly built, and incinerators which ceased opera-
tion during a year were excluded from that year’s analy-
sis. Further, the value of the background level, which was
necessary as a chemical substance parameter, was set as
zero. Usually, concerning the background level, the at-
mospheric level of a region which is considered to re-
ceive hardly any impact from emission sources is used.
However, in this study, the environmental risk from di-
oxins emitted from incinerators was evaluated; therefore,
this was done to exclude the influence of sources other
than incinerators, such as car exhaust gas and cremato-
riums.

2) Details of source data

In order to fully understand the dioxin emissions from
each incinerator during the evaluation period, annual
emissions for each year were aggregated. These results
are shown in Figure 2. As Figure 2 shows, incinerators
whose total dioxin emissions for the nine year period
were considerably higher than those of other incinerators
were Setagaya Waste Incineration Plant, at 7.31 gTEQ/
year; Hino City Clean Center, at 6.96 gTEQ/year; Ota
Waste Incineration Plant, at 5.82 gTEQ/year; and Shina-

Hino city clean center

gawa Waste Incineration Plant (formerly Oi Waste Incin-
eration Plant), at 3.93 gTEQ/year.

5.3. Results and Consideration

1) Results of analysis by the atmospheric dispersion
model (ADMER) and consideration

Figure 3 shows the results of analysis of atmospheric
levels and deposition amounts during the evaluation pe-
riod that were calculated using ADMER. It can be seen
that atmospheric levels and deposition amounts were
high particularly in the years 2000 and 2001, and de-
creased greatly from the year 2002 onwards. It can also
be seen that different regions had high atmospheric levels
and deposition amounts each year. It is necessary to un-
derstand the contamination levels in more detail in Hino
City, Ota Ward and Setagaya Ward, which were high-
level regions in 2000 and 2001; however, the city and the
wards were not identified as high-level regions in the
year 2002 and beyond; therefore, it can be said that the
amount of dioxin emissions from their general waste
incinerators has been reduced. Meanwhile, from the year
2002 and onwards, Akiruno City is identified as a high-
level region more frequently than other regions, and there
is variation in the dioxin emissions from its general waste
incinerators each year; therefore, it can be said that com-
pared to general waste incinerators in other regions, the
emission levels of those in Akiruno City have not been
improved. Comparing the 23 wards (the eastern part)
with the Tama region (the western part) in the Tokyo
Metropolis, from the year 2002 onwards, high-level re-
gions were not identified in the wards of Tokyo; there-
fore, it can be said that the beneficial effects of the
measures against dioxins implemented by the Clean As-
sociation of TOKYO23 were demonstrated.

Shinagawa waste
incineration plant

Setagaya waste
incineration plant

Ota waste
incineration plant

Figure 2. Total dioxin emissions from general waste incinerators for the period 2000 to 2008.
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2) Environmental risk evaluation results and consid-
eration

a) The risk to humans

The atmospheric levels estimated using ADMER and
the population data were superimposed using the GIS,
and thereby, levels of exposure to dioxins were grasped,
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and the risk to humans was evaluated. In Japan, national
censuses are carried out every five years, and data was
available for the years 2000, 2005 and 2010. Therefore,
for each year in the period evaluated, population data of
the census year closest to that year was used. It was pos-
sible to confirm that from the year 2003 onwards, in the
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Figure 3. Dioxin atmospheric level distribution (pgTEQ/m?®, left) and deposition amount distribution (pgTEQ/m?, right) for

the period 2000 to 2008.

entire Tokyo Metropolis, a tendency continued for popu-
lation to be concentrated in places with levels in the
range of 0.001 pg TEQ/m’® or less. Therefore, Figure 4
shows total population figures aggregated for each at-
mospheric level for the period 2000 to 2002. Further,
looking at Figure 4, it can be seen that the population
was concentrated in places with levels in the range of
0.05 pgTEQ/m’ or less in the year 2000, 0.025 pg
TEQ/m’ or less in the year 2001, and 0.005 pgTEQ/m’
or less in the year 2002. Therefore, because the atmos-
pheric levels of dioxins in the entire Tokyo Metropolis
during the nine year period were much less than the
Japanese environmental standard of 0.6 pgTEQ/m’

