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Table 4.2.3-6 S0O2 Concentration using passive sampler

Autumn (First measurement work)

Winter (Second measurement work)
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3) VOC

“'The voC (Volatile Organic Compound) concentration data of MOT taken in autumn and
winter are shown in Table 4.2.3-7 and Tables 4.2.3-8(1) - (2), respectively. The diurnal
variation of the VOC concentration in winter is shown in Fig. 4.2.3-%(1) - (2). The VOCs
selected for the figure are Beozone,"l‘oluene and Total-Xylene, which: consists of ¢, m-, p-
' Xylene.an'd Etylboniene. Diurnal variation of a Toluene / Benzene ratio obtained during the
wintor measurement is shown in Fig. 4.2.3-10. For comparison, VOC data taken in Japan
are also shown due ‘to courtesy of the Nati.onai‘ Institute for Reso’uroo‘s _ahd E:nvironment
' _(N!RE), i.c. the VOC concentration; diiu'nal variation of VOC and a"I‘olueno / Benzehe. ratio
are shown in Table 4.2.3-9 and Fig. 4.2. 3 11 ‘respectively. These Japanese data were taken
at the roadsides near Tokyo using the samne techmques '

In Flg 4.2.3- 9, cach of Benzene, Toluene and Total-Xylene shows a very similar |
vat'latnon pattern. In general, VOCs show two peaks in the mormng and in the late even_mg, '
how evez thero is some difference i in the variation pattern among tho samplmg points. 'l‘he
concenhahon ofVOCs measured in Tehran is almost the same with or e\ en hlghm than that _
of Japan. It can be said that the VO concentration in 'i‘ehran is consldcrably high in view
of the difference in the slte conditions between Tehran and Japan; mos_t measuring points in
Teheran ave located off streets, while those in Japan are olong roads with ettteolely heavy
traffic.  HEspecially, as shown in Table 4.2.3-7, the VOC concontratlons o very crowded ro’xds
are quite high, reaching 10 to 100 times of the ma‘umum concentratlon measmed in Japan

Regarding a Toluene / Benzene ratio, Benzene is emitted mainly from motor vehicles,
while Toluene is relcased not only from motor Avohicles but also 'from painting factories,
printing factories, manuf":cturmg factories of p]astlcs etc Exhalist gases from motor
vehicles include VOCs which have not bumed completoly And tho composmon of: VOCS
resembles those of fue]s ‘It is said that a Tolueno ! Bonmne ratio of gasoline is 2 to 4 on
average. A Toluene / Benzene 1atlo in winter is close to this value, stays almost comtant '
fromy miox mng to lale evening, and also close to the value measur ed at roadsuies on the :oads
and at gas stations as shown in Table 4.2.3-7. On the other hand, in Table 4.2.3:9 and Fig.
4.2.3-11, the concentratlon of Toluene at Bijogi-hachiman increases abruptly from 9:00 to

10:00 a.m.,- and subsequently stays re]atively high. - The ratio also has a conspicuous peak

1--160



and changes parallel to the concentration of Toluenc. There ave small but many iron
manufacturing factories in the neighborhood of the sampling site. It is ¢onsidered that the
peak is causéd by the smoke emitted from these factories and ttansportcd by the wind at that
time. In the case where there ave other sources than motor vehlcles The ratio mgmﬁcantly
' 'ch'mges ’Pherefoze a motor vehicle appears to be the ma]m source of VOC

At the MOT govcrnment office hu:ldmg (No 132) and AQCC (No 14) the 1C
_ concentration was measured followmg the same schedule wnth VOC, ‘and each dmmal_
- variation is also showii in Plg 4.2.3-9, ’l‘hree compononts of VOC and NMHC (THC) at these_
sampling points exhibit smnlar vauatwn patterns. 'l‘hough these three VOC componenls
" are onily a portion of NMHC, the mmllarity botween the dlmnal variatlon of VOCs and NMIC

probably suggests that NM HC be also orlgmated mainly in automotive sources.
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(2) SPM concentration

" The ambient concentration of each component analyzéd in Japan and Tehran is shown
in Table 4.2.3.10 and Table 4.2.3-11, respectively. In these tables, components to be
analyzed are listed for cach analysis method. The data sampled with a quartz filter was
eniployed for t.he analysis of the SPM (=101t m) concentration, because a quartz filter was
one of the most popular filters for collection of particulate matters. The SPM concentrations
listed on both tables ave the values measured in Tehran before the salﬁple was divided into
' two parts for the followmg an'ilyses in respectwe countries.

 As well as SPM, PM-10 mdlcates the concentration of the partzculate matters of which

‘diameters arve léss than 10 m; their ﬁlteringwﬂethﬁd, however, is not the same. The '

monitoring stations in 'I‘ehran emp]oy PM-!O,'whib on the other hand, SPM is used in Japan.

Therefme when the SPM concentrahon is compared with PM-10, it must be noted that there
is- dlflerence in the upper inmt of particulate penetration into the ﬁlter lJetween SPM aml_

PM 10. The ]ow volume air s'mlplm used for collcctmn of airbome pmhcles in these two .

measurements ’has the centrifugal separatl_on' type gradmg ‘device called a cyclone pre-

separator, which eliminates coarse particles. This device can remove almost ail particles

whose dim}leter is larger than 10 m, and the diameter which corresponds to 50 % of the

penetratioh ratio is 7 ~ 8y min the SPM measurement.  On the other ha’nd,. as for PM-‘IO,

the diameter with a 50 % penctration ratio is 10 ¢ m. Therefore, usually t-he'c'oncmitﬁratibn of

SPM is lower than PM 10. InTable 4.2.3-10, the data below the detection limit are shown by

indicating its detection limit with “<* and treated as half an amount of the detectmn lmnt for _

the average calculation.

As a whole, the results of the anﬁlyéi-s in Tehran differ much from those in Jépan' For
example, the coricentrations of some components like Ca and ‘Pb aré close to the va}ues
analyzed in Japan, though other onos such as M’n conmderably dlfiel And ND" meanmg

“below the dctectaon limit” is often seen in the 'l"ehran data Such dlfferences are supposed
. to come from dlffercnces in analytical dev1ces “The sensxthty of atomic absorphon analysns
is not so high as th.ﬁt of the Radio activation analysis. When the concentration is around the
" detection limit, an 'a'nalytica'l error is larger than in the case where it exceeds the detection

