&

3.3.2 Factory and enterprise

Table 8.3.2-1 and Fig 3.3.2-1 show the sector-wise number of the industrial units
and workers in GTA districts in 1994, The manufacturing industries in G'TA account for

40% of the energy consumption and 25% of the number of workshops both in the_.

mauufacturmg sector of total Iran, causing a great deal of envn‘onmental pollutlon as

‘well as heavy congéestion of the city. Hence, tlghtm enwromncnta:l_conhol_ by the.
‘manufacturing industries in addition ‘o control of mobile sources is a most urgent tas.k |
to be faced by MOT. | |

The manufacturing' sector in this report is'classified based bh‘ the f.ollowi.ng‘

‘international code of ISIC (Intemahonal Standards of Industnal C]assmcatlon)

31 _l'ood Products e o 36 %NOIIlllet‘ll Products
32 Textile .Pl'Od,.IC.tS ’ o 37 Elron&_Steel |
' 33 \’_\’oc.)d'f_’roducts- - B 387 Machinery Prﬁducts
34 Paper_Products . .39' Other Industries

35 Industrial Chemicals

(1) Problenis of the manufacturing sectors in GTA
: Amdn"g the industries classified above, the following indusiries have been
' 'coﬁsidefed'lmsuitable in residential arcas by MOT:

31 Butchery and meat processing 36 Brick manufacturing and

- 32 Tannery and processing processing
33  Wood chemical processing 37 ‘Metal melting and foundvy
.35 Ch.cmical manufactwing = 38 Chémipéls handling machineoy

{2) Countermeasure for the problem :
In order to plan aml 1mplcment cowitermeasures, AQ(‘C was estabhshed in 1993,
élid ORSUI’I‘O in 1990 as MO'T’s afﬁliate organizatic»ns dedicated to en_vironmcn_ta‘l
control.” The major step taken: by MOT was to relocate polluting in(lllstn‘ies to ﬁm 3

suburbs of GTA by providing them with the alternative sites (industrial estates). .
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There are 4 industrial estates under the control of MOT and 8 under MOI in the
outskirts of GTA, as shown in-Fig 3.2.4-1, site prepavation of which is now under

progress and where, in the near future, some of the relocated workshops will start

operation.

Table 3;3.2-1 : Sectorwise number of induslrial units and workers in GT

tndusttrial
Code

meail

Workshop Size (No of Workers)

Medium

Large

Sector

- 1-10

11-50

51-100

100<

Total
Number
Unit

© ‘Total
Meumber
Worker -

.33 Wood ..

3 iemicals

|37

8,703

[ 32 mextite |7 2419s] s

.36 Noometal | . 145

.6928]

a4 18

2,438

...120,490
23,512

39 Others
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(3) Organization for environmental imanagement

There are two (2) organizatiens under MOT which ére in charge of the

environmental management for stationavy emission sources in GTA as follows.

1) ORSUITO
This organization carries out technical mspectmn‘; of mdustnes and commercial
. enterprlses causmg pollution and nuisance, and set forth the necessary 1uhngs in order
to prevent pollutmn in GTA. There is a branch office in each dlstrlct of GTA where 2-3
perso;mel arc assigned for local inspection activities. Such inspection activities have.
been conducted, in general, based on the clai_m_s made by local _inhabitanté for-
environmentai “hazardous matters and 'r‘u]ings are .not aixvays bésed oﬁ : ihe
'measurement and analyhcal works on the ezmromnental conditions, since there are
.~ almiost no such- type of eqmpment in the office of OHSUITO Table 3.3.2-2 shows the

- number of rulings set forth I:uy June 20, 1996.

.~ Table 3.3.2-2: Nuiﬁbcf or Rulings by ORSUITO

c . “Type of activity ' - Rulings %:
.1 - |Agriculture: e o : . 64b 3.2
3. |ndustey 4 i - . 9537 | 474
4 |Electricily, Gas anf Water _ B 18 0.1
-5 - |Construclion ! : 242 1.2
6 - |Wholesales, Retails, Restaurant and Hotel . 3,172 15.8
7 Transport, Warehouse and Communication 343 1.7
8 Financial Service, Insurance, Real Estate and Trade 201 . .1
9 . |Genera), Social and Personal Service S 6,154 . 30.6
o : ' (Total)] 20,131] - 100.0
{Souree) ORSUITO '
2) AQCC

This orgamzatmn is engaged in wor king out pollutlon eontrol procedures in GTAin
view of mobile emission sources as well as stationary emission sources. AQCC pI'OVldPS'
MOT with air guality conditions in GTA measured by thelr manitoring ‘stations,
compiles data inventory of air pollution and conducts public relations through mass

media besides preparation of a master plan for air pollution control. -
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3.3.3 Residential and oommeréi'_al sector

Table 3.3.3 -1 shows the number of households and commercial units in GTA

districts in 1894, which account for 33% in the total energy consumption in GTA

following the first ranked manufacturing sector. The population and houscholds in GTA

account for 12% and 16% respéctivelj of those in the country, geserating about 14% of

SOx and 11% of NOx in GTA, Beiﬁg a large emission source of air pollutants, although

"an emission amount per unit is small. Fig 3.3.1-1 indicates that the commercial units

are densely located in the district 12 where the !ar_gest bazaar in Iran is located.

Table 3.3.3-1 Number of houschold & commerciél units in GTA districts

District Population Household - Cornmercial Arcalkm?)

1 264,301 65,789 52460 775

3 363759 .70 T5842 502
3 228301 60,952 Xz 320
g 574585 EET R I 58
5 398,064 89,503 6817 TTEIE
8 752,840 67479 16,667 155
7 T2 76,955 15048 148
CHE 9T T EETYY YY)
5 729,451 TESE LG —Tiag|
ST 5117 71638 YT 732
i 243251 AT T il
12 %3210 5570 80374 5]
13 187,740 48,468 " 74%0 145
B i 407,400 %621 13,349 707
3 578511 ~T3a597 PIID 314}
16 324538 73585 12242 N
V7 B2 T76.224] 12216 72
1 5,767 ) Y 89
R “gesaTe| "W gtz 34
%0 325487 73022 1224 X
" 6.600.379 TEAT 018 T3RT.005 5156

" (Source) Map of Tehran -
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(2

Problems_of household & commenrcial sector in GTA

Fuel replacement with natural gas has been accelerated in this sector by the

governinent, substantially he}ping reduce SOx emission in GTA. However, a large

“amount of HC emission in this sector has been considered serious in view of photo-

chemiical reactions in the atmosphere. HC is emissioned through evaporation and/or -

leakage yather than fuel combustion by the following sources: =~ -

1) Commercial shops  2) Depots | 3) Household

< Petrol stations - Ray depot Filtings/\;alves of pipelines
i Printing shops | "- Kan depot | _ _ ' '

- Dry cleaning shops - Ghoochak depot - F.ugitive ghs before ignition

Paintingshops - Nazi Abad depot

- Klectric metal plating
Countermeasure for the problem

" No definite counternieasures have been put into practice in this sector, although
emission volume f)f HC in this sector shares around 44% of the total stationary sources.

: Since measures for preventing emission of HC are well-known actions such as
careful operation and maintenance activities for fugitive gas from pipelines, and
installation of an HC gas reéovery system at commereial work shops and refinery &

depots, MOT is exp’écted_to take immediate action on these matters. For reference,

- typical exarmples of HC rCcovery process are Hustrated as follows.

- Fig 3.3.3-2 . Condensation p:‘o&e’ss'
Fig 3.3.3-_3 - Absorption process (Jolm %ink) .
- Fig 33.34: Co-generation p.rocess |
Fig 3.3.3-5 : Souver process

Fig 3.3.3-6: Reverse Braiton process
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Fig 3.3.3-1 : Number of household & commercial units in GTA districts
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Fi'g 3.3.3-3 : Absorption process (John Zink)
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3.4 Method and analysis of measurement

3.4.1 Outline of observation and measurcment :
Observation and measurements were held twice, the first one in September and
October, and the sccond one in March.

The schedule is showh 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 measurement

Jtem - First measurement Second * measurenient
. . ' (October) {February, March) @
Meteorological O : _ O
observation ' 3 '
- Ambient Air Quality O . - O
Automotive Source O -
Stationary Source O O



Table 3.4.1-2(1) List of observation / measurement procedure and instrument

Measurement Procedure

TInstrument

1.1 Surl’acé M&comlog)

| (1) Surface wind

Wind dircction, speed and turbuleace at 10m above

Uiltra sonic anemomeler

surface will be measured by the ulira sonic anemonicter. | 2. Data Jogger ( with connecting cable)
‘The data is necessary for determination of_the paranicler 3. Obscrvation polc(10m aluminum pole, ﬂangc
that is used for the prediction model of air poHutant _brauch wire, base ) _
diffusion. ' 5. sciting up toolsS, Recording paper
Point : AGHDACIYE AREA ( tpoini) - . -
Period :For 1 year
Schedule : Hourly continiios observation
(2) Solar radiation =
Solar radiation will be measured by the 1. Pyrdnomeler{with cable)
pyranomeier. 2. observation pole (2m aluminum pole,flange,branch
The data is nceessary for classification of the atmospheric | wire,base)
stability that is used for the prediction medel of air 3. ¢ recorder for 6 itemi
pollutant diffusion. 4. recording paper
Point, period and schedule a are ihc same as surface wind. o
observation.
{3) Radiation balance . : '
Radiation batance will be mcasuru:l by the ncl 1. _ Net Radiometcr ( with cable )
tadiometer. The data is necessary for c}a:slﬁcalmn of 2. - Flange ( Pole is common usc with py ranomctcr)
almospheric stability. 3. Recordes for 6 items
Point, period and ‘;chedule are lhe same as surface wmd . (Recordpr is comnion use with Pyranomeicr )
gbservation. ' 4. Polyethylene dome
1.2 - Upper Lawr Mcteorolog) .
(1) Raball observation o . . :
Wind direction and speed between the  surface 10 2000m | 1. Theodolite ( with data cable )
height will be observed by ' | 2. Electric cable '
tracking of the released sonde using the theadolite 3. Datalogger (aitached printer, with connceling cablc)
10 know the characteristics of the wind field in the 4 1C card
cqnchermg area of air pollutant diffusion. 5. Recording paper
Point : AGHDACIYE AREA (1 poinl)
Period : For 7 days
Schedule : For 7 days, Twice a day
{ at 8 and 13 o clock)
[ (2) Low-level sonde obscrvation : .
Temperature, humidity and pressure between the s‘urfacc | 1. Receiver (Comnton usc with caplive sondc obs.)
ang 2000m height will be measured by the radio sonde to | 2. Portable antenna
know the characieml:cs of depth of the miking la}cr in |3 Dala processof { with p}inter)
which the air pollutant diffuse. Point, period and schedule | 4 Sonde sensor checker
arc the same as raball observation. . 5‘. " Non break down clectric supplj
6. Assmann aspiration psychromclcr
7. Ancroid batograph
8. Electric cable
9. AVR (with 2kV step down trans)

{1,5,6,7,8,9; Common us¢ with capm.c sondc obs.}

10. Low-level sonde (100 picces)

11.

Water pourcd battery with miniature electric bulb




“Table 3.4.1:2(2) List of observation / niea_surement procedure and instrument

12. Recording paper (for printer)
13. Hose with buoyancy adjust welght
{10m long, for filling balloon with He gas)

_(3) Captive sonde observalion

TFemperature, humidily and pressure between the surface
‘and 700 height will be measured by the captive baltoon to
‘know the characteristics of the inversion height that
controls diffusion of the

air pollu!an!

