Chapter 5

‘Development of simulation mode} and projectioh of long -
term ambient air concentration in GTA



5. Development of simulation model and projection of long term ambient air

“concentration in Greater Tehran Area
5.1 Development of simulation model

_5.1'.1 Basic model

“The mam mle of dlsperswn model is to plechct a fntme situation fu:coxdmg to
several scenarlos and to evaluate effectlveness ‘of countmmcﬂsmes | The v'zhdatlon '
process undex the current condition with optimized categm1mt10nlpalametellzatmn is
important for 'confirmation of model performance. The total flow for the model
development is summm |7cd in the foilowmg chart.
| At each step of the flow the 1esults obtained by the actw:tles are utilized. For
éxamplé, mcasurod air quality data are analyzed in relation to the meteorological
c'on(‘l'it_io.n and utilized to set suitable catbgorization. Measurement at the target
factories and statistical analyses on fuel consumption are utilized to set specifications
of the stationary sources. For mobile sources, the emission factor is set based on the
chassis-dynamo test, The traffic volume survey data arve also combined with the
existing data of TCTTS/TTTO

"It should be noted that main target of the mode! is to simulate the long tertn
average concentration at area-repre.sentative points iﬁ ovder tb grasp gcneral
featurves. Another suitable method should be adopted for special conditions described

in 5.3.2.
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(1) formulation
The mode! is based on an approximation of Gaussian shaped plume formula

- shown below,

_ -' ~H He)’
-C(x,y,?) = 'i?r?.f]—aﬁe""( g ? ) exp —(—Z ) (ﬁé)m

g I’ : _' - L0,
- where
C: conconttatmn at leceptm
X.Y,2 recepton position relative to the source
(x-downwind, y_-lateral ,z-vertlcal)
q: source intensity. | _
'0'}_, o,: Nateral and vertical diffu:SiDl‘l parameter (fuﬁctioh of S:)
U \_vind.volocity .
He: effective stack height
In calm 'c'dnditi::m, the following puff formula is adopted instead of the plume

" formula:

C(R z) = — - : -

3/3
”) 7 R2+ﬁ~(h'e 2)’ R2+---- (He+ 2y
¥

where
R . : horizontal distance (RP=x'+yH
‘@, y :coefficient for a,,0, (0,= at, o,= 1)
In case a. temperature inversion layer exists, the pollutants are reflected on the
top of mvelslon ("l:d”) and tlapped below alid.
i ’10 avmd dwelgmg, we'set a minimum distance for calculation. This’ value (10m) is
: automatlcally adopted if a souxcc receptm distance is smaller than it.
7(2) 'Time peuods .
Whole day and yeal are dw:ded into follomng elght (4x2) periods Lhrough the
analyses on the variation ‘of concentration and emission:

morning (7-9h), daytime (10-15h), evenmg(l(i 1911), mghthme(zo 6h)

5—-3



o non-hcatiﬁg season {April to October), he.at‘ing'seaéo:\(Noveh1bor to March)
(3) Meteorological condition |
Meteorological elements are categorized as following:
wind direction : 16 direction and ealm |
' _win'd speed  : 8 classes (0.0.4,0.5.0.9,1.0-19, 2.0-2.9, 3.0-3.9, 4.0-5.9,6.0-1.9, 8.0- mis)

-stability '+ 10 classes (based on Pasquill-Gifford) =

Pable _5.1.1-'1.' Pasqui'li-_Giffo:rd' classification

: solar radiation ___ (k\W/m2) petradiation ____(kW/n2)
| windspeed | >= nadta06nl_0isin0a0 <015 50020 1002010-0010] <040
<2 /s AL AR B ] .-Dn D__- G G
2403 __AB B_. c n n B ¥
_atnd 8 X4 1 IR D n ) E
dtofi_ c_ I I n o B D
226 Conne ) I} D 1} YU | 5}

This calculation is based on the data of IRIMO, AQCC'inélu.din'g resulls o.f. field
observation.

According to the meteorological analyses, suitable nietcdr’ol_ogi(:al blocks to be
assigned to each stack are set. Upper lay'er'observati(:tl:is utilized for setting of- “lid":
in addition to upper layer block setting. Mo’dified'stabiliiy' classes, shifte.d to neutral
side, are applied to the upper layer.

(4) Emission sources

Vehicles , large factories and commercial /household units are ma_iﬁly

considered as emission sources. Impact of airplanes is discussed in séctioh 5.4.
1) vehicles

The vehicles on noads are heated as line sources. _

The emission mtensuy (per unit’ length) is obtamed as the ploduct of 3
emission factor of each vehicle and trafflc volumc As for emission factors the results
of chass:s dynamo test mcludmg values in the mternatwnal publications - for |
réferences are adopted. Vehicles are divided into eight categories. For cach of which,

_the emission factor is set as a function of traveling speed. Vehicle emission setting is
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'sumn}ariz_ed in section 4.4." Traffic velume settings are mainly based-'on TCTTS '\\;it.lu
utilization of the results of the survey and TTTO data in éonlsideratioﬁ of tinﬁe
variation and vehicle types. Estimated emissions are assigned to road l;i.nks data
prepaved by '1‘CTTS. : | . |
2)L.arge factories
_ S({:Venty-three -large‘ .factories, fouf pQ\\;er ﬁlants ?md ’l‘e.hi'an' Refinery are -
- treated as point sources. . | . | | | | . _
| In consideration of buoyant plume rise, an effective sl_tac.k hei.ght‘ {Ile) is
'adopt.e;cl: to each stack of thé__]iste&'éources. He ' is obtained a:.s.the s'u_mmaticm of
actual height and plume rise Ah. Ak is c_alculated according to CONCAWE formula.
for windy condition: ' .
A= 01750, 0
and Briggs' f;irmu.la for calm condition:
Al = 01750, (d0 1 d2) ™"
where '
Qh: heat emission rate
w 'wiﬁd speed at stack top
d0/ dz: gradient of potential tewperature
Diurnal and séasonal variation are set based on the information on operating
~ hours. |
3)commercial / household units
‘Small stationary sources, such as commercial offices or private houses, are not
~identified in'di\'ridually but treated as area sources.
An émiséiéh intensity is ¢stimated on the basis of the statistics of districts in
' G.'I"A 'i‘he total cinisé_idn’s_fjrom each district are summarized in section 4.5. Actually,
| éomé_modi:ficatiohs to division of thé districts ar.e mi_ldef with cousideration on the
: d.istrict;wi.se' size dif{ereﬁce_of-sma]l sénirces, |
The assigned values are equaily'divi.ded to allig:-ids loéﬁted in 'each:_di_strict.

The assignment to the District Boundaries {DB) are also assumed for each distridt. :



The stack height of thosc area sources is generally assumed at 8 meters, |

though greater values are adop'téd for the central region of the city.

Piurnal and seasonal vériations are set for ecach district according to
information on variation of fuel consuimption. |
;(5) Calculation

Contribution to the concentration by ~each ‘source-receptor combination is

'c'alc'u'latizd for each lilete(';r:ologic'_al categbry.deﬁned‘ by combinatien of the wind and -

stabiiitj- claés. These results are éup’erpbéed for all the sources.
_ To ébtain a long term av;}rﬁge (anﬁu’al value etc.- ), {veiglmt proporiional to
frequency of éach catelgory‘ was used. . |
'Cafir'isat;:! == Z-f;_;k ij + Cb
LRk
‘where
Cannual : annual mean conc'ent.,.ration' _
Cijk : concentration for i-th wind diréction; j-ﬂl wind' s'pcéd clas:s:, k-th
stability class |
fijk : frequency of (i,j,k) metcorological condition (ratio to whole year)

Cb : background concentration (natural origin and unidentified sources)

5h.1.2 \’a]idatiDn:of the simulation model

The preliminavy calculations were made before detailed setting iﬁ order to
obtain a crude image and to validate model performance.

CO(carbon monoxide) was chosen as a target pollutant ;the diurnal.variation’
was measured at 18 recoptors (12 fo;' hofizdntai and 6 :for fertiéal) m the:
autumnal obscriration period, and was ‘siingulated.i Points and re:sﬁlts' of the
obéervzit_ion (O'ciobcr iO a:ici 11,1996) are ‘shown in }:"igu'reﬁ.lz-].and 5.1.2-2
respectively. | | |

Meteorological data at the Aghdacijr_e statio:n are adopied to all the sources
al_ui stability was sgt from solar radiation, nﬁt radiation and wind speed. Lid setting

is based on the results of upper layer observation.

5—6



CO emission was assumed at 50g/km per any type of vehicle, The total traffic
»:rolume was set based on TCTTS data and their diurnal chauges were assumed on the
basis of the results of our field survey. (three types - the mszdo of the re%tucted arca /

the trunk road for commutation / the bypass to the suburbs). Dmly tot'il traffic

' volume was also conected for the hohd'\y casc on the ba31s of the obtmned weekday-'_

hohdqy ratio. Est:mated cinissions were 'ISSlgnCd to cach lmk Contubutlons of - any

other type of souices were neglected. | | . | | :

.A (hy- is ' divided into cight 'tim:e p.e:riods (0-311 3-6]1. j2.1-2-“1) " Fhe
meteomlog:cqi and source condltlons were analyzed thh this categouzatlon .

- Figure 5.1.2- 3 shows the compauson of thc calculation w1t11 thc observation at

station 2, located in the no'rthcast part of the city. A 1me-w1t.h cn'cle_s des;gnates

chserved values ‘md 1cctangles mdlcate calcuhted values. (h’itchcd ones conebpond

to the non-lid case and non- hatched porhons abové it indicate increase due to lid

“effects. {for 0-9h,21-24h: lid height = 20m))

For October 10 , a two-peak diurnal pattern was simulated for the lid case

“while fl1e inorning péak'wa's unclear for the non-lid case. Both results were
. ofei‘estilllated in the evening. [t may pz;rtly because the chosen day was Thursday and
“had diffo.rent conditions from normal weekdays. The lid case overestimates in the
;mbfning‘ of Octobc_r 11_,.bcc'ausc only weaker inversion occurred existed in that

“morning. Phe simulated results follow the observation in the daytime but show

overestimation in the evening.
Similar vesults weie obtained at the other stations. Simulated diurnal

patterns agree qualitatively with observation and show some characteristics of each

- 'station {e.g. relative lﬁgh concentration at stations'd and 7 in the morning of Oct. 10).

However the quantitative discrepancy, especially -overestimation in the evening or

‘nighttime, occurs at most stations.



it

pe -

et N

¢

Foad i

]
4

A T A

-

%]

[

~

Ve laa el

(ENANE! ,QL

gl

AN RN

g
o
v
-
\
~
v
S
~
y
\
Y
t
o
v
.
-
[T
L
2
v
F

.Lm

(b

[

518

[t 4t a0

O-:CCDUQ Tariiz.eo

it a1 ]

~LadL sty

NERT O B

=] = RIS RUNE )

wr
L2
—

.a

-

i

BUENETN NNEES
© .

B

KRINERY
O

F

8

Fean)d
Y

8 &
wlianedasats gl
o C': ’ e (e C: w :
=) o
RN TN NS NIRRT ARYET
o n oo [P
o~ L)
SINNETERSINS NI NRNRRENAT)
o 2 ") oA [
S5 33

oy
<~
—

ao

—

=1
—

o ©

-

FIENEINNRYEY
']

FIgEsR I

un

[

ARSFUTANRNNY
o L)
—

v

—
>
—

—

o S
SRR ININEIT]
e n o wd

cone.