Open Access

(Central Environment Council, 1999) [32], it can be
determined that risk to humans from the amount of
exposure to dioxins released from general waste incinera-
tors is not an issue. However, these evaluation results are
based on analysis performed using a 500 m mesh unit
spatial scale and on estimations of atmospheric diffusion
of dioxins released from general waste incinerators only.

b) Risk to the environment

The deposition amounts estimated using ADMER and
the land-use data were superimposed using the GIS, and
thereby, accumulation levels in each land environment
were grasped, and the risk to the environment was evalu-
ated. The deposition amounts used in the superimpose-

JEP
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Figure 4. Total population figures per atmospheric level for the period 2000 to 2002.
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tion were the aggregate amounts for the deposition
amounts which accumulated during the nine-year evalua-
tion period. Here, because dioxins have a long half-life in
the environment, the fact that once a dioxin has deposited,
it exists in the environment for a long time was taken into
consideration, and rather than performing superimposi-
tion of deposition amounts for each year, superimposi-
tion was performed with the aggregate amounts which
accumulated over the nine years. Concerning land use
subdivision mesh data, land-use environment data from
20006, the year closest to the evaluation period, was used.
Table 3 shows the accumulated amounts of dioxins in
each land environment. Using the GIS, deposition
amounts (pgTEQ/m?) in 100m mesh units and area (m?)
were calculated; these were multiplied to find the accu-
mulated amounts (gTEQ), and accumulated amounts of
dioxins were aggregated according to land use. As shown
in Table 3, no land environment had an accumulated
amount of dioxins equal to or greater than the Japanese
environmental standard for dioxins in soil, which is 0.51
gTEQ per hectare [33]; therefore it can be determined
that risk to the environment is not a problem. However, it
was found that the land environment with the highest
accumulation of dioxins in the entire Tokyo Metropolis
was land for buildings. This is because the Tokyo Me-
tropolis is a region containing a large-scale urban area, so
land for buildings occupies about half of its areca. Con-
cerning forest and land for other uses (sports grounds,
parks, airports, racecourses and so on), between which

An Environmental Risk Evaluation Method Employing Atmospheric Dispersion Models and GIS

there is a fourfold difference in total area, a similar
amount of accumulated dioxins was found. These results
show that in the Tokyo Metropolis there is a tendency for
dioxins to accumulate more easily in land environments
such as land for buildings, sports grounds, parks and so
on than in forests. Further, in the Tokyo Metropolis, for-
ests are mostly concentrated in the western part; there-
fore, it can be said that dioxins released from general
waste incinerators in this region have a small impact on
land environments. Accumulation of dioxins was also
found in rice fields (paddy fields which are moist all year
due to improper irrigation, dry rice fields and so on),
other farming land (wheat fields, orchards and so on),
riverland, lakes and marshes (watercourses and natural
lakes), which can be pathways of dioxin ingestion for
humans. However, the accumulated amounts were not as
great as those for land for buildings, forests and land for
other uses.

6. Evaluation of the Vicinity of Sources
6.1. Evaluation Targets

The evaluation targets of this section were incinerators
with a fire bed area of 0.5 m” or greater, or an incinera-
tion capacity of more than 50 kg/h or greater which are
required by the Law Concerning Special Measures
against Dioxins to conduct independent measurements
once a year or more. In addition to the general waste in-
cinerators which were evaluation targets in the previous
section, large-scale sludge incinerators with an incinera-

Table 3. Accumulated amounts of dioxins in each land environment.

Land use type Area (ha) Accumulated amount (gTEQ) Accumulated amount per unit of area (gTEQ/ha)
Rice fields 685 0.018 2.6E-05
Other farming land 5788 0.093 1.6E-05
Forest 58,233 0.270 4.6E-06
Wasteland 1518 0.016 1.1E-05
Land for buildings 84,698 1.252 1.5E-05
Land for arterial traffic 4414 0.066 1.5E-05
Land for other uses 14,558 0.305 2.1E-05
Riverland, lakes and marshes 6301 0.090 1.4E-05
Seaside 3 1.7E-04 5.7E-05
Seawaters 878 0.013 1.5E-05
Golf courses 1558 0.028 1.8E-05
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tion capacity of more than 4000 kg/h managed by the
Tokyo Metropolitan Government Bureau of Sewerage,
and medium-sized and small incinerators with an incin-
eration capacity of less than 4000 kg/h were also targets
of evaluation. The METI-LIS analysis covers limited
ranges which are the vicinity of sources, and it can
evaluate environmental risk focusing on all incinerators,
including incinerators that do not operate continuously
throughout the year, small incinerators with low stacks
and so on. Figure 5 shows distribution maps of incinera-
tors that are targets of evaluation in this section for the
years 2000 and 2001, which were years of high dioxin
contamination levels, according to the analysis results of
the previous section.