~limit.  On the other hand, some signs of “ND"” of metals are acceptable, especially in the case
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. of trace compounds such as Vand Se U_s_ually, however, the concentration of sulfate (SO-F")
is comparatively high, possibly causing errors in analysis of autu’mln samples.
For the CMB measurement, because it is necessary to analyze many components
including trace elements, analytical devices with high sensitivity will be illdié_}iellsable in the
" future. |
The explanation of SPM oomposmon and CMB analysis descnbod in 4.2. 4 8 made
mamly based on the 1esults analyzod in Japan by takmg account of a numben of avall'ible
data. . | | | 7
In Table 4.2.3-10, about H4% of SPM in the autumn measurement and about 63% itt the :
wintér measurement are e:\plamed by accumulation of esch component -In accumulatlon
the concentrations of SO and Cf are neglectod to prevent double countmg of Sand C1. The
- SPM concentratlon in the autumn n'neasuroment is hlghor than that in wmter as well as the
gaseous pollutants except SOz These components ale dmded roughly into two types; one is’
the component of wh1ch concentration in autumn is hlgher than that in winter and the other
is _tho concentration on almost_ t_he same level in both seasons. In general, while the SPM
compone_nfs coming fro:ni naﬁtral sources, such as Aland Cé, are included in the former group,
the compononts n;'zinly orviginated in human aetivities such as 5, Vand C'and the secondary
partlcles such as NO;: and SO/ belong to the latter.
" Table 4.2.3-12 shows the comparison of the coneentrations of SPM and its components
measure_d _a'nd analyzed in Tehran and Japan. The data listed in the table as the Japanese
“data are quoted from “Annual Data Book of Air Pollution in Japan (1995)” published by the
EnViromﬁent Agency of Japan. From the National Air Pollution Menitoring Network of
Japan, Kawasaki and Nohoro were selected as a typical in‘dltst"r.ia'l area and rural area
respectively. - Kawasaki is one of the biggest industrial and commercial cities adjacent t.o
Tokyo, whose s'itu'a_tion. is 'cl.‘osoto 'l"ehfa:n oxcepi that more big factories are densely built up
'thofe | _ .: | |
The data of Tehran aro the averages for cach measmmg penod while those of Japan are
-annual averages that are the médians between the max1mum ‘and the mmmmm of monthly
mean data. In the table, the concentration ratios of Pehran and Kawasaki are also listed.

The concentrations of Cu, Mn, Cr and Fe are almost identical in both cities, while those of

4—-171



‘other components in Tehran are generally higher than those in Kawasaki: especially, and the
concentrations of As and Pbin Tehean are 6 to 9 times higher than those in Kawasaki. It
can be said that the concentrations of these two components are quite high even though the
difference in the period for the average is considered. Furthermore, because these two
~ pollutants have i’ery high toxicity; long-term accumulation of those pollutants may have

adverse effects on public heatth.
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Table 4.2.3-10 SPM concentration analyzed in Japan

4—-173

{a) Autumn (Oclober '96) _ () Winter (February-March '97)
Run } Run 2 Run 3 Average ‘ Run 1 Run2 | Average |
Item QO IHI0 | (0AG-10T) | (00T1-10:24) | (1v3-10724) Ttem 2529 RREET] (25 50
1, SP{=10um" _ 1. SPH{=10pm'! -
F108.334 | 72140 [ 100691 | 93.731 ] es.22s | 69. 919 [ 61515
7. Radlo activation analysis’ _ 2. Radio activation analysis™ | : :
Al 3234 2. 139 1.638 2.336 Al 1. 0169 1,549 1,273
Br 0.22% 0.124 0. 308 0. 220 Br 0.082 0,059 0.071 .
Ca 5.971 3.631 4,418 4.630 Ca -2, 381 3472 2.906
cl 1144 . 597 0.745 0.829 Ct 9. 694 1. 202 0. 939
Cu €0.03 <0.03 €0.03 €9.03 Cu €003 0.029 0. 03
¥ 0.080 0.049 0, 060 0.063 Mi: © 0,035 0. 037 9.035
T 0.179 0.085 0.134 0.133 T8 | 0082 |- 0.038 - 0,085
SN 0.036 6.017 0.036 0.030 ¥ C 0. 035 0.025 0.030 .
As 0.016 0.0035 - 0. 0208 0.015 As 0T 0.024 - 0,020
K 1,343 1645 C1.042 1160 K i.389 : 1. 656 1.517
ia 0. 0011 0.0011 4, 0005 0.0009 La 0. 00054 0, 00099 0. 00076
Na © 0796 0497 L 0.645 0.646 Fa 0. 516 0.481 - 0,514
Sb 0.022° 0.0015 | 7 0.021 0.017 Sh S 0.016 0.024 6,020
" Sm 0. 00020 0.00045 | © 0.00015 0.00017° Sm 0.00006 | ©0.00013 | - 0.00009,
¥ | <0002 0. 001 €0.002 <0002 ¥ S€0.0016° |- <0.0008 © | <D.0009
Ag- 0. 0041 <0, 001 ¢0. 001 ©€0. 001 iz ] <0.0005 " <. 6008 <0, 0006 -
. Bs 0.075 . €0.045 0019 . 0.051 Ba <0.0248 0.0127 " 0.0206
Ce 0.0036 0.0016 | 0.0019 0.0024 - Ce 0.00094 .|i 0.00168 | - 0.00130
Co .0011- 0. 00030 © 000079 0. 00094 - Co. 0. 0O045 0.00040 | -~ 0.00042
cr 0.0109° 0.0018 " 0.0094 0. 0084 Cr 0.0022 <0. 0021 0.0016
Cs 0.0013 <0, 0092 0.0005 : 0.0006 ° Cs 0.00050 | 0.00061 0, 66655
Fe - 2.835 I. 443 2.085 2,121 Fe 1. 116 1. 389 LAt
HE €0.0002 <0. 0001 0. 0002 <0, 0002 Hf 0. 6001 -~ 0.00016 0.00011
i) €0.00005 ‘| 0.00005° | <6.00005 <0. 00005 Lu €0. 00003 €6.00003 | - €0.00003
Ni €0, 520 €©0.015 -, } <€0.020 D018 Ni 0.0625 0.013 0.009
. 8¢ 0. 60070 0. 00048 | 0.00036 | 0.00051 " Se . 0. 00021 0. 00029 0.00025
Se 0.0100 0.0070 - |- 0.010¢. | 0.0091 Se ©0.0018 0. 0021 0.0019
" Th 0. 00065 0.00044 | 0. 00031 0. 00G47 Th 0. 60016 0. 00026 0. 04021
2 0. 697 0. 393 ' 9.7194 0.628 ° in N EIE 0. 374 10..360
3. X-ray fluoresceat analysts R : 3. X-ray fluorescent analysis'2
Fb 0.746 0. 458 1241 0.815 Fb - | '0.521 T 0.53 0,527
5 - 11, 941 9. 452 17,372 12,925 5 0 fo2.89 11,218 12.058
4, Ion Chromatography’ . 1, Ton Chromalography®’
Wy 11927 1.372 3.055 2 {18 w0y -2.057 1.842 "1.953
5o, 2767 . 5.812 JL6EL. - | B.733° 50,7 10126 8.193 9. 198
o . 550 C 0241 . 9.452 0.425 o 0.261 0.528 0,383
1y 1. 826 1.510 - 3219 - 2,186 A oy 1. 866 1.457 1.669
5. Carbon'' . : ‘ : . - |5. Carbon® :
C-org 7.851 5. 478 12.713 8684 Corg | 6.0i9 . 6.567 6. 427
(C-ele | 10.812 ©1.045 14.742 10 812 C-ele | 12.088 F9.113 . 10.656
(Notes} = Fliter ; #1=(uarty, ¥2-Cellulose nitrate.  “¢" 3 belew Detecilon liwit {unft=zig/n')
Table 4.2.3-11 SPM ooncentrallon analyzed in Tehran
(a) Autumon (October '96) _ (b) Winiter {February- March '97)
Ttem [ RunlT [ Run2 1 Rur3 | Average 7 fear T Runi [ Run2 | Average
1. seu{=10p )" 1, SPM(SW0un)"’
. [weszd | 72 140 {100.690 | 93.731 - [ es.2e8 [ 69.939 | 67.515
2. Atonmie absorptlon analysis' e 2. 'Atomc absorptlon analysas
AL N ND ND D Al ND \D N
Ca 4,229 4228 3.822 4,093 Ca 2,227 2,983 2.591
Ka CND ND KD N Ma - 0.699 0.620 D.e6t -
q v WD N S ©ND N Voo D ND L
B 10930 T 0.935 ¢ 1,985 1657 X 12,202 $8.333 10. 340
Na 0.318 0.318 © 0.953 0.531 . ba 0. 600 0.616 0.622
Fe 0.6517 0.328 0.0 | 0328 - Fe 0.387 0,967 0. 665 -
Sc KD ND N KD Sec SN 5D b
i T 123 1449 1.332 In T 0422 0.454 0,437
i - 0. 707 ) 1.062 6590 | | _Pb 0511 0. ?32 0.617 °
3. Fluaresceat X‘ray'analysis” 3. Fluorescent X-ray aralysis® o
S Fzes7- | 5004 .45 | 50N s 73214 | 3953 | 3601
14, Spectrophotometric analysis : 1. Spectrophotemetric snalysis” : -
oy 0.735 6.358 1,032 0.715 oy 4.310 1.282 2.868
S0 ND D 3] N s, 2. 827 3.5652 3176
4} KD D D KD ar ND ND " ND
E 1.839 0.249 3,375 1.872 w, 0. 868 1,028 0.945
(Notes) Filter & 01-Guartz, *2=Cellulose nitrate. M7 : below Deteciion Mt (vodt= xg/n"
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4.2.4 Chemical mass balance (CMB) analysis _