-]
T
. to
k1)

) eiarlaany]

a®: wn.

v

[}
L

b3
-4 i
e ba o das ek eyl ool d
I's] '3 7] o 8 v o v Q
— -
2 g 2
8-~ 85 g2

" Thour]

stab.

(hour)

7
J

[ hour

w, spd.
w, gir,

Reéuité of CO c;bsef\}ation (Cet. 10)

igure 5.1.2-1

1946

1¢ . Oct..



S ,r/.// -

Vi —r

N

-1

oot ” .
- L e e

[

N

Taa by

AR A

R A A N

W

Y

Toniniad

ws
(mfs)

ST8

o

"\‘TH

Lokl g1

100 € et T

,I’/

£

=

FUNE NS

ool 8 T LT

~d

-

co

135

AEEN FANERES R RANY
[ ]

—

SHENENY FEERNERASRINN
[} < i .

ttloeaalioged

tikita
O

!

G0
Lppu}

ey

e

o 1
LR}

o

.8

2 a

UL_J

s

h: 3

—
Lilariadins
[ T B

-

=

SNENRRRRNEEY
o,

iliasbaarsbsbonnleing

co
[ pom]

«J
£33
-

o9

—

il

TRSTRTUXNRNRENRNRY!
-

(]

—

(o]
Ou

¢o

E1NY]

L
oo

ot

Iirey,

dherodeing

-

LPppmE;

&2
—

[&]

o=

EE

cone.

stab. .
V. SPU.
w.dir.

~
[
o
[
1

—

hour]

r
.

ISERTES INENY

a
4

hour

r
[

18

IENEN:
[

Figure 5.1.2-2 Results of CO observation (Oct. 1)

L

“hour]

L edlesazllias

¢o
ppE ]

r
L



obs{0c.10) ©

[, Y

-~
B o~
]
o=
o0
= B
T
- =
[
oo

- P L

RIS R
S
_,,_,_T.

24

“d0 ).

]
SR o
{wdd)>u0d

hour

s —- obs(Oct 11}

20m)

cal{no Hd}

a
o

cai(lif

20

(wdd)ouco

10

-+ hour

Figure 5.1.2-3  Comparison between calculated and observed values at station 2

(top: Oct. 10, bottom:Oct. 1)

5--10



5.2 Diffusion Potential
5.2.1 Concept
 The “diffusion potential” is defined as an impact of the modeled emission

sb_ufce based on CDM(Cliniatologicé] Dis‘pérsion‘ Model). C])f\I is based on the

. formulation similar to the model described in section 5.1 and h'as,a merit of easy
' héiidling. The characteristics of difftision_ field can be clarified through comparison

- with the other areas.

5.2.2 Internatlonal companson

The meteoxo]oglcql data measured at Mehrabad An‘pmt {(1950-60) are applied

to the model with some assumplion on 'stability setting and the duration of calm.

: (1) Blevated sources

Three type stacks are considered as elevated sources. The dimensions for the
modeled stacks are as follows:

Table 5.2.2-1 Modeled Stacks

) . ) ' type :
element | . smail middle {arge
stack beight(m) - 20 50 200
stack diameter(m} © 05 3 ki
gas emission rate{m®N/mh) © 10000, 23000 200000
gas temperature{C) . - . : 1005r 100 200
concentration at stack(ppm) C- 1000, 1000 1060

The results are shown in the table below. The values of three Asian cities

(Tokyo{tapan), Jakarta {Indonesia) , Dalian (China)) and Mexico City are also shown

for comparison' Tehran ha's the lowest concentration for a small stack. For
m:ddlellatge -sized stacks, r[‘chlau concentration is lavger than those of Daltan and

- Tokyo but less than half of those of Jakarta and Mexico City.
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Table 5.2.2-2 Concentration for Elevated Sources

(2) Ground sources

A road link-, shown in the following table, is assumed as an examplé :'of

~ground source.

The concentralions at surrounding 48 points (16 direction, distanee from source:

20m,60m,100m ) are calculated. The mean and maximum valies among 16 directions

type
city small middle large
Tehran 2.67 6.556 4.08
Tokyo 422 1062 1.04
Jakarta 4.44 215 - 1189
Dalian 392 0.42 - 0.08
Mexico Cily 4.10 1.46 9.69

Table 5.2.2-3  Modeled Link

element - specification -
link length{m) 2

link direction W-E
link height(m) . S 1.5

gas emission rate(m’N/h) 1
initial spread(m) -3

are shown in the table below.

Tehran shows greater concentration (lower potential) than Tokyo and Dalian for
the mean value. The maximum value however does not show ‘a wide deviation from

the mean for the Tehran case and is ranked in the lower concentration class except

for a small source distance.

5--12

(unit : pph)



Table 5.2.2-4 Concentration for Ground Sources (init : ppb)

_source distancef 20m | 60m - f100m
city mean maximum | mean | maximum | mean | maximum
Tehran 169.3 | 1882(8W)[ 4201 485(5W)| 214 24.7(NE)
Tokyo 64.0 | 167.3(NNE)| 21.8{ 66.0(NNE)] 11.8' 36.B(NNE)
Jakarta . 453.1 504.8(N)| 80.2 920wy 319 414N
Palian 50.8 99.08) 1761 37.3(8)| 94 20.4(5)
Mexico city 2625 | 341.9(NE)} 48.2 | © 81L3(NE)| 22.0 104(NE)

{(3) - Com ments
© ‘Most 'of the emission sources in GTA are categorized as ‘ground sources’ or ‘small
stacks’. The result shows that the diffusion conditioh in Tehran'is not bag for such

sources. The actual high cohccntration accordingly implies excess of pollutant

emission.
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5.3 Consideration on pollution mechanism
5.3.1 Simulation of long term average concentration

As explained in section 5.1.1, the long term concentration is obtained as
' superposition of the concentration for each category with weight proportional to its
flequency |

Fig. 5 3.1- 1(1) shows the anmml concentmtlon of CO, while (2) and (3) correspOnd
to non- heatmg and heating season, 1espect1vely All their sunulatmns mclude both
1mpacts of stqtlonary sources and mobile sources (veh:cles) The high concentlatlon
- zone spneads through the center of the mty to the north-south dlrectmn ’l‘he annual
‘mean value exceads 10 ppm in the Bazar area and the hlghway Junctlon in the northern
area (district 3). - All maps by season show snmlar distribution, though the lugh
concentra.tio_n area expands in the heating seas_on mainly due to meteo_roioglcal
conditions. | . . . |

Fig.b.3. 1- 2(1) - (3) are the saine with 5.3.1-1 but for 802 The annuai map h"lS
some different. features froni one¢ of CO. The concentratlon of several tens ppb is
distributed over all districts except for the northérnmost ones. The concentratlon over
'100ppb covers district 19 in the heating season, while the iligh concertration area is
limited in the southern part in the non-heating season | |

Fig.5.3.1-3(1) - (3) are the same but for NOx. Locanon of the high concentration
‘area resembles to one of CO. The areas with the concen_tratlonzabove IOOpph are
located in Bazar , at the northern junction and at a.n.other tfafl"ic juiiction in the
southern area. These areas expand in the heating season and cover several.districts in
the central area. Fig.5.3.1-4 is annual contour for NOZ, Thie arcas with 'conceﬁtratioh

above 50ppb mostly correspond to ones with NOx value above 100ppb,

These obtained resulls are compared with the annual va'lues measurcd at thc two: o

AQUCC stations(Bazar and Fatemi, indicated by bl'wk cnrclcs) and at sevcral statlons of
the other orgam?atmns As the statlsucal periods of t.hese data are different from the
target year of the simulation, thns companson may not be exqct but be enough for the
mode} validation. ’l‘hc results are shown in Fig.5.3. l 5(1) - (3 ). As for CO, the
calculaﬁons égree with the cbserved values. The distribution of SO2 concentration is

' gualitatively well simulated but shows overestimation on the whole, As some of the
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statistics are based on the old data, they may show lower values than ckp’cctcd fér. the
target year. Al NOx concentrations are converted to NOz values; because only NOzis
measured at some stations. The following conversion equation, obtained from all hourly
- data at Bazar station, is adopted: | | |
[¥0,}=a*|Nn0,]
~The différent values for z and & ave used for ecach tlme peuod
The char ’iCtGTIStICS of NOzare genelally elmuhted with a slnght unde:estuﬁahon
_ Fig.5.3.1-6(1) - (3) are annual contours including only impacts of vehlcles wlule |
Fig. 5.3. 1-_7(1) - (3) about impacts of the stationary sources. The fo]lowi'n'g features ave
derived from them _ |
1} - Most ot CO comes from vehicles and 1mpacts of the stationary sources do not
exceed 1 ppm anywhele in GTA.
2} ’l‘he main SOz SOU[COS arg the statlonaly sources. The vehicles, however, give a
certain lmpact to the central area. (10 20ppb, around 1/5 of total impacts)
3) (‘ontnbutmns of the statlonary sourées 'md vchicles on the NOx concentration
“are generally even'at most parts within 17 districts, though vehicles' impacts
‘dominate at some grid points close to mzijbr roads such as highway junction

areas.

5.3.2 S'imu_latio'n: for special conditions
(1) Fﬁmi@t_ioh and to;ﬁog’raphical effect
- Fumigation occurs when the strongly stable layer, such as a temperature
in‘version- lies. over th’e unstable siiface layer. Emitted pollutants are captured and
dlffused in this squce layer and cause high concentration.
| As for the GTA ¢ase, these eflects can be basically considered with stability
modl{xcatwn or hd settmg in the model
If these phcuommn OCCUF OVOT lhc complex terrain, wind and diffusion field ave
substantially affected by topogmp}u and can be snmulqted mth neither the usuql
Gaussian formula nor its modification. lo consider such a tapogzaphmal effect ‘the
following methods are adopted: 1) the wind tuanel experlment ,2) the mass consm_tent _

model, and 3) the random walk model.
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 The wind tunnel experiment uses a scaled model of the actual field. The
equivalent
meteorological conditions should be carefully set in consideration of the laws of

snmlanty in the hydr oclynamlc equatlons

T he conceptofmass consmtent model is modnﬁcatlon of a given wind ficld usmg :
L Lagrange's method of undeterinined multlpllers. The contmluty equation acts as a

constraint and division of total modification between horizontal and vertical, -

: cbmpo’nenfs is set as a function .Oflstability. Emitted puffs are advected by the modified

‘ wmd ficld and smmlfaneously dlffused

The random wak model is used to be combined with a simulation model of wind -

fleld Paltlcle posmons at the following time step are obtamed with a probability due to

turbulent motlon In this modci many- nnagmal} particles arve released and advected

by summation of the mean wind compo_nent and turbuler_:t one e_xpresscd by the _random '

function. If a particle is located inside a'.topography, its location and the vector of
motion are corrected in consideration of their roflection on the surface. -
(2) Bffect of the buildings

The wind field around high b:u.ildin'gs shows complicated feature. A building
modifies air flows both horizontally and vertically and also creates a cavity region
extended to 2 to 3 times of 1Ib (Hb: a characteristic height of the bmldmg) in a
downwind side. A wake region follows it and extends to more than 1'0'Hb downwind
distance. 'The effect of wake can be included by some mbdifiﬁtiori on thc..(l'iffusion
parameters(o y, v z) or the effective stack height (He). The air flow in the cavity region
is, however, both highly turbulent and generally recirculating and thus can be

expressed by neither the Gaussian type model nor its modifica(_.ion.‘If:msinyib'uildings

whose size ave different exist in the target area, a flow pattern will become much more

complicated due to the combined effect of each h'u.ildin'g |

To simulate such a sntuatlon the models directly based on Navier- Stokes _ -

equation, e.g. L, ! S(],mge K dd) Slmulahon) or ‘k- ¢ model , should be adopted. The wmd
tunnel experiment and the random waik_ mod_el, aheady explained, will also give

informative results.
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5.4 Simulation for Airport
5.4.1 Model structure

- To estimate the impact of the airport, a model similar to one explained in section
5.1 ﬁnd the same cétegorization for meteorological condition are adopted.

