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Chapter II

Characterization and Damage Evaluation Methods

2.4 Urban Air Pollution

Changes in LIME2
ACharacterization factors not calculated under LIME1 were calculated.
Awithregardd6 some substances, values were r
the death rate and the disease rate at
AUncertainty assessment of damage factors was carried out.

2.4.1What phenomenon is urlan air pollution?

The atmosphere contains various substances. The volume of var dreatly differs

evi ew
each

according to place and time. However, the composition of the substances other than vapor is

almost the same up to 80 km above the ground. Concretalygen (N) and oxygen (©
occupy more than 98%, followed by carbon dioxide CO ar gon ( Ar ) ,
componentsaol).in Table 2.4

On the other hand, the concentrations of ozong), (6ulfur dioxide (S@), and other

et c.

substances, whose lumes are slight, vary depending on the condition of the source and
human activities (see 0AMVparliamade ofsuchmgpsobstancet s 0 |
reaches a level of concentration harmful to human beings and organisms, this is called air

pollution (Kawamura et al. 1988).

Air poll ution has become more serious

as h

activities have become briskérespecially, as consumption of fossil fuels has increased.

For example, in the middle of the 20th centwgrious air pollution caused much suffererin

g

and many deaths all over the world. The smog in London in December 1952 was especially
famous. Emissions of SGnd smoke dust derived from coal burning for manufacturing,
heating, and cooking caused smogsnous as to obstruct the view, with the result that about

4,000 persong mainly, infants and elderly personsvere dead.

In Japan, before World War Il, sulfur oxide (g@mitted from refining in Ashio and other

copper mines caused damage to surdgforests and farm products. Around World War
I, burning of coal for manufacturing and heating produced smoke dust, causing air pollution.

From the second half of the 1950s, the energy source shifted from coal to petroleum, and
many petrochemical coplexes were constructed in seaside areas. When petroleum, which

contains a lot of sulfur, was burnt, S@as emitted from petroleum and caused asthma
Yokkaichi City. From around 1970, nitrogen oxide (l@nd volatile organic compound

in

(VOCs) emitted fom automobiles and factories produced photochemical oxidant (main

component is g) and caused photochemical smog.
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Table 2.41: Composition of the atmosphere

Substance \olume \olume

Ns 78.08440.004[%] —

02 20.746+0.002[%] —

(COy) 0.033=0.001[ %] —

Ar 0.934£0.001] %] -
Invariant Ne — 18.18+0.04[ppm]
components He - 5.24+£0.004[ppm]

Kr - 1.1420.01[ppm]

Xe - 0.087+0.001[ppm]

Hs — 0.5[ppm]

CH, — 2[ppm]

N0 — 0.5+0.1[ppm]

O Photoreaction 0~0.07 [ppm] (Summer)

B 0~ 0.02[ppm] (Winter)

S0, Factory, volcano, etc. - 0~1 [ppm]
Variant NO, Factory automobile, etc. — 0--0.02
components CH,0 Acidification of organic CH — Indetermination

I Manufacturing — Within 10 *[g m'?]

Na(Cl Seasalt - 1074 g m™]

NH; Manufacturing — 0~ Trace

cO Manufacturing — (- Trace

H:0 Evaporation - 0—~35[gm™

(Source) Kawamura et al. (1988); data were altered.

After that, air polition by SQgr eat |l y 1 mproved because of thi
regul ations and the industrial worl dds intro
progress of motorization, pollution of roadsides by nitrogen dioxide,\NmDd diesel

emission particles (DEP) have been regarded as problems. Another problem is that air
pollution has occurred also by various hazardous chemical substances, such as nitrate salt and
sulfate salt produced during lowlistance transportation of 3@nd NQ as wel as benzene,
organochloride compounds (trichloroethylene, tetrachloroethylene, etc.), dioxin, etc.

As described above, the sources of air pollutants and the substances that cause air pollution
have changed with changes in industries and energy sourbasjaation, and changes in
lifestyle. Although some air pollution problems have been solved through efforts by the
government, industries, citizens, etc., serious problems still remain. Therefore, it is
necessary to prevent the impact of various substathat originate from various sources of
emissions.

Under LI ME, these air pollution probl ems wer
category covered by this section. However; © covered by the impact category
Aphot oc hemi ceelSectorx 2.5). a Wariaus h@zardous chemical substances are
covered by the i mpact cat egor i est ofixhiacziatrydoo u(s:
Sections 2.6 and 2.7).