Point : AGHDACIYE AREA (l point)

Period :  For 7 days

Schedule : For 7 days, 8 times a day
(A3,6,9,12,15,18,21 and 24 6 clock)

1. Captive sondc system{Captive balloen, Captive
sonde, Winch )

A sct of sonde receiver(Receiver, Poriable antenna )
Digitizer
‘Data processor

Non down electric supply
" Acumen aspiration psychrometer .
: Aneroid barograph
Electric cable

AVR
10. Flash ligh

11. Dry batlerics

12. Recording papet
Hose (10m fong, for fillin

O RN e W

g balloon with He gas)

1 2.1. Simplificd Measuremenls

~ | (1) Nox {NO + NO,)

Diffusion of the gascous malecules 1. Simultancous sampling
Point : 3poinis 2. . Shelter
Period :8 dags{Rchearsal 1day + mcawrcmen! 7 dap) 3. Filter for NO2Z |
Sampling time : 24 continuous passive sampling. 4. Filter for Nox
Analysis: Spcchopholomcmc analysis. 5. Analylical implement
(2) 502 - e 3 L
Diffusion of the gascous mo!cculcf- (ﬂamc as NOx) 1. Simultanc¢ous sanipling -
Point : 31points 2. Sheltee: -
Period :6 day s(measuremenl 6 days) 3. Filler for SO2
Sampling time : 72 conlinuous passive samplmg 4. Ana]) lical lmplemcnl _
Analysis: Lhromalograph) analysis.{in Japan)
(3)Co !
Air bag sampling with mmmamplcm and S'ﬂan bag. 1. - Mini-sampler
Point:  Surface points:13points 2. - Timer Control Unit
_ Vertical points: Spoins 3. Pump Unit
Period : 4 days(Rehearsal 1 day + measvrement 3 days) | 4, - Air Bag
Samplingtime :  5:00-21:00(16 hours continious 5. Alkaline Dry Cell
sampling, 1 sampling in cach hour) 6. Tygon Tube
Analysis: NDIR detector analysis. 7. Filier’ S
8. Tape Measure
9. - CO Monitor
() HC o o L
Air bag sampling wnh md:rccl <amphng sy slem and 1. Indisect Sampling Set:
Tedolar bag. 2. Tedlarbag
Point: .5 points | 3. ‘Digital Flow Meter -
Period ;- 4 da) s(Rchearsal 1 day + mcasurcmenl 3 da) s) | 4. Gas Leak Deteclor
| Sampling time == 5 minule sampling for cach hour {mm 5. HC Monitor
- 5:00 10 20:00).
Analysis: - FID detector analysis.
Htem:THC,NMHC,CH
(5) vOC




Table 3.4.1-2(3) List of observation / measurement procedure and instrument

Absorpiion sampling using Tenax GC absorbent. 1. Bake Oul Equipnient for Sampling Tube 1
Point:  Several points in MOT. 2.- Personal Mini Pomp
Period: 1days 3. Tenax GC Tube
Sampling time : About 10 minutes . 4. - High Purity N2 Gas
Analysis : Gas chromatography with thermal 5.  Pressure regulator
description injector.(in Japan)
2.2 CMB Mceasurement _ :
Collection of SPM on the filters by filication of the 1. Low. vo!umc Air Sampler
ambieal air with use of Low volume Airsampler. 2. Tellon packmg
Point:  MOT gmcmmcnl office bundmg 3. Silicon packing
1 _ground fioor. 4. Pump blade
Period : 7 days continuous samplmg 5. Pumpelement
Analysis: Radio activation analysis. 6. Bypass filtet
Atontic absorpiion speciromelry 7. FEleciric Power Cable
analysis 8. Desiccatoe
Fluorescent X-ray analysis 9. . Filler
fon chromatography.(in Japan) 10. Petri dish

A G S L

3 i Traffic Volome Survey

(1) Traffic volume survey

Tralfic Volumes is recorded with video cameras msla!]cd I. * Color Video Camera
at the survey locations and later played back, during ST Leas
which the traffic volumic is measured by vehicle type. I'3. - Camera Housing
Survey locations : 20 lo_(‘alidh - ‘14, Video Coaxial Cable Conncetor
Survey time: 24 hours 5. Video tape tccorder
Type of vehicles: Teategorics _ 1 6. Color Monitor
Survey date: Working day and hohda) 7. Connecling Ceble

8. Tape |

9.  Manual Counter

. » 1. Stop Waich

3.2 Chassis Dynamo Tcs! '
(0 Chassis dynzmo test B
3.3 Field Driving Test ]
(1) Traversing speed svtvey 3 ]
The survey was carricd out by driving sclected routs with | 1. Non-contact Velocity Meter
vehicles instatled speed meters and analysers. 2. Rotating Meter for Gasoline engine
Routs: 19 rouis 3. Romating Meler for Diesel engine

4. Pressure Gauge

5. Data Analyzing Sysicm

6. Thermomeler

7. ICMcemory Card

8 'Anaiyzer

9. Calibration Gas

10. ‘AC/DC Converler

11. Recorder .

12. Calibration Unit

4,1 Flue Gas Measurements

(1) Flow rate of gas

Iaser! the measusing apparatus into lhe measuring hole [ 1,

369

Pitot tube



Table 3.4.1-2(4) " List of observation / measurement procedure and instrument

and st it as to fit the measuring point. Measurenientof | 2. Rubber bag
gas temperature, velocity and pressure. 3. Themocouple
Faclory name : Brick factory 4. “Thermo pile
Power ptant 5. Compcasaling wire
“Tehran refinery 6. Manometer
Cement factory | )
(2) Concentration of gas composition (€O, 04, €O,
H,0) _
Use the fube made of glass or mctal, To prevent the | 1.7 Gas Detector
penctration of dusl, fullits 1ip wnh glass fiber or others, 2. Moislure absorplion tube
Insed it in duct through a measuring hole 1o lead the fluc 1. Suction pipe wilh heater
gas inte the absorption lube. _ 4. Orsat Analyzer
‘Factory name: - Brick faclory S.  Distribution tube
: - Power plant 6. Rubber bag
Tehran refinecy _
‘Cement factory
(3) Concentration of Nox, Sox
Usc the tube made of glass or metal. To prevent the 1. MODEL VIA-510 (For NOX) Method NDIR,
penetration of dust, full its tip with glass fiber or others. 2. MODEL VIA-510 (For SOX),Mcthod ND IR
Insert it in duct through a measuring hole to lcad the flue * | 3.© MODBL ES-510 (Sampler For 02,50X) 220V
gas info the analyzer.. ' 4. MODELES-510 (campler For 02,50X) 220v
Faclory name : Brick factosy 5. Recorder
Power plani 6. Standard Gas
Tehran refinery. 7. Pressuré Regulator
: Cement [aclosy ' :
{4) Concentration of dust N .
Traverse the measuding points by uﬂng one dusl cot]cclor "1, Sampling apparatus for dusl
1o take a dust sample in the same sucking time at each .2, Printer paper and inkribon
point. ‘3. Flange ‘
Faclory name : Brick faciory 4. Filter paper :
Power plant 5. Desiccatoe
Tehran refineey 6. . Stopwatch
Cement factory 7. Silica woo!




 3.42 Method 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 inwinter (February 22 - Msﬁ‘ch 1, 1997). The purpose Qf
surface observation is to know the wind field and atimospheric tlln'bu_léncc and stability,
“which are go'verhing pollitant diffusion in the swface boundary layér. Thé items of the
‘surface observation are wind dlrcctlon wind spced standard deviations of wind divection
and spced solar radlatwn in the dayliine and mdlatlon balance i in the mght time. On the
‘other hand upper air-is observed for the purpose of knowmg the characteristics of the
‘inversion 'md mixing layer, of which appearance and intensily affect the surface pollutant
concenhatlon because they contto] the ve:hcal transportation of the poliutants Profiles of
' temperature, relative hum.ldlty, wmd'du‘echol; and speed were derwt_zd a by low level sonde

and captivé sonde. Details of these observation are as folioivS:

i) Sﬁl-face m'eteorologicai obse'rvation .
(D Observation site
" The Me_ieorélogiéal Bureau at Aghdasiyéh located 15km NE from the center of Tehran
‘City was selected as the site of surface nxacteproiogicél observation. Its altitude is 1548m
- above sea l_evel and about 300m higher than that of the center of the city. There is the
Elburz n.m'un_tain's 'to.'- the noith bchindE the ob.sm'vation site and its slope gradually
descending to the south.
@ Items and methods of observation
' Items and methods of observation are summquzcd in Table 3.4.2-1. - Solar radiation
nmeans hele tho total enelgy of the divect’ scﬁar 1acl1at10n and the diffuse sky mdmt:on while
' radlatlon balahce mdtcatcs thejbaia_nce ( dlfl_’erence) b_etween mcommgb and outgoings of
rad;atmn energy. If the balance is n'egative. it is. equiv’alent to radiative cooling. The
intensity of solar radiation coutrols activities of the thermal comectlon in the (hytmm and
the net radiation determines radlalwe_ coolmg on the surface in thc_- night-time. Therefore,
both of them are the definitely important factors for determining atm'osphcric% stability in the

surface boundary layer.



Table 3.4.2-1 Items and methods of surface meteorological observation

Item Instrument " Height of sensor Reading
Wind direction Model DA-200
Wind speed 2-component ultra 10m Every 10 minutes
Etﬁ-ahdard deviatio.n ‘sonic anemometer ) |

* Solar radiation | Mp&el MS43F - 8m The value is thei
Pyranometer - average of th_é dat'é

Radiation balance Model MF11 1.5m for 10 minutes °
| - Net Radiometerl' before reading time

¥e) Observatmn period

The routine obsewatwn was stay ted on October 4 in 1996 hy the JiCA study team and
operated by them until March 2 in 1997,
of the observation equipnhe’nt _waé handed over to the Iranian side and o_bservat!_.on has been
made continuously. .

data before March 1.

2) Upper layer meteorological observation
(@ Observation site

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

Analysis of the surface méteorology in this report was based on the

meteorological observation

@ Items and methods of obscrvatxon

Theleafter the _]Ob of operatwn and maintenance

The items and methods of obsewatmn are summauzed in Table 3.4.2- 2.




Table 3.4.2-2 Items and methods of upper layer meteorological obsexvation

Iteni Method Instrument Observation |Observation
schedule height
= Wind direction - For T days | Every 50
Wind speed Raball Theodolite Model : KDT-3) '_I‘ivice a dajf ; Upto
| (8:00,13:00) | 2000m
. |Wind direction - Sonde Systém For 7 da_yé Echy 50 i1_1
_ Wind speed |Captive sbhde_ - (Model ; CBS-’I‘-I&) ' ‘Bvery 3 Up to 700m
: | Temperatur;e | : Gas'::helium L howrs - |
%% . _ .Sonde system
Temperature Low level (Model : JWA-94W) Same as raball
'$onde Balloon : rubber(100g) Observation
| Gas : helium
T Ascent si)éed:ZOOmImin ]

) Obser_vﬁtion period
. Obsaw'ﬂ;ion \i}as carried out in autumn and wintey for the period of full sex:ren days as
shown below. | N :
Autumn : fr:q_m 12:0.0'.oi1 October 8 to 9;00 on October 16 in 1996
\anter : from 15:00 on 'I"ebru.m.'y 22 to 13:60 on March 1 in 1997
@ Obsérvation achievement
Achievement lists of observation runs in autumn and winter are shown in Table 3.4.2-3.
In thé’se ﬁeld surveys, i!; Was'determiﬁed that each abservation altitude to be reached by a
- captive sonde and 1é\v level _s'ohdé shbu}ci be 700m én_d 2000m, respectively. Figures in the
" table denote the altitude Where-the sonde :reache_d: actually. Aftor the sonde reached the
5 target altitude, the captive sohdé was pulled down while keeping obsgr_vationﬁ On ﬁie other
" hand, as for the low level sonde, signal receiving was discontinued .as sooﬁ as it got to the
altitude.  In _s{lch cases where the observation was completed, the_ target :aftitttdes are
shown in the table. And “ - ” denotes that the observation was canceled or ended

unsuccessfully.



