3.4 Method and analysis of measureinent

3.4.1 Qutline of observation and measurement
Observation and measurements were held twice, the ﬁrst one in September and
October, and the second one in March. e
“Phe schedule is shown in table 3.4.1-1.

Table 3.4.1-2 indicates the out line of each item.

~ Table 3.4.1-1 The schedule of observation and:nieasu‘remént

Hem First nieasurement Second measurement
o (October) (February, March) .
. Meteorological o) o Yo
_ observation : :
- Ambient Air Qualily O O -
Automotive Source . 10) -
- Stationary Source O O .



Table 3.4.1-2 List of observation/measurement procedure and instrament

Measurentént Procedure

Instrument

1.1 Surface Meleorology -

(1)} Surface wind

Wind direction, speed and lu:bulence at 10m abave 1. - Ultra sonic anemometer
surface will be measused by the ultra sonic anemonieter.. | 2. - Data logger ( with connecting cable)
The data is necessary for detcrmination of the parameter 3. Observation pole(l{)m alutinum pofe, I'lange
that is used for the prediction model of air pollutant _ branch wire, base )
diffusion. 4. setting up tools3. Recording paper
Point : AGHDACIYE AREA (| point)
Period :For 1 year
Schedule : Hourly continuos observation
(2) Solar radiation L -
Solar radiation will be nieasured by the 1. Pyranomeicr{with cable)
pyranometer, 2. observation pole (2m aluminum pole,flange,branch
The data is necessary for classification of the aimospheric wite,base)
stability that is used for the prediction model of ais 3. recorder for 6 ilem
pollutant diffusion. 4. recording paper
Point, period and schedule are the same as surface wind
observation.
(3) Radiation balance
Radiation batance will be measured by the nel 1. Net Radiometer { with cable )
radiomeicr. The dala is recessary for classification of 2. Flaoge ( Pole is common vse with pyranometer)
atmospheric stability. 3. Recorder for 6 items
Point, period and schedule are the same as surface wind (Recorder is common vse with Pyranometer )
obscrvalion. : 4. Polyethylene dome
1.2 "Upper Layer Meteorology
{1) Raball observation L
Wind direction and speed between the surface to 2000m | 1. Theodolite ( with data cable )
height will be observed by 2. Electric cable
tracking of the released sonde using the theodolite 3. Datalogger (altached printec, with copnecting cable)
10 know the characleristics of the wind ficld ir the 4. IC card
considering arca of air pollutant diffusion. $.  Recording paper
Point : AGHDACIYE AREA (1 point)
Period : For 7 days
Schedule : For 7 days, Twice a day
| (at8and 13 o clock)
| {2) Low-Tevel sonde obscrvation
Temperature, humidity and pressure between the surface | 1, Receives {Common vse with caplive sonde obs.}
and 2000m height will be measured by the radio sondeto | 2, Poriable antenna
know the characteristics of depth of the mixing layer in - 3. Dala processor { with priater }
‘which the air pollutant diffuse. Point, peried and schedule | 4 Sonde sensor checker
are the same as raball pbscrvahon. 5. Non break down eleclric supply
6. Assmann aspiration psychrometes
7. Aneroid barograph
8. Electric cable
9. AVR (with 2kV siep down trans)
(1,5,6,7,8,9; Common usc wilh captive sonde 6bs.)
10, Low-level sonde (100 pieces)
| 1. Water poured battery with miniature electric bulb
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12. Recording paper {for printer) -
13. Hose with buoyancy adjust weight
(10m loag, for filling ballooa with He gas)

| (3) Captive sonde observation

Temperatuce, humidity and pressure between the surface
and 700 height will be measured by the captive balloon to
know the charactedistics of the inversion height that
conirols diffusion of the

air pollutant,

Point:  AGHDACIYE AREA (i point)

Period :  For 7 days _
Schedule : For 7 days, B times a day
{At 3,6,9,12,15,18,21 and 24 o elock)

o
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Captive sonde systeni(Captive balloon, Captive

sonde, Winch }

A set of sonde receiver(Receiver, Postable antenna )

Digitizer
Data processor

Non down éleciric supply
Acumen aspisation psychrometer

Aneroid barograph
Electric cable
AVR

Flash Jight

Dry batierics

Recording paper

balloon with He gas)

2.1 Simplified Mcasuremenls

{1} Nox (NO + NO,,)

Sampling time ©
: 5:00 10 20:00).
Analysis:  FID detector analysis.
' Hem:THCNMHCG,CH ,

I3iffusion of the gaseous molecules 1. Simuliancous samgling
Point : 31poinis 2. Shelter
Period :8 days(Rehearsal 1 day + measurement 7 days) 3. Filter forNO2Z
Sampling time : 24 coatinuous passive sampling. 4. Filter for Nox
Analysis: Spectrophoiemelric analysis. 5. Analytical Implement
-1 (2) SO2 : . .
Diffusion of the gaseous molecules.(same as NOx) 1,  Simultaneous sampling
Point : 31points 2. Sheltes
Period :6 days(nicasurement 6 days) 3. Filter for SO2
Sampling tinte : 72 continuous passive sampling. 4. Anaiytical Implement
Analysis: Chromatcgraphy analysis.(in Japan)
@ co _
Alr bag samipling with minisamplers and Salan bag. 1. Mini-samples
Point : Surflace poinis: 13points 2. Timer Control Unit
Vertical peints: Spoiats 3. Pump Unit
Period : 4 days(Rehearsal 1 day + measurement 3 days) | 4. Air Bag
Samplinglime :  5:00-21:00(16 hours continuous 5. Alkaliae Dry Cell
sampling, 1 sampling in cach hour} 6. Tygoa Tube

Analysis: NDIR detector analysis. 7. Filter

8. Tape Measure

9. CO Moniter B
(HHC
Air bag sampling with indirect sampling system and 1. indirect Sampling Set
Tedolar bag. 2. Tedlar bag
Point: S points 3. Digital Flow Meter
Period : 4 days{Rehearsal 1 day + measuredent 3days) | 4. Gas Leak Detector

S mirvte sampling for each hour from’ 5. HC Monitor

yvVoC




Absorption sampling using Tenat GC absorbent.

Point: Sevcral points in MOT.. -

Period : 1 days

Sampling lime : About 10 minufes .

Analysis 1 Gas chromatography with thermal
description injector.(in Japan)

Bake Oul Eqmpmem for Sam plmg Tubc '
_Personal Mini Pump

Tenax GC Tube

High Purity N2 Gas

Pressure regulator

batliEa i o

2.2 CMD Measurement

Collection of SPM on the filters by filtration of the
ambienl air with usc of Low volume Air samplez,

Point:  MOT goveranient office buildiig
_ ground foor.

Period ¢ - 7 days continuous sampling.

Analysis: Radio activation analysis.

Atomic absorption spectromeiry
analysis

Fluorescent X-ray analysis

Ion ehromatography.(in Japan)

1. Low-volume Air Sampler
2. Teflon packing

3. Silicon packing

4. Pump blade

5. Pump element

6. Bypass filter

7. Electric Power Cable

8. Desiccatoe

9. - Filter

10, Petri dish .

31 Traffic Volonie Survey

) Trafﬂc volume sugvey

Y.

Traffic Volumes is fecorded with wdeo cameras installed” | 1. Color Video Camera
at the survey locations and laler played back, during 2. Lens
which the raffic volume is measured by vehicle type. 3. Camera Housing
Survey locations : 20 Tocation 4. Video Coaxial Cable Connector
Survey fime: 24 hours S.  Video tape recorder
Type of vehicles: Tcategorics 6. Color Monitor
Survey date: Working day and hn'hda) 7. Connecting Cable
B. Tape
9. Manual Counter
| 10. Stop Watch N
13.2 Chassis Dynamo Tesl N
(1) Chassis dynamo fest ]
3.3 - Field Driving Test
(1) Traversing speed survey
The survey was carricd out by driving selected routs with | 1. Non-confact Velocity Meler
vehices installed speed meters and analysers. 2. Rolaling Meter for Gasoline engine
Rouls: 19 routs 1. Rolating Meter for Diesel engine
4. Pressure Gauge
5. Data Analyzing System
6. Thermomeler
7. [C Memory Card
8. Analyzer
9. Calibration Gas
10. AC/DC Converter
11. Recorder
12. Calibration Unit

4.1 Flue Gas Mcrasiucmenls

' (1) Flow ratc of pas

lecrl the measuring apparales into Ihe measuring ho!c

| 1. - Pitot fube
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and st il as to fit the measuring point. Measurement of :Rubber bag

2.

gas temperature, velocity and pressare. 3.. Thermocouple
Factory name : Brick factory 4. Thermo pike

Power plant 5. Comjpensating wire

Tchran refinery 6.  Manomeler

Cement fauur} : _ R
(2) Conceniration of gas mmpmmon ((,02, 0,, Co,
| H,0) ~ e
Use the tube made of glass or metal To preve cnt lht 1. Gas Delector
penetration of dust, full its tip with glass fiber or others. 2. Moisture absorption tube
liised it in duct through a mecasuring hole to fead the flue ™ | 3, Suction pipe with heater
gas inlo the absorplion tube. 4. Orsat Analyzer
Factory namec:  DBrick factory 5. Distribution tube

Power plant 6. Rubber bag

Tehean cefinery

Cement factory L o
(3) Concentzation of Nox, Sox _ _ o
Use the tobe made of glass or metal. To prevent the 1. MODEL VIA-510 (For NOX) Method NDIR,
penciration of dust, full its tip with glass fiber or others. 2. MODEL VIA-310 (For SOX),Method NI IR
hiset it in duct through a measuring hole to lcad the Ruc 3. MODEL ES-510 (Sampler For 02,S0X) 220V
gas into the analyzer. 4. MODEL ES-510 (Sampler For 02,S0X) 220V
Factory name : Brick factory 5. - Recorder

Power plant 6. Standard Gas

Tehran refinery 7. Pressure Regulator

Cement lactoiy : _

| {#) Concentration of dust _ .