The CMB analysis is a method to know the contribution of each emgiés.ion Sbl;rCG t‘o the
ambient aerosol based on the ingredients cbmposition of the aerosol collected at a certain
location and data of the ingredients composition of particulate mattels of an cmission sources
using indicative clements as tracers. The C\IB analysis needs d‘ata of the mgredlents-
compos:tlon of parhcuhte matfers of an emission source whoso contr lbutlon to the pollutmn
' of the region to- whlch ‘the analysis applies are cons:dcled %ubstqntnl Because MO’I‘,
howével‘, (loes not have the'data of the emissx_on ‘source, which is the most in‘.i)t)'rﬁinit,é trhis_
‘ rep:or.t, has u.secl the emission sourcé data of 'N.BS (National Bureau of Stéudérds,‘ USA) as the
proxy to carry out the CMB analysis. How these dat.a resemble those of MOT is not known. |
Since a little variation of the ingredientsc.oinposition'ma):' significantly affect the a:ialyéis
g outcome', tho analysis résuli s exprcéséd numerically in the conitribu_t.ion‘of :e:ich'cmiss'ion
source but can 'not be claimed to be quantitaﬁ#& ' Consequently, the t.}_utcomé.ié meﬁhingful'
only for mfelence at the plesent tlme | |

However, should MOT have accurate emission source data in the future, the CMB
-analyms would be an important method for knowmg the information on emission sourcés of
the ambient _a_orosol. Consequently - this CMB analysis has been made mainly for the

‘ p_urposé of technology transfer. !ts outline and outcome are described below.

(1) \iethod used in CMB analysis.
| The suspended pfnhculatc matters are collected with an air filter sampler or a dust jar,
while the constituent elements are detected with the fluorescent X-ray analysis, radio
activation analysis and others. Most of detectable elements are metallic elements such as A/
Ca v, M’ﬁ Fé .Zn' ‘AS Pb, K f\fg, Ba Cr, .Co Cu, 'ancl Se. - Emission sources are classified
1into some types s that the compomtlon of clements of each source will be unique to itself.
- An example is shm.vn in Table 4.2.4-1, ' The data listed in the table_ale quoted from Currie et
al.® of NBS and this list will also be referred to for the CMB a_nélysis of these measurements -
me.nt ioned in the: following paragraphs. | _ | |
An example of composition of SPM in the ambient air collected in Pehran is shown in Table

42.4-2.° The data listed in the table are also used for the CMB anaiysi.s. Contribution of
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- each emission source to the receptor is estimated to find the approximation of the receptor
- compbsitimf fiearest to the source composition. Further details of the method are explained
with notations. The total concentration m is expressed by the sum of contribution of each
emission source, measured in the environment AM; (g/fm® jdenotes emission sources, 1,2,3, ...

P}

,P
m=x M!

f=t

Total concentration Cof the clement 7is expressed by the follo\vi11g equation:

. P :
C=EF XM,

i
where £7; :Ratio of element 7 at emission source J.
X;;: Changing ratio of element ;.
{proportion of the ratio of clement 7 at receptor to at emission source)

Other notations are the same as before.

Usually, calculation is carried out assuining X, =1, which means that the ratio ofc:lement

fis constant, and the concentration is normalized by total concentration m Namely,

where C;= C/m
F;: Ratio of clement Fat source j{viewed from the i'éceptor point).

When X, =1, equal to 7,

- S=M/m.
Usually, the contribution ratio of cach’ emission sowrce to the concentration S; is
“estimated from the measured values of €, (Table 4.2.4-2) and F; (Table 4.2.4-1) with the

CMB xﬁeﬂ_md._ More details of the method are explained in the report of EPA? of USA.
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Special material method -
If a special material called tracer exists in the emission source 7 and other sources do

not contain it, the last equation can be simplified as follows:

Of course, such condmon cannot be satisﬁed perfectly in- the actual case, and this
methad has a dtsadvantage in that the mformatmn obtained from othet elements is not used.

It is, however, usef_ul to get the first guess because of its smlp_hcny._

" Least square error method

If i>j, S can be estimated by the least éc{uqrc error method. This is the standard
method and used by ]\‘[l]lel et al. (1972)7, Friedlander (1974)‘n and Ga£7(1975)5’ and othms
in Japan Mlzohata and Mamuro (1980)‘”” used the same method. The condntlon of the least

SquAare error meth_od is written as follows:

Where € is a square ciror and the other notations are the same with the above.