The contribution of the airplane..s which depart _frpm or ariive at the I\"Iehrébad‘
‘Airport will be also estimated. Kmission is assigned to the landing strip and the ﬂiglit
roule extended _tb :bc_yth= sides of tl.xé étri'p’ up to 1000m h:eight;: Airplanes are aséum'ed to
- appreach from _t]ie's:outhweSt and fo_take .off and zis‘céhd fdward the nor‘th“'rcs't. {See the

.figm‘e bclow.)

Leading stsip -

NW SE

‘Total contribution is expressed as a summatibn of those three line s’oufcés and area
sources extended around the landing strip.

~ The frequency of flights for each aircraft type is set based on the number of
weekly flights for cach earrier company. Table 5.4:1-1 shows the 'weekly number of
flights for cach airvcraft type and total mwmnber is 428. These aireraft tj';ie_s are re-
categorized into eleven types with the engiﬁe specifications.

Table 5.4.1-1 Weekly [requency of flights

type |A-300 A-306 A-310 A-312 A-320

numbei 80 -5 0. 4 2 o : .
type |B-707 B-727 B-72S B-734 B-137 B-747 B-74F B-74L B-763 B-767
numbed 10 200 49 . 2 35 6 3 2 . . 2 3
type . {TU-13¢TU-15¢F-100 MD-11 R
number 5 .51 118 1

“The emission factor is assigned for each engine type and cach step in landing-

take off (I.T70.) cycles. The duration of each step is: 4.0sec(approach), 26.0sce(idling),

5--3



0. SbGC(tﬁkc off) and 1.Gscc(ascending). But they are sllghtly dlffelcnt in the case of the
TF-100 type. The emission amount by step and elemcnt is summarized as Table 5.4, 1 2
" In actual calculation, emissions during the idling step arce equally divided into three
area sources. F‘or'diurnal variation qettin'g','the same intensity is assumed ext:ept for the
mghthme categmy 'I‘he stack height fon idling or take off i is set at 10meter |

'I‘able 5.4.1-2 Total emlss:on from alrplanes

[step/element] _ CO SOx ___ NOx.

approach | 083 045 479
- Nidling - 182.15 097 3.94
take off - 034 0.29 -10.18
chmb i18 - 050 ~ 1331

: unit: maN/hbur

5.4.2 :'Ev.aiuat.io..n of air po.llu‘tiorh' around Mchrabad Airport

Figures 5.4.1-2(1) - (3) indic_atc the annual concentration of CO, SOz and NOx
resp.cct.ively. The Valtlbs at the center of the aivport and its s’ufrdtmding grids arve
summarized in Table 5.4.2-1. ﬂ‘hé impacts of other sources (stationary / vehicles) in this
area (calculated ih section 5.3) are also shown for comparison. Genefally speaking, the

iinpacts of airplanes are one tenth or less of those of other sources.

Table 5.4.2-1 [mpacts at the airport area

air pléum stationary| vehicles

L “center | smoundings
Q0 (ppnd) 008 - Q01 0 0.4-3.2
s2eon | 07| o1 @ . 24
| NOspety | 103] 0107 40 1060
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5.5 Prediction in future condition
5.5.1 Future secenarios in the year 2010.
The : meteorological condition is assumed to be the same with present
situations. | | | | |
Future einisqion from vehicles is ca!culatcd on l;hé‘ basis of'p"redicted traffic

volume and assumed futuro emission chtors The trafﬁc volume ptednchons are

based on. 'l‘UI‘TSs results fon two sccnarlos one is ‘do nothmg (1994 netwmk"
o mectmg 2001 demand) and the other is enstmg + flmdcd’ (cxlstmg and fundcd_

_ netumk meetmg 2001 deniand). The chang,e of the traffic volume from the yem

2001 to 2010 is estimated on the values between 1994 'md 2001. Two scenqmos for
emission factor changes are ‘do nothing’ (sqme as present) and ‘best’ (mcludmg full
countermeasmes for emlssnon reduchon)

l*utme condltwns of statlonaxy sources are considered to havc the

'followmg three scenarws In‘do nothmg the amount of pollutants is assumcd to

increase in proportlon to the cconomic growth rate. ‘Best’ is based on the schedule

of the pol]ut:on 1educt10n plan and ‘common’ is the intermediate reduction

Zbetwcen “do nothmg and best All of them are targets for the year 2010 Sce

sectlon 6 3 for detallcd debcnptlon of these QCCI]HI‘[OS

The calculation sctt,mgs 1re:summanzed in Table 5.5.1-1. ‘do nothing’
scenarios is the worst cmnbmatmn A.e. ‘do nothing’ for both of stationary and
moblle so_urces._ On thc contlary, ‘best’ scenarvio includes all effects of

counteimeasures. The cstnnated emission amounts are shown in Table 5.5.1-2.

- Their ratio._to the present values is also indicated for reference.



Table 5.5.1-1 Future setting for caleulation

scenario  fstationary sourceqd _ mobile _ SOUYCes
traffic volume emission fagtor
do nothing | do nothing do nothing same as prosent
common - common existing and funded reduced
best best existing and funded reduced

' 'l‘able 5.5.1-2 Present and future emissioﬁ amount
S " unI : ton/ year

1994 (present)
mobile stationary total
Co _ 826806 - 51421 : 818227
e 94.1% - 5.9% 100.0%
S0x 8340 o 253981 - - £62321
: - : : 3% : 96.8% - ‘ 100.0%
Cfwox ~{ 39610 5571 1 135181
S I N - 293% ' 107% ' 100.0%
2010 (future)
' | mobite 1994 |stationary 7994 | total - /7994
CO do nothing | 1378748 1.668 51421 1.000 | 1430169 : ' 1678
| esax 1364 ; 1000% =
common 336158 o407 51421 10001 381519 0441
86.7% ‘ - 13.3% : 100.0%
best 336158 o407 51421 10001 3871579 0441
: L ; 86.7% L 133% S1000% .
150x do nothing . 11017 1.321 524585 2065 | 539602 2042
2.1% 97.9% _ 1000% . -
common . 5084 Q610 286237 1127 | 281321 L1t
1.7% 98.3% O 1000%
bost 5084 Q610 83902 0330 88986 - 0339
O 5T7% 94.3% . 100.0% B
NOx do nothing 53931 1.362 188220 7.969}F 242151 - 1.7§¢
22.3% _ T T 1000% L
common 33143 0837 | 146396  1532[ 179539  1.928
18.5% ;. 81.5% s “1000% ;
best 33143 . 0837 109304 - 7.744| 14244 1054
233 C18.0% 1000% -

note . : . . .
~ percentage: component ratio to total emission
ftalic: ratio to value of year 1994 _
The CO emission from stationaly sources is assumed to be
the sarne with present situations.



8.5.2 Simulation based on the future scenarios.

Fig.5.5.2;_1 (13-(3) ave simulated annual con’centratidns in ‘do nothing’ case.
Fig.5.5.2-2 (1)-(3) and Fig. 5.5.2-3 (1)-(3) are same but for ‘common’ and ‘best’ case,
: respectively.
' ;(1) (O10F | |
| In ‘do nothmg case, the ma:\nnum CO concentlatwn mcleqses to 25. 8 ppm
--from 14.4 ppm (plesent value), while 1t declcases to 4.3 ppm in ‘best case. In .
“best’, the area whose concentratlon is over 2 ppm can be seen onl) at some
3unctlons and city center. The shape of the contours dlffels fmm those of plesent
(1994) or ‘o nothing' due to the effect of the mc_iuded l'oad network plans.
(2 802 | | | |
| _ In ‘do nothing’, thé n.l'axil.nuﬁi 502 doubl.es from 104 ppb (present valllc) to
209 ppb, while it is reduced to 39 :ppb for ‘best’. In both cases, their maxiutum
values appear in tlie 'indrustr'iali'zcd southern area and the concentrations in
twenty districts are around a half of them.
(3) NOx and NO2

" Phe maximum NO% increases from 232 ppb (present value) to 348 ppb in

‘do nothing" while it slightly decreases to 160 ppb in ‘best’. In ‘do nothing’, more
than half of twenty districts is covered with 100ppb contours. In ‘hest’, 100ppb
contours cover only small pal‘t and the annual couceu(ration of most part of the
city is the value between 740-?{)ppb.

Using the conversion formula , NO2 concentrations are mostly a half of
NOx. Ther in ‘best’ case no values of the concentration exceed 50ppb except for in

some small areas.



: ; : 510
B3OTO - . .

..................................................................................................

BOGO T
i,. 3 W

. . : )
EROMIRLY oo e A R D, e e e e eeeenaetm et N

A 20.00
. T ‘_"'__'"j:()- 00

CO Concentration w800
annual wbol'e_ day o ©star'do nothing . vt 1. 0O

abl: do nothing 7T - B0

Figure 5.5.2-1 (1) Putwre CO concentration (o nulhing , ainual; whole day)

6--42



510

g
* ’,

Y LT
-

3950 -

. . P .
PLdad B M
’ N

. N
-.‘

) ' ¢ . : : _ 3 :
. ‘ N . :
- : e : ) U : ° ‘ . . ' "u.
a4 : ‘ ‘ : : : e ‘
I N L ¢ EEEREEEEEEEEE EERRS ShbE bl SRR - - - b : LR N
. . PR [ .
¢ Y : ' - : :
A . . R— “
: . » N N o H . .. ._.7 o
o R ~ ' . s

-
. . “’,
"“..."luuuu,‘. ] ‘.‘
K -
] .,
K RS
L] .‘
. +
. .
[
¥
[
L]
L]
5 -
[ S I S
L ‘l
' [
* ¥
] .
H
.

camame 200, 00

BRI : . seaaes 100. OO0
' ’ ' PR : sanas 50, 00
S0x Concentration 2010 T o 06
e : hiag - - 10. 00
' 1 whole day = stes donothing - 77777 r
anogua | ¥ _ abl: do nothing 5. 00

unit : ppb



BUYAE

BT TeTU R

3950

HYA0 -

TRONIBL) - e e

NOx Concentration_:

annual .wﬁolc day

iy ,
! ..-"“/.:-.,___“. .

SO ARy,

Ul PP

2010
sta: do nothing
nbi: do nothing

femm 200, 00
semes JOO. 00
e 50. 00
—— 20. 00
----- 10. 00
---------- 5. 00

unit : ppb



.........................................................................
.......................................