Table 3.4.2-3 Achicvement list of captive sonde and low level sonde observations
uppet : temperature
lower : wind

QOctober 8 - 15, 1996

unit ; m

Captive Sonde Low-level Sonde
. Raball
Date ! 3:00 | 6:00 | 9:00 | 12:00 | 15:00} 18:00 | 21:00 | 24:00 | 8:00 | 13:00
Oct.8 e 700 | 700 | 700* | 100 | 700 -1 2000
o _ | 700 | 700 700% | 700 | 700 |- 2000
'Oct.0 [ 700 | 600 | 700 | 700 | 700 | 700 | 700 [ 700 | 2000 | 2000
| 700 600 | 700 | 700 | 700 | 700 | 700 700 2000 2000
Oct.10{ 700 | 700-[ 700 | 700 700 7700 [ 700 | 2000 | 2000
: “700 | 700.| 700 .| 700 - 12700 | -700 700 | 2000 | 2000
Oct. 11 700 | 700 | 400 | 50 | 700 [.700 1 2000
' 700 | 700 | 400 50' | 700 | 700 - - | 2000
Qct.12 600 | 700 | 250 | - | 1060 § 400 .} 700 | 2000 | 2000
- 600 7(_}0 2560 - 160 | 400 700 | 2000 | 2000
Oct. 13| 600 - 700 | 700 | 600 | 700 | 700 700 | 2000 | 2000
o 600 700 | 700 |} 600 | 900 703 | 700 | 2000 | 2000
Oct. 14 500 | 500 | 100 50 700 | 650 | 2000 | 2000
S 500 | bH0O 160 - 50 | 700 G50 | 2000 2000
[Oct.15] 400 | 700 | 700 2000 '
400 700 | 700 2000
P Surface data is :hissing.
_ _ _ upper: tcmﬁeralurél :
February 22 - Mavch 1, 1997 '  lower: wind unit : m
1 : Caplive Sende _ | Low-level Sonde
| o o ’ .. Raball * -
Date | 3:00 | 6:00 | 9:00 | 12:00 | 15:00 | 18:00 | 21:00 | 24.00 | 8:00 | 13;00
Feb.22 ' 1 100" | . 50 . 60 o I
s s s ] w0 § 80 | - 1 0 L7 L '
Feb.23] 100 100 [ 700 - -1.260 | 700 | 700 | 2000 1 2000
- 4100 1 0 1 700 ]| - - 260 ! 700 | 700 § 2000 | 2000
Feb.24] 700 700 | T00 50 700 | 700 } 700 700 | 2000 | 2000
700 | 700 | 700 | 50} 700 | 700 | 700 700 Jsurface| 700
Feb.26] 700 | 700 | 700 50 .| 450 } 700 | 700 450 | 2000 | 2000
. 700 _1_700 | 7Q0 i) 450 | 700 | TG0 1300_| 2000
J¥eb.26| 700 | 100 | 700 | 600 | 700 150 | 100 | 100 | 2000 | 2000 |
_ 700 100 | 700 | 500 | 700 | 150 { 100 | 100 { 2000* i 2000 |
Feb.27| 600 | 700 |:250 - - 200 100 | 700 1 2000 | 2000
600 _1.700 | 250 ' 200 100 | 700 | 2000 | 2000 |
“|Feb.28| 500 300 | 600 | G50 700 | 700 | 700 | 2000 | 2000
500 | 300 | 600 | G650 700 1 900 | 700 | 1400 | 2000
Mar.1} 700 | 700 | 700 | 700 : / / 2000 | 2000
700 100 2000 1 2000

L_ .

700

700

4

d

g

* Data at 50 - 550m are missing.



- Raball observation and low level sonde observ.ation
The total of 14 runs were supposed to be carried out in each scason.  The measurement .
from the surface to 2000m altitude should be accomplished at every run.
Autumn : 13 out of 14 runs were accomplished completely, except the run at 8:00 on
October 11. | | ' |
Winter ::All of 14 runs foi‘ temperature were completed su'cé_oss["lllly. Oll the other hand,
13 runs of wind obs_ervaticnl_ were accalnplished,'but the 1‘lm a't' 8:_0(l on February _

24 was unsuceessful,

:§ o Céptivc sonde observation
The total of 56 runs were supposed to be carried out ill mch seaédn 'l‘he_measurement
from the surface to 700 m altitude SllOllld be aucomphshed at every run. Inorder to avoid
the accndent sevexal runs uudel the condltions of wmd stronger than G m/s or rain were
an’celcd _
Autumn Th:rty four runs were accompllshecl completely, and 41 runs could obtain data
ﬁom the smhce Lo the levcl lngher than 500m On the other hand, 9 runs
~ could not reach 5_0m_b,ecause of strong wind or rain. The wind tended to be
strongef in the aftérnoonf, so that 4 out ol‘ 7 tuns scheduled at every 15:00 could
': not reach 50m. |
Wmter 'l‘wenty seven runs were accomphshed completely, and 32 runs could obtain data
from the surface to the level higher than 500m. On the other hand, 6 vuns could
" not reach 50|l1 beg:altse of strong wind or rain as in the case of the run in autumn.
© Similar to the mns in atllumn, 3 ont of 7 riins sélleduled at 15:00 every day could

not reach 50m.

3) Method (lf analysis _

- The atmospherie condition is an lmpmtant factor contmllmg the pollutant {llflusmn and
_adve’chon. Generally, urban air pollutlon is considered to bea local:zed phenomcnon w}nch
is characterized by not only arhﬁmal circumstances but also natural envivonment such as

flora, topography, and weather. Because of such a locality of the b'cickground. of the air



- pollution, it is sigtﬁﬁcant'to know the local climate i:_i the area concerned for each season in
order to know accurately the characteristics of the local air pollution. For this purpose, it is
ncecessary to know the general weather conditions in the specific period based on the
statistics of ‘the observation data as well as climatological characteristics based on the

* analysis using the data accumulated for a long term.

N0 Analyms of surface meteorology
_ Tho 1tems of the statistics for the analysss‘ of surface meteorology usmg ‘the data
| obtamed by the JICA study team are shown in thc following table (Table 3.4.2- 4). The

statistics were made to know the characteristics of the atmospheric behavior which was

esse'ntial to the'polhitant diffusion and advection in the boundary layer 'The period for '

'statlstlcs ( daytnne night-time and wholo day) was determmed in the llght of the diurnal | -

variation of the wind and atmospheno stability.

Table 3.4.2- 4 Items of statistics for surface meteoro[ogy

Meteorologzcal elcment Items for statistics . | Period for s.‘ta't;istics.
Wind direction : 'I‘h_o most frequent wind direction | = Whole period
Wind speed | Frequency of the wind divection by | Day/might/whole day

classified wind speed .

~ Average windspeed - .| .~ Whole period

Wind spced : ' z\verage wind speed Dz;ylnight'lwhole.day

for each wind direction -

Atmospheric stability | Frequency of atmosphoric stfabil'ity ~ Whole period
* The division of daytime and night-tinie is de_termihed based on the time of Su:r\ri.ée and sur;set;

daylime : 7:00 - 17:00  night-tinie : 18:60 - 6:00

@ Analysis of upper layer meteorology _
'l‘he items of the statistics for the analysis of the upper layer moteorology using the
_ captwe sonde data are shown in the following table. - The data were compiled for every 50m

from stwrface to 700m. The statistics were made to know the vertical atmospheric str ucture



and its diurnal variation which are typical in the region and season concerned. Especially,
our interest was in the inversion layer and thermal mixing layer which control the vertical
advection of the pollutants and are relevant to fumigation. Therefore, they were thought to
have considerable influence on the surface congen_tration.: The pen’idd for statistics ( hourly,
da'y.li_me, night-time and whole day) was determijmd in the light of the diurnal variation of

the wind and atmospheric stability as well as surface meteorology.

* . Table 3.4.2-5 ltems of the statistics for inpp:er layél' meteorology

* Items for statistics L Period for statistics

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

Profile of average wind speed : - Daylnightfwh_ole da'yfhouriy

_I_"rét;ﬁenéy of é_lass_iﬁed wihci speéd_ | Day/night/whole day |

Préﬁlé of avefagé tem:peram.r.e. _ - Day:ln.ight.lwhole day/houtly
B Préﬁlé of avera_gi; tentpefaturé gradient o [)éyh]iglit!whole dayﬂmuriy

Frequency of classified temperature gradient Daymight/whole day
*The divis_ioﬁ of daytime and night-time is determined based on the time of sunrise and sunset.

daytime': 7.00 - 17:00 night-time : 18:00 - 6:00



(2) Simplified and Additional measurements of air pollutants

'l‘he.simpliﬁcd measurements of NOx (NO: and NO) and SO:, and the additional
measurements of CO and HC were carried out in two seasons, i.e. autumn (October ’96; the
~first m_oasurement) and. winter (Febroary - March '97; the second measurement), with the
si:‘nulta:idohs meteorological observations. o _

_ The ambient air quality of MOT is now monitored by some orghnizations incntioned in
121 ‘\1031: of these air-monitoring stations are located at the cross-section of main réads or
neér the read. - At these stations, 1t is SllppOSO(l that the measured data are affected by tho
“direct cmiﬁion from' vehicles.  Therefore, simplificd measurements and additional

measurements were planned and condu_ctod for the purpose of grasping the represonthtive
' concentraﬁon of pollinlants ',\v].ﬁ_ch_ were © not affectod: b&' vehicles  directly and of

complemeniing the existing monitoring data. Especially,:'CO is cbnsidere(l as pollutant to

be given priority in the v estngatlon because of its high concentratlon obsewed n the past = °

monitoring actwmes n the MOT. . - The :-_.amplmg pomts and samplmg tinie were selected on
the assumption that CO c_oncentratlon data. should be utilized as input ‘data and the
materials for verification of the simulation model.

The time schedutes of the simplified and additional measurements m‘e. shown in Table
3.4.2-6(1) for antumn and in Table 3.4.2-6(2) for winter. Table (a) shows the date wlie_n‘
“sampling and measurements were carried out and table (b) shows the sainpiiné ti'm:e.and:

Trequency during the period.