" According to the above condition, j dimensional simultaneous linear equations of S;can

be derived and S, values are obtained from the measured values of C; and #;.

[n the above equation, Ci and Fij are regarded as having the same weight. In the

“actual ineasurements, howeve'r' this cohclition may not always be satisﬁed. If the weight of

. the mcasured value lS dlftemnt for each element, the last oquahon can be rewrittén as

follows

(C+L}*,1S})
?C‘+Lcr FS?

LI B ¥

™
"
EM=
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Where o,,0,, is coefficients expressing reliability of C;; Fj;respectively. -
"The method based on the last equation is called “Effcctive variance: least-squares
method”, which is used for identification of the emission source of SPM in the measurement

in Tehran. .

(2) CMB analysis

’]‘he CMB amly51s was e\(ecutcd usmg the CMB codes- (progmm) of “CMBVLJ”
dev elepcd by Mlzehata e[' Osaka Prefecture Umvemlty in Japan. ThlS code is based on the
' 'codes of Jehn Watson, EPA and homas Dzubay, EPA in USA. Both EPA codes were

delivered to many orgamzattons stmlymg air po}lutlon in USA. - The CMBVLJ code mhented
| thelr qdvantqges bnt succccdcd in e]nmnatmg their disadvantages;

_ The CMBVLJ code 13 for: CMB: calculahen with an ef‘f’ectwe var lance least- -SqUATes
method Compesnhon of elements at the sources and clemental concenhatlons of SPM are
1-equired as jllplxt-ﬁata. Up to 50 chemical elements can be treatecl and up to 30 among them
can be chosen for fitting. I;‘er source data, up to 30 sources can be rc'gister‘ed and 12 at most
can be treated. I.terntien' of the program is term.inate_d when variation of all sewrce:
contribution become less than 0.5 % or when the n‘innbe'r of iteratien exceeds 25 times. The
CMBVLJ code is written for IBM-PC and also av'ailah‘le for NEC-PC ! _

The source profile used in this analysis is show nin 'l‘able 4.2.4-1, -In'the :hble the
concentration of each eleméent is expressed as a perccntagc m the total suspendcd matters :
except CC which means the relative isotopic abundance, "ese As to sources, “Oil” means |
the fuel used by motor vehicles and stationary sources, an@_“\Veod" includes ixot_oniy woods
but also other plants like barley. | -

The envivronmental concenhation datq ef these two seasens of measurcments are shown
in Table 4.2.4-2, listing error data of each elc_m_ent.. | 'l‘he cencentrahon of C is the suny ef C
org and C-ele. .Us:ually an mnly[ical error 15 smellcr than that of sqmphng 'l‘herefore, t’ne'
sampling error is ‘assumed at 5 % fm t‘ne concenlrat:on for cach component In case of the
radio aclivation analyxls honevea, a counting error of vy -ray of sonie speeies reaches 20~
30 %. Consequently, for the component whose analytical error e_xcceds 5 %, the analytical

error is given the priority.
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Among the elements llStetl in: the table, 9 elements were chosen as the Tracer”

clements, i.e. C Na, Al K, V, Mn, Fe, Zn,and Pb. Siis not an analyzed item; 'md Cl, C? Cr.,

" Ni, Cu, T, As and Br are not used because of searcity in the air or uncertainty of their

concentrations. S is not used either, because its ambient concentration is higher than in

Japan and USA and its source composition is not nmmlamcd in the process of tmnspmtatmn. :

As the target sources, 8 from the 9 sources in Table 4.2.4-1, 8 are adoptcd cxcept “Coal”.
“The CMB anaiyms was made for each rui in the two measuxements le 3 runsg in

aulumn and 2 runs in wmtcl respectwely The rosults of the CMB au*ﬂy:—ns are th\'n m

‘ Table 4.2.4- 3(1) (2) for each ran and Table 4.2.4-4 is the summmy for e'lch scason. “Basalt”

was excluded from the target, because the result proved tts contribution was 1;131gniﬁcant.'

Generally, éompatison bet\veeii the observed and calculated concentration for each element is

- satisfactory, though 01 s ovmestnnated and Sis undereshmated An attention should be

md however, to a large 011‘01 in calculated values. This is pe:haps becfmqe of thc

: unceltamty arismg from the use of the emlsswn source data that ave not of MOT for the

analysis. = The contribution of each emission source to SPM is summarized as follows:

" Contribution of each emission source

Soilfce o : Season
) ' Autunnf Winter Total
~ Steel - 3 2 2
Incinerator ' 2 2 2
Qil. . 31 39 34
Sandblast _ 16 10 14
o 8eil 6 4 6
Wood 21 27 23
~ Read L BRI 5 5
Unknown 16 i 14

- (unit=%)

" In general, “Oil”, namely combustion of fossil oil, makes a major contribution to the

ambient SPM, around 30 - 40%. The second lavgest contribution is made by"‘woqd", over

4—179



20%, which may be overestimated in view of the location of data collection at the center part
of MOT. This may be caused by the high concentration of C'in SPM. “Wood”, more than
half of “Sandblast”, “Soil” and a part of “Road” are considered to be natural émission'sources,
whose contribution totals about 40%. As pointed out previously, though the outcome of
CMB analysis should be used only for reference inforination because of Jack of emiésion
- source data available for CMB analysis, the above discussions suggest that natural sources as

well as artificial sources appear to contribute to SPM of MOT,

1} Currie, LA, ; Gerlach, RW. ; Lewis, C. W - Baifour, W.D,; Cooper, J. A. ; Datiner, ; De

Cesar, R.T. ; Gordon, G.E. ; Heisler, S 1. ;'_ Hopke, P.K. ; Shah, J.dJ.; Thurs_tron,‘ AC. ;

| \Villiallls;iﬁ, H.J;; Inféi-labor&tory co.mparis‘on of soui‘ce_apporti'cn:'un_ent p_rocedures : results’

for simulated data sct%s? A._tm'os. En_vi_rqii., 18, 1517-1537 (1984). | |

E2) EPA: Receptor _u"iqdel__teéhh_ical series, Vol. 1. Overview .of model. App]icatioh to

particulate source apportionmerit, FPA«150-4181-016;1,' ' Vﬁl. 2. Chemical mass ba_lan'ée.' EPA-: o

4450/4-16b (1981). | | B

3) Miller M. S.. S. K. Friedlander end G, M. }hdy A chemmal element balance for Pesadena

acrosol, J. Colloid Interface Scnencc 39 (1). 165- 176 (1972} ‘

4} Friedlander’ $. K. ; Chemical element balance and 1dent1ﬁcatmn of air pollullon SOLYCes,

Atmos. Envirvon, 7 3.234- 240 (1974). _ .