- 5 L
[ N e T,
P Rt

"/."unulnu

._.....'.é_'.

v

o . 200. 00
N : _ seers 100. 00
IR , | at i . ey 50. 00

~ NO2 Concentration e 00
' T ' sta: do nolhing  —=---- 10. 00
T 5. 00

unit : pph

“annual  whole -day Aot
mbl: do nothing

Figurc 5.5.2-1 (4) Future NOzconcentration (do nuthing, annual, whole day)

5--45



S SIS IR PRSP AR R R R R R R Sttt

T TS Y 11 L IR SRR R PR R ery SEERL s

By c e ..'Llf_'.:-“,‘.,?.-. A T O Y T B S LR L S --..'..-..7?-“-..;..--..;......;

e 20000

BT 10. 00 "

CO Concentration w2500

) ) : - . . . T, '_.__-__ l.OO
annual  whole day o stmcoamon o T 50
' _ mbl: best ot

Figure 5.5.2-2 (1) Future CO concentration {common, annual, whole day)

5-46



_']5)7(,----—---——-~--v-—“------——.‘ ------- B e I I . IR e I Tl i il

OG- Fr et T A oLt

ey,

it TR,
L

.
3
:
E

s

fay

-‘“nc i L) ',,

e
LT R TER
""“"""'l-u-l“

|

|

i

N

e . 7
- /‘t’ ' w

":a-uui“

P poeeee "'i';"'.'"“'."'"'_":.’}.:-“ig""'

£

ahE : )
» " ’
s, )

a
e
—
»,
s ",
.,
s
// \
‘ln-

. ),
h +
' . v %,
' : , f\ / v,
. ) . \ - \\.}{ - : "'-.
i . ' : - T
' -’-_ ) 1 L N ] o“‘ : -.‘.
: .t * : . .,
| 1 * . ““ ",
. " . . . *
- . H » e .,
e ¢ H £ . R ,
~s : H 1 i I d
. a . ' . 1
. H . . .
' H . : S
N : : '
x : 3 ] . . .
. I,‘ i N . .
N R S PO S
Y s P X e T R )
D30 N ‘ p ' : e -
. ) . ' » y
A : s o H
: o ." i
-t ]
‘e

imreee 200, 00
remrs 100, 00

SOx Concentration — wp 5000

- 20. O6G

. . . hon o m—ew 10. OO0

Elnm]dl p‘hOIG dﬂ)’ §ln. cenon ‘ S e 5L 00
. .~ mbl: best : o

unit : ppb

Figure 5.5.2-2(2)  Futire $0z2concentration (commen, annual, whole day)



BOGO -

".
s
3

-

Teonetbuarag,
T
;

:
;
C&
:
I.‘ *
.
. :
Q_.“ .
B 3
S ;
4

E333 1514 LR

LI

", v
-.'.. )
\ : u .
‘1: . "-9--N'.\~ .
- i 'l
-=_ .‘.;uuuu,... 1 ': o
3 //': . ."{‘- “a, P
BAG - i/‘..‘ ---- b ‘."-'\;;_-:‘:c__j-'; I R R ol bl i R
LN ‘ haa, ]
"nl"’ r,

&
$
s
» K
R TP r/

L
™

§

N P

& . N

H Do

H sk

H N S

H i

& ;o
- DU PR
e

cemne 100. 00

NOx Concentration s - 778999
annual  whole day - sin: comnon - loioo

nbl: hest :
unit : ppb

. Figurc 5.5.2-2 (3}‘ Fulure NOx concentration {common, annual, whole day)



3970

.............................................................................................................

2esaann?™

N
~
&
A
v
QI
N
A
i

e
. |
o )/x\’_‘—"_‘. LA e
.' ACS . .
"
)

1 S : {:. ]
Bt 15 0 R & B St j '-'/’-'3 ----- "-"-:--7-:--‘7_[ 2

38230

: : s 200, 00
L o o . ceeen 1O0O. OO0
S : ‘~“nnt 1 . _ wrsenan G0 (0

annual whole day . strecemon. 7T 1o. 00

rbl: best o T 5. 00
' unit : ppb

Figure 5.5.2-2(4) Future NOzeoncentration (¢common, annual, wholc day)

549



e T

1R KRR
N
1
IPEPIRLY rrc v e m e e o] e e e oo S S Frmmmee e
R
‘

| e 20,00
Ceeees 10, 00

C0 Concentration e Tnon

sini best Lo mmms 100
abl: best A Y

annual  whole day

unit : ppn

: Figmé 5.5.2-3(1) Future CO concentration {besl, annual, whole day)

550



T 1: 1 RRREEEEEEE R PEEEEE S

~ S0x Concentration
| .‘ stn: best

“annual  whole day _
: o mbl: best

'Fig'urc 5.5.2-3 (2) Futre SO¢concentration (best, annual, whole day)

.........

e 2003 00
smees 1O0. 3O
.u-'unn. 50. 00
2. 00
_____ 10. 00
---------- 5. 00

“unit :oppb



BOTO ot M R R TR P ECLEEPCE TP
. H b
:
DI
4 g
!' A
¥
¥ 3
o
iy
i
=
" . prery .
3960 Y LR BSREREA

PTIIT
ad® -*e,

“ T . g
.‘h-u-'-oﬂ“"'-"" N
&
4
",

TR IR

'-
S K

" e 20000
===is 100. 00

NOx Concentration  ww ~ mm80-00

——— 20. 00 -

annual  whole day sta: best . Tm 10 00
S ~ abl: best 2 Y
-~ unit : ppb

Figufe 3.3.2-3(3) Fulure NOX concenteation (best, annual, whole day)

5-62



5130 S50

12 33 0 © Tl et !

...........................

NO2 Concentration
| annual . whole day

SERRRE 11
' ‘stn::best
abl: best

e 200, 00
wrees JOOC 00

v 1300 00
----- 10. 00
------- = B. 00

unit . ppb

Figure 5.5.2-3 (4) Future NO:zconcentration (best, annual, whole day) -



5.6 Necessities of reduction of pollutants and their amount to be reduced
' 5.6.1 Necessities of emission reduction of pollutants

The caleulated values are compared with several standards of air quality in order to
jildgc the sitnation of G'I‘A._ (Also refer to section 4.2 for the standards and the observed
a'lues) - _
: Tho conversion of the stamlaui valuos is needccl for some case due to the differcnce of
.'ta_rge_t period. * Pressure effect should also be conslc_lered because Tehran's average
(880111’5, 17°C) is diffel"c:n.t from 1}01‘111&] _coiid'itio.h (1013hPa,20C). . .
0 co o . : _ . :

As the WHO gulde]me pmwdes only values for short term averages (8-hour, 1-hour,
30 'md 16 mmutes) they can’ not be compared dnectly w1th thc ammal vahle
Gener all) speakmg, however, the annual qtandards coxrespond to h‘zlf of the dﬂl]} -
standards an(l daily ones to about half of the 8 hour avcmges Thus WHO st‘mdaul of.
10 mg/m3 (about 9 ppm in normal condition) for 8 hour avera’ge may be con_v_ert_ed_to 2.5
ppm for the annual value of Tehran. (It is also Support_ed by the Iilllxgai'iatl annual
‘standard (2 ppm).) The calculated maximum value (i«l.;i ppin, [i_resellt) _1‘eéchés' five
times of this standard and the concentrations exceed 3 ppm in 6% of the whole
calculation area.
(2) SOz

The WHO standard of 0.06mg/m3 for the anm'lal: average (about. 23 ppb in
normal condition) is converted to 26ppb due to pressure effeﬁt. The caiculétéd maximum
value (104 ppb, present) is four times of this level and the concentration exceeds 25 ppb
in 80% of the whole calculation area.
(2) NO2 | _
Asin the case of CO, WHO sets ¢.15mg/m3 (78 ppb in nm mai condltmn 90 ppb

in Pehran) as a d’nly standard but does not spemfy annual value ’I‘he same discussion - |
made about CO and settings in several COuntrles_mlply that suitable annual standard is
around 45 ppb..'l‘he c_élculated maximum \.faluc of NOx (232 ppb, present) is converted to

around 75 ppb of NO2 using the empirical formula described in 5.3.1. The area where



' NO2 concentration excceds 50?ppb cccupies 4 % of the whole, but most of them are

below 60 ppb. Compared with CO and SOz, NO2 pollution is less serious in GTA.

5.6.2 Determination of reduction amount of pollutants

In 'the light of the analyses in 5.6.1., the 1equned amount of leductlon can bc- .

_ dctelmmed as follows. The 1esults.. based on the SCO]I"lI‘lOS are also mcntloned

(1) Co

r[‘he CcoO emlssnon should be 1educed to a qu‘u‘ter of the plesent level in order to

‘satisfy the’ envuonmental Sf.‘ll'ld‘c’lld m the whole area. At least, mductlon to a half is

required for mobile sources in the centml districts or at majov h:ghway ]unctlous

If ‘best” saenarlo cxp]amed in 4. 5 is 1eahzed CO concentration can attain the

' 1equned level b’lSGd on the envuonmentql standatd except for few singular pomts such

as hlghway jllnCthl‘l.
(2) SO2 |

: Eicess of SO2 also causcs some serious problems. Though the SOz contour map
does not have:as'sharp a peak as CO, the average concentration excecds the standard
by far, i.e. most parts of 20 districts are located inside of the 20 ppb contour. To satisfy
the en‘#ifonmentai standard, the emission must be reduced to one third of, at most toa
half of the ])l'e:SGI;'lt.

Based on- the vesult of the ‘best’ scenario, the required level is attained except
for few small aréas close to the industrialized areas or the road junctions.
(3) NO2

As nientioned in section 5.6.1, NOz2 pollution level is relatively close to the uppor

-lmut of the standaxd and the cmlcontration can be reduced to an acceptable level on

account ofa certain emlssmn control. A caleful choice of countermeasures, however, is

'requned because ‘the NO- NOz equlhbrmm wulely varies responding: to external

conditions -and - countermeasures to reduce- other pollutants have a possnlnht;

accompanied by inerease in NOx em:ssmn

‘Best scenario brings the rcqulred level into the areca except for little small alea -

along highways or major roads.



5.6.3 Effects of Air Pollution on Human Health
- Effects of air pollution on human health reporfed in a lot of papers are reviewed
comprehensively in “Air Pollution (37 ed.)” edited by A.C.Stern, and published by Academic

Pressin 1976. Ielpful information for the target setting of pollutant reduction concerning

the efféct on human health are quoted from the book and other papers, and they are

summarized below.