"The explanation of each sampling point i$ shown in Table 3.4.2-7, and the latitude and
longitude of them are summarized in ‘fable 3.4.2.8. And their locations are plottcd in the
map (Fig. 3.4.2-1). Basically, the same sampling points were used for bOti’l moasuroment
periods. . | : . | |

'The VO concentration was olaoﬁed for mea:_surc.ment maioly during wiotel". i)uring
the autumn period, more than 20 samplos.- ot: roadsides and in 1"esi.d.on.tial 'areasjwere
collected as a test run. | |

;ach t*n get po]lntant and 1ls measurement methodology are explamcd below:



In addition, CO, HC, NOx and SO: 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,



5 ’l‘able 3.4. 2 6(1) Schedu!e of simplified / addltzonal me*ismements
Autumn (Qet. 4G)

- (3) Sampling date

bay foct T8 TTY 0 T g 13 14 1%

: 1_6,

NOX F IIIIII

| {tem  Tue Wed Thu  Fri .- Sat Sun Mon Tve Hed
4 —— ! ] I ] : | )
_ Rehearsal : : : : :
co o MealSUrement E E 3 E
0 T2 3 S 5 :
_ Rehearsal i — i . : : :
we | || [weaswrenent | i i
| y O oLy 2 3, E E
_ ' Rehearsal : i L M '
_ ' . | I S I T . )
NOx S R . Meas|ur¢melnt_ _ . 5
0 1Ty 2 3 4 by 6 7 5
SO A - Measurement - | | !
E A H T2y E :
<Note>  The number of each bar means Run No.
{b) Sampling time and frequency L
{ten T:me of day

o~~~ 5 & 7.8 91011 1213 14 15 16 17 18 19 20 '?"1
T | ] T

T 1 T T I 1 1 ¥ T T I

oo oanao D%D%D}DID:D{D';D}D%UJ.DJ

vew |1 9PPP00P000000000

HC d4points |b------ p%'o’;'ofil’o’p%p

24hr continuous sampling

72hr continuous sanmpling

-------

§ i 1 | | | H | k |

-------

| ] 1 {
6 ---5 6 1 8 9!011 12 13 laaIS 16 17 18 19 20 21 ---
m

<Notes> 0 2 1 hour Sampling

O ;5 minute Sampling _ . _
HC MOT ; HC taken at MOT government office building



Table 3.4.2-6(2) Schedule of simplified / additional__measureme‘n'ts _

Winter (IFeb.-Mar. '97)

(a) Sampling date
Month]_ February B T Wareh ]
Day 21 22 23 24 25 26 27 28 1 2 3 4 5 6 1T 8 9
ftem ° lFr| Sat Sun Mon Tue Wed Thu Frl SatlSun Mon‘Tue i'v’ed1 hulFrllSatiSun
co |5 T [z2] =] [} ¢ 0 8 8 8 i
we [P0 [E B PP
.- E : 1 : - : .I.: | 4 :'I : ] : [ | § E ; i § : E El é
Nox fi]Jo t. 2 3 4 S5 6 7. 1 Coor
) POUNEN UGS WSyl i B R RS S oo
ey 1 - ] e S A roo
= 50: || I 2
A T s
VOC |+ ¢ 1 r s e e Vo2
<Note> “Ruin Ho.} © Measurement
{b) Sampling time and frequency _
o WMem 4 Tine 9j__d_av - L
0 «-5 6 7 8 910 11 12 13 14 15 16 1? 18 19 20 21 cer 24
| I Iy T T 7 | T ¥ | T T T T T 1 | P | 1
nOooooonooOoooOoaoaao
. CO I """" [ I T % } | L 3 1 | 1 zL """ {
o HC NOT . POOOOOODO00QPPOER,
HC 4points P-----j?ﬁ4+~4 §3 {. f ?3 b ?) : E) ! %D fro-eee {
N Ox eeeens 24hr cantinuous_sampling ______ |
S 0. T 96hr continuous sampline i
Voo wrme |1 PPPPPPEOOORPPOOD
VOC 4_poirﬂs: _[---~---F—£+4-1© — ? e —— ? : (E@ 3 ? Fovee-- i
. - TN | i i ! [ B | L1 [ W t i [ T :
10+ 5 6§ 7 8 91011 1213 14151617 18 19 20 21 ---- 24
. , Tine of day _

<Notes>

03 : 1 hour Sampling

o “10 minute Sampling -

H T HC taken at MOT government office hun Idms
v MO'[ AQCC ;  VOC taken -at MOT bulldlng and AQCE
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“Table 3.4.2-‘7 Measirement Points of CO, HC, NOx, 80: and VOC

Point No? Explanation, Nanic of facilities _ Measurement : O
. _co | He | Nox | so: | voc
1 Public hall of the 13th-ward O O O
2 |504 Hospital of Army @) O O
3 Public hall of the 4th-ward O &) 0O O O
4 Public hall of Area 3, the 1ith-ward ‘O | O_ O
5 |Public hall of Area 6, the 2nd-ward __ O . o | o B
6 |Public hall of the 5th-ward olololo]| o
7 |TPeheran Railway station | O O O.
- 8 Public hall of the 18th-ward o | o o | o1 9
9 . Basij Sepali Center O Re) . O _
10 [“aci!ilies} of Taxi organizalion of MOT 9 O O O | O
11 [Public hall of the 15th-ward 0. o | o
12 - [Facilities of MOT related brick and cement O 0 |1 0O
131 |MOT government office building grotmd floor - O : | o
132 |ditto, ' and floor (10m) 0 |on | on| ol on
133 ldivo, Ath floor (20m) o | | |
134 |dito, Tthfloor 30m) . | O .
135 |ditto, yoof  (40m) o] e
136 |ditto, | roof __ (50m) o : N
14 |AQCC building . o ' ' o | o |on
16 |AQCC mobile station ol o
16 EIcétricgl bus station O O
| 17 [Facilities ofthé 16th-ward o |.O
18 {Synoheh clinic o | o
19 Water and wastewater organization O | O
20 Abbas-abad agriculture and animal husbandry area O | O |
21 Public hall of 1st-Area, thie 15th-ward O 0
|22 Ekbatan towa ' 0. | O
23 17 Shahrivar park iC)i O L
24 T"T’i'()'build.ingl . ; O . O e
26 Fire fighting :stélidn of the Oth-ward e ol
26 Golf lands and Tennis u:lubE ' Rel o
27 Mes: Moghadam dentistry s olo
28 Meteorological station, Aghdasiyeh O O |
29 Shahid Abbaspoor Universily Ot O
30 PARS Electric Factory a7 O
31 Apartment of an AQCC staff Q O
<Notes> *!:Each hour sampling *2:lstfloor VOC: Winter measurement
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" Table 3.4.2-8 Latitude and longitude of sampling point .: '

Point No.

2w

Latitude

Longitude

deg( N)

min

deg( B)

min

45

41408 |

51

126705

27229

3 | 85 | 44576 | Bl | 29.508
4|3 42027 | Bl | 22803
s | 3 | 42863 | 51 4 20557 Q-
_ _6 - ,jé_____ , | 43971 _ . 5,1 __ 1_89,02 B
7 |85 | 39568 51 ] 23933 |
s | 3 | 38992 |- 5L | 20901
9} 8 | 35930 [ 5t 18508
10 35 39.488 ﬁ-_'_5_1 - 27.032
T | 35| ssdoz | 51 28.852
R T R T 36952 | 51 | 30311
T | 35 | dos7i | 51 | 24918
14 | 3 | 44000 51 | 26285
15 T35 | 4nses | o 51 | 29.524
6 | 3 . 43475 | 51 | 81426

17 35 | 38308 | 51 25.313

T iy s | 81384 | 5L | 23830
19 35 | _8b475 | 51 | 26344
20 35 - 35.260 51 21.359
21 .35 40442 - 511 21475
22 3 | 4233 [ = 51 18.852
23 | 8 4 40228 | 51 18.934
24 35 43.582 .51 1 23.754
_________ 25° | 3 4675t (51 1 20246
2% | 8 46697 | 51 | 23.689
21 | 85 . 48550 bl - 27.050
s | a5 | 4sobs | BL | 29.181
29 35 45.220 Bl | 33361

<NOTE>

'1:131- 136
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o

1) CO

(D Information of sampling points are shown in Table 3.4.2-7, Table 3.4.2-8 and Fig. 3.4.2-1.

a. Surface measurement points P Total 13 points.
- MOT governiment ofﬁcc-. building (1 point, No. 131) _ _
- 3 points in each divection, i.e. N]&, NW SW and SE vie‘\;ed from the position of _No.. 131
at the center of G’I‘A (12 pomts No 1 12) o |
b Vcl tical measurement pomts . Total 5 pomts
. MO’I‘ government office building (10 20 30, 40 and 50m hclght No. 132 136).
@ The sampling period and time are shown ih Table 3.4.2- G
a. The number of days : Total 4 days for each measurenent |
- Autumn measﬁren.len't:': Rehearsal 1 da)} +3 consecutive days
- Winter measmement 4 tlmes every other day -
At the “mter measmement samphng is made every othel day taking care of physwal
co_nditions of staff.
'b._ Sampling ’l‘ilﬁe :5:00 - 21:00 (16 hour cont.i.'uilous saiﬁpling, 1t sample in each heur)
@ Samplmg ‘method : Air bag samplmg with JWA 93 Mini samplers and Salan bags
- The schenmtxc dng; am and pictures of CO sampling are shown in Appendix 3.4.2-A.
- Capacily of Salan bag =10 Li
' :-'-‘l‘hé ﬂpw rate of each sampler is calibrated and adjusted to about 170 mL/min (= 10 1/h)
befofe measurement to collect the sample air chough for the following analysis.
- Salan bag is selected for CO sampling bécause the gas permeability of Salan, ie.
' polyviny!idone chloride is very low. '
Befme use, each an b‘ig is pre-cleaned and checked whether it has any leak, with the
-+ following process to ﬁll up the bags w;th high purity Nz gas, leave them for the night,

 and release the gas fro_m _thc bags on the next day.

- @ Analysis method : NDIR detector anélyses using APMA-3501 iy'pe CO monitors

(at AGQCC). |
. CO monitors are calibrated for each analysis day using a Zero ai_i‘ 5c).'lindcr and CO
standard cylinder which includes about 9 ppm of CO in high purity N2 gas.

- {The way of analysis) The air bag is connscted to the CO monitor direetly using Teflon |



* and silicon tubes. - Then the CO concentration valie on the display is recorded on the
analysis note just 3 minutes aftex the bag is connected. The waiting time of 3 minutes
is selected based on the result of the prévious test showing that it took about 2 minutes
for the monitor to show the nearly constant value. - Analysis of CO is carried out within

two or three days from each sampling day.

2) HC __‘ | | |
O Infdrniatiﬁn of l'u...fc sambiing points far HC is shown in-Tablé 3.4.2-7, Table 3.4.2-8 and
Fig. 3.4.2-1, | _ _ o ;
- MOT goverhment office building (1 'point No. 132)
- 1 point in each direction of Nl*,, NW,; SW and SE viewed from the posntlon of No. 132 at
the center of (}'I‘A {4 points, No. 3, G, 8 and IO)
; O The samplmg permd and time are shown in Table 3.4.2- 6.
a. The number of da)s Total 4 da)s for each nwasmcment (same as CO)
Autumn measurenient : Rehearsal 1day +3 consecutwe days
- Wmter meas_urenmnt + 4 times every other (lay
b. Sampling "i‘imf:’:
- MOT building (5 minute smnpliﬁg in autumn and lb.nlillllte sai‘nﬁling in_winter,_- ét
every hour from 5:00 to 20:00 ; 16 samples / day) | o
- Other 4 points (5 minute sampling in autumn and 10 minute samplmg in wmter at 05,
08, 11, 16, 18 and 20h ; 6 samples / day)
(Note) Sampling times of the 4 other points were chosen in the light of the diurnai.
variations of typical traffic volume and concentration of pollutants in Teh.ran., i.e. early
“morning (05h), the morning trafﬁc'péak (()Sh),id_ay Vtime (1 i,lGh) an_d_ the .e.v'enin.g tréfﬁc
peak (18,20h). N : _ R '
For the winter measurement samplmg dmatlon was lengthened to 10 mmutes
from 5 minuies of the aulumn measmmnent for bettcn representativity of the sample.
@ Samplmg method : Air bag sampling with an 1ncl1rect sampling system and Tedolar bag
- The sche‘matic diagram and pictures of HC sampling are shown in Appendix 3.4.2-B.