5) GalzD.F.; Relative contr:butmns of different sourceé of urban ae'rosol :pr'pliéatimi of a

new cstimation method to multiple site in Chicago. Atmos bnvuon 9.1.1-17 (1975) |

6) DMizohata R and T. Mamuvo ; Ident;ﬁcqhon of emission somce of paltacuhte material i in
Sakai (1), Journal of Air Pollution Soelely, 15, 5,198-206 (1980) | |

7 do (2) 15, 6, 225-233
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Table 4.2.4-1  Composition of elemients at emission source

Composition of Klements
Element Steel Incinerator Qit ] Sandblast T Basalt -
Conc. Ereor Conc. Error Cont. Error Cone. Error Cane. Error
C 1eo138]  1.2133 399510 . 04308] 198623  1.6090 ' 0.0614 00150, 00212
“Na | oszes]  onmze|  15.2260 T 13e26| 2067 "To2268] o Toa032| 20188 02216
Al VT Taisel  ozom| 04858 “ooszs|  ocoss| eao13| o,
s |7 oesss|  0.1399 Toq24] 0164 1618 - L1514
s 1T zaows|  o2sis| 132183 13238 T esere) 12413
T | s 03 297407 R T sem|  ease) “"Tpe3m| 02938l 00196 0
% | vosee] Toress) zasiio] 24886 o132 oonis
T ca | 6310 sl rion| onss| vesia| orase]  omizs) oaid|  4ews s
B ovis] omzs| 01013 TTo.00ss| 0.41000  0.0095
v 1 Toowel ooo17| T ooz, 00004 00681)  0.0057
Tor Saats] oo231l 00380 00074 0043t 0.0038
b T T T iasie] oazis] | 0.0360) 00030 po118 0.0010
TFe . | 123383 06172 05721 00289 TTi3300) 0.0668
— V7 oa073| 00308,  o0o0sa| ogoio| 00050 . 0.0006
Cu o2310]  ooz3| oazas| To0128| 00393 0.0062
ST T zenn| oezs23] 21030 e2io T ze) oens|
_QK;'__fiﬁE&igfﬁaﬁbfﬂ'oouémmﬁ&ﬁgnmfﬁhiﬁpfﬁﬁﬁbf 00
TRe | ow0o1|  ooo0s} 1" o0067] 00398 00033
P TTorsa| T oanzy| 00831
e ‘ Tieoes| | 03s99) | 0.0000  0.9931 " ooo00] Toozsal - 00000)  0.0008
T SPM 1000000 0.0000] ~ 100.0000]  ©0.0000]  100.0000]  0.0000j 100.0000]  00000] ~ 100.0000) ©.0000
. R Composition of Elements i o
Element | Soll - 0 Wood {oal : .- Read
- I Cone.. | Error Cone. Ercor . Conel Erzor (fc?n?rr—ﬁi_r}orf
C 58593] 05687 . 57.5515] 46241 42.9oool 34529 -
TNa | e 0.062 L 6.0533 T 5200, 05150
N 186744| - o e p000| 0.9100|
TE | a3sosy 65 e 17600 22100
§ | Tec T 3| 00107 06100 ~ 00630
g |Taf oe S ool oo
K 10066 0.6958 0*5000
ca 2.0306 1098 71,3900
S| e “T0.0009 " e.3200
Ty T oazsel ~0.0002 0.0100
e 0.0310 __0.6563 00100
T Mn | 02080 " 0.0003 0.0900
TR | 9.9603 3l 0003s) 29300
N | "0.0103 " o.0002 " 0.0070
e o061 " .0003 0.0050
T | 0.0391] " 0.0064 0.2300
Tas L 00020 “p.0013 " 0.0010
Br o010 0.0000 T 31300
O IR 0.0009 9.0100
“oc | eemas] Tosan|  ezasse] 80572 “To0006]  0.0006]
SPM 1000000 0.0000] 1000000 ~ 0.0000]  100.0000|  ©.0000; 100.0000] " 0.0000] (unit=%)
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Table 4.2.4-2  Atniospheric concentration of each component for CMB analysis

{ Conc=ng/m™)

Element { Autumun-Runl Autumn-

Run 2

Autunin-Run 3

Wiater-Run 1

Winter-Run 2

Conc. Error Cone.

Error

Cone.

Ercor

Cone.

Error

Cone.

Error

SPM 108324 5416 72140

3607

100691

5035

65228

azst

69979

3493

¢ 18663 033| 12523

M 50] sf e
Fe 2836 227 1413
Ni | LI 0 0

Pb 746 LY 158

626

20| -

0.5
- 6.2

23

1241

1377

11418 §§9
134 35
36 i8

62

18107

905

21

15930

481

o 1%
_ B
. ®
o

516L -

51

L
o leoe

| 1656
L mm

s
o
e
| 24

o
82

- 534

{Note) Conceptration of the elemet wich is below detection i mit is treated as "0"
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Table 4.2.4-3(1)  Result of CMB alalysis for each Run (1)

{2} Autumn-Run } ) { Conc=nz'm”) -
Element § Fit*' | Obsernvedoone. - | Caleutatedcone | Ratio Coacentration priginated in each emission source |
Cope. | Error Coc. Error |CaloObs| Steel lindaerated Ol |Saadblast| Soil Wood | Road
C 1 18700 833 188717 16518 1.01 432 120} 6Y78 101 & 8519 1662
T Tl Tiee] T es| sl 3 21| ass| 126 67| B T B
AT e e BT R T BT IR T AR UT | YT
i 8 T T “56
"o I 1 BT -
ey 96 T
. 30| T8
.Y I E!
Ty I
i =
gl -
Y R
L) T
T e
] -
T a2y 10}
e "o
) “in
=1 335
2900| 3873
{b) Autuma-Ran 2 . } :
Flement | Fit*Y| Observed cone. |- Calculated cone. §. Ratio . - Concentration originated ia each emission source !
. “Gonc. | Brror | Coo. | Brcor |CalefObs] Steel Hadnerated O ISandilast]  Sod |- TWood |- Road
C 1 12500 626 12653 9034 © 101 127 3383 44 43% 7269 C1zl
"""""""""" e 0] - 218 T O] N I L Y F] I T

Tiesl
2763

_____ st il

{¢) Autumir-Ron 3 ] .
Element | Fit®' | Observed coné. Cakculated conc. | Ratio “Concentealion originated in each emission source )
' ~Cone T Error | Coc. | Frror |CalObs| Steel [leaincraicd ©R  |Sandbiast] Soil | Wood | Kead

C T 2700 1370 28090
N T T R I T
O | T i480] 2671
T A R S
: - ) 3l 5] 4624

o 1460 Bsl

K=1 o IR
i T
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(é) Winter-Run §