Similarly, METI-LIS was used to conduct level distri-
bution analysis which mainly focused on the vicinity of
general waste incinerators in the three areas of the north-
ern part of Hino City, the northeastern part of Ota Ward
and the southwestern part of Setagaya Ward, for which
the analysis results of the previous section showed par-
ticularly high contamination levels. Concerning the

Incineration capacity

® 4,000 kg/h-
o 200-4,000kg/h Hino city
e -200kg/h 0 5 10 20 km

Incineration capacity
® 4,000 kg/h-
o 200-4,000kg/h

e -200kg/h

2000

2001

1401

evaluation target range, a range of calculation of 6 km
east-west and 6 km north-south was set such that general
waste incinerators of the areas concerned would be in-
cluded, and level distribution was output using a 100 m
mesh unit. Because METI-LIS output results are output
using point data (a level for each grid point), the GIS was
used to store and display the output results in polygon
data with a 100 m mesh unit. In order to make the posi-
tion of buildings and rivers within the range of calcula-
tion easy to identify, structure perimeter lines of build-
ings and water edge lines from map basis information for
digital map data were displayed.

The evaluation target period was set as the years 2000
and 2001, years for which the rate of contamination by
dioxins was high, according to the analysis results of the
previous section. For the year 2000, the northern part of
Hino City, the northeastern part of Ota Ward and the
southwestern part of Setagaya Ward were evaluated. For
the year 2001, the northeastern part of Ota Ward and the
southwestern part of Setagaya Ward were evaluated. In
2001, the atmospheric levels greatly decreased in the

Figure 5. Distribution of all incinerators in the years 2000 and 2001.
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northern part of Hino City; therefore, evaluation of this
area was not conducted for the year 2001.

6.2. Calculation Conditions

1) Source data and chemical substance parameters

In order to use METI-LIS to conduct analysis of level
distribution, data concerning sources, chemical substance
parameters and data concerning buildings in the calcula-
tion range (refer to Section 6.2 3)) are necessary. Source
data is source location (longitude and latitude), annual
emissions and emissions elevation; chemical substance
parameters are the molecular weight and form of the
chemical substance. Concerning the dioxin parameters,
referring to the related research previously mentioned [1,
4,5,7-23] and the Ministry of the Environment (2004) [3],
the molecular weight of a dioxin was assumed to be 388,
the molecular weight for PeCDF, which occurs in the
greatest percentage at incineration plant exhaust gas di-
oxin levels, and the form of a dioxin was entered into
METI-LIS as a particulate spherical shape.

2) Details of source data

Concerning the incinerators for evaluation, incinera-
tors with an incineration capacity of less than 200 kg/h
were considered small; those with an incineration capac-
ity of 200 kg/h to 4000 kg/h were considered medium-
sized; and those with an incineration capacity of more
than 4000 kg/h were considered large. Calculations were
performed assuming large-scale incinerators to be total
continuous type incinerators which operated 24 hours a
day, and medium-sized and small incinerators to be in-
cinerators with a daily combustion time of eight hours
(the normal daily incineration time for incinerators of
such scales, according to Miyoshi (2004) [34]). As stack
heights of each incinerator, for incinerators whose stack
height was publicly available (mainly general waste in-
cinerators), the published stack heights were entered. In
the case of all the incinerators whose stack height was
not publicly available (mainly small-scale incinerators
managed by business establishments), Miyoshi (2004)
was referred to, and the average value for the stack
height of small-scale incinerators, 10 m, was input. Fur-
ther, emissions calculations and operating conditions set-
tings were performed assuming that an incinerator which
went into disuse during a year of the evaluation period
operated up till the day before the date that it went into
disuse.