E¢)) 'Eff_eét‘s of Gaseous Pollutants

@ .S'ulfur Di;}iide R
| Sulfur dioxide is nearly completely absorbed dwring quiét breaithing in the nose
and the upper airway (trachca) because it is _vefy soluble; Suifu.r _dioxiﬂe' and other
stitﬁul_i giveu to thé"upﬁer ai'r\.vay pl‘ddtlces' ilxcl'éaséd a_irwziy iésistan_ce in the lung via
" the vagal rierve. Sulfur didxidc:is syner'gistic”i‘n combination with s’nljoke'. ‘Together
« they affect the respiratory tracts and:about 1% of tjhe population encoimter bronchial
spasms at the concentration of between 300 and 500 1t g/m? (aboui .(').12.~ 0.19ppm).
| During the 1952 Londen smog, ‘the exlira ‘deaths of 4000 i)eoplé in one week and
additiona! 8000 in the following three months were aitfibtitéd to the coinbination of
sulfur gioxide and smoke. A numbér_ of experimentél investigations show the
unusually severe impairment of lung functions with ei-;posures to between 2 and & ppm
or in some cases, the development of a moderatelf severe attack of éstlliila in-an
otherwise healthy subject with no recent history of asthma. The effects at low
concentrations include the distasteful odor, detectable at about 0.5ppm. At slightly
higher concentrations, the irritating cffects lead to. increased airway resistancc.
Chronic cough and mucus secretion may result from repeated expo_su:fes, although most
of the exposures to which these effects api)ea:'r'to be related are probably ﬁét due to
sulfur dioxide alone. | o o | |
As 'epidcmiologicél evidence, ﬂ:e eﬁccess: occuirr’ences - of chroni:c:? fespiratofy

symptoms in the popl:tlatioilé of Paort Kembla with the great exposure of sulfur dioxide

released by smelters in the neighborhood are documented by the study in Australia. -

This 'stu.cl_v scems to represent predominant effects of sulfur dioxide. ~ Other
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epidemiological studies that appear to reflect effects of sulfur dioxide are most likely due
to its interactive effects with other pollutants.
Ancther effect of SO, on lichens begins at 40 g/m?® (about 0.0 16ppm). It does not

correlate with the health effects on human, however, should be known.

@ Omne and Other Oxxdants
Ozone is produced by photochemical reactions mvolvmg hydrocarbons fmm car' |
‘exhausts and mtrogen oxuies and it becomes an lrutant to eyes, “throat and lungs It
can be formed in photochemical smog. However, umnc 1tsel[' is not thought to be the eye
u‘rltatmg mgred:ent in photochem:cal pollution The exact substances that dause eye
1rr1tatmn are still not defined. They are now thought to mclude formaldehyde, acrolein,
peroxybenzoyl ‘ m_trate, ~and peroxyacryl mh‘ate 'I‘he m_spira_tm y - effects of
-p:hét'oc.hel.ﬁical poliutim,'smnta of whicﬁ_ 'cén be produced by the amount of ozone present,
are thought to be aggravated by these other substances. |
Dictionary of Environmental Science and Teclmlldlog)r (1996) said that Individuals
vary considerably in their response to ozone. Sensitive people experience temporary
 breathing . difficulties if they take vigorous outdoor exercise when  the ozone
concentrations are at or above about 160; g/m® (about 0.08ppm). In terms of tung
function, people who suffer :from asthma or other respiratory disorders are not more
" likely to be sen'sitiv'c.'to' ozone than other members of population.

At the concentration of about 0.3ppm with exposures of a few minutes, the
irritating effects of ozone are detccted (Young ef af, 1963). These are readily detected
at half a part per 'mil]ioﬁ by most individuals and 1ﬁay be detected at the lower

_ ctm_c_enlratii)ns 5)' some (Daldez, 1928, Flury and Zernik,' 1931, and Goldsmith and Nadel,
,1'969) The irrifaiioh .ihclude.s PN sénsé of dryness of the throat. Under normal
: COl’ldlthl‘lS of bleathmg through the nose the nntatlon occurs in the respiratory tract
'but does not affect the gas-exchanging p'lrt of the hmg seriously.  However, if the
ventilation rate is sufliciently high and mouth’ brcathmg occurs, the mechamsms of
scrubbing the incoming air to remove the relatively in soluble gas are inefficient and the

ozane may reach the deeper part of the lung. A more severe cffect of ozone cxposure is
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‘alteration in the airway resistance.  Remmers and Balchum (1965) and Ury and Hexter
{1969} are examinéd _in_lphirment of respiratory function in a popula(iou of patients with
established chronic respiratory disecase at Los Angels, County Hospital. There is a
stal.iStiqally significant association between the photochemical oxidant and airway
- ‘resistance which is a vaiid-indicafor of the severiiy of the respiratory discase. Los
o Angéls residents with chronic respiratory disease report aggravation during periods of

‘photochemical pollution. Schoettlin and Landau (1981) indicated that there was

's_tatistically signiﬁéant exées_s'of asthma attacks on days when the pehk oxidant, which

“measured by the potassium iodide method, was greater _thah 0.26ppm. This

corresponds dur'ing the days actually measured to an hourly average of 0.20ppm.

" The most characteristic toxic eoffect "of relatively high-level ozone exposure is

pu]monai‘y edema (Mueller and Hitcheock, 1969), which implies ‘a leakage of fluid into
the gas-exchanging patts of the lung. Pulmonary edema, if s_evér_e, can be disabling and

fatal.

@ Carbon Monoxide

" Carbon monoxide is not ii'ritatin:g, but it affects the human 'bod_y' zifter taken ‘in.
Affinity of carbon morioxide for hemoglobin(Hb) is about 210 times of oxygcil. “As a
result of increase of carboxyhemoglobin, that is the hemoglobin combined ‘\vifh_ carbon
meonoxide, traﬁsportation of oxygen te the tissues in the body is hindered and tissues
suffer from oxygen starvation. Furthermore, carbon monoxide taken into;the body
reacts or ia combined with the materials in a living body causing, for example, é&lnpt.oms

of poisoning in the central nervous system and enzyinatic action.

Stewhrt ef al. (1974) discussed the effect of carhon monoxide from 'c'mimmhi:ly air

based on the obtained bleed samples from persons wito‘a'pima'x*ed at various blood banks

in a number of wrban arcas in the United Stétes. The.feict ‘obtained by the study

showing that urban populations have carbdxyhemoglobin' levels so much above the
expected background’levei suggestiig that there is a systemati¢ contribution from
pollution. - The serious harmful influences of low concentration carbon monoxide intake

over a long period appear especially on the people living on highland abave 5,000 feet
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(2,400m) or the pééple who have chronic heart diseases, pulmonary troubles, or anemia.

" Particularly, it gives a fatal damage to the people being suffered from acute heart attack

or cerebral hcmorrhag'e. “High altitude (that is to say low pressure) makes the CO_effect
greater. It is reported that th'é CO concentration of 25ppm i.s dangerous for the people
at 1500 — 2000m. The study in this field, how the effect ch'mges dependmg on the
altitude or chronic dlsease has not advanced so much. - However, in the case of Gl :\ its
altitude should be t taken into consideration in planning air p{:lluhon control.

Effects of CO'on the human health have tended to be dxscussed on the qsgumptton

~ that the concentration is constant. As for the urban CO pollutlon however, dlSCll‘:SlOl‘iS.

should be made on the effect on htimah by fluctuating CO, because the main source of

CO pollutmn in the city is the exhaust gas of vehicles. -Variation patterns of the CO

) concenlratlon '03 week ot by secason show the smularltv with those of mmtahty from

dlsease of lesp}ratmy or cucuhto:y mg‘ms Rhythm of exposure to CO for each person
is formed by the combination of the cnv:ronmenta'! CO pollution in the msmential area,

in the commuting cay, in i‘he office or workroom, and smokmg. I8{fects on human under

~ the expesure to high concentration exhausted gas fluctuation in the short cycle are

depcnden_t.tm the absorption degree of CO, existence of other influence except formation

* of carboxyhemoglobin, the synergistic effect of CO and other ingredients of exhaust gas.
In the case a person is exposed to the comparatively high concentration CO, about 44%

__df the intake CO is assimilated.

@ Nitrogeﬁ Dioxide and Other Nitrogen Oxides

Among the seven 0x1dos of nitrogen known te exist in the ambient air, nitric oxide

: (NO) and mtlogen dioxide (NO,,) arc the only gas thought to affect human health.

' Nltuc oxide is 1ead11y omdu,ed to mtmgen d:mudo and uitil now there are no data

showmg that mtrlc ox:de at the levels encountclcd m the qmbxent air is a health hazavd.

Tlns oxidation may occur in the atmosphere orin the membranes and l1ssues lining the

" airways.

It seems to be difiicult to prove and specify the effect of mlrogen oxides on human :

health, though a lot of efforts have been made to clarify the effect and some of them were
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re.wardedfwith good results. - Both nitric oxide and nitrogen dioxide, if transferred
across the lung-blood barrier, can produce inactive forms of hemoglobin, the most
important of which is called methemoglebin, which is not able. to carry oxygen because it
is an oxide of hemoglobin. Studies undertaken in Los Angeles by Goldsmith and
“Shearer (1975) indicated that methemoglobin levels in school children and in commuting
“ adults ha{'e ranged up to 5.2% and among groups of commuters average between 2.0 and
2.5%. This is‘l{ighcr than the 1% that had previously been tho'.u'g‘ht normal. - In one -
s.cl'ieé of studies of nitrogeli dioxide as a community poillxtlalnt in Tennessee by Shy ét al.
and:Peérlman ot al., adverse éffects of pollutént on both adult aalld childhood respiratory
‘illness and pulmonary function as well as acute lt)wer respiratory il!ness in children
living near 'I‘N’I‘ plants emitting mtwgen dioxide were reported. A WHO Task Group
on hnvxronmental Health Criteria - for Okides of Nmogen concluded that a mtmgen.
dioxide concentiation of 0.5ppm was established to be the lowest 19:\’01 at which adverse
. eff;zct.s, due to short-teim exposure, can be ex'pc(;_ted to occur. < A m'ax_inmnﬂ o.n.e-hmu'
exposure of 0.10 - 0. l"?ppm, no ﬁiore frcque.:itly oﬁce a u_l_(jntli,' \vé_s felt to be:_cbnsistent

with protection of the public health.

& Hydrocarbon Vapors

Some of the hydrocarbon vapors in the atmosphere hz_we health implications.
Among the aldehydes of importance ave formaldehyde and acrolein, both potent iriritant:.s.
I5{fects of formaldehyde are primarily irritating. It i.s' thought to be a major cbnt;ribut.or
to the eye and respirvatory irritation of photochemical smog. Bénzene was a popularly
used solvenl', but its industvial use is now restricted because sufﬁcient cx’pos_m‘c to it
interferes with the formation of red blood cells in the bone INArrow. L'eu.kemzia occur's in
some individuals with long-term occupatxonal e:_spo:,mcs_. 'l‘he range in whtch any'
hazardous effects have been observed in '.oeéu'p'atic;n:ally exposed:workers has its lower
bound ‘between 5 and 25 ppm, which is two orders of '111agi1iludes:gréater than the
; reportcd air  pollution ' concentrations. | However, .considering the alterations in
chromosoﬁlés.f vom lymphaeytes in persons whe recovered from occupational exposure to

benzene, we should tréat any exposure as a serious matter.
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" (2) Effects of Suspended Particulate Mattef
 Imai(1997) reviews studies on the effects of suspended particulate .m'zitte__r for hunian
health concerning a new target of air pollution policy as follows:’
. Recent epidemiological studies show that suspended particulate niatters ave moi'e_ :
' hazardous fbr human health than gas components such as SO, and N.{),‘;. PM10, especially _
~ultra ﬁné pﬁrticles are‘ iﬁh‘aled deep into the lung a"nd cause the res.p.iratory troubles. -
- Amblent an‘ with hlgh level PMIO may increase the number of daily deaths in nﬂmbﬂants |
: especm]ly m aged persons having chronic obstluctwe hing dlsmses PM10 level is related
to the incidence of respiratory s‘ymptoms such as chromc cough or wheeze,:and_ t.o_ _the
aggn‘a\fatiqn of infant ast.h'm'a and bronchilis in the.‘ polluted: regiqn. The level of total.
suspendcd particulate over 80 g g/m® reduces vital'lung capacity 0b§iously, and some
1ep01ts warn that the effect on the cardio pulmoxnry functmn is detectable even at t]'lL :
-concenhation levels below the enwwonmental standard. Up to the plesent ‘the main
interc‘:st of sl_;udies is irn-_the black smoke less than 2z m from oil combustion in the
indgétrial'éu& urban areas. | However, PM10 from the steel mill industry, ;vhich consists
iliailily of iron, .als.'o.showcd the same effects on inhabitant’s health. it suggests that any
particulate mattel regardless of its component, may be hazardous for respiratory organs.
A study on the long terim effects of air pollutmn showed that a lowm survival curve was
expected in 111hab1tants of the most polluted cities as compared with those of the least
pollut.ed citicé,’ and that the death rate was correlated with particulate and sulfate levels in

the ambient air.