. Capacnty of Tedolar bag = 20 L



- A Tedolar bag is selected for HC sampling because Tedolar is characterized b); its low
adsorption of gas. | |
- Before use, each air bag is pre:cleaned and checked to detect any lea_k in the same way
_ with the Salan bag. _ | ) _
@ Analysis me_t.héd': FID detector analyses usitig the APHA-350FE tjpe .lI:C moiiito__rs (at .
AQCO). o ' |
: - Item : CHa (Methane) | g
- NMHC (Non-methane hydrocai"bon)_
: 'I‘HC (Total hydrecarbon)
. HC monitors were calibrated for each analysis day in the similar way to CO.
-:(’l‘he way of .analys‘is) The éir bag is_cbnﬁected to an HC moni_tor dirvectly using Teflon
and silicon tubes. ‘[‘hén HC values on the: disp.l'ay'are recorded on the _a'halysis note fdr
_ each bf 3 items of HC just 3 minutes after the bag is com.‘lec_téd._ The w#aiting time of3
minutes is also" determined by tlie pi'evious test, Analysis ';)f HC must be finished
, .wit.h‘i;i the day or at latest before the next niorning, becansé of the possibilities for the

HC concentration to change its reactivity and permeability of a Tedolar bag.

:3) _N__Ox‘_and S0z
® .Iﬁ.foi'malion of total 31 sampling points for NOx'and SO: is shown in Table 3.4.2-7, Table
© 3.4.2-8 and Fig. 3421
@ The sampling périod and time are shown in Table 3.4.2-6.
" -'The number of d.a_ys :.
'NOx - Total 8 days (for both seésons, Rehearsal 1 day + Measurement 7 days)
- 80;- Autumn : ’l"o‘tai‘(} days (Measurement 6 days)
- - 'Win.)tcr :"lotal 8 days (Measuréiner)tﬂ days)
. Saziip'ling Time: . o 7 _
‘NOx -> 24 hour coniim.lou.s [iaési\fe sampling (in both se.asons)_ .
80; - Autumn ; 72 hour continuous passivé sampling |
- Winter : 96 hour econtinuous passive sampling

According to the manufacturing company of the sampler mentioned later, the



standard exposure periods of the samplers are 24 hours (=1 day) for NOx and 168 hours
E (-*:7' days) for SO:, respectively. Based on the preliminary analysis of the ambient air
monitoring data, showing the 8Oz concentration was higher than that of Japan, 24 hour
sampling for NOx and 72 hour sampling for SOz were adopted. But the sampling time
of SOz was tengthened to 96 hours (=4 days) for the winter measurement from 72 hours
‘ (=3 déys_) for the autumn measu_remenit. because the results of the autumn measurement
. ivefe considered to be underestimated.  The Sfart! End time for each sample, that is,

“the tlmmg of 1cplacmg sampled filters w1th new ones is ﬁxed in early afternoon in view

of the prevmus result of the monitoring stations showing that the dmrnal vauatmn of

NOx and S0: concentrahon sink in the daytime.
O Sampling methods |
- Passive samplmg by dlffllSLOll of the gaseous pollutants using an Oga“a Passwc
Sampler shown in Appendlx 3.4.2-C. |
- Item for NO). . _
NO: Mcasured by the 1esult ﬁom the NO: filter
NO D;fterencc between the values of the NOx and NO: filters
@ Analysis methods
NO: and NOx samples were analyzed by using a spec_trophot.oﬁlct;:'r at the Chcmical
Engineering l)ep’artmént of Sharif University in Tehran, while SO2 samples were (.:ar'riec.i to
Japan and analyzed there. | | : |
NO: and NOx : Extracted with water and analyzed \;;ith a spcetr.oph.otoﬁwter.
SO : Extracted with water and analyzed with an ion chronmtogr'aphy

The analysis methods are also outlined in Appendix 3. 4 2 C.

It must be noticed that NO data- for‘ both seasons are not 'av'ailable because the

oxidation reagent reduccd 1ts ability of oxldatmn affected by hlgh temperature durmg the

- {ransportation in the case of the rzulumn measunement, and because the blank value of NOx

filter prepared for the winter measurement was extremely high according to the analysis of

Sharif Univer:sity; Conscquently, only the concentration of NO is listed in this report,



4) VOC
(O Sampling for the autumn measurement
For the autumn measurement, 26 samples of VOC wére collected at several points in
MOT mentioned below. |
~a.Point: Intersection : Fatemi
Gas stalwn gasolme 'md LPG stalions
Resndcnhal area: AQCC and the apal tment of AQCC btaff .
Roadside and on the road '
b. Date : Oct-. 29°96 (1 day)
@ c. Numbe’r of samples : 26.
| @ Sampling for the winter measurement
. a. Sampling points of VOC ave G in total, of wlnch 5 pomts are common with I{C and AQCC
(No. 14).
. Informatwn of them is shown i in Table 3. 4.2-7, Table 3.4.2-8 and Fig. 3.4.2-1:
- l\._iO’l‘ governme_nt ofﬁc_eb_ulldmg (No. 132)
-1 point in each difection 6f NE, NW, SW ém& SE viewed from the position of No. 132 at
the center of G'l‘A (4'poin.ts, No. 3,6, 8 and 10).
. AQCC (No. 14)
-'b Thé s'amli]ing'peribd' and timg are shown in Table 3.4.2-6.
;§§ The number of days : Tolal 2 days
‘ _VOC was sampled in accordance with different schedules from those for other items on
two daj's just before the departure of the JICA study team, because the VOC sampling
t'ube‘would. not keep its purity for long time due contamination caused by surrounding
air. The.refor'e the a:\alyrsis had to be made in a week after pre-cleaning.
Samphng ’I‘lme | |
MOT bulldmg and AQCL (1(} minute sampimg at each hour from 6:00 to 20:00 ; 15
samples ! day) : _
C 4 othcr poihts (1_0 minute sampling at 06, 68, 11,16, 18 ﬁlld 20h .; G samples/ day)
c. Sampling of HC. | o '
In addition to VO(‘ HC samplmg was catucd out at the MO'[‘ .ofhce bmldmg fmd



* AQCC on the same schedule with that for VOC for comparison.
@ Sampling methods |
- Adsorption sampling using a Tenax GC tube and SIBATA mini sampler.
“The schematic diagram and pictures of VOC sampling are shown in Appendix'3.4’.2-]).
- Samp}ing time : 10 minutes
. Sampling air volume : about 1.1,
'l‘he flow rate of each sampler was adjusted to about 100 mUmin * The sampler
‘has an LCD digital countcr “hlch dlspiays the counts of revolutlon of the puinp, i.e.
one count for one revolution of the pump. T hen the samplel was eahbrated by
measuring the air volume per one count. I igures displayed on the LCD counter at
the start:and end of thé sampling were written on the ficld note. * The difference o_f.
them (= net counts) de:ilot.es the air volume which was pt_lllbd through the Ténax GC
tubé' _ | _ _
Before meaqmement ’I‘cna:\ GC tubes were: pre c]oaned by heatmg at 180
2OOC for about 30 minutes and ﬂuslnng msu;le of the tubes with hlgh pmlty Ng gas
'lhe tubes were pre-cleaned on the day befme each sampling day.
@ Analysis method
VOC samples werve carried to Japan and were’ analyzed i:nmediatdy witﬁ ‘special
analysis devices. : . ' |
- Analysis method : Gas chromatography with a thermal dcédri)tidn inj.eetlor. |
The schematic diagram of the VOO ahélyzing system is shown in ‘Appeﬁdix 3.4.2.D.
Item of the analysis : Benzene |
Toluene _
Ethylbenzene . |
“m,p-Xylene

.o-Xylc'mc :



' (3)'SPM sampling for Chemical Mass Balance (CMB) Measurement

'Samplings of SPM (Suspended Particulate Matter, = =104 m) were carried out at the
MOT government office building in two seasons with two sets of a low-volume air_sampler.
(D Sampling point : Backside of the MOT gojvernment office buildiﬁg, on the gmu‘hd level

(almost the same with No. 131) |
.Note : Because of an emergency electric power _s_nj)pliei- uses a diesel engine, {lie..saﬁaplin'g_ ‘
- place was moved to 20m east of th:e-ﬁrst ;sam.'p]ing i)oitlt for the sccgnd sampling of the
antumn meésin‘emcnt and s'ub.s'equent samplin.g,_ | | | |
@ Sampling period and time: |
 The number ofdays Autumn = total 21 d'ayq {Qct. 3 - Oct. 24 96)
‘Winter = total 27 days (Feb 5 ‘Mar. 4 07
Samp}mg time : Autumn =17 day contmuous samplmg (Oct 3-10, Oct, 10- 17, Oct. 17-24)
~ Winter = 14 day (Feb. 5 - Feb. 19) and 13 dfxy (Feb. 19 . Mar. 4)
continuous sampling
~ The smlphng tlme of the winter nmasmement was lengthened because the
conceuhatuons of soie pollutants analymd m Tehran at the autwinn measurement showed
“ND”, i.c. less than the detection limit. Sampling of the second winter measurement w as
terminated on the 13th day because"the. 14th day was a n'atiqﬁai holiday of Iran.

The Start / End time for each sample, that is, timing of replacing sampled filters with

new ones is fixed at noon in view of the variation in traffic volume and SPM concentration.

@ Salﬁpling method :

Collection of SPM on the filters through filtration of ambient air with use of a low-

- yolwme air sampler. - Two kinds of filters were used for this sampling; a quartz filter and

cellulose nitrate filter.
@Analytlcal 1toms and methods

- After measur rement of we:g‘nt evely ﬁltcl sample was divided into halves, a half which

fwas analyzed at the Chen_lica'l Engincering Departmer_lt_ 0!' Sharlf University, dn:d the other

half which was carried to Japan and analyzed there. ‘The analytical items and equipment

are as follows;



Concentration of SPM
- Gravimetri¢ method (weighing method)
Principal elements and metals: Al, Mn, V, K, Na, Fe, Sc, Zn, Pb, S, etc.
- Radio activation analysis (Japan) '
. Atomic absdrption sﬁeétro;netr)' ‘analysié (Tran)
- Fluorescent X-ray ailalyéis (Iran, Japan)
" Tons: NOy 5047 ,Cl NH4 |
- loni chromatography (Japan)
- Spcctmphotometric analysis_ {lr’an)
Carbons :'C-'org(Organié carhbony), C-ele(Elemental Ca’rbdn)
| - Thermal carbon analyzer (Jqpan)

: Spemﬁcatlons and explanahon of each analyzer are shown in Appendw 3.4.2.E.



(4) Stationary emission source

Analytical measurements for exhaust gas emission were conducted in both summer and
winter for energy-intensive factories in GTA as well as for home appliances such as small

boilers for room heating and cooking utensils. Methods of measurement and analysis for

stationary emission sources are described under 1) in this section, and the name and type of

" facilitics and measured results are described under 2).

Furthet_'more, in or.der' to make sure sulfur contents of fuels.u'sed‘ in GTA; fuel analysis
is conducted in Japan for five (5) samples, all of the;outcome: of which meet the specification

of NIOC described under 3).

1) Method of measurement anci analysis for statmnary emission sources

JIS (Japan Industnal Standard} is applled ta measmement and analysns 1n the field

"'measuremenl; portable instrument analyzers are selected because of easy handling and

i inspecting actwltles As for a measmmg method popularly used and authorized methods by

WO, EPA, ete. are selected as  shawn below.

Jtem N s Method

1 |Water | Weighing by U-tube
-2 | Oxygen | Orsat method ' L
.3 | Flow rate | Pitot tube method
-4 ! Dust . | Filter with oomputer—alded equal velocity suction system
5 |80x. - - | Non-dispersion type infrared gas analyzer
6 | NOx Non-dispersion type infrared gas analyzer
-7 1CO Detector tube B

" (a) Gas temperature

" The flue gas temperature is measured with a therinocouple, which is inserted into an

~exhaust gas duct, angd indication is read "w:hen it becomes stable.