Travesse the measuriag painis by usmg oie dus! collector | 1. Sampling apparatus for dust
10 take a dust sample in the s2me sucking lime at each 2. Primer paperand inkribon
point. 3. Flange
Faclory name : Brick factory 4. Filter paper

Power plani 5. Desiceatoe

Tehran cefinery 6. Stopwalch

Cement {actory 7. Silica wool




3.4.2 Moethod of measurement and analysis
| (1) Meteorological observation

"The surface and upper meteorological observation was made by the JICA study team in
autumn (October 8 - 15, 1996) and in winter (February 22 - March 1, 1997). The purpose of
surface observation is to know the wind field and atmospheric turbulence and stability,
which are govormng, “pollutant diffusion in the surface boundary layer. The items of the
- surface observation are wmd direction, wind spee(l standard deviations of wind divéction
and speed solar radlatlon in the dayhme and radiation balance in the night-time.” On the
‘other hand, upper ‘air is observed for the purpose of knowmg the characteristics of the
* jnversion and mixing layer, of which appoarance and inlensity aflect the surface pollutant
concentrat.ion, becausé they control the vertical t:ransport.ation of the pollutants. - Profiles of
: temperature; relalive humidity-,"wind direction anﬂ speed wefé derived a by low level sonde

and captive sonde. ~ Details of these observation are as folows:

1) Surface meleorological observa'tio.n' :
® Observation site |
The Meteorological Burcau at Aghdasnyeh located 15km NE from lho center of'l‘ehran
Cily was selected as the sile of surf'lce meleom]og:cal obsorvatlon ]ls a]htude s 1548m
above sea level and about 300m }_ngher_- than that of the conter of the; city. There is the
Elburz mountains lo the nerth behind the observalion site "and its Slgpe gl'a(iilél!y
descending o the south. |
@ Items and methods of observation |
Hems and methods of observation are sunimarized in Table 3.4.2-1.. Selar radiation
“nmeans here the total energy of the direct solar radiation and the diﬁ'uée ‘:ky i'adiation -wlii!e
radiation balance indicates the balance ( dlﬂnrom,e) between mcommgb :md oulgomgx of
radiation encrgy. It the balance is negalwo i is eqmvalent to mdnatwe coo]mg ’lhe
intensily of soht radiation contmls actwatles of the' thernnl conveclmn in the daytime, 'md
“the net radialion determines radiative cooling on the surface in the night-time. Therefore,
both of them are the deﬁniicly important facidrs for determining almospheric stability in the

surface boundary layer.



Table 3.4.2- } Items and methods of surface meteorological observation

~ @ Observation period

~ The rOuti'n'e observation v{raq stafle(l 01:1 October 4 in 1996 by the d ICA sludy team and

opmated hy them unh] March 2 in 1997

of the observalion equipment was handed over to the [ranian side and observation has been
made continuously. Analysis of the snrface meteorology in this reporl was based on the

data before March 1,

Thereafter, the job of operation and maintenance

2) Upper layer meteorological observation

@D Ohservalion site

The upper layer meteorological observation was made at the same site with the surface

" meteorological ohscrvalion

@ Items and methods of observation

Item Instrument Height of' SENSOr " Reading
Wind direction Model DA-200

Wind speed 2-component ultra © 10m Ivery 10 minules
Standard deviation | sonic ancmometer o

‘Solar radiation Model MS43F | 3m The value is the .
- Pyranometer | average Of:(jle data

‘Radiation balance | Model MF11 - 1.5m for 10 minutes |
| ‘Net Radiometer ' | before r’eading Lime

* The items and metheds of observation are summarized in Table 3.4.2-2.




Table 3.4.2-2 [lems and methods of upper layer meteorological observation

~liem Methed Instrument Observation jObservalion
schedule height
“[Wind direction For 7 days | Every 50m
Wind speed Rabéll Theodolite (Model : KDT-3) | Twice a day Upto -
| | (8:00,18:00) |  2000m
Wind direcii@ | Sonde system For 7 days Every 50.11:1
Wind speéd_ Caplive sonde : (Model : CBS-’F-'M)' Evm_ry 3 |Upto ’?OOm
' '_l‘cmperatﬁre | | " Gas:helium hours I
Sonde 33:3Lem
'I‘einp'c'.fatiwe ‘ lbw level (Model : JWA-fMW) ‘Same as raball
| | - sonde i Balloon mbbéi’(lﬂ()g) Obser_vation
|  Gas: helium |
| Ascent speed ; 200m/min

@ Observalion period
Observation was carried out in antumn and winter for the period of full sev:e'n'days as
shown balow. |
Autunim : from 12:00 on October 8 16 9:00 on Oc__t-i)her 15in 1996
Winter : from 15:00 on February 22 to 13:00 on March 1 in 1997
@ Observation achievement
Achicvement lists of observation runs in antumn and winler ave shown in .'l‘abl(-. 3.4.2-3.
In these field surveys, it was delermined that each observation altitude to be reached by a
caplive sonde and low level sonde should be 700m and 20001}1: r_espoclivéii : Figur'es in _ihé. _
lal)lé denote the altitude where the s_omlc-. reaf;he(l aétu;iliy-. ' !‘f\f-ter the :sdn.do. 're..ac_héd Ilﬁ}.
Larget altitude, the captive sbn_de was pullédﬂown {vlli:le lm:_a_pin‘l;_;E obsefv:at:i011,_ -On t,he'o'tlie.ir : :
hand, as for the low level sonde, signal receiving was discontinued as S0on as it:g'ot to.lhclt
altitude.  In sueh cases wherd l}.ne' observation was’ completed, the target altitudes are

shown in the table. And ¢ - ™ denoles that the cbgervalion was canceled or ended

~ unsuccessfully.



Table 3.4.2-3  Achiovement list of caplive sonde and low level sonde observations .
" upper : temperature

October 8 - 15, 1996

lower : wind © upit:m
Caplive Sonde ' Fow-level Sonde
_ . Raball
Date | 3:00 [ 6:00 | 9:00 | 12:00 | 15:00 1 18:00 | 21:00 | 24:00 | 8:00 13:00
Oect8 | - g 700 700 | 700* | 700 700 / 2000
. - _ ) 700 =700 1700 | 700 _700‘ - 2000
Oct.9| 700 | 606 | 700 | 700 700 | 700 |- 700 700 2000 | 2000
- 700 GOO | 700 700 700 © 700 700 _?O[T 2000 | 2000
{Oct.1¢| 700 |- 700 | 700 | 700 | 700 [ 700 | 700 | 2000 | 2000
N | 700 | 700 | 700 700 - 700_ 700 700 2000 _ 2000
Oct. 11 ' 700 700 | 400 | 60 | 700 | 700 - - 2000
E 700 | 700 :400 50 | 700 | 700 | - - 2000
Oct. 12 600 | 700 250 100 | 400 700 2000 | 2000
‘ - _GUO 700 250 - 100 400 700 2000 2000_
Oct. 13|, 600 - 700 .| 700 600 700 700 700 2000 | 2000 |
_ 1 600 . 700 700 G00 700 700 700 | 2000 { 2000
Oct.14 500 | 500 160 | - 50 | 700 { 650 | 2000 | 2000
R 500 500 100 _ 50 700 | G50 2000 | 2000
Cct.15] 400 | 700 | 700 | - 2000 | -
C - 400 _700 700 2000
* Surf‘ace data is missing.
o . o .u'pp.er:(em.peréture
Tebruary 22 - March 1, 1997 : lower : wind unit @ m
o Captive Sonde Low-level Soide -
' Lo : : - : ‘ Raball -
Date | 3:00 | 6:00 | 9:00 [12:007 15:00 | 18:00 | 21:00 [ 24:00 | 8.00 13:00
Foh 30| ¥ (I 100 | 50 50| _
N Pl ,/:mn 50| 500 L
Feb.230 100 [ 100 | 700 [ - - 250 | 700 | 700 [ 2000 [ 2000
100 | 100|700 ). - - 250 1 700 | 700 | 2000 ] 2000
IFeb.24] 700 | 700 | 700 | 50 700 | 700 | 700 | 700 { 2000 2000
7001 700 | 700 50 700 700 700 700 _|surlace| 700
Fel;.25] 700 700 | 700 | 50 459 700 | 700 | 450 2000 | 2000
L 700 1. 7001 700 50 450 | 700 | 700 1300 ] |
Felb,26] 700 100 700 500 700 150 100 | 100 2000 | 2000
- 7001160 { 700 500 700 1 150 | 104 |- 100 | 2Q00% | 2000 |
Feb.27| 600 | 760 | 250 | - - - 200 | 100 700 2000 | 2000
L 600|700 . 250 P - 200 1 100 1:700 2000 | 2000
- [Febh. 28| 500 300 | 600 G50 700 706 | 700 2000 | 2000
e g gpa L |
ar. _ - e .
700 ! 700 | 700 ! 700 P 2000 | 2000

ra

o

* Dala at 50 - 650m are missing.



- Raball observation and low level sonde observation
The total of 14 runs were supposed Lo be carvied out in each season.  The measurement
from the surface to 2000m altitude should be accomplished at every run.
| Au’i\_mm - 13 out of 14 runs were accomplished completely, except the run at 8:00 on
- October 11.
Wmter ‘All of 14 runs for temperature were completed successfully.  On the other hand,
- 13 runs of wind obser vation were accomptished, but the run at 8:00 en February )

. 24 was unsuccessful.

- Captive sonde Observation
~The: “tofal of 56 runs were supposed lo be carried out in cach season. The
: measurement from the surface to 700 m altitude should be accomplished at every ran. In
order to avmd the 'wculenl, several runs under the COIIdlllOllS of wind stronger than 6 m/s or
rain were canceled. ' |
Autunm : Thirty- four runs were dccomplished completely, and 41 runs could obtain data
{from the Qil['f"lCO 1o the level lngher-than 500m. On the cher hand, 9 runs
could not It“lch 50m beecanse of strong wmd or rain. “The wind t.e‘nde(l tobe
stmnger jn the aft(-: noon, so that 4 out of 7 runs scheduled at every 15: 00 could
not rmch 650m. | . 4
- Winter : Twenty- seven ums wcre accomphﬂwd completely, and 32 runs could obtam dah
from the' surhce to the level hlg,hcr than o{)l)m On t,he olher hand, 6 runs could
not redch 50m bemuse of shong wind or rain as in the case of the ran in autwmn,
Similar to the 'runs in autumn, 3 out of 7 runs scheduled at 15:00 every day coul_d

not reach 50m.

3) Method of qnalyqns :

The atmospheric comhuon is an nnportant f'l.CtOl' oonlrollmg the polluhnt diffusion
and advection. Gene:ally, urban air pollullon m ‘considered 1o be a localized phonomenon:
which is characterized by not only artificial circumstances but also nalural environment

such sis Nora, topopraphy, and weather.  Because of such a locality of the background of the



aiv pollution, it is significant to know the local climate in the area concerned for ecach season
in order to know accurately the chavacteristics of theil(.)cai air pollution. For this purpose, it
is necessary to know the general weather conditions in the specific period based on the
slatistics of the observatmn data as well as clunatolog:ml characteristics based on tho

analysis using the data qccamuhted for a lon;, term

: @ Analysis of surface met,cowlogy

The items of the slatistics for the ann!y51s of "-:ll['f‘lCO metoorolog,y using the dfitd

' Ohtamed by the JICA study team are shown in ‘the fo]lowmg table (Table 3.4.2.4). The

statistics were mado to know the ch‘xracterlstlcs of the atmospheuc bohawox which was

essential to the pollutant diffusion and advection in the boundavy layer. The period for

~ statistics ( daytime, night-time and whole day) was determined in the light of the diurnal

: variation of the wind and almospheric stability.