~ (3) Chronic disease caused by air pollution
@ Bronclntns 'md emphysema
Sufﬁcmnt ucposure to air pollutmn of various types is a likely causal factor in
chronic bmnclntls and 'a suspccted ane - in i_ emphyqema The accumulating
' epidénﬁioiogical evidence satlsﬁes at least some of the cnteua of proof of causal
“relationship between air pollution aud chronic bronchitis. Although m_r pollution is
certainly neither the only cause, nor perhaps even the major initiating caus%e,’ it is _ah'nost

certainly a promoting or aggravating factor of serious chronic lung discase. ~ In the Los
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~ Angels, air pollution is a suspected causal factor of increased cough and sputum in oldey
workers and a likely cause of impairment of pulmonary function for persons with chronic
respivatory conditions. Moreover, there is suggestive evidence that populations of

~ cigarette smokers are particularly susceptible to air pollution aggravation of their

bronchilis. There is as yet too little evidence for any firm conclusion concerning a

causal relationship of community air pollution and emphysema. However, air pollution

should be considered a suggested causal factor in emphysema.

@ Asthma
Pollens arc almost certainly a causal factor in some cases of asthmfx “Other
materials may, as commumty air pollutants be causal factors in certain locatlons

Generahmd commumty air pollution is a suggcsted causal factor, but only for a small

proportion of all adult asthma patients. Photochemical pollution is a likely causal . .

factor i'n'aggt‘a‘.'artion'o.f asthma, in a portion of adult’ asthmatic patients. Sulfate
aetosols are a suggcc‘.ted causal factor. ']Iypei'reactivity of the air‘way caused by

poliutants is likely to be an important mechamsm in air polluhon aggrav'lted asthma:

@ Respiratory cancer
Most of the relevant epidemiological studies show an associalioﬁ' between urban
residence and inereased risk of lung cancer. In Norivay, the death rates for fcéinc’er_ r_Jf the
respiratory system are more than three times greater for urban males than for rural
males, with a smaller excess for females (Norwegian Cancer Society, 1964). In N.ew
York State, excluding New York City, the agc ad]usted Jung cancer rate is mee as }ngh
in urbai portions of metmpohtan areas as in rural patts of nonmehopohtan areas. ;ln
lown the urban-rural gradncnt is neally threefold | -
Howcvez air po]luhon remains a suggested” c\phnatlon fox the mban excess of
'Iung cancer. Whether it is true or not, there is ‘the nnportant practical cons:dm-at:on,
that 1s conlfol of soot, s'uspendcd ‘particulate mét'tcrs,:and products of incomplete
_ conibu’_stion are most impor.tant among the most urgent goals of air pollution conlrbl,

without regard for the interpretations of pollution and cancer data.
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" @ Cardiovascular disease

" There are three possible mechanisms by which aiv pollution may affect the:
cardiovascular system on a long term basis. The first and the most important is

associated with the role of carbon monoxide. The second is the effect of cadmium on

cardiovascular disease, in particular on mrdio'vascular renal diseqse' The third effect

depends on the mteractlon of the rcspuatmy eflects of polluhon and the catdlovaqcular

system. ~ If there is respiratory irritation. with coughmg, the. 1esultmg internal

" pulmonary ’ pressure increases.  Chronic 1espxrat01y d:seasc, partlcularl_v where

extensive fibrosis or loss of lung tissue occurs, tends to be associated with cor puhnonale,
or heart disease sccondary to lung disease. Anmong populations with an’ increased
frequency of chronic respiratory conditions, it is likely that secondary heart disease will

be found.

(& Hematological reactions

The effect of carbon mionoxide in interfering with the oxygen transport function of

~the blood has been shown in cigarette smokers to affect the number of red blood cells

produced. However, there is no evidence indicating that such an effect occurs as the

result of community aiir pollution. * Similarly, there is no evidence of hematological

- effects from community exposure to levels of lead resulting from metor vehicle exhaust.

Kabalin (1970) summarized ﬁﬁdings on blood .changes in groups of childven ]iv:ing
in clean aveas as opposed to those in areas polluted by smoke and sulfur dioxide.

_Childreﬁ from the polluted town have statistically significant higher red cell counts and

lower average cell velume than chilclren from the clean town. There are no differences

between the hematocut and the tot‘il amount of hemoglobin levels among these
comnmmhcs. He alqo showed that thezc 13 a decrease in the rate of skeletal growth of
childfon in the more p’olluted towns. DBecause 1t'1s dlf["_ncult to estimate the amount and
type of pollution that quantitatively produces such effccté, it 19 difficult t§ interpret

these results. However, there is no doubt as to their nature. .



® Chemical mutation
A suggeslive link between phetochemical pollution and possible lethal mutations
was reported by Lewis of al (1967) in male mice exposed to irradiated auto exhaust
- during the full length of spermatogenctic cycle. As for human, Meriz ¢ 2.(1975) have
shown that ozone exposure led to detectable increased frequency of mutations in
- lymphocytes. Iilct;eased:_neoh:itél mortality was noted in mice born in irradiated
.automotiv-e; exhaust _ atmospheres . con'ta.ining éommdnl_v measured - levels  of
_.photocht:}mical pollutants Male mice exposed dlumg the spermatogenetlc cycle to

irradiated exhaust containing amblent concentrations of pollutants sired fewer and

smalier litters per mating, and had more neonatal deaths than amoﬁg litters living in

clean air, suggesting lethal mutations (Lewis enf_ al, 1967}, I*‘u'_rthérmqre,j male

infe'riiﬁty and increased early infant n’wrialﬂy_ have been deseribed in mice exposed to
irradiated auto exhaust, suggesting damage to chromosomes by simulated

- photochemical pellution. Human males exposed to mutagenic polluia'nts might be

expected to be fathers of children with an increase -of genética]ly conditioned

-abnormalities.

{4) Evaluation of air pollution in Tehran based on the WHO air quality guidélines

The original concentrations in this table in g g/m? are converted into the values in ppm
under the conditions of both the sea level (25C, 1013hPa) and Tehran (20°C, 880hPa).

Air quality guidelines and standards are cs‘tab.lished by WHO and l'aatidn's for the
purpose of prevention of harmful effects on human health and welfare The standards and
guidelines are determined for some different adoption. Annual mean guldelmes and
standards are designed to protect tfxe popuiaiion from regular ex_posute to high levéls of
pollution. By ensuring that the mean 'd'ail):r concentrat_ion:é.relnaﬁn lower thén( t_hét, ldng—
term chronie effects on health are minimized. There 15- é_lso a need to conifol acute eﬂ‘eéts.
which result when abnormall_y‘ higH le;’cls 61' pollution.pers{st for.‘short peribds. Therefore,
short-term guidelingos and étandards' place limits o:i_p_olltitant cbncentrat_ions over periods
rangmg from 10 minutes to 24 hours Typically, 1-50111‘, 8-hour and 24-hour averaging

times are used in short term gmdelmes and standards. Table 5.6.3-1 gives the extracted



2

data of the WHO air quahty gmdehne to be used for evatuation of the air pollution eﬂect on
human health of populatlon in 'I‘chran The original concentrations in this table in n ghn

are converted into the values in ppm under the conditions of both the sea level (250

- 1013hPa) and Tehran (20 C, 880hPa).

' Table 5.6.3-1 WHO air quality guideline (qxtractcd)

‘Converted value?

" Pollutant Time-weighted Converted value® Averaging time
average (u gm’ 5 | (ppm, sealevel) | (ppm, Tehran) : SRR
: ‘ Co 350 ' 014 015 . . 1 hour
Sulfur dioxide™® 100 — 156" 0.04 - 0.06 0.043 — 0.065 24 hours. .
. 40 - 60° - 0.016--0.023 0.017 — 0.026 1 year
Carbon - 30 26 - 30 - 1 hour
- monoxide®* 10 -9 10 - 8 hours
Nitrogen 400 0.21 0.241 - 1 hour
| Dioxide™ 150 - 0.08 0.09 24 hours
Ozone™* 150 ~ 200 0.08--0.10 - | 0.087-0.115" 1 hour
: B 100-120 | - 0.05--0.06 0.058 —0.069 8 hours
PM10. : 70! ' - ' . 24 houis
Note; 1  Combined value of SO/SPM guideline

2 Conversion into ppm is made on the basis of 256°C; latm (1013]1Pa).
3 Conversion into ppm is made on the basis of 20°C, 880hPa.
Sources; *OWHO, 1987) *WHO, 1979a) “(W1IO, 1979b)

¢WHO, 1977) “(WHO, 1978)

Itis i)l]po;'tant to evaluate the actual pollution level in Tehran from the point of view
of the effect on human health. Fig. 5.6.3-1 ~ Fig. 5.6.3-5 arc the diurnal variation of

pollutant concentrations for the extracted serious air pollution examples monitored at

- Bazar and Fatemi. These are 1 hour average data available for comparisen with the WHO

guideline of 1 hour time weighted average,

' @ Sulfur (110\1de

- Sulfur dmude concenhatlons show the extremely high level at Bazar. The daily
' - maximum SO, concentration on November 30, 1995 at Bazar is 345ppb that is 2.3 times

as large as the WHO guideline (0.15ppm) for the 1 hour average. Th:e high concentration



exceeding the guideline is obse_rvéd in the morning and the night, and such high level
persists for 6 — 16 hours in these cases.
@ Ozone |
Qzone COncentrations'at Bazar also excced the guideline (0.0B - 0.10ppm) for 4 -- 5
. hoqi's in the _ai'tcmoon. " Bspecially, maximum concentralion on July 24, 1996 at Bazaris
lﬁOppb'thaf also exc.ecds' tilc WHO gdide]ine (87-115ppb). The irritating effect of ozone
may .b.e:dc._tec:téd at suchb'oncentra.atio'n. |
@ Cm‘b_dn monoxide |
Concentrations of éﬁl‘béﬂ monoxide both at Bazar and Fatemi are considerably liigh -
;f‘he guideline is 30ppm, while the daily maximum of each examples exceeds 70ppm, ' @
' especually the peak concentlahon on %ptembcr 16 1996 at Fatemi indicates 93ppm
L that is 3.1 tll‘l'lcS as- large as the WHO gmdclme In addl!ion as mcntloncd before, the
effect of calbon mono\ldc on humans- is emphasnzed on highland Consequently, thc :
concentration level at present is thought to be very h'armful for health of populatmn in
view of the altitude of Tehran. | | |
@ Nitrogen dioxide
Nitrogen dioxide pollution is not so sevious in-comparison with other pollutants.
"Phe concentration levels at Bazar arc lbwor than the guideling (O.prlxl).
® PM10 |
As the averaging time for the PM10 guideline is_‘.éfl hours, the 1 }iﬁ_llr_a\’ei:agcd data @
at Bazar cannot be compared with the gu'idcli.nc vélue. .'l.‘hc daily avéfage of .PI\.‘IIO
concentration on July 9, 1996 at Bazar is 192 é!ma that is 2.7 times as large as the

WHO guideline for 24 hours(70 jt g/m?).
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Chapter 6

Countermeasure for air pollution in the GTA



6. Countermeasure for air pollution in the GTA
6.1 Framework of countermeasure for air pollution in the GTA

6.1.1 Pmposod framework for air pollution in t.he (JTA

As rev;ewed and analyzed in the prevmus chapters the present situation: of_ B
air pollution in GTA is in severe condltlons About 71% of the pollutlon is bemg;
caused by vehlcular emissions and qbout 29% by stationary sources mcludmg
households The status will become worse in the _year 2010 when thc yearly
average concentratlon of CO, NOx, S0, and SPM in the amblent air wsll réach :
26ppm, D. 3ppm 0 2ppm and 200 1t gfm? respectively.