3) Building data

In analysis using METI-LIS, apart from data for sources
of evaluation targets, it is also necessary to input data
concerning the width and height of buildings which af-
fect dispersion. Because practically speaking it was im-
possible to input all data for buildings within the calcula-
tion range, reference was made to Japan Environmental
Management Association for Industry (2012) [35], and

Open Access

buildings for which it was possible that the effects of
downwash, which is a consequence of disturbance of air
current due to a building, may appear (mainly buildings
with a height of 20 m or more) were identified in the
surroundings of incinerators, and the height of those
buildings was input.

6.3. Results and Consideration

1) Results of the analysis using the atmospheric dis-
persion model (METI-LIS) and consideration

Results of analysis of atmospheric levels and deposi-
tion amounts calculated using METI-LIS are shown in
Figures 6 to 8. Because METI-LIS output results are
shown using point data, setting was performed such that
each piece of point data was displayed in the center of
gravity of 100 m mesh unit data (in this section, land use
subdivision mesh data); and using GIS, the METI-LIS
analysis results were stored in the 100 m mesh unit data.
Therefore, the analysis results are shown using a 100 m
mesh unit level distribution. Through carrying out these
steps, 100 m mesh unit atmospheric level and deposition
amount level distributions were grasped for areas esti-
mated to have a high risk of contamination by the AD-
MER evaluation results of the previous section, and it
was possible for the impact on population and land envi-
ronments to be considered in more detail for these areas.

Values of more than 0.6 pgTEQ/m’, which is the
Japanese environmental standard for dioxin atmospheric
levels, were estimated for the northeastern part of Ota
Ward. An example of a cause for why levels exceeding
the environmental standard were estimated is the impact
of buildings near large-scale incinerators. The height of
the stack of the large-scale incinerator emitting the most
dioxins into the atmosphere in this area is 41 m. However,
because buildings in the vicinity of this incinerator are
about 30 m high, a downwash, which is a disturbance in
air current caused by a building, occurs, and dioxins
which should be dispersed into the atmosphere accumu-
late in the surroundings of the stack of the incinerator;
thus, very high dioxin levels which exceeded the envi-
ronmental standard were estimated in places.

In the evaluation using METI-LIS described in this
section, besides general waste incinerators, large-scale
sludge incinerators managed by the Tokyo Metropolitan
Government Bureau of Sewerage, and medium-sized and
small incinerators were also evaluation targets; however,
the region with the highest levels in Figures 6 to 8 is in
the neighborhood of a general waste incinerator shown in
Figure 2; therefore, it was found that atmospheric levels
are greatly dependent on general waste incinerators.
However, according to the Tokyo Metropolitan source
data shown in Table 1, no incinerator included in the
evaluation target range of this section had a level of di-
oxins in exhaust gases which exceeded the environmental
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standard.

2) Environmental risk evaluation results and consid-
eration

a) Risk to humans

By superimposing the atmospheric levels estimated
using METI-LIS and the population data using GIS, di-

Open Access

oxin exposure levels were grasped, and the risk to hu-
mans was evaluated. In the national census, there is no
100m mesh unit data; therefore, in this section, as popu-
lation data, subregion unit (district unit) data is used,
rather than 500 m mesh unit data. In three regions (the
porthern part of Hino City, the northeastern part of Ota
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Ward and the southwestern part of Setagaya Ward),
subregions within the calculation range of METI-LIS
described in Section 6.1 were selected. The combined
total of atmospheric levels was found for these regional
units, and the amount of exposure with respect to the
total population was found. Concerning the population
data, considering the evaluation target period, data for
the year 2000 was used.

From the above-mentioned three regions, subregions
in which the maximum atmospheric level exceeded 0.1
pgTEQ/m’ were selected, and these are shown in Figure
9. Looking at Figure 9, it can be seen that in regions
which have no residents or an extremely small popula-
tion, the atmospheric levels are high. A result which was
an exception is that in the northeastern part of Ota Ward,
maximum atmospheric levels exceeded 0.6 pgTEQ/m’,
the environmental standard value for atmospheric levels,
in five districts in the year 2000 and three districts in the
year 2001. However, these subregions are industrial dis-
tricts, so they do not have residents. Therefore, it can be
confirmed that consideration is being given such that
incinerators which emit many dioxins are not set up in
residential areas and the like, and people are not exposed

Open Access

to high levels of dioxins.