Table 4.2.4-3(2) Result of CMB alalysis for each Run (2)

{ Cone.=ng/'m”}

Element | F'' | Obscrved cone. Calculated cone. | Ratio Concentration originated in each eniission source
Cooe. | Frroc oo | Error |Cald/Obsf Steel [tocinersted  Oi | Sacdblsstf  Soil Woed | Read
[o] 1 18100 905 18537 16397 1.02 24%| 79 6056 25 120 10761 J261
Na | il T 261 630 I B B T
EES ] is2
T 149 132
I 18
o 187 24
18 176 ]
L] B Y71 T
T |
[ K 0
TR T T T T s
I ) I}
174 19 81
0 0 "0
B} of o
T Y]
i .0 T 0
| 2| sz
B ] 265
1743 18680 2940
) Winter-Rua 2
Element | Fit*! Caleulated cone. | Ratio .- Concentration originatcd in each emission sovrce
. Coc. Ereor |CaleObs| Steet (lomnzrated  Oi | Saodtlast]  Soid Wood Road
. ! 16353 15031 1.02 180 335 44‘!‘8‘ 49 53 10047 L376
=it i
o
)
e
|
el
ol
=31
ol
—l
e
ot
‘0
et
b il
0 R 1 AR U T
. TRl I Tar| as8| T Taes| T oss| T
SPM 0] 70000} 3506] 58EI
{MNote)  *1: I=employed a8 Teacer element
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Table 4.2.4-4 ~ Result of CMB alalysis summarized for each season

{a) Autuma ) { Conc=ng'm”
Eternent | Fit*’ [ Observed cone. Calculated cone. Concentration originated in each emission source
: " [ Cone. Eeror | Coc. Freor | Stcel [incineratad  Gil | Sandblast]  Soil Wood | Read
[H 1 19600 1000 19300 19300 300 100] . 5800 100
Na 1) 616 15 1379 144G gif T gre| T Teen]  130) T T
B\ 2340 120 18961 2430 30 T 10 80 129
""" § | o izeoo] T 00| 4100y 4400| 100) T300)  300|  100]
s S 821 "8 T Tiwes) 2881 N = EEL T
K| i 1ico] 400 9"654'7"514_0 Tl sl T 10
Ca 0 90 5 20 LT L 20| 316 120
T 182 239 T Al T T e Tan T sl
""" v B A IR SRR || ) I
I ) ) _ g T e Ty T IE) R R
M VT @l T el et 13 E )
TFe | il 2120l T 200 | 2440 3280 10i0] -
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BT B T RS V] NN T T 235 0 3 ag] 1
TR | TR mis) e 17 81t] 18] “asi | L 98]
SPM 0 Q3700 4754 78T 65421 2309 2112 29038 15294
Detected number (Max=3) ) - 3 3 © 3 3|
Relative Contribulion of each source (%] 810] 2 EE R R E B
(b} Winter . . ) ]
Flement | Fit*' | Observed cone. . Calculated cone. Concenteation originated in each emission spurce
: ‘ " Cone Brror Coe. Error Stiel |Incinerated - il Sandblas{  Soil ] Wood
900 17500 15700 200 T 100| - 5200 40 200 10400
T NS UTT- N o) S 1 R T S S DR S - L
TR T Tieso] 1360 gol 7 ie] T 16B| T edl T s10| T T ise]
“éool a0l TEgoo| T d0) T 200] Tadee] ool T | 20
iga| sl T a7 xR Y R~ I T £
_______ - el g " do| T %e| T e
om0l ool e 140
T Taal T | T TEs) 6
i3] ol 1
¥ | ST A 1|
3 e 6
30| 4w 270|
T30 “mol |
| R ol -
_ 13 | ol e T T
Fb 7] ST Y | IAT™ | 1 J' “nl ) I /7) A V| I | 2
SPM | o[ eTee0] T aisz| C 60213|  aiad| . 1425 1a6d|  26367| T 708F) T 2734]  15069
Detected number (Max=2) B i .2 2 I | R B
Relative Contribution of each source (% 89.1] 21 22 33,0 105 1.0 6.7
(¢) Autuma and Wiater .
Element | Fn*'| Observed conc. Calcvlated conc. Concentration originated in each emission source
Cone, | Eeroe Toc. |7 EBreor | Steel [incincrated Saniblact] Scil | Wood | Eoad
1000 18900 17500 30 100 100 1800
1] Tl Traesl U iacs| Tl is] T Ees| o] T g0
_____ TTTI00| TSR0 T 2ev0| T 80| 10f IR 10| B T eh0
Tam00] T azod| T B0 T E0O) TUTHD © 730
Tes| T s 31
T TS N 29
FE L w0
e It | . "y
B N e
el 2 o
B 1 !
77777 G2%) T 124
T s 33 10
| ) T TR
TR N k11
asp s T TR
4259)  71333] 50554 1955 1852 ETEY
Detected number (Max=5) T s 5 5 5
Relative Contribution of each acurce (%] XN 23 232 336 5.0

(Note)

41 1=employed a3 Tracer elernent
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- 4.2.6  Comparison of surveyed and existing data
© Characteristics in the variations of the poilutant concentration discussed in the
~ section 4.2.1 are based on the AQCC data measured at Fatemi and Bazar. As they are the
.nwhitm'ing'stations established for the purpose of observation of air pollution caused by
exhaust gas of motor vehieles, they are placed al_ong streets as roadside stations (There are,
however, some rcsidentiﬁl arcas avound the station at Fatemil). - Thercfore, these data
indicate the concentration just in the neighborhoed of the roadside and they should not be
o :régardc'd as rcpré’senti_ng the air f)o!lllition ‘of entire Tehran. On’ the ;ot_her ‘hand, the

: ‘simp.liﬁed measurenzlents' of the po'll.utant.s were made by the JICA study team in order to
know the concentrations which are not directly affected by car emissions. Consequently,
the samplmg points of thls meqsmement ave placed away from busy streets as the general
_ momtonng stahon 15, ‘so that thmr data wﬂl represent the normal mnbnent air quality in
Tehran. Unfox lumtely, becaube the measmement was made tempon arily in a thl t pel iod, N
the dc’lt‘i were not enough for cvaluation of the general condltlon of air po]lutmn It is,
howevcr w orth comparing between the AQCC data and the J!CA $ snnphﬁed measurement
data for c'mnprchensi_ve understanding Of air pollutlon in Tehran. _

The data of {he pollitant concentration measured by 'A_Q.CC a.nd'_tl.m‘JICA study team -
in October, 1996 are cmnparcd'w.ﬁth cach other.” ‘Because the data fox compariéﬁai must be
measmed in the same period, only the data obtamed duzmg the ﬁeld suwey by the JICA
team ave available. Details of these data are summanzed below.