'l‘able 3 4.2-4 Items of statistics for surf‘}ce meteorolog,y

Meteorological element -~ ftems for slatnstlcs { Period ['01 statistics
" Wind direction The most frequent wind direction Whole period
Wind speed Frequency of the wind direction by | Day/nightiwhole day

classified wind é]jeed

Average wind speed Whole period

Wind speed : Average wind speed Day/night/whole day

for ecach wind dirvection

‘Atmospheric stability | Frequency of almospheric stability Whaole period

* 'The dwnlon of daytime and mght (lme is delermmed bar-'cd on the time of sunrise and sunset.

dayhnw : 7.00 - 17.00 nlghl -lime': 18: 00 6:00

- @ An‘tlysm of upper layer moteorology

The items of the statistics for the analysis of the upper layor meteoxolog,y usmb the

captive sonde data are shown in the following table. 'l‘ho data were compiled or every 50m

*from surface to 700m. = The statistics were made to know the vertical almospheric structure -



and its divrnal variation which are lypical in the vegion aud season concerned. Especially,
‘our interest was in the inversion layer and thermal mixing layer which control the vértica]
advection of the pollutants and is relevant to fumigation. therefore, they were thought to
have considerable influence on the sur[‘ace.. concentration, * The périod for statistics (hourly,
daytime, night:time and whole day) was'determined in the light of the diurnal variation of

the wind and atmosphetic stability as well as surface incteorology.

 “Pable 3.4.2-5 tems of the statistics for uppe"r layer nicteorology

[toms for statistics - " Period for statistics

Frequency of wind direction at each altitude | Day/might/whole day

-1Profile of .average wind speed _ ‘|Day/nightwhole _(laymoufly -
Frequency of classified wind speed : Day/night/whole day
Profile of average temperature - Dnyh.!ighl.f’wl.mlé'day!hoﬁfly '
Pr‘oﬁle'of average lémﬂei‘ature g:réul_ie'nl. : i_)@in_ii;htlwhole dayilioﬁrly'

Frequency of classified temperature gradient [Day/night/whole day
* ‘The division of daytime and night-time is determined based on the time of sunrise and _éunsel.

daytime . 7.00- 17:00 night-time : 18(}0 <G00
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(2) Simplificd and Additional measurements of air pollutants
“'The simplified mefmuements of NOx (NQ:z and NO) 'md S0z and the ad(htaondl
measurements of CO and HC were carried oul in two seasons, i.c. auntumn {October 96, the

first measvrement) and winter (February - March '97; the second measurement), with the "

" gimullancous meteorological obsm vations.

‘The ambient air quality of MOT is now momiored by some oxgmumhom monllonod in

" 4.2.1. Most of these air- momlormg stalions are located at the’ crocs-secl ion of main roads or
- near the road. At these SE‘lllO]lS, il is $uppo%ed that the measured (lata are affected by the

- direct  emission {rom vehic]eq' "l‘hereforo mmphﬁed meaqmomontq and additional

mefzsmemonlq were planned and conducted I‘or the purpoqo of ;,mspmg the mpleqenlatwo
concentration of po_llutant.s which were not aﬁ.ected by vehicles (hrectly and of complementing

the existing monitoring data. }f,‘:pecmlly, CO is 001131rlered as pollutfml, to be given priorily in

} the mvesligatlon because of its high concentlatwn obqerved in the p‘ml monitéring aclivities
in the MOT. ’[‘he sampling points and sampling time were selected on the assumption that

_' CO concentration data should be wtitized as input dala and the materials for verificalion of

the simulation niodel.

“The time schedules of the simplified and additional measurements are shown in Table

3.4.2-:_6(1) for autwmn and in Table 3.4.2-G(2) for winter. - Table (a) shows the date when

sampling and measurcments were carried out and table () shows the sampling time and

frequency durmg the period.
The explanation of each sanipling point is shown in Table 3.4.2-7, and the latitude and
longitude of them are summarized in Table 3.4.2-8. And their locations are plotted in the

map (Fig. 3.4.2-1). Basically, the same sampling points were used for both measurement

periods.

The VOC concentration was planned for measurenient mainly ducing winter. During.

the autumn period, more than 20 samples at roadsides and in résidential areas were collected

‘as a test ran.

- Each target 1)ollutai1t and its measurement methodology are eipl:iined below:



In addition; CO, HC, NOx and SOz were measured in spring (May — June '97; the third
measurement) in the same way with those in autumn and winter. The time schedules of |

the spring measurement are shown in Appendix 3.4.2-F of the final report.
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" Pable 3.4.2.6(1) Schedule

of Simplified / Additional measurements (1)

- Autuma (Oct. '96)

{3) Sampling date
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 Table 3.4.2-6.(2): Schedule of Simplified / Additional measurements (2)
Winter (Feb.-Mar, '97)

(2) Sampling date

Month February - March
Day 212223242526272812345b?89
Item - 1FrilSat!SunlMoanueil'n’elehulFrl Sat'SunIMoniTueLﬁelehu FrllSatiSunl
co |i |1 2 3 I Y I T A S T S S
SCC U 0 Y T O O
N e I T B DR N
‘Nox |:|lo 1 2 34 5.6 7| & 1o 00 :
(R SN NS N B et v s S SRS U SRR
1 st T S S SR R S
SO: .. ‘__,1 _I"-f;' S A I ; i : P
voo |1 bbb bbb
<Note> - Run::HOTI : Measurenment
(b) Sampling time and frequency L
I ten . Tine of day - N
' 0 56789101112]31415161?18]9202]---24
pme e [ T 1 T 1 L T T 1 I T T _l'f‘""l
co .I.“_____E]EJCIEIC]DC]DD[I]E]DDE]DD _____ '-l;
oot L 0 gg@@@@@@@@@@@@% ______ |
HC dpoints l?% { ? t—1 ? —1 @ @ ?} ------ 1
24 |
NOx T hr continugus samplmg. veeeen]
) _
SO R 96 r continuous sampling l
VOO© MOf.ﬁ’;‘CC TN @ @ T@ @ @ @ @ @ @ 9 9 @ 9 @ 9 _____ :'l
VOC 4points |f------- %'?ﬁ'?t%?{'e | ;'?1?'%‘?%'— ----- i
N Lo 1. ;1 RIS W | . r o1 Ij_.,__,,_._q:
0«5 67 8 951041 1213131516171819202!---'24
: . _ “Time of da : ;
{Notesi' . : I.hour Sampling
© ;10 ninute Sampling
HC MOT ; HC taken at MOT government office bui Iding
SV OC MOT,AQCC ; VOC taken at MOT building and AQCC

3--36




Table 3.4.2-7 Measurement Points of CO, HC, NOx, 80z and VOC

3-317

Point No. Explanation, Name of facilities Measurement ; O
- co_| He | Nox | s0: | voc
1 |Public hall of the 13th-ward i o | o} o
2 504 Hozpital of Army O xe) 1 o
. 3 Public hall of the 4th-ward N O O O O O
4 Public hall of Area 3, the 11th-ward O 0. | O ]
6 Public hall of Area 6, the 2nd-ward - O 10O O
6 |Public hall of the 5th-ward ojJololol o]
7 Teheran Railway station O | 1. 0 o |
8 |Public hall of the 18th-ward_ clolo]lolo
9 ___|Basij Sepah Center ol Jolo|
|10 Facilities of Taxi organization of MOT e, | o} Oi_ O . O
11 Public hall of the 15th-ward O ol o
12 Facilities of MOT related brick and cement O 0 O
131 MOT government office bulldmg ground floor ' e _ : -
132 |ditto, o and floor {10m) o | on o] ot | on|
133 [ditto, SR _ " 4th floor (20m) O :
134 |ditto, . 7th floor {30m) 0O
135, dit:to, L . S roof - (40m) 0
136 ' ditfo, N B roof ;‘(50.111) i) -
.14 |AQCC building ‘ ' ol o lox
15 - |AQCC mobile station ‘0. ] 0
16 |Blectrical bus station o |l o
17 |Facilities of the 16th:ward ©_| O
18 |Synoheh clinic ol o
19 [Water and wastewater organization. 0O Q- B
20 Abbas-abad agriclﬂture and animal husbéndry area O Q-
21 - |Public hall of tst- Area the 15th-ward O @)
22 |Ekbatan town o | O.
23 |17 Shahrivar park . @) O .
24 TTTO building O 0.
25 - IFire fighting statwn of the 9th- ward 0 O
26 Golf lands and Tennis club ' o o -
27 [Mrs. Moghadam dentistry o | o ]
28 Meteorological station, Aghdasiyeh O @)
29 Shahid Abbaspoor University 0 Q
30 PARS Electric Factory o O
31 Apartment of an AQCC staff O O
<Notes> *i:Each hoursampling *2: st floor VOC: Winter measurement



Latitude and Longitude of Sampiing point

Table 3.4.2-8
Point No. Latitude Longitude
deg( N) min deg(E) min |
1 35 -41.408 51 26.705
2 35 ' 43.877 51 27.229
8 35 44,576 51 29.508
4 | - 85 142,027 51 22.803
N '35 - 42.563 51 - 21,557
6 35 43971 51 18.902
17 .35 '39.568 51 23.933
8 35 38.992 .51 20.901
9 35 35.930 51 18.508
10 35 39.488 51 27.032
) 11 - 35 38.402 51 28.852
12 '35 36.952 bl 130.311
13t 35 - 40.871 51 24918 -
|14 35 °44.000 51 | 26.295
15 35 41.568 51 ¢ .| 29,524
16 35 43.475 51 31.426
17 35 38,308 51 25.311
18 35 81354 51 23.835
19 35 35475 | Bl 26.344
.20 35 35.260 Bl | 21.359
21 35 40.442 Bl - 21.475
22 35 - | 42335 51 ~18.852
23 35 40.228 51 - 18.934
24 | 8 | 43582 51 | 23754
25 35 46.751 51 20.246 |
26 35 | 46.697 51 ~ 23.689
217 35  48.550 . 51 - 27.050
. 28 - 35 | - 48.054 Bl - 29.181
29 35 45220 Bl 33.361
. 30 35 42643 51 12.918
31 35 - 43.086 51 26.279
<NOTE> "':131-136

: %
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Chapter 4

Clavification of pollution mechanism and characteristics



-4, Clarification of pollution mechanism and characteristics
4.1 Meleorological condition in T'ehran

rl‘hc- amlysw of the meteorologlcal backg:ound related {o air polluuon in Tehran was
| _ made based on the field survey dala obhmed by the JICA: qmdy leam dnd existing ddta-'
belougmg to IRIMO. ' The field survey data oomwt cf the sur["u,o moteomlog,tml data for
five months i‘mm October 1996 to I‘ebrualy, 1997 aml the {wo sets of the upper layer
imeteorological data obtqmed for the periods of October 8 15, 1996 and February 22 - March |
| 1,1997. And the IRIMO data for one year from January lo December in 1994 are used for
the analyms-and comparison. Bor reference, almoqt all of these observation data aml

statistics are compiled in the data book and supporting report, respectively.