However, Ochikawa of Hino City is unique in that al-
though it is a subregion with a population of over 5000, it
was found that the people there were exposed to high
atmospheric levels in the year 2000. For this region, an
estimation of a maximum level of 0.56 pgTEQ/m’ was
obtained, and because this is close to 0.6 pgTEQ/m’, the
Japanese environmental standard for dioxin atmospheric
levels, the risk to the environment from dioxins caused
by incinerators is high. This result is consistent with the
fact that in the results of investigation of dioxins in the
environment for the year 2000 for the Tokyo Metropolis
[36] and in the results of [5], it was shown that Ochikawa
in Hino City was a region with a very high level of diox-
ins, and that among those dioxins there was a high pro-
portion of PCDD which originates from incinerators.

b) Risk to the environment

The deposition amounts estimated using METI-LIS
and the land use data were superimposed using the GIS,
and thereby, accumulation levels in each land environ-
ment were grasped, and the risk to the environment was
evaluated. As land use data, land use subdivision mesh
data from 1997, the year closest to the evaluation target

JEP



1405

An Environmental Risk Evaluation Method Employing Atmospheric Dispersion Models and GIS

 Min X Max

@ Ave

B Total Population

Atmospheric level (pgTEQ/m®)

© © T N4 O ®W W T N QO
2 o2 s d 94 8 9 o 9 o
8 6 86 6 8 6 © © o© o

e «
X .A‘
X o | <
X | <|
X ® |« I
X .A‘
o
4 «
[ ] A‘
" L
® 4 I
888888888 °
$ ¥ @@ a3

Total Population

Shinagawa ward Yashio 2
Ota ward Tokai 6

Ota ward Jonanjima 4
Kunitachi city Yaho 1

Hino city Misawa 1

Ota ward Tokai 3

Ota ward Hanedakukou 2
Ota ward Jonanjima 7

Ota ward Hanedakukou 3
Kunitachi city Yaho 2

Fuchu city Shinmachi 5
Setagaya ward Sakuragaoka 3
Setagaya ward Sakuragaoka 1
Setagaya ward Sakuragaoka 2
Hino city Mogusa 1

Hino city Hodokubo

Ota ward Hanedakukou 1
Ota ward Omorikita 4

Ota ward Omorikita 1
Kunitachi city Yaho 3
Kunitachi city Yaho 4
Kunitachi city Aoyagi 1

Hino city Takahata

Ota ward Showajima 2
Kunitachi city Aoyagi 2
Kunitachi city Aoyagi 3

Tama city Ichinomiya 1

Hino city Misawa 2

Hino city Mogusa 2

Kunitachi city Ishida

2000(1)

Atmospheric level (pgTEQ/m’)

Q o o o o o
] n s o [} =
S 5] = o = o

=]

2

=]
|

1}
L
=

ﬁ
k

|
(
|

ﬁ

F

10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

Total Population

Hino city Arai

Hino city Ishida

Hino city Ochikawa
Ota ward Jonanjima 2
Hino city Mogusa 1
Hino city misawa 1
Ota ward Jonanjima 3
Hino city Misawa 2
Ota ward Jonanjima 6
Hino city Misawa 3
Hino city Misawa 4
Fuchu city Yotsuya 6
Hino city Mogusa 2
Kunitachi city Izumi 2
Hino city Shimoda 1
Hino city Yotsuya 5
Hino city Misawa 5
Hino city Mogusa 3
Hino city Misawa 6
Kunitachi city Yaho 1

Ota ward Jonanjima 5

| Shinagawa ward Minamioi 3

Ota Ward Omorikita 2
Hino city Misawa 7
Hino city Mogusa 5
Kunitachi city Yaho 2
Ota ward Keihinjima 1
Fuchu city Yotsuya 4
Kunitachi city Izumi 1
Hino city Ishida

Hino city Shimoda 2

2000(2)