(b} Moisture content
A U tube is packed with granular CaCl2 and lel Hxed volume of exﬁaust gaé flow

through the tube, and moisture is absorbed, then water content is calculated on the basis of



the weight difference of the tube as follows.

22-4*ma*100/18
Vik273/7 (273+ 0 m) #(PatPv) /760+22. 4%ma/18

Xw : water content(%6), ma : absorbed water (g)
Vin: cxhaustfgas'volume(_l), * Pa: atmospheric pressure (mmHg)

‘Pv:gas metef pressure(mmilg)

(© Conipoﬁeni_; in flue gas

Exhaust gas in the duct is taken into a rubber sack and analyzed with an’ Orzat

analyzer. An Orzat analyzer is to absorb CO,{. 0, CO with a respective liquid absorbent

shown below, and each gas composition is calculated by reduction of gas volume, In the case .

'_61' low concentratioﬁ of component, a detector '_tub.e is used in place of an Orzat analyzer.
| | 'Absdrbeﬂ£ : | | |
CO,: Potassium h}ﬂi‘ﬁxide e
| Q, : I’)"x'ogallol and poftassium hydroxide

- CO : A detector tube is us"ed

() Velocity

Velocity is calculated on the basis of elxhauist gas pressure to be measured by. a pitot

tube of Western type as follows:

¥,= ((100-Xw) (C0#1440,4324CO*28+N;428) /100 +Xwk18) / (22.4%100) ~
v = %273/ (273+ 0 $)%(PatPs/13.6) /760 |

Ps : stalic prossure of exhaust gaswdle) € @ coefficient of Pitoh tube

vV : velocity(m/s) ' 6 s : exhaust gas temp (C)

3—9
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(e} Dust concentration
A sampling probe is inserted into a duct and exhaust gas is extracted with the sane
velocity of exhaust gas, and dust is collected b);r a paper fitter attached to a probe, then the
filter is dried and difference of weight is measured.
nd o |
CC=E " C - dust concentration{g/Nm3}

v |
o 'V ,.: exhaust gas extraction volume (Nm3)

~ (D SOx and NOx conoentration _

Molecular par hcles absorb a parlicular vange of spectrum by e\cﬂatlon when exposcd to
: mi‘lared radiation. By means of th1s phenomena the concentratnon of special gas componcnt
' can be measmed Yoro- span calibration is always necpqsaw for analymng equlpment for eauh

measmement.

:_ 2) Measm'ing results
Analytzcai mcasuremcnts fm exhaust gas enmsmn are conducted at 22 pomts in total

as shown i m Table 3.4. 2 9, ancl fxmlyzed data are shown i in 'I‘ab!c 3.4.2- 10.

'3) Fuel énalysis
Buel analy31s to venfy sulfur contents in the fuels used in GTA 1s conducted as shown in

’I‘able 3.4. 2 11, evidencing that q]l of the fuels meet the spemﬁcatlon of NIOC.
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: Table 3.4 2-11(1) : Measuring method for fuel analysis

Component

Fuel

_Method

-t

Pb content

[Gasoline

JIS k 2255-B (Atomic absorplion)

N

Suifur content

[{Reavy oit (Sample 1)

Gasoline

- |J1s K 2541 (Excitation)

Gasoll .

: ;Q“qg_l_gmetric_tilration o

Coulometrictitration

1IS K 2541 (Excitation).

JIS K 2541 (Excitation)

et

Table 3.4.2-11{2) : Analytical result of sulfur content in fuel oil

- |Reavy oil (Sample 2)

“Fuel

'Sulfur content

. Pb content

Spec of NIOC Sample

Spec of NIOC | Sample

0w

Gasoll

Heavy oil (Saém_!e 1)

Heavy oil {(Sasmle 2)

.860ppm
o

<0.56ghiter |

<3.0w%’ 2.72W%

_922gnter -




Chapter 4

Clarification of pollution mechanism and characteristics



D

4, Clarification of pollution méchénism and characteristics

4.1 Meteorologlcal condltlon in ‘1 ehran

) ’l‘he analysm of t’he meteomloglcal background related to air pollution in Tehran was

iuqde based on the ﬁeld survey d’ita obtamed by the JICA’ study tcam and exlstmg data

belongmg to IRIMO. T he ﬁcld survey data conslst of the surface meteorologlcal data fon
five months ﬁom Octobet, 1996 to I‘ebruary, 1997 and the two sets of the upper layer
meteorologwal data obtained for the permds of Octobel 8- 15, 1996 and l'ebruaw 22 - Mazch
1, 1997. And the IRIMO data for one yeat ﬁom Janualy to December in 1994 are used for
tﬁe analysis and con.lparison. For reference,'almost all of these'observatioin data and

statislics ave compiled in the data book and supporting repoxt, respectively.

4.1.‘1. Surface meteorological condition
(1) Statistips based on the data obtained during the field survey
1) Frequeney of wind direction _

. The monthly statistics of wind direction for five months from October, 1996 to
February, 1997 at Aghdasiyeh are shown in Fig.d.1.1-1. The wind rose fdi‘ the total
observation period is also shown. As there is no particular difference among the monthly
the wind roses, the wind systein around the site remains unchainged thvough the period.
The most prevailing 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, NE is the most prevailing and
NNE and NE account for 50 - 60%.

Aghdasiyeh, the observation site, is located on the slope gradually descending to
southwest, and Elburz mountains ave on the north behind the site. ‘The above mentiened
dumnl change of wind direction, namcly thc wind alternation of day and night, reflects the

chalaeteushcs of "mountam and valloy wm(l" \\hlch is the thelmall) induced local wind

system in the mo‘_untamous region. Commde_nce of the directions of prevailing wind and
slope inclination supports this speculation. - The SSW or SW wind is considered to be a kind

*of valley wind ascending along the slope during the daﬁime, due to the buo}*ancy of the
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Tig.4.1.1-1(1) - Wind rose for monthly frequency of wind direction classified by wind

speed, and monthly mean wind speed at each wind direction.
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Fig.4.1.1-1(2): Wind rose for monthly frequency of wind direction classified by wmd

speed, and monthly mean wind speed at each wind direction.



“heated air near the ground surface. On the contrary, the mechanism and the circulation
are reversed at night. Surface cooling induces the cold air drainage down the slope. NI is

regarded to be a mountain wind.

2) Mean wind speed and frequency of classificd wind speed for each wind direction

" The monthly mean wind speed is f;ivén in the lbwor right corner of each wind rosé.
.:'l‘h_é mean wind speed duriné t'hé nigh't-tim'e'(l.'(}“* 1.2 m/s) is somewhat weaker than that
during the daytime ':(1.1“’ 1.6 m/s). "The calm frequency at night is T~ 14%, 5~10
peicentage points more than in the day. .As for the _frequency 6{' clﬁssiﬁed wind speed for
:cﬁch wind dircction, the wind of 1.0~1.9 m/s is the most dominant and the next is that of 0.5
~0.9 m.ls. Consequently, niost of the surface wind afound the .site ére less than 2.0 n.h’s'not '
:mﬂy in the night but also in the daytime. It is the distinetive feature of this area that calm'.

or breezy condition at surface is dominant all day through.

3) Atmospheric stability
Figd.1.1-2 _shdﬁs the nwnthly.an_d tofal fre'qruehcy of the 'classiﬁed_ atmbs_phpric.
stability based on the data fiom (:)ctobei','? 1996 to Fcbru_ary.,. 1997. Atmospheric stabilit& is
derived from the table of "Pasquill's 'atnios;ﬁheric stability éla'ss'iﬁcati(:):l" (Table 4,1.‘1-1) -
which gives us the stability class accord:in_g to the data of wind speed, sola'r. vadiation -
(daytime) and rédiétidn balance (night-t.iin'e).” The moﬁthly histogram for the frequency of
stabilily cl.ass suggests the existence of active convection in: t}ie daytime and strong
inversion in the night-time. In the daytime, the strongly unstable classes (“A”, “A-B7, “13)
and the neutral class “D” account for 24 - 27 % and 11 - 17%, i-qspécti.v'cly, but otﬁe'r classes
can hardly be seen. On the ather hand, in.'tl.xe night-timé,f the strdn’giy_ étab_le é]éss’ (“G”).
amounts to 47 - 54 %,-while 'oach_ élass ._o'f "‘I)"i 1 a’nﬂ F’ accounts for only less 'th‘én-?%.:
The strongly stable class and _stmn'g.h.r' uhétablc class occup}; ‘the inﬁjoriiyf’ because: the .
gradient wind was weak and fine weather .wa:s leisting and precipitation was cxceNioﬁally
little. It is supposed that such: condition tends to persist at least in autumn and win:lter,

beeavise any particular scasonal variation cannot be seen in the monthly histograms.



Table 4.1.1-1 Pasquill's atmospheric stability classification

® Regardmg the ‘direction of rad:atlon energy transpm tatlon upward is minus’-‘

@ The values of solar radiation and radifi_tioﬁ balance are the average of data for 10

and downward i is "plus

mmutcs before the observation time. -

' @ The values of solar radlatzon and 1adiatwn balance are applied for evaluation of

Wind Solar radiation (1) kW/n? Radiation balance (@) kWhn®
Speed |TZ0.60] 0.60>T | 0.30>T | 0.15>T |Q=-0.020| -0.020>Q | -0.040>Q
(U; m/s) >0.30 | 20.15 {20040
U<z | A B D D G a
2<U<3| A-B ¢ | o | b :
13=u<4 ¢ | v D D E
lasu<s] © p | p | D D D
6<U D D D D
notes;

: ‘ almosphenc stab:hty in the dayhme and night- tune respectively.

-@ The umts of solar radlatmn and radiahon balance are umﬁed at kW/m?.

: ,@ Classﬂicatmn of wind speed is based on the Pasquill's method (Japanese type).

® Each class stands for 'the level of atmospheric stability as follows:

A : unstable (strong)

‘B : unstable (mediﬁm)

C : unstable (weal{):

D neutral

1 : stable (weak)

F : stable (medivwin)

G 1 stable {strong)

A-B: mitidle of A and B
B C:middle of Band C
G D: middle of C and D
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(2) Statistics of wind direction and wind speed at surface based on the exisling data
Fig.4.1.1-3 shows the frequency of wind direction and mean wind speed for each wind

direction based on the surface data at the following four IRIMO stations in 1994.

Mehrabad Airport : hourly
-] Dooshaﬁ Tappeh : 3 howrly _
L] Aghdasiyeh (Shomale Tehran) -Bllotll'ly

Geophysics : 3 hourly (only one measurement during night-tinie)

- Seasonal and diurnal divisions in thdsé ﬁgur}:s are as follows :
E seasonal : spung (Mmch to May), summer (June to August),
’ autumn (Septcmber to November) winter (Decembel to February)

B diurnal day_tlme {7-18h)}, 111ght-t1mg (19-Gh)

At the Mehrabad Alrport w esterly wind pzeva:ls in nost periods. Its dominance is
‘clearer in the mght time or wmtel while easterly and southe:ly are observed somectimes in
the daytime of summer. The calin fréquiency shows high values {around 70%} in the night-
time of .autu_mn'_ar:ld wi:n:tér, 'ﬁnd tow Vahieé ._(arou'nd 20%) in thé daytime of spring and
summer. ’i‘lie mean wind jspee'd also shows a higher value for westerly.