4.1.1 Sur.face meteorological condition
(1) Stalistics based on the data obtained during the ficld survey
1) Frequency of wind direction

The monthly statistics of wind dircction for five months from October, 199G to
Pebruary, 1997 at Aghdasiyeh are shown in Fig4.1.1-1. The wind rose for the total
ohservation period is also shown, As there is no particular difference among the monthly
{he wind roses, the wind system around the site remains unchanged through the period.
The most prevziiling wind in the daytime is SSW or SW, and the total frequency of S~WSW
accounts for 50 - 60 %; on the other hand, in the night-time, NI is the most prevailing and
NNIE and NE account for 50 - 60%.

Aghdasiyeh, the observation site, 18 located on the slope gradually descending to
southwest, and Elburz mountains ave on the north behind the site. The above mentioned
diurnal change of wind dir:ecti()n, namely the wind alternation of day and night, reflects the

‘characteristics of ‘mountain and valley wind®, which is the thermally induced local wind
S‘y'ste'm in the _hwuntai_nous region. Comc;donce of lho divections of prevailing wind #and
slope incliﬂ:ition supports this spcculatmn "The ‘%W or 5W wind is consideved tobe a kind

of valley wind ascending along t_lm sIOpc-.'durmg the daylime, due lo the buoyancy 0{‘ the



heated air near the ground surf‘lce On the contrary, the mechanism and the civculalion
are reversed at night.  Surface coolmg induces the eold air drainage down tho slope. NEis

regavded 1o be a mountain wind.

- 2) Mean wind épeétl and frequency of classified wind speéd for each wind direction
" The motthly mean wind speed is given in the lower right corner of each wind rose. I'
."l‘he mean wind speed during the night-time (1.0~1.2 m/s} is somewhat weaker than that |
durmg the daytimeé (l 1~1.5 m/s).  The calm’ frequency at night is 7~ 14%, 5~ 10
percentage points more lhan in the dny As for the frequericy of classified wind speed for
each wind direc_l.ien,- the wind of 1.0~ 1.9 m/s is the most dormiinant and the next is that of 0.5

- ~0.9 .mfs. ' 'Conéequenlly, most of ihc s\urfacé wind around the site are less than 2..0 mfs not
only in the nig}it but also in thé_ daytime. Itis the distin.c{.ive: feature of this area that calm

or hreezy condition at surface is dominant all day through.

3) Atmospheric stability

lq;,/i 1.1-2 shows the monthly and total froquoncy of lhe classified ‘ltl]lOQph("l ic
stability based oil the data from Ocloher 1996 (o l'ebruary, 1997, At moqphcnc qtthhty is
derived from the table of "Pasquill's atmoepheric st‘ﬂnhty cl%suﬁcahon" ('Fable 4. 1 1- 1)-
which gives us the ql'\b:hly class accordmg to the data of wind specd, sohr radmuon'
(daytime)} and radiation balance (night- t:me) | rl‘hc- monthly lusto;,ram for the frcquency of‘
slability class suggests the exislence ofactwe convection in the daytime and strong inversion
in the night-time. In the daytime, the strongly unstable classes (“A”, “A-B”, “B") and the
neutral class “D” account for 24 - 27 % and 11 - 17%, respeetively, but other classes can
hardly be seen. On thé other hand, in the ﬁigm-tim'e,' the stmngly sta’bié clas’é ‘G
amounts to 47 - 54 %, while each class of ;‘D"' “B" and .“P"’ accounts for only leé’é than 7%.
'l‘ho slrongly stable class and’ strongly unstable clac:s occupy the majority becanse - the
gr admnt wmd was woak and fine weather was lastmg and premp:tatmn was exceptmnally
little. - It is supposed {hat such con_rhhon tends to persist at least in autwim and winter,

bocause any particular seasonal variation cannot be seen in the monthly histograms.



Table'd.1.1-1  Pasquill's atmospheric stability classification

Wind Solar radiation (T) kW’Im? Radiation balance (QS kW/im?
Speed |120.60] 0.60>T | 0.30>T | 0.165T [Q=-0.020{-0.020>Q | -0.040>Q
|, wis) 2030 | 2015 | >:.0.040 |
vz | A lar]l 8 o] p | ¢ | ¢
locvesl acs|l B8 | ¢ | b | b B R
Nasua| » [nc| ¢ | v | b S
lasuss| ¢ Jep ]| p D b D
ssu | ¢ | p | » D p | b
' notes;

.- ¢y Reg’ar(_l_ihg the_dirécti;m of r‘a.diat.,ion energy teansportalion, upw&ard is "minus”
~and (_lomlward is "plus". | 7 '
' .@'.The values of solar radiation and rétliation balance are the average of data for 10
minutes before the observation time.
3. 'l‘he_val_u,cs of solar radialion and radiation balance are applied for evaluation of
almospheric Stability in the déytimc and night-time, vespectively.
@ 'l‘he_;uu_its of sdlar. radiation and radiat.i.b_n balance are unified at kWim?.
® Clé;ssjﬁ‘cation of wind speed is based on the Pasquill’s method (Japanese type)..

- ® Each ¢lass stands for the level of atmospheric stability as follows:

A unsl:ible (strong) 15 stable (weak)
B : unstable (médiuﬁ) I": stable (medium)
C : unstable (weak) G : stable (strong)

D neutral | A-B: ﬁliddle of A and B
| B-C:middleof Band C
C-D:middle .of Cand D
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* Fig.4.1.1-1(1) - Wind rose for monthly frequency of wind direction classified by \‘.vind'

' _spee'd. _and monthly mean wind speed at each wind dicection.
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n/s - 1.9 m/s
Sme/s - 0.9 m/s

] 1.3 may

- Total(daytime). .

) { 11w

Total{night-time)

Total({whole day)

Fig.4.1.1-1(2) Wind rose for monthly frequency of wingd djrection classified by wind

‘'speed, and monthly mean wind speed at each wind direction.
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4.1.2 Characterislics of weather condition in Tehran

Based on the statistics of the observation data obtained thr’ougii the field survey and
existing data, the chavacteristies of weather condition are summarized as follows.

The wind rose and mean wind speed at sufface based on the data of Mel_n'abzi(i Airport
“in 1994 are shown in Figd.1.2-1. Fig 4.1.2-2()H~(3) slibwé yeriic’ai profiles of temperature

observed by the captive sonde in October, 1996 and Februavy, 1997,

@ The wind at Ag,hdaswch is consulerably affecle(l by the nor thern mounhms in
the {hylnne deep and rm:mlev.fhat strong southwee;torhes go up l;he mountam slope On the
.'contmry, the wind system in the nighi-time is characterized by the shal_low (~100m) cold air |
' dramage down the slope as the nonthcastorheq ﬁnd above the flow, easlerlies or westerlies
~blow parallcl {0 the mountams Generally, the wind is not strong except southwo«zlcrheq in

- the daylime. ‘The vertical prol'ﬂo o{‘ the mean wind Qpeed at this site is unigue for its

Stmhﬁed structuro The wind is very weak in the surface boundary layer any time ina day.

| Above the layer, the wind speed increases rapidly with height up to 50m.  Above 5051, the
wind speed is almost constant regardless of height, suggesting the air is well mixed by

convectidn_ l‘ranspértiug the momentum vertically. This typical structure of wind speed
well corresponds to the lempe.rature profile,

On the other hand, in the light of the comparison between the slatistics and proﬁleé of
wind based on the existing data at Mehrabad and the ficld survey data at Aghdasiyeh, the

.'considerab.le differences are vecognizad in the wind system at the surface level and in the

upper layer depending on the observation site.  As mentioned above, wind at Aghdasiyeh is

' (hstmgumhed by its diurnal change of local circulation which is supposed to be the so- -called

: _mounhm and valley wind’.  While at Mehrabad, westerly is prevailing at the surface level

| and the upppr layer in nll seasons except summer when the southeasterlies are dominant in

" the uppm air. The fact fehows the wmd system in this region is different from place to place

and has 1ocal charactenshcs

.@ ’l‘he suiface inversion layer appeare. every mght during the upper air observalion,
The inversion does not develop wpward but becomes intense bOC:llle’ of radnhon coohng, |

The depth of the inversion is suppressed below 100m; and in some cases, the inversion



intensity (the temperature difference between the top and bottom of the layer) exceeds 5°C.
In the upper air, inversion layer tends to correspond to the layer where the wind direclion
changes,

@ ‘The ‘depth of the thermal mixing layer in the daytime is estimated at around 1000
~1500m. Wheii the southwesterlies prevail deep in the wpper layer, the vertical
tezﬁperatum gradient is al_lf'n'ost, constant throngh.the la:yér in question(surface~2000m) and
agrees 'with _thté dry adiabatic lapse rate, suggesting that the thermal nﬁxihg layer develops
in the air higher than 2000m. |
o @ Tlﬁe slatistics of the atmospheric stability at the surface level show that the classes
- of "strongly stable® in the night-time and "strongly unstable” in the daytime are dominant.
: These facts and the vérl.ica_l temperat:ure gradient, which is equivalent to the dry adiabatic=
13]}5-9 mt'e:ir;' the daytime, are consistent with the thermral f,‘o_nvection, which develops in the ;

(léytim(é and is suppressed in the night-time.
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Fig. 4.1.2-1 Wind rose and mean wind speed at surface based on the data of oashep : sean v.sp. (a/s)
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4.2 Quality of ambient air
4.2.1 Summary of the results