A Min X Max

® Ave

B Total Population

035

Atmospheric level (pgTEQ/m®)

8 % 8 8 3 3 8
2 8 B B B & B
X e |«
X ® | ¢
X ® 4
.Ax
X.Aw
Xl o |«
X.A.‘
X® 9
X | @ |«

4,000

o o
S S
0 2
- =

3,500
3,000
2,500
2,000

500

Total Population

Ota ward Hanedakukou 2
Ota ward Hanedakukou 3
Ota ward Keihinjima 1

Ota ward Tokai 3

Ota ward Jonanjima 1

Ota ward Jonanjima 3

Ota ward Showajima 2

Ota ward Jonanjima 2
Setagaya ward Kinutakouen
Setagaya ward Kinuta 5

Ota ward Jonanjima 7
Setagaya ward Okamoto 1
Setagaya ward OKura 1

Ota ward Jonanjima 6

Ota ward Jonanjima 5
Setagaya ward Kamiyouga 6
Ota ward Jonanjima 4
Setagaya ward Okura 3
Setagaya ward Kinuta 1
Setagaya ward Sakuragaoka 4
Setagaya ward Seta 5
Setagaya ward Kinuta 3
Setagaya ward Tokai 2
Setagaya ward Okamoto 3
Setagaya ward Kamikinuta 5
Ota ward Omoriminami 5
Setagaya ward Kinuta 7
Setagaya ward Okura 2

Ota ward Omoriminami 4

2001

Figure 9. Subregions with a maximum atmospheric level of 0.1 pgTEQ/m® or more.

JEP

Open Access



1406 An Environmental Risk Evaluation Method Employing Atmospheric Dispersion Models and GIS

period, was used. For the northeastern part of Ota Ward Although land for buildings occupies the largest area
and the southwestern part of Setagaya Ward, the evalua- in the northeastern part of Ota Ward, the amounts of di-
tion target period was 2000 to 2001; therefore, the depo- oxin accumulation in industrial areas (“Land for other
sition amount was the total amount that accumulated in uses” in Table 4) and bodies of seawater are higher rela-
these two years. Deposition amount was aggregated ac- tive to area. The surroundings of the large-scale incin-
cording to land use for each region, and using a similar erator within the industrial area which showed a maxi-
calculation method to that of the previous section, the mum dioxin level which exceeded the environmental
accumulated amounts of dioxin in each land environment  standard for atmospheric levels mentioned above is close
of each region were grasped. Table 4 shows the accu- to Tokyo Bay; therefore, there is a strong possibility that
mulated amounts in each land environment of the three  the dioxins released from it have also accumulated in the
regions. None of the three regions had a land environ- bottom material of Tokyo Bay. However the air flow in
ment with an accumulated dioxin amount which ex-  the atmosphere flows towards Tokyo Bay; therefore the
ceeded the Japanese environmental standard for dioxins impact of dioxins on land for buildings (mainly residen-
in soil, which is 0.51 g TEQ per hectare, so it can be de- tial areas) in this area is low. Therefore, in this area, there
termined that there is no risk to the environment. is a stronger necessity to conduct a more detailed survey
However, in land environments where dioxins accu- involving actual measurements in the industrial areas,
mulate, different characteristics were observed for each rather than the residential areas.
of the three regions. In the northern part of Hino City, In the southwestern part of Setagaya Ward, a large
land for buildings occupies the majority of the area;  amount of dioxins has accumulated in land for buildings.
however, because the area of “Rice fields”, “Other farm- This is because approximately 80% of the land in this
ing land” and “Riverland, lakes and marshes™ in Hino area that is in the range of calculation is classified as land
City is large compared with the other two regions, the for buildings. In the estimation results of this section, it

accumulation amounts for these land uses were also large.
These are land environments which must be focused on
as routes of ingestion to the human body, and it is possi-
ble that in rice fields and other farming land, dioxins will
be absorbed from roots via soil and accumulate in agri-
cultural products. Further, in riverland, lakes and marsh-
es, dioxins may move long distances with the flow of
water and contaminate environments of other regions,
and there is a risk that organisms which inhabit water
bodies will take dioxins in the water and in bottom mate- 7. Conclusion and Future Research Topic

rial into their bodies, and these dioxins will be biomagni-

fied in large fish via the food chain. The conclusion of this study can be summarized into the

was determined that risk to the environment is not a
problem; however, it is possible that people could ingest
dioxins orally from soil in gardens, parks and so on in the
neighborhood of residential areas in land for buildings. In
particular, since children spend more time enjoying them-
selves outdoors than adults do, it is necessary to take into
consideration the risk that they may ingest a larger
amount of dioxins.