@ Period of incasurements |
October 8 - 16, 1996
@ Pollutants for comparison
CO : Hourly average
NOQ, : Daily average
S0, : 3-day average
@ Measurmg site of Wth]l the data ave used for commnson
 The’ momtmmg shtlon at }'ateml is located 'in a small area within the
" intersection of busy st.reets. ‘On the other hand, sampling points of the JICA team

are selected away from busy sireets to avoid the effects of car emissions.
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“Table 4.2.6-1 Measuring site of which the data used for comparison

ftem | AQCC JICA
Monitoring station |  Sampling points
co | Ne.i~13
_Ii(_)}., Fatemi - No. 1~31:
86, | No. 1~31

note; The loeation of these points are shown in the map (Fig.3.2.1-1, Fig.3.42-1). .

- @ Method of measurement -

Table 4.2.5-2 Comparison of methed of measurement

[tem | Method ~AQcCce JICA
Smﬁplilig_ Air is pulled directly iﬁto the | Airbag sampling
Cco coni.fnuous CO én'alyzcr:. 5 _ 3
IDetection [Analysis by NDIR . Analysis by NDIR
Cutput . l.hm.u' averagé of instant values 1 hour average i
Samp_lihg Air is ﬁuiled directly .into the Passive sampling on 'TEA coated filter
_ continuous NOx analyzer.
NO;‘ Detection {Chemiluminescence method Extraction with water,
| Spectrophotometric analysis ]
% Output {1 Eou’r average of instant values 24 hour average
Sanﬁpliné Air is pulled divectly into the Passive sampling on TEA coated filter
continuous SO, analyzer. B
S0, [Detection Ultr.aviiolet flucrometiy Extraction with water,
| “[Ton chromatography analysis
| Output - 1 hour average of instant values’ 72 hour (in summer) average
| - 196 hour (in winter) average 3
note; NDIR: non-dispersi;.-é i;nfrared 'gas:analyze:r '

9EA: Trieihano_lamine

See section 3.4.2 for details of the JICA measurements.
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" AQCC monitoring is made automatically, On the other hand, members of JICA
team had to collect the samplers (for NO; and S0, ) and the air bags (for CO and HC) which
~ had to be replaced by new ones.  Interval of replacement is one hour for CO, 24 hours for
- NO,. 72 hours for 8O,, and as for HC, the air bags are replaced 24 tines or 6 times a day.
In genefal, the CO data obtaiied by AQCC and JICA are reco.gnized' to show the
saiisfactér_y agrecment.  As for _NO,‘ and SO,, tihe manufacturer of the sampler eimployed by
the JICA verified that the data obtained by the direct Sampling'(AQCC) and the p.aSSi\«.'e
s‘aﬁapling’ (JICA) coincide with each other. Accordingly, it iss.:coﬁsideréd. that there is no

problem in comparison between the data measured by AQCC and JICA.

- Wco

: .Dim_‘nal variations of the CO concentration in auttimn_ measured at the JICA péiilts
and Fatemi ave shox_h)_ in Fig.4.2.3-1(1) - {5) and -f‘ig.d.Z.ﬁ-l-, res;ﬁéctively.:"Gcnéi'ally
speaking, AQCC and .JICA* data show :t_he same pattern in  the dim:'néi variation. -
I'Ispeciaily, :t]dc '\'ai'ia_ti01xé at No.131 (MOT MMiice buﬂding} élﬂd at Fa‘téﬁﬁ are similar to :
¢ach ‘other each déy. Most of them but for .Friday (l.l,'- October) have t\vo_ peaks in'a day.
The first one appears in the morning {7 - 8h) and the second oné alﬁpears in 'l;he'evcning. (18 -
20h). However, there is the big differeace in concentration between Fat'e:hi aﬁd the JICA
points.© The daily maximum concentrations at almost all the JICA piﬁ_infs Eafre onE the ilevel
of 6 - 14ppm. On the other hand, those at Fatemi are 20 - BOpbliz; These fact_s.-_Suggest.
that the level of the CO concentration is highly depéndent on the distancé from tfle streets
as well as the traffic volume, while the .diurnal variation pattern is controlled by a_cti?ities
of pollutant sources (traffic volume etc) and the meteorological conditions such as .

atmospheric stability, wind direction and speed.

{2) NO,. 7

Thc variations of the daily mean 'céin_eeﬁtrﬁtioﬂs of NO, iﬁ autumn nieasﬁred at the
CJICA poirlts and at Fatemi ére slhow'n in k‘ig.4.2.3'-5(i) and Fig. 4.2.5-2, respectively.  On
the whole, the variations at the JICA sampling points are characterized b); fall of the

concentration on Thursday-Friday and Friday-Saturday.
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Fig. 4.2.5-1 Diurnal variation of CO concentration at Fateml station
based on hourly average
{Qctober 8, 10,11,12 1996, correspondmg penod with additional measurement)
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On the other hand, the concentration at Fatemi has the minimum on Saturday-
Sunday, and the next minimum on Friday-Saturday. Though it is difficult tobexplain
appropriately these features using only the existing materials, the difference appears to
come from some local conditions, because the similar pattern is seen at No.2 - 6 of the JICA

- points located avound Fatemi, while the concentration at Fatemi is lower than those at the
- :JICA points. NO, is the sécondary product of the 'chemical‘_reac'tioni between NO and 0,
and the process takes hme to progreqs It is ‘thgr_efore considered - that the NO,
concentrat_mn is d_ctermmed by a b_alance of the mass ilroduc'ed and transported.” The
:p_roduction of N(l)z.depends on the éoncontxﬁtionsbf NO and 03 which are affected by car
" emissions an.d solar radiation; while transportation is c;ont:'ro}led by the wind. Because the -

car emission is not the only factor that contributes to the NO, concentration, the NO,

concentration at the road side is nfjl."neccssarily high.

(3) SO, | _

The variétioﬂa of the 3 day mean conecentrations of SO2 in autumn'_ineésur.e;i. at the
JICA points a"nd. at Fatemi are .shown in'Fig.d.-ZB-:’?(l) ancﬁl Fig. _4.2.5-:3, i‘eSpccti&@l&. The
data for comparison are the 3(iay averages for the period of October 9, 14h ~ October 12, 13h
and October 12, 14h~October 15, 13h, Friday is includéd iﬁ the fprltlér pe.riO(:l'. : r‘I‘l_w,-t"e is, _
however, no ground for setting the period for _the ﬁverége at 3 days:, except for theEeés‘on
that sampling for longer than 72 hours is reciu_iréd for the SO, analysis. _

No suggestive difference is observed iﬁ the average of the 31 J IIC;\ points between the
former and the latter period. According to the data at Fatemi, the concentration in the
former period is higher than that in the lalter period. Probably, itis not worthy to mention
the difference belween these peviods, e)\cept descr:phon on the difference in. the
concentrations among the measuring pomts The concentration at Fatemi is 33ppb and 3
24ppb in the respectwe penoda. Such a high concentratmn is observed only at No 8 of the
JICA point located in the nmghborhood of a major street. The concentratlons at the othe1
JICA pomts lnrdly 1each 20 ppb and their average is: -n:ound 11ppb.  The SO,
concen_uatmn at Fatemi in the intersection, however, is 2 to 3 times as high as the

_ éohccn__lralion :at the :J:ICA peints awé\y from busy roads, suggesting that the SO,

" concentration may depend on the distance from a street and the traffic volume,
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4.2,6 Summary of the results

(1) Variations of the pollutant concentration in several cycles

Based on the pollutant concentration data monitored at the stations located in a heavy
traffic area (Fatemi) and a crowded commercial area (Bazar) in Tehran, the characteristies
of the po]l.utant concentration variations in the several cycles are summarized below.