Table 2.42 shows the aboveescribed types of air pollution and the measures Her t

abovedescri bed i mpact categories under LI ME.
poll utants directly emitted from factories
poll utantso means pollutants prodraacted fr om p
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Table 2.42: Types of air pollution and impact categories under LIME

Taraets of LIME
Types of air pollution Emitted  Atmospheric :
substances  substances | |Mpact categories
T
. i issi NO, NO, Urban air pollution)
Pollution by Pollut-lon by em.lss-lon of N© i sectic?n)
primary Pollution by emission of SO SO, SO,
pollutants Pollution byemissionof primary particles*  |Primary particle |Primary particle
Pollution by Q due to primary pollutant VOCs o Photochemical oxida
emissions (VOCs and NOXx) > ’ (Section 2.5)
Pollution by | Pollution by nitrate salt due to primary e |Urban air pollution
secondary pollutant emissions (N£ NO: (this section)
ollutants i i
p Pollution by §u|_fate salt due to primary 30, Sulfate
pollutant emissions (S ‘
i icqi Hazardous | Hazardous [Hazardous chemical
Other PO"ut.IOI’] due to emissh of hazardous chemical chemical [substances (Section 2.6)
‘ chemical substances substances | substances |[Ecotoxicity (Section 2.7)

A Particles directly emitted from sources of emissi

(1) Causeof urban air pollution

After the emission of a primary pollutant, it is transported by the wind (advection), spread out,
and chemically changed into a secondary pollutant. In addition, a part of it is removed from
the atmosphere through deposition. If human beings and organismspasee@xo these
pollutants, they may receive harmful effect, depending on the amount of exposure.

Figure 2.41 shows the causation of such urban air pollution (however, fosé2 Section
2.5).

The first half of the causation will be described hereinlenhe second half will be described
next in (2).

The main physical and chemical phenomena (advection, diffusion, chemical change,
deposition, etc.) of air pollution differ according to type and, as a result, the scale of the space
over which air polluton spreads.

Primary pollutants spread over the source of emissions and the surroundings through
advection and diffusion by the wind.

On the other hand, secondary pollutants are formed though chemical changes, etc. under the
influence of insolation, humity, etc. Because a chemical change takes time, the
concentration of secondary pollutants does not necessarily become high around the source of
emissions, and the pollution area spreads more widely.

Below, the phenomenon and space scale of air pollwtibrbe described concerning both
primary pollutants and secondary pollutants.

a Pollution by primary pollutants
Primary pollutants include NQSQ,, andparticulate matter

NO is produced through oxidization of burning nitrogen compounds and nitiogére
atmosphere during the incineration process at factories, automobiles, etc. There are two

3
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types of NQ: nitrogen dioxide (N@ and nitrogen monoxide (NO). Although Most of NO
iIs NO at the time of emission, NO is relatively quickly oxidized intaNO

SO is created through oxidation of burning sulfur during the incineration process at factories,
etc.

Primary particles include soot created during the incineration process at factories, etc. and
DEP created during the combustion of diesel enginexrgthre also secondary particles,
which will be described in b).

After the emission, the aboweentioned primary particles move by the wind and spread
horizontally and vertically. When the surface of the ground becomes warmer because of
insolation, an aiparcel rises, it becomes easier for convection to occur (it becomes easier to
be unstable), and it become easier for substances to be mixed with upper and lower substances
and diffuse.

As a result of such advection and diffusion, pollution extends &tdotal scale around the
source of emission (a scale of up to about 200 m) to an urban scale (a scale of up to about 20
km).

Pollution by primary pollutants (&, SO, primary particles): local sca{ep to about 200 m)

Conspicuous on urbastale(up to about 20 km)

X L Endpoint impact
Advection, diffusion Human health
Exposur
. . Increase in primary pollutant concentration in tr "
Emission of primary pollutants > atmosphere > Respiratory
(NO;, SQ,, primary particles) (NO,, SO, primary particles) disease
N L _/
N ~

{19 (2)

Pollution by secondary pollutants (nitrate salt, sulfate salt): mesoscale (up to about 200 km)
Conspicuous on regional scale (up to abo®®@ km)