(1) Variations of the pollutant concentratmn in several cycles _ _
Based on the pollutant concentratlon data momtmed at the stations located in a heavy -
traffic area (Fat.eml_) and a crowded_ commermal arca (Bazar) in Tehran, the characteristics
-of the pollutant cOncentratidn variations in the several _cycles are 511111111ariz¢d below. |
 The annual average concentfations of SOé. NO,, NO, NOx, CO, O, THC, and PM10 for :

the period from October 1995 to September 1996 at Bazar and Fatemi, as well as the

natmnal environmental standards of some countries and ttie WHO air quality gludelme for

a comparlson are summarlzed in ’I‘ahle 4 2.1-1. The annual 'werages of the scver:ﬂ pollutant
:'concentmtlons (8O; and PM]O) at these stations are lnghei than the WHO air quality
“guideline. For exainple, the SOz cOI}ccnltratioxl at Bazar is 63.4 ppb that is 2.4 times as
:lérge as the W IiO t;anir_cj;nalj.;y gini-de]ine. The CO :concentj'a'tion at Fatemi is 9.8 ppmn that is
about 4 ti:ncs;_'as‘!arge'éé the Wl‘_{O_g'l‘l'ideline, on the assulhpl.ion'thét the annual average
guiﬂéline would be one fourth of the 8 hour guideline. The concentration of pollutarits from
the mobile sources, such as NO, CO and 'I‘HC are higher at Fatemi, whilé those of SO, 03l
and PM10 are hlgher at Bazar,

Table 4.2.1-1 Annual aﬁeragq cohcentration of pollutants and environmental standards

S50, NO NO, | NOx | €O 0, THC |PMI10

Bazar | 63.4 61.3] 499 1105 . 7.8 248 4.4] 1232

Fatemi = 35.4] 141.5] © 43.21° 1852 . 98 1421 4.9 1019

| WHO guideline [17--26] -- — - { — — | — [60-90

| USA.standard | 35— 60— — |~ - 50/50]

|Germany standaxd| .57 —- | 60p — | .— | - — 100

. Japanstandard: |.  (20)] -—. [(20~30)] — — e (50)
notes; ' ' ‘

1) unit: 80, NO, NGO, NGx, O, ; ppb CO, THC; ppm (The eriginal concentrations in  g/m® are converted into
ke value in ppb or ppm under the condition of Tehran (20°C, 880h1a)).

PMI10; i gfin?
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2) For the .8 A federal stan('!.ard, the figure before the slash is the first standard and that following the slash
is tho second standard.  The first standard is for protecting ¢itizen's health.  The second
stand r\}d is for protecting citizen's public welfare (fauna, Mora, properties ete).
3) "The Japan sland.ﬂrd in PAl lQ golumn is for SF'M (suspended particulate matter). Both PMI10
and SPM designate the paticles in the air, of “'l.lich diameter is less than 10um.  However, the exclusion
methed of tha lgrge ‘p'eirtif:lesé (> 10 1t myis different. As aresult of that differcnes, PM10 includes some
i)zirlicles somewhat lacger .1hk—1n 10 1 mbut SPM never does.

£} Japan does nol establish the annual standard. The figures in the table are provided only for reference.

Seasonal changes in the paltutant concentrations have the characteristic cjcles. The
mdnthly averages of all pollutants (as'showh in Fig. 4.2.1-1(1) ~(2)) except’ Oy tend to
increase and reach the maximum in cool seasons. In view of the depemlence“:of t.ho.

' conccntmhom upon not only the source aclmtms but also atmosphenc shblhty which affect

the pollutanl 1 amporhtlon -md dlffusxon the cool season is- cons:dered to prov:de the

favm able backgmund for the high concenlration. - On lhe other hand, O, concentration is

h:g,hor in sunmmer, when the solar ultra- vmlet radiation necessary for the photochenucal_.'
process producmg 03 becomes strong.” According to the simplified measurement _dala
obtained by the JICA study team, the NO,, CC and HC cdnx’c’éilttatiﬁxls are h'igher. iﬁ autumh

than in winter, though the SO, concentration is higher.in:Win_t.er than in autumn,

As for the diurnal variations based on ﬂl:lllilal averageé, the chmfa.cmristics common o
all pollutants but Oy is t-he-p'rgse.nce of tweo '11{;a.ké a day, at around 9:00 in the morning and
22:00 in the late évening. Kspecially, the concentrations Qf NO, CO and PM10, to which
traffics make a large contribution, are clearly periodical. Compared to Bazar, diurnal change
in I*atemi has complete cycles, and shows.'dis'tinct two peaks, a wider diurnal 'tange and a
higher concentration. Two peaks of the con_cenitrali'on' in the fnoifning and late evening are
thought t.o-he caused by illCreéséd tralfiic i'n‘rush hours and the stable h):rer near the surface,
‘which are I"worable for stagnahon of pollut'mts On the other hand the Qs concentration
has only one con_sp:cuons peak in the aﬂernoon, because lhe 0, generation depends on the
strength of sotar iﬂtra'—v'io.let. radiation,

Compared to the data obtained by the JICA study team in October 1996, the diurnal
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variations of CO at many stations in MOT based on the simplified measurement data show
the similar paltern to those at Falemi, having two peaks in ‘a -day. However, the .

concentrations at Fatemi in the same period are considerably higher than those at the JICA

- points.  These facts suggest that the CO concentration is highly dependent on the distance

from streets as well as the trallic volume, while the diurnal variatio’n pﬁtlern is controled .

by actlvmeq of pollutant sources (tmfllc volume etc.) and the molcorologlcal comhtnonc: such

as atmosphenc stability, wind direclion and speed. As for the rnmple moqmnement data of

. NMHC and THC, their autumn varialions _show the sam‘e' patlern as CO; howevea, the

concentrations in winter are low and alinost constant.

As for the conoenlratmn ‘change in a week based on the annual average, it is not casy

o identify the variation p‘lltem However, drop of concentration on I*n(hy (the Iranian

| holiday) is recogmze(l in the variations of CO aml PMLO at both stations, thosc- of NO at

Fatemi and th()f;e of TIIC at, Bazar. Because all these pol!utants are emitied from l.m('hcu

“the traflic volume apparenlly contuhutes lo these concenlration changes in‘a week, while

the concentratlons of _502. NOE, and O, do not seem to have close relatlonshap with the day of
the week. Aé for the scasonal éverage,’ the summer and autunm cwves particulacly show
weekly cycles that fall to the minimum on Friday. |

Fig; 4.2.1-2(1} ~ F]g 4.2.1-2(4) are the diurnal variation of pollutant concentrations
showing the extracted sOrioﬁs air poliution examples monitored at Bazar and Fatemi. Table
4.2.1-2 shows the éxtractéd data of the WIO air quality goideline to be used for evalualion
of thé air pollution effect 6:\ human health in Tehran. The original concentrations in this

table in' u g/m® are converted into the values in ppm under the conditions of both the sea

' lovel (25°C, 1013hPa) and Tehran (20°C, 880hP).
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Tig. 4.2.1-2(1) Diurnal variation of 8O, concentration during serious pollution at Bazar.
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" Table 4.2.1.2 WllO_air qualily guideline (extracted)

“Pollutant Time-weighled | Converted value? | Converted value® | Averaging time
average (it gm®) (ppm, sea level} | (ppm, Tehran)
350 0.14 0.151 1 hour
Sulfur dioxide®® [ 100 - 150" 0.04 - 0.06 0.043 - 0.065 24 hows
| e 40 - 60* 0.015 - 0.023 - 0.017-0.026 . I year
Carbon 30 26 _ 30 1 hour
. monoxide® - 10 |l 9 10 _8hours
~ Nitrogen 400 021 - 0.241 1 hour
Dioxide™ 150 0.08 0.09 24 hours
Ozone™* 150 — 200 0.08 - 0.10 1 0.087--0.115 1 hour
N 100 — 120 0.05 - 0.06 0.058 - 0.0G6% 8 howrs
PM10 70! . B - ' 24 hours
Note; 1 Combined value of SO/SPM guideline
+2 Conversion into ppni is made on _thc basis of 25°C, Tatm (1013h¥Pa),
3 - Conveérsion int'o ppm is made on the basis of 20°C, 880hPa.

‘%ources (WIIO 1987) "(WHO 19796) ‘(Wll() l‘)’?‘)b)

"(WHO 197’?) e(\\’110 1918)

The daily maximum 502 cono@nhatmn on November 30, l990 qt Bazar is 345ppb '

that is 2.3 times as large as the WHO gl_mle]me.fox the i-houn average.

'l’lm daily .

maximum CO concentration on September 16, 1996 at Fatemi is 93]ﬁ)1ﬁ ihat is 8.1 times as
large as the WHO guideline. The daily maxim'um 0, coucenlmtioﬁ on Jliiy 24, 1998 at Bazar
is lo()pph that also exceeds the WHO gmdelme 87 llappb) 'l‘hc- d'uly 'werag,e of PM1Q
concentration on July 9, 199G at Bazar is 192 gia® that is 2.7 limes as large as the WHO:
guideline for 24 hours(70 it g/m?).

(2) Distribution of pollutant concentration in Tehran.,

Based on the data obtained by the ﬁeld survey by the JlCA qtudy team,
distribution characteristics of the pollutant concenlrduons are descrxbed As for CO the
concontmhon in downtown areas is higher than other places while that in the Suburb‘ul :
Also the common feature of lhe NQ; concentration dmtnbutwns is that the

.

concentration in lho centex pmt of MOI‘ is slightly higher than that of the outskirts of MO’l‘

area is lower.:

And the SOz concentralxons in the center and a little southern part of MOT are slightly

higher than northern paris of MOT,

4--22



' (3) Meteorological aspects on air pollutlon in 'l‘ehran

Influences of the wind dnrechon and speed on the pollutant concentrahon are
discussed on the basis of the monthly average data obtained at Fatemi and Bazar. The

concentrations of 80,, NO, and PM10 do not seem to depend on the wind dire_ct.ion, while the |

“high NO concentrations are observed at both stations 'whcn the northerlies (WNW - ENE} '

- are blowing. The conccnttatlons of CO and THC tend to be high only at Fateml under the -

northwesterlies and northeasterlies. The relattons]ups between 0, and the wind duectmn

ave opposite to those of NO' CO and THC.® The concentration veaches a hlgh value when

southerlies E - WSW) blow As mentloned in the ﬁnal report section 4.1.1, northexlnes _

prevails in the night-time when the atmosphere is strongiy stable, and southerlies blow in

“the dayhme when atmosphere is unstable and nnxed It is suggested that concentration

; “depends on not the wind dlrectlon but the atmospherm shb1hty

Thc concentratmns of a'zl pollut‘mts but 03 and PM10 at both statlons ave iversely
cone]ated to the wind speed hspemally the concentlatlon is rcduced remarkably with
increase in the wind speed in autwnn and’ wmter In contrast to these pollutants, the Gy
conccntration increases in ploportlon to the wind speed which increases in the daytime

when not only the atmospheric convection become active but a]so photochemieal reactions

iproducmg 03 occur under the shong solar radiation.
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4.3 Traffic volume survey

4.3.1 Traflic volume survey

MOT has established an area in the central part of the Cily in which unauthorized
~ vehicles entry is yostricted.  In addition, controls have also been placed on the entry of
. _I arge trucks into ﬁhe city, as_Well_as on the flow of ‘trﬁﬂic by eStal)]ishing #'large number
of on.e.-Way streets, o | | | -

in Ordef.t_o analyze t.:he present status of pollution’ and evaluate impécl§ of these
measﬁres, it is necessary to understand the current stalus, such as the traffic volume
mlhm 'I‘c-hran and their daxly fluctuation patterns " Such variables are charactenzed
by places, time and land uc;age in each ‘arca of the Cxty, such as, commermal mdustml |
~and reﬁldonlnl areas and are affected by trafiic reguhl:ons or restnchonc: e |
 The ObJCCthOS of this survey ar¢ m underbtand the charactenstms inherent wnth the.
- volume of traffic and (helr daily ﬂuctuataon patierns wnlhm 'l‘ehran “and to correlale
these findings for preparauon of an eﬂ'_ectwe opuntermeas_nre.