‘At Dooéhan Tappeh and Aghdasiyeh (Shomale Tehran), in any season through the
year, calm oc’cuf)iés’ at least 70% and espeéially in the night-time more than 90%. On the
other hand, CeOphysics is distinguished from other stations by its low calm occurrence.
~This dlfference probably comes from the locqtu)n of this station on the top of a small hill. In
addmon to thls it would be due to its obsewatlon schcdulc w lnch has only one measurement
in the mght time when the wmd tends to calm down.’ ’1‘hc other conspicuoits fcatmc of this
'stahon is th’it wmd dlrechon changes qulte cleatlv to the opposﬁe dnectmn between day
and mght ' o

" Figd.1.1-4 1s based on the SYNOP dqta in 1993 fot the sunoundmg area of G’l A.
Names and locations of these stations are shown in Table 4.1.1-2 and Fig.4.1.1-5. ‘There is

no figure for 1-Geop and 21-Firo due to lack of some data. Roughly speék’ing, stations
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. Winter.
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- daytime : night-lime . whole day
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Fig.4.1.1-3(1) Wind rose and mean wind speed at surface based on the data of pasutd : sean v.sp. (w/s)

- Mehrabad Airport in 1994, CESTER : cala (V)
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located in the west of GTA (No.5, 11, 17) show the dominance of northwesterly while east
side stations (N0.20) show the dominance of southwesterly, pointing to the influence of large

scale topography on the wind field.

(3) Comparison between the data dé_rived by JICA study team and the existing data -

' belonging 6 IRIMO | |
The swrface metcoxolog:cql data at Aghd'isuych collected by the JICA study team and

| by IR!MO are compared for the perlod of October 1996 - February, 1997. ’I‘he dlfferences '

in the statistics due to observatmn niethods are examined.

1) Flequency of wind direction and mean wind speed for each wind direction
_ Stahstlcs of the wind dnechon and wing speed at Aghdasxyeh abtained b) the J[CA
team and IRIMO are shown for comparlson. _'i‘he_ wmd_ rose, the correlatlon of wmd: |
dir'eéﬁbn,’ compar-i_s..on of mean wind spcéd for each win& 'd';réc_tion, z:u:\cl the correlation of

win.d.spee'd aré shown in Fig.4.1.1-G - FigA. 1.1-9. | | _

It should b.e taken into account that t‘né IRIMO dét'a’ discusséd Beﬁre \\;ez‘e abtained by
“the automatic anemometer operated in & quité .different way froni the SYNOP shtibns
FPurthermore, “caln” is deﬁned as the condition of wind speed that is less than 1m/s at the
SYNOP stat:ons because thcy had been ostabhshed for the purpose of d:sastel prevention;
on the other hand, it denotes the con(hhon_ that is less than O.4mfs for thc data dlscusscd
here. In consequence, the wind roses at Aghdasiyeh obtailxed'n'espectiv_ely by the SYNOP |
station and with an automatic anemometer {sec Fi.g'.d.l. 1-3(3) and Fig.'ri. 1.1-6) are
considerably different from each other, es‘,pecial.ly concerﬁing the calin rate. |

Acdording to the wind rose based on these data S"VWSW in the daytime’ and NN Eand-
NE in the night- hme are the most prevallmg wmds in this permd common to al] Howe\ or,
the anti-clockwise shlft of the pxevalhng wmd directlon of the IRIMO thta is 1ec0gmzed in
refereiice to the J[CA data. _ '

The mean wmd specd for each \-.md dlrectxon of the IRIMO data is largéy than that of
_ the JICA team for al_most all the wind directions, and the greatest difference between them

reaches about 0.7m/s. The correlation coefticient is 0.694, the regression coefficient is 0,831
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Fig.4.1.1-4(1) Wind rose at SYNOP stations in 1993.
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S u , e
daytime 30 10 - 5, 301

" pumber of data § 12617
| exception rate ; 18.9 %

night-time = %y 55 g e 304

surber of data ; 1608
except.ion rate ; 19.0 %

whole day - W3° {f —'303‘

pumber of data ; 2869
exception rate ; 1%.9 1

observation point :; Aghdasiyeh
Observation period ; October, 1996 - February, 1997

note 1. The pair of data from which one is pissed is excepted.
2. The figures ia ‘the igrer clrcle denote the calm rate (V).
" The Upper ts for the data of JICA and the lo»_.'ei- is for the data of IRIHO.

— data of JICA -
sasn- ‘data of ¥RIMO

Fig.4.1.1-6 Comparison of wind rose based on the data obtained by JICA aﬁd_ IRIMO.
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daytime

night-time

whole day

“note 1.

mean wind speed (m/s)

10.0

Observation point ; Aghdasiyeh

numbher of data
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) i : number of data.
10,0
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The pailr of data frem which one 1z missed 1s excepted,

. The méan wind sépeed for edch wied diregtion'is derived from the data excluding

" calm (less than 0.5m/s). Howevek, the total average is based on 211 of tha

pairs of data,

e—¢ Jata of JICA

=----x data of IRIMO

ig.4.1.1.8 Comparison of average wind speed for each wind direction based ois the

data obtained by JICA and IRIMO.
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wind speed cbtained by IRIMO

r i correlation coefficient
s ; standard deéviation (m/s)
n ; number of data

H . 1 N L l(_x)
0 2 4 6 8 10
wind speed obtained by JICA {a/s}

Observation point ; Aghdaslyeh}

‘Observation period : October, 1996 - Febrvary, 1997

Fig.4.1.1-9 Correlation of wind speed between the data of JICA and IRIMO,



and the intercept on the Y-axis is 0,491, The data are scattered around the regrcs’si'on line
but they exhibit somewhat large variability. ' '

The above-mentioned differentes in the wind direction and wind speed appear to be
- due to the difference in surroundiugs of the observation sites and the types of t,he: '
instruments. - The surroundings of the IRIMO statién is open, while .thcrc are somc. trees
and buildings a:roﬁml the JICA station. The instruments used at thé_éo stations are quite ~
- different in - .thcir measureniqnt prjnciples.-_ The wind vane with a 3 cup anemoineter is
* used at the IRIMO station and an ultrasenic anemometer is used at the JICA station. ' The
3 cup anemometer tends to collect c{ata on the st‘rn:mgE iside.. These are conside.:jed to be the

reasons why the wind speed at the IRIMO station is always larger.

2 Solar radiation
"The correlat.i:m.m bc.tv:.'een_ the é_olar radiation data Obtﬂ_i;lé(l by. JICA and IRIMO dl.zring
the period from 'Octoi)el‘, 1996 to Fcb;rlléil'j',' 1997 is shown in Fig.4.1.1-10.
: "l‘h:c_dispersion_diagrani shows the féé’tl‘u‘efclbse.to oiie-to-one correspondence eitcept
some data \ﬂ_li(:h are far off the régfcséioh li.ne. " It indicates that the IRIMO and JICA data
of solar r..adiat'i'on: éoi'rolaté well with each other. ' The correlation cocfficient is 0.914, the

regression coefficient is 0.891, and the intercept on the Y-axis is 3.008.
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' Fig.'fi.i.l'- 10 Correlation of solar radiation between the data of JICA and JRIMO.



4.1.2 Upper layer meteorological condition
(1) Result of the field observation |
The characteristics of profiles of wind and temperature based on t!.le.data obtained with

a captive sonde and low level sonde during October 8 - 15in 199_6_3:1(1 February 22 - Mérch 1
in 1997 ave summarized as follows. Description of temperature and wﬂul profiles are made
for only some selected cases. Al of the profiles obtained with é.captivé sonde and IowI lé\fcl _
sonde are showh'iﬁ the supporting report.. ‘Concerning the- analy‘si:s, attention shéﬁid be
paid to the statistics for each altitude .showi'ng.- some’ wnnatural features, . such as
discontinuous changes in the profiles. - This would be because the number of _déta is ‘nbf
“sufficient for the statistics and some runs were given up or exlded‘itlcomplelcly by strong

wind above the surface boundary layer or rain.

1) Wind profiles

_ The profiles of wind difection and wiﬁcll speed obtained with the captive sonde for the
: c'ai:‘;cs of sc_le_cted_d tla'ys are shown in Fig.fl.l.?-l. The wind .proﬁles from the surface to the
T00m altitude _shcm.'r the cbiﬁmc;n tendencies that s'out.hwc'ste'rlics start and then get stronger
in the aftérno'qxi, while in most of the morning énd night, westerlies or -easterlies blow
weakly So:heﬁnies accompanied by the transition layer of wind direction. And

northeasterl.ies:can be s‘ee‘ﬁ at night in the thiﬁ layer (< 100m) near the surface.
As mentioned bé'f:ore:,_ the thick southwesterlies toward the northern mountains in the
daytime and the shéllo*.v northeastelies from the mountains in the nighitime would be

recognized as the thermally induced up slope wind and the down slope wind, respectively.

2) Tempé_rature p‘rbﬁl_es. A

"The profilés_ df -te:_nper'aturei obtaiile_d_ with a captive sonde for the selected 5§ days and
;.:Ethe diagrém of the te.lxipél;é:tlzre grﬁdielit é\'é_:ragé(l 'for:ea_c}'] altitude based-on all the
a‘;’ailab!e‘ data in the observat.i'on.ﬁe.riod. are shown ' in Fig.4.1.2-2" and Fig.4.1.2-3,
- tespectively. : | _ |
The surface boundary layer (from the_sixrface to several ten meters) is charac'tcrized_ by

the remarkable diurnal change of the temperature grédielxt., that is to say, supet-' adiabatic in
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the daytime and inversion in the nighttime.  The inversion layer is’ formed by surface
radiative cooling and it corresponds to the northeasterlies. ‘Therefore, it can be referred to
_a.s the cold air drainage. The temperature difference between the top and bottom of the
inversion layer sometimes gets to more than 5C. - On the other hand, temperature ln the
uppei"atinosphel‘e over the inversion layer decreases at the rate of 1.0°C/100m with height.
"1“h‘e. selected examples of the vertical temper'ature profiles obtained with the low level
" sonde él"‘e:'shb\'vh in Fig.4.1.2-4. The observations were made only twice a day (8:00 and
13000, | o
It seems that the p’rbﬁlcs- in mid-day (around 13:00) are chéracterized by the !
(lcpendence of the vertical temperature gradlent on the wind direction. When the
southeasterlies or southwesterlies prevails up to 2000m as in the case of 14th October and
25th February,_ the temperature profiles are recognized neutral, hecause the tcmpemture_
decreases Wltll 'heighf at the adiabatic lapse. r.ate (-1.0C/100m). “On the other hand, like the -
e:\dmples of October 8 and 9, thexe are some cases that i mverswn can be'seen around the
layer. wnth a wind shear between tl1e southwesterhes iti the lower layer and the westerhcs in
the upper layer, The inversion layer appears arcund 1000 - 1500m Bencath t-hc mversmn
the vertical tempelaturc grachent is eqml to the dry adlabatlc lapse ratd that suggcsts the
“air is well stirr ed hy cmwectmn Usually, iti is ter med asa mlxmg layer”. ln the case that
" the mixing layer is capped byi 1m ersion, pollutant d:ffus:on is conﬁned in the mnmg layer by
the inversion which is stmngly stable. The nwersmn layer plays a role of “lid”, w_hlch._
prevents thermal convclct_i.0n from developing ‘upwzlrd becéuse‘ 61‘ it_é stability, |
As for the profiles in the morning _(around 8:00) when the upper wind shear and
temperature inversion appear, the layér below the invcrsilm is more stable (armmd'#(’)..5°C
/100m) and the wind is weaker. I suggest's'that.tl}e mixing layer is still in the _e:arly 'sfl\ge of

development.

3) Wind rose at each altltudc
l'lg 4.1.2-5 shows the wind rose compiled for the whole day and day/night at avery 50m
from the surface to 700m based on the wind direction data obtained with a captive sonde.