Oxidation by OH radical

Advection, diffusion Absorption into water drops o
— — Exposur Endpoint impact
Emission of primary pollutants Increase in ltrzﬁsmsoaslt’;:sg::eentratlonn the Human health
(NO,) NH,NO; etc Tk
= ;
Removal from the atmosphel
due to deposition
) - OX|dat|o.n b)./ OH radical o Endpoint impact
Advection, diffusion Absorption into water drops, oxidization Human health
" - Exposuri
Emission of primary pollutats Increase |rsu|f2tt;s§;t’;:ﬁ:rcemtrauonm the .
S I Regiratory diseas
(50 ((NH),S0) ' [ Repiato dsees|

v
Removal from the atmosphe
k due to deposition /

A\ A _/
h'd Yo
1) (2)

Figure 2.41: Causeof urban air pollution

(1) and (2) in the figure correspond to headings imthe text.
(Source: prepared with reference for Ohara et al. (1997); Kasahara (1994))
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b Pollution by secondary pollutants

Secondary pollutants include; @roduced from VOCs and NQand nitrate and sulfate salt
produced from NQand SQ. Nitrate and diate are described herein (fors,Gee Section
2.5).

Although NQ and SQ are gaseous substances, they are oxidized by OH radical (for the
meaning of radical, see Column 25 fiwWhat is a radical o), pass
(chemical reaction withtber pollutants, solution in drops of water, etc.), and are changed into
particle nitrate (such as NNOs) and particle sulfate (such as (NFEOQ) respectively

(particles created from emitted substances through chemical changes or phase changes in this
way are called secondary particles).

Such pollution by nitrate and sulfate extends to mesoscale (up to about 200 km) and regional
scale (up to about 2,000 km). The extent of pollution by nitrate is wider than that by sulfate .
This is because the oxidatiepeed of S@by OH radical is about orenth that of N@Q, SO
remains gaseous for a long time, and is oxidized into sulfate salt afterdikiagce
transportation.

Nitrate salt and sulfate salt cause oxidization when depositing from the atmospéetaol
water areas. Because this phenomenon is treated separately in the impact category

Afacidification, o it is excluded from this im
(2) Endpoints for urban air pollution
Af ter air poll utants i nvade(asal cévitynmmarynxb e i n g 0 S

trachea bronchi- small bronchi lung alveoli), they cause deposition, absorption, and injury
at various parts according to physical and chemical characteristics.

a Gaseous substances @), SO,)

SO, a gaseous and highly wetspluble substance, is absorbed in walls of bronchial tubes
and causes spasmodic contraction of the respiratory tract. On the other hantaMNGy
relatively low water solubility, reaches small bronchi and lung alveoli and causes
inflammation of mucosi membranes.

b Particle substances (primary particles, nitrate salt, and sulfate salt)

It has been pointedbu t hat , al though most particles wit
in the nasal cavity and the pharynx, particles with a smaller diameter deposit deeper in the
trachea and the lungs, causing asthma and other medical problems.

2.4.2 Characterization of urban air pollution

Urban air pollution characterization factor (UAF) was calculated in the same way of thinking
as the characterization factors for hazardous chemical substances doxi@go(see 2.6.2

(2)).
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1) With regard to each air pollutardalculate an increase in the concentration at the time of
emission of a unit amouiitt hat i s, t he c on’/¢kg/y)l aDividethis f act o
by the environmental standard value in Japan.

2) Calculate 1) also with regard to the standard sunbstéSQ herein).

3) Divide the result of 1) by 2) to obtain a ratio to the standard substance.

NOx and SQ were adopted as air pollutants, and secondary pollutants transmuted from air
pollutants (nitrate salt, sulfate salt) were adopted as substanedscto human bodies are
exposed.

With regard to calculation of the concentration factor, an increment in the concentration of the
secondary pollutants created during the emission of a unit amount of air pollutants was
calculated for each prefecture, andrements were totaled in each zone (see 2.4.3 (3)). The
daily average threshold of hourly values (0.04 ppm for both & SQ) was used as the
environmental standard for air pollution.

2.4.3Damage assessment and uncertainty assessment of urban aillyiton

(1) Basic policies for damage assessment and uncertainty assessment

The existing LCA methods that have adopted the endpoint approach for the impact categories
of urban air pollution are Eemdicator 99 (Goedkoop et al. 2000) and EPS (Steef)1i69
Europe. An assessment method based on the endpoint approach was adopted also for LIME.
That is, category endpoints were selected for each type of air pollution, and damage
assessment was carried out to calculate damage functions and factors. ve¥ofieal
damage factors were calculated through uncertainty assessment.