The survey was impléménted at the 20 major intersections in 'l"e:hrmfaq indicated in
IMig.4.3.1-1. In seleclmg theqe localmns ) past tra[‘hc volume strvey results, (2) road
lypes, (3)prescnt status of traffic control, and (4) Jand usage have hoen laken mto
consideration. The names of the survey points and their numbers shown i ink 1g.4.3.4-1 are
as follows: |

1 BOZORG-RAH-E-RESALAT

2 MEDAN-E-FATEM
3 MEDAN-E-ENQEI ,MS
4 MEYDAN-E-GOMROK - .
5 INTERSECTION, SllAlllD MOSTAVA KHOMI SYNI and MOLAVI_ |
' lN’l‘luR&ECi‘[ON, JQM[IURLYE-ESLAMI and FERDOWSI - |
7 BOZORG-RAH-E-SHAHID DOKTOR CHAMRAN R
8 BOZORG-RAH-E-SHEYKI FAZL-OL-LAILNURI
- 9 MEYDAN-E-RESALAT
10 MEYDAN-E-KHORASAN



[1 MEYDAN-E-AZADI

(2 MEYDAN-E-VALI.YE-ASR

13 MEYDAN-E-SHUSH

14 INTERSECTION; VALI-YE-ASR and ENQELAB

15 INTERSECTION, SOHRVARDI and SHAHID AYATOLLA nmrsun‘{

16 INTERSECTION, SABALAN and DAMAVAND -

17 JADDEH-YE-KHORASAN S _ |
18 INTERSECTION, PADATYAN-E-ESLAM and JA;DDE_H-YE-VARAMIN |

19 INTERSECTION, QUAZVIN and AZARI - |

© 20 BOZORG RAH-E-AYATOLLAH-E-SADR
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At cach surveying point, a video camera with a recorder unit was inslalled to count..
~ traffics and classificd by vehicle types and driving piciures were later played back.  The
types of vehicle were classified into soven categories, i.c. passenger cars, piék-ups,- mini-
buses, buses, mini trucks, trucks and motor cycles. Although reéordings were made

continuously over a 24hour penod from mldm{.,ht measurements and counlm{, were

selectively carued out 80 as to mcet the study objectives. The measur emenls were based o

~ on 10 minute periods from the begmmng of overy hour dm ing the off peak time, L.e. total
of 10 minutes every hour, aml additionally 11 mmutgs ata frequency of every 20 minutes
during ihe peak hom‘s'tot'aling 30 minutes every houf. - -
MeasuremenliCounlmg time in ofl-peak times; .

12:00 ml(lmght to 05 00, 10:00 to 16:00, 21:00 to 23: 00
-Measummenthountmg tnne in peak tintes;

0600t00900 16:00 to 20:00 |

' ’l‘he survey was cavried oul on two qepamto days; a normal wokag day and a

: holiday. As Thursday is a half-day and leay is a Holiday in Iran, Friday was selected as

the holuhy for the survey, and Monday was selected as the normal wmkmg day.

1st swrvey (working day) - October 7, 1996 (Monday)
“2nd survey (lioliday) : October 11, 1996 (Friday)

(1) Daily traffic volume fluctuations
The daily fluctuation palterns at each survey point ave outlined in Fig.4.3.1-2(1) to

©4.3.1-2(4).
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4.4 Analysis of emission from mobile sources

4.4.1 Projection of characteristics of transportation and traffic in GTA
(I)Traffic volume |
‘The database mentioned in 4.3.1 includes traﬂ;ic:'volume in 1994 and 2001 classified by the car
type and link.  In this report, the traffic volume .give:n by the database is used to caleulate an
'am_oimt, of eaission of CO, SOx, and NOx. - - | |
2 Car velocity | _
: ']‘th database mentioned abové includes the average speed of each link estimated by TCTTS.
In this report, the trallic speed given by the database is uscd to calculate amount of emission of
CO, SOx and NOx.. ' | |
3) Emissiﬁn factor | :
" The emission of CO,. SOx and NOxis speciﬁ_ed acoofdihg to ééch_vehicle typé as shothin 'I‘:.ib.le
4.4.1- 1,: 611_1]19 I:aasis of the resul té of chassis dyhémo tests, field driving.tests énd gnﬁij'si.s éof existing.
data. | - |

CO cmiasion faetonrs

It is known that as amount of CO emissions from diesel automobiles is negligible compared’

with that of gasoline automobiles.  Accordingly, it was assuined in this report that CO 'was not

“emitted from diesel automobiles but only from gasoline automobiles. . We made regression anélysis
of the results of the chassis dynanmo test conducted by the study tean, ané then épeciﬁ_ed the CO
emission factor as a function of véh‘icle spead on the basis of l.he vehicle's age émd by taking the
existing data into account.  For example, when a five year old passenger car is running 30.0 km/h,
the emission factor (EF) is estimated at 26.4 g/km by appl_yiﬁg 1242.0 for “a”, -15.0 for “b "and 30.0
for “V” in the following equation: .

Bl=a«Vib

. n

The rosults are shown in Table '4.4.-_1-1‘. In the case \#Hem a passehgef cér is aged 15 y:ears, a is
1242.0, *b" is 18.1, and B#* is therefore 59.6 gkm, | B

As for motor cy?cleé, since the agé of all motor cycles is not known, it is assumed that all motor
cycles are 10 yeél‘s of age. 7 urtherinore, an emissioh factor for high altitudes (23.6 g/km) specified

by the U.S. Envivonmental Protection Agency (BPA) was used.
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Thled.4.1:1(1)Emission factor for each type of vehicle in Tehran

Car type Pollutant | Car age EComponent Equation : EF =a'v'+h- (gfkm)
+ ratio
Passenger car co : a : b : C
(Gasoline) ' ceiemnne- R ERELE ELEELLELAAL S fermmnannnonies besrenenones
- 0~10 | 44 % | 1242 booe160 0
SSRRUUUIYS SERIUUUDINIS IS TN SR oo
10~20% '36 % | 1242 i 181
SRR NN U R R
20~ 1 20 % | 1242 L 700
Passenger car Pollutant |Car age %Component Equation @ EF = atb-viev® (gkm)
{Gasoline) E : ratio _ _
NOx T a E b ¥ c
0~ 10! 44 % | 2.300E+00 ! -1410E-02 } 7.337E-04
---------
10~201 36 % | L374E+00 ! -1275E-02! 3.499E-04
......... T T S os
20~ 1 20 % | 5045E-01 | -1.367E-02; 3.211E-04
|Passenger car |Pollutant |Car age iComponent .Equation . EF = ath-vtcy’ (itre/km)
(Gasoline) ¢ ratio
S0x. - a : b P e
0~10} 44 % | L759E-01 } -4.264E-03 | 3.7108-05
.........
10~ | 56 % | 2.664E01 | -7.639E-03 | 7.250E-05
Passenger car Pollutant Car age EC:oinpon'ent: ‘Fquation : EF=a-V {(gkm)
{(Gasoline) o ' 1 ratio
HC ‘ - E - a E b E c
..... e
D~10! 44 % | 12950 } 0556 .
..... :--._f.%..'-.'.-.--...-..-.---.-.--.--..:--..--;----..---:.---._---.----
10~20 36 % -| 36.303 i -0.566 |
20~ | 20 % | 70300 | -0556 |




Tabled.4.1- 1(2)Emission factor for each type of vehicle in Tehran

Car type Pollutant [Car age ECompbnent Equation :EF = atb-viev® (gkm)
v ratio
Motor cycle Co Fix : 23.6g/km
(Gasoline) 8 Ry e b e
: ' NOx Fix : - 0.4gfkm
SOx Fix | .
1Bus * truck Pollutant |Car age fComponent.- Equation : EF =atb-vicy® (g/km) -
{Gas oil) ‘ . 1 .ratio _ : '
| - CO - i Bus i Truck a ‘ b : ¢
P .0 - | 8728801 i 2080E-02 2.130E-05
Bus » truck Pollutant |Car age EComponent Bquation : EF = atbeviev' (g/km) -
{Gas oil) : o . : . ratio ' ' o
NOx AiBus _E'I‘fuck a E - b ¢
0~ 10138 % 150 % | L583E400 } -4.001E-02 | 4.108E-04
10~20131% 26 % | L107E+00 | 3.190E-02 | 3.238E-04
20~ i31%:24% | LOSOK+00 | -3.001E-02 | 2.835E-04
Bus + Truck Pollutant | Car age.iCompoheﬁt.. Equatien : EF =atb-viev' (gtkm) -
{Gas oiD) : 1 ratio Co . '
- 80x ' Bus ETr_u(::k . a E E b : c
0~ 10138 % 150 % | 7.891E.02 ! -2.0475635_ 1.924E-05
S MOV SR FC . e
10~ 162%:50% | 1.008E-01: -2.895E-03; 2.703E-05
Bus « Truck Pollutant |Car age iCo'mponent ‘Equation : EF=a-V (glkrh)
{Gas oil) _ ¢+ ratio :
] H ) « ] ] ]
HC - % Bus {Truck a t b b
......... L 4
"Fix .4 - 1441 ¢ 0555 1
. . . . ] i [ Lo ] . L
Taxi Pollutant [Car age 1 Component ‘Equation : EF = atbv+evt: (g/km) .
(LPG) | i ratio - : S
co - i - a b b i e
Fix |- %80 t 12 1 -
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* SOx emission factors _

“The amount of SOx emissions does not, depend on the staié of fuel combustion, while that of CO
and NOx docs. It can be cbtained from the amount of fuel conswumption and that of sulfur content.
The value of emission to be obtained from the amount of fuolrconsumption is given by the following
- cquation: | . - '
Q=W XSpXS8ix 107 X64/32
Q : 'The amount of SOx emissions ()

W : The amount of fuel ponsmnptibn .(lit're) '
Sp : Specific gravity
Si: The amount of sulfur conlent (wt%) .