Therefore, improvement  of enwronmental management systems of the.

-govermnent a high-aged- structurc in “vehicle fleets energy saving among

- industries and individuals' as well as technology devclopment in industry ‘are

urgently reqmred to plomote in tho Munlmpallty and the Centml government.

~ In addition to the above econonuc policy measures addressing fuel price and

forclgn-oxchange 1ate system and nupmt restrictions are to be analyzed in view of

their decisive nnpacts to the air pollution conditions in the GTA, these causes,

' however are beyond the scope of this Report, which only deals with organizational,

institutional and technologlcal measures for reduction of air pollution.

"The measures for air pollution reduction in the GTA are classified into three -
categories; (l)establishment of environmental managenient systems in the central
government and MOT, (2)measures targeting vehicular emission sources and

(3)measures targeting stationary sources as shown in Fig 6.1. 1-1.

Based on the results of analytlcal and simulation in the previous chapters, all

L the proposed measures were stud:ed and evaluated and suminarized in Table
- 6.1.1:1 concemmg managemont systems, vehicles, statlonazy sources, commercial

| and households and pl_lbllc awareness which will lead to improvement based on the

organizational and institutional and technological viewpoint.

‘Naturally, these countermeasures are not achieved only by MOT, almost all of

which should be supported by the Central government.

§--1
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- 6.1.2 Managcmeht system reform réquired .

Aniong the miscellancous countermeasures for ro.du'cl.ioﬁ of the air pollution
in GTA, the first priority shonld be the establishment of_mmia_gemént systems in
the Central (‘Gvorhmoi\t and MO'T. Aq'diqcuqséd in the previous Chaplers, though
environmental managoment is being :mplomenlod by both org am/ahons il is Sll“

‘neither fully mqhtutlonalmed nor adoqmte!y quperwsod l'ox proventlon of air

L pollutlon

"l‘horel‘oro mlenqwo development of envxronmental nmmgomont syslomq in

- the Contral Govennmenl and MOT Is be roqusrcd in l]w followmg respecls

' Countermeasures 'for air “pollution reduction in the G'I‘A are classified into
three categormS" eslablishment of environmental management systems in tho'
central govornmcnt and MOT, mo'murcw. targeting vehicular cmission sources and

those targehng statmuary sources;

n Es’tablish:ﬁeﬁt of eivironmental management system in central gové.rnment
and MOT

“In the cent.ra:!.governme'nt aui{l nmnicip'alit-iesj preparation of an emission

inventory, monitoring and inspection activities, and envirenmental law/regulation

including environmental audil” systems as shown in Fig.6.1.1-1 are needed for

reduction of air pollution in G’E‘A, which will be explained as followings:

- 1) Organization of environmental management

~2) Plan of environmental law and regulation

'3) Analqu of air pollution of moblle & t:I,atlonary emissions which is designed to
facilitate policy making

4) Study of international environmental manabement syslems

'5) hshbhc:hmont of environment management ‘systems

8)Rogional & wide arca monitoring systems including moteoroloblral observalion

THE st'ihlmhment of systems for monitoring aml mspecllon of emission qourccw

'8) Establishment of inventory sttoms

9) Improvement and * research in ‘analylical toclmo!ogy concormng air pollutmg
substances

10) Preparation of emission reduction guidelines

11) Research in impacts on health and economic loss due to air pollution

6—7



12) Supporting activitics for the private sector for reduction of air pollution
13) Research and development in encrgy conservation

14) Man-power development in the environment protection
"15) Promotion of technical cooperation with foreign countries

- (2) Management of Vehicular sources
As management sysiems for vehicular emissions reduction needs a- wide
range of activities by tle central government and municipalitly, the following:role

- of these organizations needs to be clarified.

‘1) Monitoring of tmnsporhtmn and trafiic volume'in the GTA

- 2) Improvement of traffic regulations and monitoring of traffic comhtlons

3) Execution of vehicle inspection & maintenance program

4) 1)etormmahon of travelmg modes and operation of chassis (iynamo tests:

5 E xpm1<=1on of vehicle maintenanee capamty _

. 6) ]mprovemont in vehicle manufacturing technology

7) Research and development of vehicle emissions roductlon technology i'irget{-d'

~ for in-use vehicles _ '

8) Research and development in urban planning

9 National innovation programs for vehicle fuels

10) Rescarch and development in energy economy

11) Promotion and coordination of introduction of l’oxmgn teclinology for cmission
“reduction

(3) Management ofstatiohary SOUTCeS

At this moment in C’l‘A, removal or relecalion of faclories is being
implemented according to the Clean City 80 plan, and there are not so many huge
stalionary emission sources exeluding in the southern ‘area in G’[‘A but in
consideration of fulure economic llovolopmeni it is prOJected that hght m(lusirleq'
sueh as agro-based food, plastic and pqckagmg as well as mochairomc mduqtrms
will increase, so, il is rocommomlod to proparo future increase ol' statlonary

emissions in view of preseni_, situation 'of stationary emission,

1) Improvement of an eniissions inventory system
2) Improvement of monitoring and inspection systems
3) Preparation of air pollution reduction guidelines through a manufacturing seelor
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study including promotion of development of industrial technelogy _

4) Promotion of aclivities for dissemination of lechnology and information to the
manufacturing sector on saving of encrgy including cleaner ‘production

" lechnologies prevailing overseas | '

5) Improvement of combustion technology and promohou of importing lechnology
and related equipment

G) Development of man- powor velating lo the above onvn‘omnon( key technology
and mamgemont

7 Dissemination and demonstmtlon of modo! facilities for air pollutmn contro]

technology

*8) Rehabilitation of a reg)lonal nmpu:tmn laboratory in (J ra
-9 Enforcoment ofomlssxon standard reg_ulat.l_ons for flue gas -

10) Promotion of technical cooperation with overseas organizalions

Among these env:ronmental activities, m‘gont (“;senml and qtrateglc
ccunlermmmrm for roductaon of air po}lulmn are proposod as shown in Table

G.1.1-1.



G.1.3 Strengthening of institutionalization

.h'i order to sel up environmental activities for air polluiion prévention,
cross-secloral issues need to be addressed. Therefore; an integraled and
institutionalized qutem needs Lo be established under the joint responsibilities of

" the Central ;,overnmont and mumcnpallty hrgetmb several seclors.

In Tran, t‘here is neither national or municipal environmental research

'mshtulo wlnch 13 f(mml in many “other counlri¢s, nor a miloml enwromnontal

m'magomont qutom to be implemented by not only the contral g,ovomment and

regional states bui by individuals or enterprises. There are fow lawslregulatwns,_

oxcept those for the ambient air- qmllly, for protection of environment and

co:lsorvallon of natum! resources.

Provision of such organizations and systems needs to form a fundamental
slarting point for promotion of environmental activity, without which, any plan or

implementation of measuve based on a single viewpoinl would ineffective.

As reviewed in the previous chapters, huge volume ol'nmission'of CO in GTA
is the outcomes of the high-aged vehicle structure. It would be difﬁdllt to replace a
large number of aged vehicles in G'FA without promotion of inlegraied strategies
combined with complefe mainienance, vehicle inspection systems, development of
mainlenance technology, replacement of vehicle parls, improvement of p_ubii(:
transportation’ means and traffic management systems. Also would be needed
measures for discouraging peoples’I reliance on high :ag'(-.tl vehicles including
reconsideration of present low prlcos ‘of fuels and olhor slralegws for oarhol

relirement of high aged vo!nclos

From this view point, the roles of the central government and municipality

including the demarcation between them ave isted in Table 6.1.3-1.
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Table G.1.3-1 Strengthening of Institutionalization

cuunliries

FND' Envircnmental activities Role of Centrel government Reole of MOT
1. Organization of environmentel management
: _ -
L Plan of environmental law nn-.l_rcgﬁlalion Lesdership and coordination’ of necessary | Expressing of oplnion on their feasibilily
working groups in view of natjonatbenefit | and acceptance : B .
l..‘z: Anbdlysis of present alr pollutien stotus of I'nteg.rn!ed evaluation of national _bcnéﬁl key function shatk be performed fn anslyaiz
s_'c.hicle& sationary sousces to contribute policy | and Teader ship and ‘c\:'-ordlnut'ion of | of ambient air, rosdside ond stationary
ina!ciné working groups nnd supervision of each | sources .
subs-soctor especislly emission sector :
1.3 Stidy  of jn!efuutional e_nvironmen'tla'l In connection with iBRD, WO and 18O etc Especially study of rc».!e of Mgnicipalily in
K manageinent system ncluding | parlicipation of international .rc-cen'l urban development . :
seminars etc, ' 7
1.4. | Estoblishment of enviroament mansgement | {n national and regional levels Es;.mcinlly demareation of the government
. syslem. 4 is to be proposed :
15 | Regional & wide arca monitoring’ systers | Demareation of oif ministries and MOT is | Monitoring  of MOT istobe done by MOT.
including meteorological dhiservation requived and wide-aren ;ncinijloring is under
responisibility of central government
1.8. Estcbiishmenl of mc.miloring & inspection for | Al -Iingrsectioh ‘sctivities  excluding | Foforcement of regional administrative
cmission sources !awfregufu(ion are to be done by MOT regulstion §2 o be accepted
1.7. Establischment ofim;'.en_tor).f system . Im'-'entorsr system 3 to be i;nplemen{éd lmp;ovém(—.nt and  strenglhening of the
nation wide s:'yga(cm
|8 Imprevement anni . research - in analyt:ical National activitics sre tobe ooopera!éd by Di;pnlching of stalf to working greup
tccﬁno!oéy on air po]l.uting substances Universitics . end  public  research § for technolopy development
. . fnstitutions
1.8 ['n—pnml.ior\ ofemissi.on.redddion gui;ﬂ:ei-ines_ Frior to Jetermriation of emission | Survey of present cmission slatus in
7 . r‘;gulalions.' acceptebility of sub-scetor is ta | slotionary and vehicle Reet snd évahuntion
be carefully considersd in bine  with | of vehicle regulation -
| manulecturing . :
£.10. Resea'rch: iri health impacts ond cconomic ios§ Mortatity and mortidity evatuation is to be | Ambicnt sirstotus istobe issued
duato _le_i_rifollulion . extended
1.11. | Supporting activities te pr}vute: sector for | Integrated pollution teduclion supporting Public transpart eervices and maintensnce
reduetion of air pollution system inc!udin‘\g fue) price, quolfly of fuel, | of vehicle sre to e expandad
aupply ef vehicle parts ond investment ete.
: isto” be elaborated e
1.12. | Rescarch  end deveiopmenf in - energy | Netional level energy research ig lo be | Public awareneas is to be promoted
o conser&ﬁlion_ ini fran . B organized snd préwoted o
1.13. | Man-pew er development in lhe. (—nvirmméni M.an%po“u%r (k?vefopmént in management, | Especially in nmnlugi-m(-nl, mohitering ',
protection : . : moni.‘toring ' iﬁ:sp:;clim , engine, thvener:. insped:ion . engine, converier, elc,
'!t;fﬁc contral , combustion lec-lm.ology, .
. clesner techaoclogy ete o
.11, | Prometion of technical cooperation with foreign | Integrated envizonmental center on

nationsl or muricipality level s required

and Lo be promoted

DT shall b2 strengthoned
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Fravironments] activitics