The policies for the damage assessment and the uncertainty assessment are as follows:

a Damage assessment

Damage factors were calculated from damage assessment.

The types of aipollution and the zones used for the calculation were as follows (see Figure
2.42):

With regard to the types of air pollution, as mentioned in 2.4.1, main physicochemical
phenomena and space scale differ by types of air pollution. Therefore, underddMage
factors were calculated for primary pollutants and secondary pollutants.

NO,, SG, and primary particles were used as primary pollutants (as shown in Taldg 2.4
The diameters of the primary particles were fixed at PM10 and PM2.5. This tkefor

foll owing reason: if the diameter is | ess t
reach deeper parts of the respiratory system and it is easy for them to have influence; in
addi tion, al though particl es ssuspended particulata me t e |

6
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matters under the environmental standards in Japan, environmental standards have been
established even for particles with a di amet
the definition of particle diameter differs betweapdn and the US).

Moreover, two types of sources of emission of the primary pollutants were used: chimneys
and automobiles. This is because the pattern of concentration differs due to the differences
between the two in the height of the source of emmisaitd the pattern of emissions during a
day.

In addition, the types of secondary pollutants are nitrate salt produced frograndGulfate
salt produced from S{as shown in Table 2-2).

After the calculation of damage factors for primary pollutants secondary pollutants, with
regard to N@ and SQ, the damage factors for primary pollutants are added to the damage
factors for secondary pollutants (nitrate salt, sulfate salt) (see Figu2¢. 2.4

With regard to zones, air pollution is greatly influedcby local weather conditions.
Therefore, under LIME, damage factors were calculated for each of the zones (Hokkaido,
Tohoku, Kanto, Chubu, Kansai, Chugoku/Shikoku, Kyushu/Okinawa) and on average in
Japan (see Figure 22.

The calculation was carriezut as follows:

First, the damage factors for primary and secondary pollutants were calculated according
causal channels (see Figure 2.4.1) as follows (see Figu8):2.4

Step 1The relation between the amount of primary pollutant emissions and aasedrethe
atmospheric concentration of primary (or secondary) pollutants was quantified.

Step 2The relation between the increase in the concentration in 1) and the amount of damage
was quantified at each endpoint. Endpoints at which the relation daetive concentration
of air pollutants and the death/disease rate was assessed quantitatively by epidemiologic
surveys were selected as endpoints for human health (see Tai8g 2EBndpoints for
primary production were selected not from the impact cayegfourban air pollution but from
the i mpact category of fAacidification. o

Step 3The damage function for each endpoint was calculated by combining Steps 1 and 2.
Step 4The damage functions for the endpoints in Step 3 were totaled by the areaafqrote

to obtain damage factors.

Details will be described in 2.4.3 (2) for primary pollutants and 2.4.3 (3) for secondary
pollutants.

Next, the obtained damage factors for primary and secondary pollutants were totaled (as
shown in Figure 2-2).



LIME2_C2.4 -C2.6_2013

| Damage factor on average in Japan

| Damage factor for Kyushu/Okinawa

| Damage factor for Chuaoku/Shikoku

| Damage factor for Kansai

| Damaae factor for Chubu

| Damage factor for Kanto

| Damage factor for Tohoku

Urban air

pollution

Damage factor foHokkaido

2.4.32)

Pollution by
f primary polluants

2.4.33)
Pollution by

secondary
pollutants

Pollution by NQ
due to NQ
emissions

Pollution by SQ
due to SQ
emissions

Pollution by
PM2.5 due to
PM2.5 emission:

O
Pollution by

PM10 due to

PM10 emissions

) S
Pollution by
nitrate dueo NO,|

emissions

Pollution by

sulfatedue to SQ

emissions

1 !

Damage factor.
due to NO,
emissions

Automobile

Damage factors
due to SQ
emissions

Damage factor:
due to PM2.5
emissions

CCrimne)>

Automobile

Damage factor:
due to PM10
emissions

Automobile

Figure 2.4-2: Objects of calculaton for damage factors of urban air pollution

Numbers in italiceorrespond to headings in the main text.