Aw)rdmgly, the amount of fuel cﬂnsumphon by pa“ﬁenger cars, buaes and trucks are Qhown in
_'Fab]e 4411 as a ﬁmchon of velucle speed on the basis of a \olncles age. - The (-»qn‘eqsmn of fuel
oonsumpllon qhown in the Table is in terms of consumplion per ton of gioss volude weight.
- Consequently, in ca‘fcu]atmg the amount of fuel comtmlphon the rosulis calewlated according 1o the
emreqsmns in the hble must be mulhphed by the gmss vchlcle weight of cach type: of vehicle, In this
report, we deﬁned the gvocs velncle wmg,ht, as the average vehicle \&01ght plusone- half of the maximum
" load capacity. The ErOSS vehjcle. weight of cach type of vehicle is as follows:

| -_Bus. - :10ton '

Mini bus:3.0ton
'];n.lc:k :80ton

| Pick .up_ :1.2ton

When a 20 year old truck is running at 30.0 km/h, the amount of fuel consumption is caleulated at
072 h!/km by applying } 0081" 01 for “a”, 2.8051-03 for “b”, 2.703E-05 for “¢” and 30.0 for "V, and

. 'mnltmlymg the obtamed valug, 0.12 lit fton. km, with the moss vehicle weight, 6.0 ton, |
LF=ath - Vic + V2
- NOx emission factors

‘We specified NOx emissions fmm gfisolme aulomobJIOS as ﬂhown in' Pabled 4.1 -2, using the same
procedure used to determine CO onmsnom we made mgreesmn analysis, (akmg the existing dala into
acoount.  Since chiassis dynamo tests czumot be camed out on diesel automobiles in Tehran, :I is

- impossible to specify NOx emissions comparing with the results ebtained from the tests car nc(l out on
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_carried out on the spot.  Accordingly, in caleulating NOx emissions froin buses and trucks, we used

‘the equation introduced in the Jﬁpauese NOx manual.
As for motor cycles, on account of difficulty in knowing the ages of all motor eycles, as in the

case of CO emissions, it is assumed that all motor cycles are 10 years of age, and the emission

- factors for high altitudes (0.4 g/hkm) specified by the U.S. Environmental Protection Agency (EPA)'

. were used.

4.4.2 Analysis of emission amount from automobiles

- The emission estimates of CO, 80x and NOx in GTA under the conditions specified in 4.1.1 are’

: shown in Table 4.4.2-1. _

Fig.d.d.?-l Amount of CO, SOx,NOx and HC emission from autbitl_obiles

.Yé'ar No | _Cér type | B Unit -} : - .Pd!“:tams_ e ‘.
L T T T T ee  TTHE T T Sox NOX
1991 |1 [Mobile source(total) fonyear | 826,804 | 81,691 | 8,340 | 39,610

(1) [Motor Cycle fenssear | 64,085 | 16,293 179 | 1,086
(2) [Passenger Car roasen | 478,017 | 41,206 | © 1,177 | 21,865
(3) |Taxi wnfyear | 158,572 | 13,336 | . 331 | 5,381
(1) |Pick Up © jeewsear | 105,860 | 9,099 | . 262 | 5,030
(5)[Mini Bus tonfyear 4,164 | 360 | 1,325 1,245
(6) [Bus ronsyear 8, 492 756 | 2,995 | 2,784
(1) [rruck tonfyear | . 7,814 551 | 2,071 2,219
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Analysis of emission from stationary source

Measured results of target emission source
The results of measurement of exhaust gas emissions from stationary source

described in section 3.4.2(4) of_lhe final report are évaluated below.

(1) Brick manufact;uring company (Sofal Jadid)
- CO emission is vefy ]ﬁglg although nat.ur_al gas is used _i’md din excoss air 1'5t.io is -
- very high, supposedly duc to impropef combustion of {uels in a lirnace. I is. heliéved ;
thal combustion can be improved by exchange of burner lips and that much energy can :

be saved by cutting an excess air ratio.

(2 - "Thermal power plant (Besat)
Measurement was conducted when natural gas was fucled. Further NOx can be
‘reduced by culling an excess air ratio since it is higher than in the case of usual

operalion of a thermal power plant.

'(3) :'l‘ehran Refinery

Outlet tt-.mperatu:rés of exhaust gas are higher than 130 C, meaning that energy
'consewatioﬂis possible through waste heat recovery with concurrent reduction of
pollutants. As SOx emission is very high due to buming of high sulfur residues,

countermeasures for total SOx reduclion are to be considered.

' (&) 'l‘ehran Cenent

' The SPM 0611¢ell'trat.i61is_have been high in No.4 and No.G facilities during the time
. of first and second field Sltrvéys aIt_hougﬁ elecl.rbslalic:px‘écipitatofs_a’re installed. NOx
‘emission is high in all ﬁlclories:while'CQ erhission is abnormally .high i':‘ the Nod

" factory. SOx are practically not emitted because SOx car be ahsorbé{l in _tlfe: process iy

“chemical reaction with CaCO; except flue gas from utilities units.



(5) Combustion appliances for household use
Exiremely high CO emissioﬁ is observed in a hot water heater located on the closed
geound floor supposedly due to imperfect combustion in the shortage of air supply. In
general, CO emitted from the room heater is rather high compared with the projected

emission factors, supposedly due to a lack of {resh air exchange in the closed room.

" Table 4:.5.1-1 shows the hieasu;ed emission factors in comparison with: the
- projected factors. Except some cases of CC, NOx and:SOx_ mentioned above, the
observed factors aro ainloét the same with the projected ones within the allowable limit.

- Table 4.5.1-2 coinpares the i_ueasured concentration of SOx, NOx and SPM with

" {he emission standards in Japan, the ovtcome of which are described below.

B SOx:The K value of 'émissim}s from Teln‘an Refinery is larger than the expected |
value of 3.0, while the K values ,of the other emission s_oinmeé are ivi_thin the
allowable limit.” | | :

(Note) Q=K *10%-3*He 2 |
where, @ : Allowable linit 0f emission value of SOx (MNin37h)
K : Constant defined by arcas _ .
1} General emission stahdard (3'.0;-1_7.'5)
2) ‘Special emission standard(1.17-2.34)
He : Effective height of stack{m) |

B NOx : NOx einissions of all the factories other than the brick and power plants are
40% higher on an average than the emission standard in Jai}ﬁn_.

@ SPM: InTehran Cement, 5 out of 7 measurements are higilé_r than t_he standard

“in Japan. | o | _

‘As a whole, a great deal of e:mis:sim_l of ;iq]lutanls f::anE be reduced by nicans of stnjicL‘_ .
colilblistion control él}(l waste Teat i‘ec_ovcry pr@du&s,_ siiice ‘80 ﬁaén’iy' cases of
imperfect combustion are ohsoﬁe{l for the room heatérs as an example due to a (Iesi_gn_
phildsolyhy-which_ have not fully taken thermal efficiency into account as well as

© improper operalion and maintenance of these equipment.
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4.5.2 Estimation of emission quantities in GTA
(1) Summary of emission quantities

< 1) Total GTA

. As shown in Table 4.5.2:1, contributions of stationary emlwon Sourcees ﬂnd mobllo

~ emission sources to total emlczsu)n of air pollution in' GTA are ]no]ocled in the ease of

1994 at 20% and 71% roweclwely. demonslratmg the dominance of mob:ie emnce': |
Conoermng the conmbuhon of each pollutant, qlattonfuy sources share 97% and
- 71% in 8Ox and NOx while mobile sources share 94%, 70% and 88% in CO, HC and SPM
respeclivo1y : | | . o
“ The year of 1994 is c:olocled f'or (-thatton of eml%non quaulnhes, sinoe publicized
: qtallshc drtt*l for encrgy. consumptnon in Iran are avmlablo in the most abundance in this

year among the several latost years,

Pable 4.5.2-1 : Emission quantity of air pollutants in GTA (1994}

T _ _ (tonfycar, %)
Souree | . SOx- NOx CcO. o HO . SPM {Fotal)

Stationary | - 253981]  95571] - 61421 o 34,701 . 95,113 460,780
- Mobile, . 8340[ 39,610 . 826,806 81,690 182,717 1,139,163
. Sub-total)| . 262,321 135,181] - 878,227 16,391 2078300 1593949
Stationary 96.8 70.7 9 208 121 28.8
Mobile 32 203 041 70.2 81.9 71.2
(Sub-total) 100.0 100.0 100.0 100.0 ©100.0 100.01

The emissions from stitionary sources in totat Iran is projected in the same

procedure with the case of G'I‘A., which is shown in Table 4.5.2-2 for reference.

Table 4.5.2-2 : Stationary emission quanli_ty of air 1.)ollulants in total Iran (1994)

~(lonfyear)
Source SOx - NOx CO - HC - 8PM ~ (Tolal) -
Stationary 1,186,885 470,315 140,181 168,212 95,486 - 2,061,079

(Note) Brmissions from flaring asscciated gas are not included in this projection
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2) Sec_loi‘-wis’o. emission
As shown iﬁ ’l‘abla.d.5.2 3 and Fig 4.5.2 1 the foflbwing foatures ave revoa!ed.

(&) SOx emissions from the manufacluring soctor shares 64% of the total, followed by
energy conversion of 19%, general service & houschold of 14% and the transporl
sector of 3%. In the manufacturing sector, nonmetal products have the biggest share
of 32%, and Telran l{éﬁner} alone 13%, while the transporl seetor shares only 3% in
contrast o other kinds of emissions, since ihis sector uses low sulfur ghsoling arid
diesel oil. "The thernial power plants in GTA share only 6% since most of the fuels
have already been s'.ibsl.itulo.ﬂ by natural gas except in winler when supply of
natural gas is sometimes shorl.

(b) NOx emission has tendency similar to SOx although the shave of the transport sector

“reaches 29% of total emission. Nonmetal products and "ehran Refinery have 11%
and 9.0% shares respectively, followed by power plants of 8.7%. The general service
and household sector has 11% share, though this sector has numerous consuming
units.

(¢) Most 1{C emission comes from the lransporl scctor accomiting for 70%, Tehran
Hefinery 14% and commereial & general 12%; the combined share of {these 3 sectors.
totals 96%. HHC emission sources of the commercial sector are Iropresenlcd by pelrol
stations, printing shops, dry eleaning shops and petroleum depots and nol by shops
of electric metal plating and painling, since information of these sources is not
available despite their possible substantial voluume. 1L is estimated that leakage of
natwral gas from rubber hose connections is substantial due to a lack of proper
maintenance, especially in the commercial/household sector although their volume is
nol estimated at this stage.