In the daytime, the prevailing wind direction is SSW~SW at the surface level, SW at 50m
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~and 100m, SSW~SW at 150 - 400m, and SW~WSW at 450 - 700m. On the otherf hand, in
-+ the night-time, NNE'*-"NE prevails at the surface level, and N - NE wihd .ap'pears freque:ntly
at 50m. At 100 - 250m, there is no particular prevailing wind direction, bul in the upper
layer above 300m, WSW appears most frequently and a lot of ESE appear too. R
In this region, the geographical and topographical influences on the wind system are
consndetable - The diffcrem;e in the wind ros¢ between the night and day is recogmzable
" gven at 700m ang is the most ‘distinctive in the lower atmosphem near the sur facc 'i‘he
daytime SW wmd blows umformly from lower to upper air. On the other han_d, the night
:wind is charécteri_zéd by the thin NE ]ayer. near tﬁc surface (""5_0111).7 And in the upper air,
' éhangeahlg weak wind or pai'allei flow along the northern mountain range {(E~W) is worthy

of special mention.

_d) Mean wmd speed at each altitude
VeltIC‘"il proﬁles of the mean wind speed obtamed wnth a captive c'.cmde are gwen in Fig.

4, 1 2 G for cvery 3 hOl)lb the daytlme mgh(tmle and whole day. The magnitudes of wind |
~gpeéd qvelaged for the daytlme and nighttime on the ‘same level are-compared with each
' 'other._ At the surface level, there is no particular difference, 1.4m/s in the day and 1.3m/s al
night. - At ilie_ 50m or higher éltitude, the daytime wind speed (2.7~3.5m/s) exceeds the
' ﬁighrtit'iine \;Vill.(.l speecd (1.9~2.8m/s) by avound 1.0m/s. Diurnal change shows that the wind
is strong at 12:06 and i5:00' (2.5~4.6m/fs except at the surface level) and weak at 21:00 - 3:00
'(51.5"”2.9 mfs).; The mean wind speed pr(;ﬁles for the daytime, nighttime, and whole day
show the _sh'at.iﬁed structure. The wingd is very weak near the surface, above which the
\ﬁi\d speed itmreases rapidly’ up to50m. And then, the wind speed is almost constant in the
upper air: above 50m, suggestmg the aiv is- well mixed by convection transporting the
momentum veltwally ThlS stratified steucture of wind speed is well eorresponding to the
~température profile char acten ized by the surface unstablca'stable layer and the uppm neutral
“layer. Incidentally, notably the peak wind 'spe‘cd observed at 50 - 100m owes to the cancel of

the observation at the upper level over 100m because of the extremely shnng’ wind.
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5} F requency of classified wind speed _

The frequency diagrams of the classified wind speed at every 50m' based on the data
obtained with a captive sonde are shown in Fig.4.1.2-7 respecting the daylime, nighttime and
whole day. In the diagrams for the daytime and night-time, the common features arve: (1)
the surface boundary layer is distinguished'by the majority of rather weaker wind classes,
and {2) above that, the somewlnt stronger classes are dominant and-their percentqges are
almost constant irrespective of the altitude.  As for the difference between the daytlme and
" nighttime diagrams, ihe one fof the daytime has the stronger c]asses'than for the nighttime.
For the whole day, the most dominént class at thé su.rféce' level is 1.0~1.9 nifs, and the
second most dominant is 0.5~0.9 m/s. At the 50m or higher altitude,_ 1.0~1.9 m/s is th_e
most ft'equent class; and 2.5~2.9 m/s is the next, because the most frequent ¢lass in the day

and mght is 2 5"'2 9 /s and 1.0~1.9 m/s, lcspectwely ’l‘he wmd above this site even in

“the upper layer is seemmgly always be w eak. However, 1t may be because some observatlon o

‘runs in the aftemoon were given up hal[‘way due of the e\tremely stronig wind in the layel_

.]nghor than 100m.

6) Exponent of power-law for wind speed profile

Based on the data of wind speed (10 - 300m) obtained with a c:apt_i‘."e'sbnde, the power-
law exponent is estiﬁ1ated by means of a linear regression on the logarithmic'p'roﬁle of wim.l'
speed assorted by dayhiight and almospheric stability ( Fig.4.1.2-8). |

The profile of mean wind spcéd ‘in the surface bouﬁdar’y flayer is approxiinatc]y

reproduced by the power-law equation expressed below.

u{zyu(z)=(2/2,)* ----- (1)
altltude(m)
w(zy), ulzy) mean wmd speed at each alhtude(m!s)

p: exp_onent

This equation is derived empirically; however, it can express the actual wind profile

' approximhteiy. Therefore, it is practically used as the cquation for estimating the upper
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wind spéed based on the data of surface wind.
" The exponent of power-law for the wind speed profile is derived with a regression. The
value varies depending on roughness of the ground surface and atmospheric stability as

shown below (Table 4.1.2-1).

Table 4.1.2.1 Value of exponent of power-law {(p) by land use

Open grassland . Rural district - Forest
Coastal region City
p ’ 0.10:0.14 0.17-0.25 ©0.25-0.50

* "Manual of atmiospheric ﬁonution survéy“. Japan Meteorological Agencey (1968}

Table 4.1. 2 2 Value of ewponent of powel -law (p) by Pasqmll’s atmospherlc o
‘stability used in the CDM m anual of EPA

A | s | ¢ | | E | ro

P 0.10 015 | 020 025 | 02 e 0.30
"I\Ox control manual" ' Japan Envireniment Ageucy
* hPA U S hnvxronmentai Protectwn Agency

* CDM : Clnnatolog_&cal Dlspersu_m Model

’I‘h.e exponeht:of powef law (p) is estimated for several caééé li.ach value of p' for the
whole day, daytime and mghttlme is 0. 201 0. 264 and {) 173, respechvely - As for
atmospherlc stability, the ‘p value for unstable” "neutra‘x" and “stable” is 0 263, 0.198 and
0.190, respectively. 'Pable 4.1.2-1 and Table 4. 1 2-2 mdtcate ‘the kind of standards of
exponent in the several cases concermng surface rouglmes:, and atmosphcuc stahﬂ;ty Ttis
hard to say the value for each stablhty corresponds to the ]LPA value shown in ’Pab]e 4.1.2-2.

1<1g 4.1.2. 8(1) suggests that, the power Jaw does not hold for the cases conccrned '
probabiy because of the extreme weak wmd on the surface compared to the wmd at 60m qr

* higher, so that thé d_ata deviaté from the regression line and do ﬁot fit with power-law.
In an att(_:mp't-,' to make the data fit better the regression line, the power-law equation is

rewritten as below.



u(z.z)l{u(z,)+].0}.:(?,3121)" R @

* It is considered that the cause preventing the data from fitting the empivical equation

derived in USA is the extreme calm condition near the surface at the site. "To solve the

problem, the surface wind speed in the equation (2) is Snﬂatéd by 1.0 m/s. ' The rcsult is
"~ shown in-Fig.4.1.2- 8(2) showing better fit th‘m Fig.4.1, 2 8(1) In the calculatton of the

B power-law exponent, the data below 200m are used, because more data pmﬁles atc avmlahle :

than that below 300m. The exponent dcrived from the regression lmc for the whole day,

'dayiilll'é and nighttime is 0.066, '0.133, 0.009, respectively. From ili95 poinl; of view of

E I

atmospheric stability, the values for * unstable neutral’, and “stable” is.'0.1f13,' -0.028 and

0. 011, 1espect1vely These exponents are small becausc the wind speed at 50m and higher

is alniost constant and l 0 m!s is added to the surface wmd speed Asa mattez of com s0, it

is haldly possible that they commde w1th the values in the Tab]e 4.1.2-1 and Table 4, 1 2.2 |

,uscd in Japan and U‘SA Itis 1ecommended to accumuilate the wmd profile data sufficient

for an anothe1 emplucal equahon which is. applopuate for wind profile in Tehran and

enables reliable estimation of upper wind based on the surface data.

+7) Profiles of average. air temperature and avcr'age air temperature gradient

Profiles of the avemge air temperature and avelagc air temperature gradient at every

BOm obtamed with a captwc sonde fm‘ the daytlme nighttime and whole day are shown in
Fig.4.1.2- 9 and Fig. d 1.2-10, rcspectwely There is no palhculal difference in the ploﬁles of

' témper’ature gradient belween the daytime and nighttime except near the surface. The

dayhmc proﬁles are cha:actcnzed by the super adiabatic layer near the surface, and in the

 upper !ayer highex than IODm the temperatuxe decmases with height at the rate of -0. Tr-
' 1.0 ‘CllOOm On the othe: hand, the remarkable surface’ mvelsxon caused by radiative
'_-coolmg charactenze the mghttnne pmﬁle 'l‘he mvmsxon is vexy shallow and the layer

: ‘above that is somewhat stable compated to the profile in dayt)me the gmdtent 1s O 6~-

0.9 T/100m.
The profile of average temperature at each time is irregular, perhaps due to the

difference in the number of ochserved data according to the altitude, because some runs could
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not be completed.

8) Frequency of thie classified vertical temperature gradient

R TFig.4.1.2-11 shows the frequency of the classified vertical temperature gradient at
every 50i obtained with a captive sonde for the daytime, nighttime and whole day.
- Concerning the daytime'diagram, the super-ddiaba{ic class (less than :1.8C/100in) accounts
' foi‘ about 80% in the lowest layer (surface to 50m). In the i:pper air above the unstable layer,
the neutral class (-0.8~-1.2C/100m) occupies 50 - 80%; and inversion can be seen 4 - 15%
above 350m.  On the other-handf the night-time diaéram is in marked contrast to the
dayt_il_n:e in the lowest layer; that is, the inversion class (greater than 1.8C/ iODm) accounts
for about 60%.  In the second lowest layer (50 - 100m), cach class of -0,3~-0.7C/100m and -
0.8’”-1.2‘(3!10011.1: .occupi'es. avound '=10%, and the inversion czlass'about:_ 8%. In the upper
layer above them, the neutral class (08"’12°C/ 100m) is do:ﬁina:if (70 - 80%) and invm‘sioﬁ

appearance is no more than 4%. -

(2) The statistics 6fthe um:)cr _vfind based on the'cxi'sti.ﬁg.data‘ _

Fig.4. 1.2-12 shows the amiual and seasonal wind roses at tﬁe_slna'face level, 850hPé and
700hPa based on the upper air observation data at th'c'Mei.lraba'd_ i:itcrnétioylal Airport
through the year of £994. . _ N ‘

The niost frequent wind direction in the year is W at, the. Sm'fa(ie level :85:0hPa and
700hPa. Especially, at the Surhce level Wis ovelwhelmmg On the other hand WNW, E,
ESH at 850hPa and WNW, SE, SSE at 700hPa appear frequently in ad(htmn to W. -The
annual mean wind speed is 2.7m/s at the surface levcl 4 6mfs at 850h1’a and ﬁ 8mfs at
T00hPa. Calm appearance is 43.9% at the snrface lcvel but less than 4% at both leveis of
850h¥Pa and 700hPa. .

At the surface lcvcl W i 1s the most flequent wmd dlrectlon in all seasons. The
soasomll) prevailing wmd at 850111’& is W m spring and autumn, WNW in winter, whlle at
700hPa, W m_ld WNW are dominant in lall soaso:1s except summer. Wind in sumimer ‘at both
levels of 850 and 70011_1’:{ is consideramy dif[‘erent from the other seasons. The swmmer

_ lircvailing wind is ESE at 850hPa and SE - SSE at 700hPa, and appearance of W and WNW




are not frequent. The seasonal mean wind speed is around 3m/s at the surface level, 4 -

5m/s at 850hPa and 6 - 9m/s at 700hPa.
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