Table 2.43: Category endpoints as objects of calculation for damage functions and factors

LIME2_C2.4 -C2.6_2013

Pollution by primary | Pollution by primary
pollutants ollutants
c A Pollution by NQ due tc | A Pollution by PM2.5 dy,
o NO, emissions to PM2.5 enissions
=1
5 .
Q A Pollution by SQ due to | A Pollution by PM10 du caclz:zlleaiitt')snoffo‘
g Category endpoint SQ; emissions to PM10 emissions Objects of calculation for dama | gamage
4 . functions factors
[S) Pollution by
8 ‘secondary pollutants
=
< ) )
A Pollution by nitrate se
due to NQ emissions
A Pollution by sulfate se
due to S@emissions
A Acute death O ) Increase in no. of acute death:
~ - (DALY -converted)
A Chronic death - P Increase in no. of chronic deatt
ronic dea O (DALY -converted)
: Increase in no. of sufferers
_ O
A Use of bronchodilator O (DALY-converted)
A Cough _ p Increasen no. of sufferers
9 O (DALY -converted)
Q . p Increase in no. of sufferers
- % A Lower Respiratory Sympton — O (DALY-converted)
= Q
© 0 A . . ~ Increase in no. of sufferers
g ';\ Chronic bronchitis — L (DALY -converted)
=] =] Increase in no. of sufferers (
© = . - . O
e o A Chronic cough — O (DALY -converted)
> o
I 0 i _ p Increase in no. of sufferers
& A Days of behavioral resttion — Q (DALY-converted)
A Hospitalization for respiratol ) S Increase in no. of sufferers
system restriction = ~ (DALY -converted)
A Entry into emergency room alizati - O Increase in no. of sufferers
for respiratory system restriction - (DALY -converted)
A Entry into emergencyoom _ 0 Increase in no. of sufferers
(Asthma) - (DALY -converted)
A Entry into emergency room Increase in no. of sufferers
(Inflammation of pharynx/bronchi ( — (D (DALY -converted) j
preschoagr)
Primary | Terrestrial |Fallin growth due to direct « w To be considered in the impact category of
production| ecosystem |impact to plants acidification
b Uncertainty assessment

Four types of damage factors were obtained by the procedure described in (a) (damage factors

due to NQ emissions, S@emissions, PM2.5 emissions, and PM10 emissions).

assessment was carried out for each damage factor, andbttieed statistical data were
adopted as final damage factors.

Details will be described in 2.4.3 (4).

(2)

Pollution by primary pollutants (NO,, SO,, primary patrticles)

Explanations are given according to Steps 1 to 4 in Figuf8.2.4

a Step 1: Correldion of the amount of primary pollutant emissions with an
increase in the concentration of primary pollutants

Si

mu |

at

i on

( &C/ &E) .

was
concentration of primary pollutants due to a wimo u n t

carrtr

ed

out

by t
of

he
proi

use
mar 'y

of

Uncertainty

an
pol |
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(@) Cases used for calculation

The cases specified in Table 24vere used for the calculation.

Table 2.44 . Case used for calculation of an fAincrease i
toaunit amount of primary pollutant emissi
Case Reason for selecting the case
7 zones (Hokkaido, TohoklA To represent various w
Zon Kanto, Chubu, Kansai
Chugoku/Shikoku,
Kyushu/Okinawa)
A Because the annual av
Time 1 type (annual average) assumed as the fAconcentr

at each endpoint per unit of primary polluts
concentrationo (describe

A dawese there are difference between chimneys
automobiles in the height of emission and the d
changing pattern of the amount of emission (see 2.4.
a (b). However, only chimneys were used forbSO

Sourceof | 2 types  (chimney  ani
emission | automobile)

(b) Atmospheric model used for calculation

The concentration of primary pollutants (@O, and primary particles) is high around the
source of emission and becomes lower with increasing distance from the source, due to
advection and diffusion. This distribution is influenced by the height ofsthece, the
direction and velocity of the wind, the stability of the atmosphere, etc. To make such a
polluting mechanism, a plume model and a puff model were selected for LIME (see Column
2.41).

(c) Calculation procedure

A simulation was carried outylihe use of revised equations for the plume model and the puff
model in (b) above and by the application of weather conditions in each zone. Because the
plume model and the puff model assume a linear relation between the amount of emission and
theconcenhr at i on, inahe cofndenrationeofpaneary pollutants due to a unit amount

of primary pollutant emi ssionso (&C/ &E) w a
obtained from the simulation by the amount of emissions.