(B CO and S'M emissions are nogligiblé in the case of stationary emission sources,
since the (ransport sector has a dominant share of 94% and 88% respectively.

(@) Respecting the emission of stationary sources on (he whole, nonmetal products,

refinery, and iron & steel are ranked high as illustrated in Fig 4.5.2-2, but as far as
the average emission per company is concerned, .iron & steel is the first, whiclf

implics that pollution control can be most, el'fec'tively put into practice in this sector,

450
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Chapter 5

~ Development of simulation model and projection of long term
| ambient air concentration in GTA



o

&

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

concentration in Greater Tehran Avea:

51 Developmenl..of simulation mode!

51.1 - Basicmodel -

The main role of dispersion model is 1o predicl a future siluation acoording Lo severil scenavios

~and to cvaluatejeﬂbctivenbs's of countermeaswres. The validation process under the current condition

wilh oplimized categorizatib:il;jeirmnétérizat.i01x is important for confirmation of model performance.
The total Now for the model developme:it is summarized in the fo]lowing chart.

At each siep of the .ﬂ'ow;' the results obtained by the activities are ulilized. For example,
nmasufed air quality data are analyzed in relation to the meteorological condition and utilized to set
suitable calégorization. Measurement at the target faclories and statistical analyses on fuel
conswmption are utilized to set specifications of the stationary sowrces. For mobile sources, the
emission factor is set based on the chassis-dyname lest. The fraflic volume survey data are also

combined with the exisling data of TCTTS/TTO.
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5.2 Diffusion Potential
- 5.2.1 Coneept

The “diffusion potential” is defined as an impact of the modeled emission
~source based on CDM(Climatological Dlspersmn Madel). CDM is based on the
: formulation similar to the’ model described in c:ectmn b.1 and has a merit of eas_s :
~handling, The ‘characterlshcs of diffusion ficld can be c]an_ﬁcd through comparison |

with the other areas.

| 5.2.2 International compa:;:son
" The metcorologxcql data measmed at Mehrabad Airport (1950 GO) are applled
_ to the model w1th some assumptlon on stablllty settmg and the duratlon of calm
.(1) Elevated sources
-Three type stacks ave consule:ed as elevqted sources, The dimensions for the
modclcd stacks are as fo]lows

“Table 5.2.2-1° Modeled Stacks

type
~felement | ' : small. | middle | large
stack height{m). 20 50i 200
stack diameter{m) : 05 3i 7
gas emission rate(miNrhy 10000 25000 200000
gas temperature{C) ) 100 : 1_001 200
concentration at stack(ppm) - 100D 100 1000'

The results are shown in the table below. The values of three Asian cities
.(Tokyo(Japan), Jakarta (Indonesia) , Dalian (China)) and Mexico city are also shown
fof con_\parison. Tehran has the lowest concentration for a small stack. For
_ m:iddléﬂar.ge -sized st'ac'ks, 'i‘ehran’s concentration is targer than those of Dalian and

| Tokye but leés_ than half of those of Jakai:_ta and Mexico City.



Table 5.2.2-2 Concentration for Elevated Sources (unit : pph)

type .
city small middie large
Tehran 2.67 0.95 4.08
Tokyo 4,22 0.62 1.04
Jakarta 4.44 2.15 11.89
Daliaa 3.92 0.42 0.08
Mexico City = 4.10 1.46 9.69

~ {2)° Ground sources
A road link’, shown in the following table, is assumed ‘as an example of
- ground source. - |

Table 5.2.2-3 ° Modeled Link

element . specification

link length(m) 2

tink divection : CW.E-

link height(m} 15
leas emission rate(m’Nf) i1

initial spread{m) ' 3

The concentrations at surronndmg 48 pomts (16 dnectwu dlstance from sonirce:
20m,60m, 100 ) are calculated. 'Phc mean and maximunt: values among 16 directions
are shown in the table below _

Tehran shoiws greater concentration (lower potentlal) thar'l 'Pokyo and Dalian for -
the mean value. The maximum value however does not show a w1de dcv1at10n from

the mean for the Tehran case and is ranked in the lower concentratmn class e).cept

for a small source distance.

o

e



Table 5.2.2-4 Concentration'for Grmiﬁ:d'Sources (unit : ppb)

“source distance| 20m [ 60m | 1C0m _ -
city mean maxinum__} mean | maximwwu | mean maximum
Tehran 169.3 188.2(SW)| 42.9 48.5(5W)| 214 24.7(NE}
Tokyo . 64.0 | 167.3(NNE)| 218| G6.O0(NNE)| 11.8| 36.8(NNK)

- Pakarta 453.1 504.8()| 80.2 S 98.2(N)] 3te CALAMNY
Dalian _ 50.8 - 99.1(8)| - 176 37.3(8) 9.4 20.4(S}
Mexicocity - 2626 | - 341.9(NF)] - 48.2| 8L3(NE)] 220 40.4(NE)

(3) = Comments

Most of the emission sources in GTA are categbri?.ed_ as ‘ground sources’ or ‘small
stacks’. The resuit shows that the diffusion c'oﬁdition in Tehran is not bad for such

sources. The actual high concentration accordingly implies excess of pollutant

emission,



5.3 Prediction in future condition
5.3.1 FFutlure scenarios in the year 2010

Figure 5.3.1-1(1)~(3) show the annual(1994) concentration of CO, S0;, NOx,
respectively. All those simulations include both impacts of stationary sources and

mobile sources {vehicles).

The: meleorological condition is assumed to be the same with present

' qntuatmnq.

I‘uture emission from vehicles is c*nlcu!ated on the basis of predlcted tI"iff!C o

volume and assunied future emission fact,m's_. The traffic volume prcdictions are
h_ased on k’!‘C'l"I‘S’s l;eSl_lil-S for two scer.lario‘s; one 'is ‘do nothing’ (1994 network
meeting 2001 (lérﬂfﬂld) and the other is “existing + funded’ (existing and funded
network moetmg 2001 demand). The change bf the traffic vblume frbm the year
: 2001 to 2010 is ostlmatod on the values between’ 1994 and 2001, wo Séénai'ios for
emission chton changeq are 'do nothing’ (same as plesent) and best (mclmlmg fuli

conn{ermeasures for omlssmn reduntlon)

Futlure conditions of q{dhonarv sources are comnderod to have the followmgi

three scenarios. In ‘do nothing’ the amount of pollutants is assumed to increase in
proportion to the economie growth raie. ‘Best' is based on the .sc.hedule of the
polhition reduction plan and ‘commeon’ is the intermediate reduetion between: ‘do
nothing’ and ‘best’. All of them are targets for the yeﬁr' 2010. See section 6.3 for
detailed description of these scenarios. No change of CO emission from'stétionary
sources is assumed because their contribution is émall .enough cdmpared with
vehicles.,

The caleulation settings are summarized in Table 5.3.1-1. ‘do nothiug’

scenarios is  the worst combination ,i.e. ‘do nothmg for both of st'ltlonary and

mobile sources. On the contrary, 'best’ scenario nwludes all offects of'_

countermeasures. The estimated emission ainounts are shown in Table 5. 3 1 2

Their ratio to the present values 'll‘G also mdlcated for reference.



Table 5.3.1-1 Fulure setting for calculation -

scenario  |tationary sources mobile sources
traffic volume emission factor
do nothing do nothing do nothing - same as present
common common existing and funded _ reduced
best best existing and funded reduced

Table 5.3.1-2 Present and future 'emiséion arount

1994 (present) = wunit: ton/vear
’ mobile sta_tignary ’ Q.tfi
CO _ 826806 = 51421 o 878227
C94.1% - 5.9% ' : 100.0%
S0x 8340 253981 - : 262321
o : - 3.2% ' 96.8% '  100.0% -
NOx = . - 39610 ' 95571 ¢ . 135181
' ) 29.3% B 70.1% 100.0%
2010 . (future)

- T | mobile - /1994 Istationary /1994 total /1994
co - do nothing | 1378748 1.668 51421 - 1.000 | 1430169 1.628
: o ' o 96.4% . . 3.6% : 100.0%

- gommon’ 336358 0407 51421 10001 3871519 0441
| 86.7% 13.3% 100.0%
best 3361568 o407 51421 Loop| 381579 o447
| 86.7% 13.3% 1000% . . .
1S0x do nothing “11017 1,321 524585 2065 535602 2042
. ‘ 2.1% 97.9% 100.0%
common 5084 o6f0| 286231 - 1.127§ 291321 LIt
N R © 98.3% 100.0%
best - 5084 2610 ‘835902 0330 88986 g339
' - 5.7% _94.3% 100.0%
NOx do nothing 53931 1.362 188220 1969 | 242151 1.781
o 22.3% 11.1% 100.0%
common : . 33143 0837 146396 1532 179539 1.328
. ' 18.5% : 81.5% 100.0%
bast 33143 2837 109304 1144 | 1 142447 1.054
: 23.3% ] 76.7% - 100.0%
note: © percentage: component ratio to total emission
R ftakie: ratio to value of year 1994

The GO emission from statsonaly sources is assumed to be
" the same with present situations. :
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5.3.2 Simulation based on the fulure scenarios.
Figures 5.8.2-1 (1)-(3) are simulated annual concentrations in ‘do nothing’

case. Figures 5.8.2.2 (1)-(3) are same but for ‘best’ case.

(1) CO
| Iﬁ ‘dd nothing’ c.ibc- the maximum C'O' concentmtion increase’s to 25.8 ppin '
from 14.4 ppm (present value) while it (lecreasos to 4.3 ppm in ‘best’ case, In |
‘best’, Lthe area whose concenttatlon is over 2 ppm can be seen only at some

junctions and c1ty cenler. ’l‘he shape of the contours differs from thoso of present .

(1994) or- do nothing’. (lue 1o the effect of the mc]uded road network plam :

- (2) S0z

~In ‘do nothmg tho maximum SO2 doubles from 104 ppb (present valuo) to
209 ppb, while it is rcll_uced to 39 ppb for best’. " In both cases, their maximum
values appear in the industrialized so'uthern‘ area and the concentrations in
twenly districts are around a half of them.
(3) NOx and NO,
"The maximum NOx increases from .232 ppb (present value) to ‘318 ppb in

‘lo nothing’ while it slightiy decreases to 160 ppb in best’. In"‘do nothing’, more

" than half of twenty districts is covered with 100ppb contours. In ‘best’, 100pph

contours cover only él]lall parl and the annual concentration of most part of the
city is the value between 40-70ppb.

Using the conversion formula , NO, concentrations are mostly a half of

NOx. Then in ‘best’ case no values of the concentration exceed 50pph except for in

some small areas.
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