Table 4. Amounts of accumulated dioxins in land environments in each of the three regions.

Northern part of Hino City Northeastern part of Ota Ward Southwestern part of Setagaya Ward
Land use type Deposition Accumulated Deposition Accumulated Deposition Accumulated
amount per amount per amount per
Area (ha) amount . Area (ha) amount . Area (ha) amount .
(eTEQ) unit of area (eTEQ) unit of area (eTEQ) unit of area
& (eTEQ/ha) g (£TEQ/ha) g (£TEQ/ha)
Rice fields 210 0.006 2.8E-05 26 0.002 6.2E-05 1 1.1E-05 1.0E-05
Other farming land 247 0.008 3.1E-05 - - - 131 0.002 1.8E-05
Forest 71 0.003 4.2E-05 - - - 47 0.001 2.2E-05
Wasteland 25 5.2E-04 2.1E-05 1 1.7E-05 1.6E-05 5 1.3E-04 2.4E-05
Land for buildings 2104 0.051 2.4E-05 1947 0.081 4.1E-05 3112 0.043 1.4E-05
Land for arterial traffic 187 0.004 2.2E—05 307 0.013 4.2E-05 100 0.002 1.6E—05
Land for other uses 476 0.013 2.7E-05 996 0.098 9.8E-05 340 0.006 1.7E-05
Riverland, lakes and marshes 446 0.014 3.1E-05 82 0.002 3.0E-05 29 3.1E-04 1.0E-05
Seaside - - - 3 2.9E-04 9.4E-05 - - -
Seawaters - - - 408 0.042 1.0E-04 - - -
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following three points:

1) A method of evaluating environmental risk in two
stages was developed. In the method, two atmospheric
dispersion models and GIS were used to create source
data, which were used in the two stages of evaluation. In
the first stage of evaluation, ADMER was used to con-
duct a wide-area evaluation which covered the entire area
of the evaluation target region. In the second stage,
METI-LIS was used to conduct a detailed limited-area
evaluation which targeted the vicinity of sources.

2) In this study, incinerators were selected as sources
and dioxins were selected as harmful chemical sub-
stances. The area selected for evaluation was the Tokyo
Metropolis in Japan. The evaluation method proposed in
this study was used to evaluate environmental risk.
Through the use of atmospheric dispersion models and
GIS, the behavior of dioxins emitted into the atmosphere
from incinerators was estimated. By superimposing at-
mospheric levels and population data, the amounts of
dioxins that humans exposed to were found. By super-
imposing deposition amounts and land use data, the
amounts of dioxins accumulated in each land environ-
ment were found. Conducting these steps enabled the
impact of dioxins on humans and the environment to be
grasped quantitatively and visually, and the risk that di-
oxins emitted from incinerators pose to the environment
to be evaluated.

3) In the evaluation method developed in this study,
through the creation of data concerning sources, a wide
area which consists of the entire area of an evaluation
target region can be evaluated, and limited areas which
consist of the vicinity of sources in areas with high con-
tamination risks can be evaluated in detail. Therefore, if
data concerning sources is available, the evaluation
method can also be applied to harmful chemical sub-
stances other than dioxins. In particular, through using
the evaluation method of this study, areas with high lev-
els of harmful chemical substances which should be sub-
jected to surveys involving actual measurements can be
identified based on evaluation of impact on land envi-
ronments, and risk communication between local resi-
dents and business people can be stimulated based on
evaluation of impact on humans; therefore, the evalua-
tion method can effectively support harmful chemical
substance countermeasures and measures to improve the
environment.

Future research topic is to verify the usefulness of the
evaluation method developed in this study by using the
method in evaluations concerning harmful chemical sub-
stances which have other sources.
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