Al t hough &C/ &@®E cover s ratibne(seeaa TableuZ4), beaause tha ge ¢
relation between weather conditions, such as wind velocity, and concentrationrliiseaon

the plume model and the puff model, the concentration may not be reproduced accurately if
only one case of annual averageather conditions is simulated. To cope with this, under

LIME, first the wind direction and velocity and the atmospheric stability were classified into

sever al patterns, and a simulation was carr.i
thecalch at ed e&eC/ &®E was weighted with the annual
cal cul ate the annual -@dverage &C/ x®E (see Figu

10
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Column 2.41

Plume model and puff model

The plume model and the puff modele simple models used widely for the calculatior
concentration of air pollutants around the source of emission for the purpose of envir
assessment.

The plume model and the puff model express the concentration downwindunder the I
the soure of emission by the use of a normal distribution. Consideration is giv
advection and diffusion, but not to chemical changes (although there are revised eq
that take into account chemical changes, they are not minute).

Originally, they were radels that assumed a normal distribution for not only the down
direction but also the crosswind direction. From a {t@rgn perspective, because it can
assumed that the probability of wind direction is fixed within a classification of

direction, the longterm average concentration in the crosswind direction does not c
within the classification. To predict such as ldegn average concentration, revis
equations for the plume model and the puff model were progd8edThe concentratio
assumed for an fAincrease in the concen
primary poll utant emi ssionso i s eAd)panead
revised equation was adopted for LIME.

The use of the revised equatidosthe plume model and the puff model differs dependin
wind conditions: windy (1 [m/s] or more); weak wind (0.5 [m/s] to 0.9 [m/s]; no win
[m/s] to 0.4 [m/s]) (see Table 24).

The equations for the plume model and the puff model include ari@yulaat takes intg
consideration the deposition of particles according to particle diameter. Under

although an attempt was made to use this equation for primary particles (PM2.5, PM
result of the calculation was not so different from thiathe equations that do not take f{
deposition into consideration. Because of this, finally, equations that do not ta
deposition into consideration were used for,N8%, and primary particles (PM2.5, PM10
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Table 2.4A: Revised equations for the plume model and the puff model used as

In a windy

condition (1 [m/s]

or more)

In a weak wind

LIME2_C2.4 -C2.6_2013

atmospheric modeld ?

Basic equation

Use the following equation into which Holland (1953) revised the plume Ifadée

Ris a downwind distance from the source of emission [r
z is a vertical distance from the source of emission [m].

(The original point is located at the point sourt

concentration of substance [kglmg: substance emission speed [kgls];velocity

[m/sl
vertical diffusion parameter [mH.: effective chimney height [m]

i z, the vertical diffusion parameter in the above equation, was calculated base:
PasquiltGifford chart (Gifford 1961).

Use the following equation into which Muto (1979) revised the puff model for the point source

condition (0.5 to

0.9 [m/s])

In no wind

U o: Use the result of revisidmased on the diffusion parameter [m/s] and the Turner chart (Tu

1964).

Use the following equation:

condition (0 to 0.4

[m/s])

1) Committee on SuspendedrBculate Matters (1997)
2) Environmental Research and Control Center, @dtae on Nitrogen Oxide (2000)

point source:

d on the

Wind direction, wind velocity, and atmospheric stability are classified into the total L pattern, the total M p
and the total N pattern, respectively.

TotalLxM x |
N patterns <

Figure 2.44 :

Each patterés fincrease irthe concentration

of primary pollutants due to a unit amount cach patter@ annual
primary pollutant emissios ppearance frequency

-
[ Wind direction pattern 1, wind velocity pattern ’m‘ % ’ﬁ l| -
atmospheric stability pattern 1
Wind direction pattern 1, wind velocity pattern| A4C 1 o/4E | x [F 2] —
atmospheric stability pagtn 2 |

Annual average of
fincrease in the
concentration of
primary pollutants
due to a unit amoun
of primary pollutant
emissions

| AC average/AE

| % | . | e

Wind direction pattern 1 wind velocity pattern | | * | e | """

m, atmospheric stability pattern n a| 4Cimo/4E | X [Fiu. —]

| | [

| |><|...|_._.

Wind direction pattern L, wind velocity pattern | || | -
\M atmospheric stability pattern N ;| A AR | X |p]_“ \.|

Procedure for calculation of

unit amount of primary pollutante mi ssi ons o ( &C/ &®E) ¢

an Aincrease 1in

oncerning
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