Role of Central government

Role of MOT

intreduction of foreign technology for

cmission reduction

Experts in cerovalion of in-use
parts and cooperation for new
vehiele desiga nro to be invited

2. Management of Yehicular sources Responsible for new vehicle and | Responsible for transportation and
fugl traflic including in-uso vehicle
2.1, | Monitoring of (ransporiation and Data base for periodical survey
traffic volume in the GTA
122 | Improvement of teaffic vegulation ah(l Approval of proposal through | monitoring through traffic control
_ | menitoring of traffic condition SCEP - | center
2.3. | Execution of vehicle inspection Policy making and supporting for | Expansion of prosent 1M prograni
vehicle parts in /M progeam '
24. | betermination af traveling mode and | Development and imprevement of | Especially for teaveling mode and
operation of chassie-dynamo test new vehicle ind emission control expansion of chassie-dynamo test
2.6. | Expansion of wvehicle méintenance Support of national vehicle lntegré\lcd linkages with vehicle
capacity ' maintenunce {raining center ete. | inspection system required
2.6. | lmprovement ~aof vehicle | Cooperation with foreign '
manufacturing technology technology suppliers and reform of
- imporﬁ:olicy
2.7, | Rescarch and development of vehicle Support of ' lechho!ogy /D in converter, improvement
| emission reduction tochno!.ogy dci';'ololan}eht through national | of carburetor “including
tar_goti_ng' for in-use vehiele manufacturing company maintc}.n'ance technology  for
- _ ' - oxidation . .
28. | Research and devcl.opmen!.in urban | Cross-sectoral  urban pla'nnih_g Integraled urban i)lanning
planining gui(ielino is 10 bo developed function is to be developed
29. | National innovation program for | Improvement of ‘gasoling, | Feasibility é_lu:ly report for fuel
vehicle fuel desufusization  of diese! oil, | improvement is to  be urgently
manufacturing ~ of  MTBE, | proposed for decision maker
expansion of LPG distribution
station including revision of fuel
price are to be studied
210 | Research and development in energy Research ‘and davelopnient
oconomy especially in. mapufacturing and
transportation scclor is (o be
developed
2.1t { Peomotion  and  coordinstion  of

Bxperts for emission . feduction
technology for in-uso - vehicle,
maintenance,” vehicle data base
are 1o be invited
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Ne. Environments) activities Rola of Cenlrel government Role of MOT

3 | Managemeni of stationary sources Government. ;ioiicy for industrial | Monitoring ~ ~ and inspection
development and relocation plan including environmental
including improvement of | assessment
production efficiency ete.

3.1, | Improvement of emission inventory | Official anouncement of disclosure | Compulsory inventory &urvey is

system . . of inventory = data .inélnding mb'ecoﬁ_dﬁclecl annually
necessities of - environmental o '
pollution contrel and management
.32 lrhp‘rovemontﬁ of - monitoring  and Eﬂr'ly_dcfl(}!rmin:ili.on of compulsory I~2:qm'nsia.:nf1= and iﬁ:provémen{' of
' inspection system " land monthly * inspection and cénlral.ihspectioncentcr'includin'g
reporting’ - including ’_mix_iss_ion disirict Iaboratorics '
standard enforcement o '

33. | Preparation of air pollution reduétion | Coordinalion "and “supervision of | Participation in working group as
guideline  through = manufacturing | execution’ of socter - study by | an . adviser for. verification of
sector study including promation of | vesponsible ministries achievement of eraission i’-eductio_h
development of industrial technology . _ . '

34, | Promotion - of . activities for Coordination” and  supervision Parlicipaliun.in waorking group as
dissemination of technology  and | including  supporting of { an adviser for verification  of
infqrmaliun' (c'_manufacturing sub- mi:iis!er:ialworkinggmup achievemoent of emission reduction
soctor o’ séving of energy including ' '
cleaner production icchnology which
are prevailing internationally

an, I1npr0§°0h1en1. ool combustion | Government policy  through sub-
technology and promotion of import of éeclgr study required
overseas technology and refated '
équipmem ]

36. | Development of man-power relating to | Plan of man-power development
the above énvironment key technology | eequired through establishnent of
and mana’ger.nent- master plan

37 | Dissemination and demonstration of | Most polluted sub-sector shall be | Participation  in the selection
m_ut_lol_'!'nciiities for air ‘pollution | selected among vefinery, power | stages
t_:‘('hnn'l(igy gtation wnd chemical
S _ industricstMOO, MOE, MO1)

38, Rehabilitation of regional inspection § Standard and specification are to Master plan  of  rehabilitation
labaratory in GTA R be authorized by the contral | projoct with phased schedule

. ' | goveiniment 2 e o

39. | Promotion of enforcement of emission | Followed by sub-scctor study and | Practical ndvisory experiences is
standard and  cégulation for flue gas | reviewal of national policy ' (o be submitted

3.10 | Promotion of technical cooporaﬁon Espcéially, in the fields of roﬁﬁery. Especially, in the . fields of
with overscas organizations power station and  cement | inspection and - laboratory
: induslries mynagement '
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6.1.4 Basic coneepl of cily planning for air pollution abatement
This parl of reporl discusses the urban struclure that will help prevent ai

pollution.

~Urban rmlf-.velt_)pmcnt'sho'uld be planned so that air pollﬁtion will he minimimgL
For this aim, the urban Structufe should assure, first, minimum discharge of
pollu!anls and, second, their minimum stagnalion' Alnol.ho.r efféctii"é measure is to
pl'ml as many trees as poqm‘blc to form a green belt that-will purily the air. For “1]'»
purpose, urban planning' should be promol'ed including urban ‘redevelopment and
rearrangement of transporlalion networks as well as imbmvement o_f urban faeilities

needed for these measures.

(1) Area !‘dr publ'ic I"ic.i}:i'i ies

The urban stracture oflhe central part o["l hrﬂn al prcsont needs consulorablc
redevelopment from the viewpoint of air pol'lutio'n-pmvention. An essential poli_cy for
reduction of urhan air poliution is not only to re.d.uc:c' pollutant discharge volume but lo
facilitate (i.iﬁ‘{:sion of air stream by locating sufficient open spaces near pellutant

dischargiig spols.

In central Yehran, an cffective policy for [ﬂ'oﬁdhg' oi)eﬁ ‘spaces  for
environmenlal proteclion is exemplified by minimizing land spaces needed for
buildings of central government offiees by construclion of high-rise building, by joint
use of a building by more than one minis{fries and agencies or by pmmoting relocatlion
of organizations like schools that do not. neod to si'ly in the central mty ‘l‘ho apaces lo
be gencrated by such nicasures woutd ﬁmhlalo qmooih air slream l'urlhormoro
congestion of velnclo tr'lflms to he caueml by conhahmhon of hmldmgq fmd othor
facilities should be'mduc_ed by nnprovmg road, syn_chromzmg Lraffic signals and
making other efforts for f'ohninig L_uc-.tiér tramsportalion systems as well as by shifis to
bet ter vehicle use practices emphasiiing maximum use of public transporlation means

(including more use of improved park-and-rides and circuit buses).
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(2) Commercial arca

Energy conservation should be promoted through provision of'tlis'ti*ict: air
conditioning and fuel swilchover in consideration of envi_ronumnial'prolecl.ion such as
more use of natural gas should be promoted so that less air pollutant will be generated.
Furthermore, Mreight distribution facilities should be improved and 0>.cpantlo;d., limcting |
increasing - demand for Areight’ moving vehicle traffics * and tliverisifyiné physical

distribution modes.

Also desirable in a commercial district .woilld he collecl.ivc réloc’alimi of stores

m'\lchmg, to their currontly occupylng spaces as well as lhen‘ Joint opomtlons so thal

commmcml spaces w1ll be ret:tructurml air Sll‘(‘dl‘ﬂ will be made smoother and potluted

air will be diﬁ‘nsed l)_ec‘ause ofopm_l spaces to be generatod.

" (3) Residential area

Essential rcquimmént'am lo supply urban type housing (condominiums and
high- i‘lSO hous:.e%) whtch absorb increasing population in future envisaged by the
Master Phn and to provide housing conditions consistent wit h future supply-demand

couditions.

(1) Green belt

Being the core of green area of a city, a green belt is essential as a shelter from a
disaster and as a hase of reliel activities like prevention of spread of fire and
rehabilitation.

While Tehran has a number of cily parks,; more medium/fsmall scale parks and
_ yp )

idistti'ct _pafks sh'ould_' be provided in the vicinily of high-rise/joint offices and

residential area in order 1o bufler air pollution.

(5) Rolomlmn
For effective aud sleady environmental nnprovomvnl such - as promotlon of

relocation of polluting industries and constructlion of industrial estates, a factory
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relocation program should be drawn up based on the following central concepts:

(@ ‘The impact of relocated factories on neighborhood envirenment should be studied in
advance covering siting conditions of the industrial estate to be bu_i']t,, operational
c_o‘nditibns of factories to be relocated and ‘other pertinent information so that

environmental impact of relocated factories will not increase total impact.

@  Dislance between relocated factories and employees’ residences should " be
minimized so that employees’ commuting to such factories will not’ cdause traffic

congestion,

@ 'I‘im factory i‘elécﬁlion progra:‘n.should incorporate new lechnologies:for elilﬁination
and reduaction of polliltiﬂll ot the basis of overall exam ination of ene.rgy (':mls('.‘.r.vatic.m
policies, disposal of industrial wastes, well-planned siting of waste water treatment
facilitios, natural resources reeycling and other rolovant hctors, S0 ihat air
comlnmnmg of an entire industrial oqhto will be made efficicnt by ‘md fueh wnil be

replaced by more mwlronmunlal-l'nemlly ones.
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