The annual average concentrations of S0,, NO,, NO, NOx, CO, 0, THC, and PM10 for

' _the perzod from October 1995 to September 1996 at Bazar and Fatemi, as well as the

‘ natwnal env:ronmental standards of some countries and the WHO air quahty guldelme l'or.

comparison, are summarized in Table 4.2.6-1. The annual averages of the several pollutant

concentlatlons (80, and PM]D) at these statmns are higher than the WHO air quahty

' gmdelme For example the SO; concentratlon qt Bazar is 63 4 ppb that is 2.4 times as

large as the WHO air quahty gmdelme 'l‘he CO concentratmn at Fatemi'is 9.8 ppm thatis

about 4 times as large as the WHO guideline, 01_1 tlle_ assumphon that thc annual average

‘guideline woﬁld be one fourth of the 8 hour guideline. The co_ncentrat.idn .d_f pollutémis from
the mobile sources, such as NO, CO and THC, ave hig.her at Fatemi, while thiose of 50, 0,
and PM10 are higher at Bazar.

Table 4.2.G-1 Annual average coucentrahon of pollutants and onvuomnenta] standards

T SO, | NO | NO, | NOx | co | 0; {THC |PMIO
Bazar 634] ¢1.3] - 499 1105 79| 248 4.4] 123.2

- Fatemi 35.4] 1415 432] 1852 o8 149 49 1019
WHO guideline | 17-26] — . — — — ] — — | 60 - 90}
U.S.A. standard 85 — 60 — || — — — 50/60
Germany standard 8. — 60] —— — — — 100
erapan standat‘"vd {20y . — (20~-30) — - - — o 610

notes;

1) unit: 80, NG, NO, NOx, O, ; ppb CO, THC ; ppm (The original concenteations in H g?m’ sre converted into

the value _in §pb or ppm: under the condition of Tehran (‘20'(), 880}51Pa)).
P#llo.’y ga‘_m“‘ . : |
2) Forthe US.A federal standard, the figure befor:e th.e slash is the first standard a.nd that following the slash
is ﬂw second standard. .'l‘lime first standard is fqr protecting citizen's health. 'l'hé second

standard fs for protecting citizen's public welfare (fauna, flcta, properties etc.).
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3) The Japan standard in PM 10 colusin is for SPM {suspended p'articu!ate mo!tér). Both PM10
and SPM designate the particles in the air, of which diameter is less than 1o§ m. - However, the exclusion
method of the large particles (510 m) is different. Asa resoltof that difference, PM10 inciudes some
particles somewhat Iarger than 10« m but SPM never does.

4) Japan does not establish the annualstandard.” The figuresin the table are pro_vi.dod only for reference.

Seasonal changes in the pollutant concentrahons h'we tho ohamctonstlc cyc]eq The

monthly averages of all pollutants (as shown in Flg 4.2. 1 1(1) ~(2)) except O, tend to

increase and reach the maximum in co_ol seasons. In view of the. dependence of the

concentrations upon not only the source activities but also'atmos'pheric stability which affect
the pollutant transportatxon and dxffusxon, the cool season is consuieled to provide the

favorable background for the hlgh concenhatno:x On the othor hang, O, concentration is

higher in suminer, when the solal ultra v1olet radlatlon necessary for the photochemmal

process producmg_ 03 becomes strong. - According to the sunphﬁed measurement’ data
obtained by the JICA.stu_d’y team, the NO,, CO and HC concentrations are higher in autumn
than m winter, theugh the.SO.._,_ coﬁcont-ration is higher iti winter than in autumn.

'As for the diurnal variations based on annual averages, the characteristics common to
all jmlhitants but O; is the presence of two peaks a day, at around 9:00 in the morning and
22:00 in the late evening.  Especially, the concentrations of NO, CO and PM10, to which
traffics make a iarge.corntribution, ave clearly periodical. Compared to Bazar, diurnal change
in Fat.coli has compleie cycles, a_'nd shows distinct two peaks, a wider diurnal range and a
higher concentyation. '.I\vo peaks of the concentration in the morning and late evening are
thougﬁt to be cause.d by increased traffic in rush hours and the stable layer near the surface,

which are favorable for stagnation of poﬂutants. On the other hand, the 0, concentration

- has only cne cozﬁs’pichous peak in" the alternoon, because the O, genorétio’n depends on the

strength of solar u]tra vno]et radxatlon

(‘ompared to the data obtamed by the d ICA study team in October 1996, the dmrna!

“variations of CO at many stations in MOT based on the snnphﬁed_ moasuremont data show

" the similar pattern 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
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points.  These facts suggest that the CO concentration is highly dependent on the distance
1 froin streets as well as the traffic volume, while the diurnal variation pattern is controlled
by activities of pollutant sources (traffic volume ete.) and the meteorological conditions such
as almosﬂiérid stability, wing direction and speed. As for the simple measurement data of
NMHC and THC their autumn v.arial.ions. ‘show the same pattern as CO; however, the
- concenhatlons in winter are 10\\ and almost constant |
| As for’ the concentration change ina \-.eek b‘ascd on the ammat average, it is siot easy
.' to"idéntlfy the varlahon' p‘itlcrn Hcmover drop of concentl ation on Friday (the ]raman
| _hohd‘\y) is recognwcd in the variations of CO and PM 10 at both statlons those of NO at
Fatemi and those of TIIC at Bazar.’ Becausc all these pollutants are emitted from traffics,
| thc traffic volume apparently contributes to these conccnhat:on changes in'a week, while -
the concenhahons of S0,, NOZ, and O, do not scem to have close relationship with the day of
' the week. As for the seasonal a\'elage the summer and autumn curves palllcnlarly show

weekly cycles that fal_l to the minimiun on Friday.

(2} Distribution of politltal1t'coilccntration in Tehran. - B

" Based on ihe data obtained by the field survey by th?e' JICA stildy feam, distributiqn
characteristics of the poiilitant'concentrations are described. - As l.'oir CoO, .tho' conc':eﬁt:ration
in downtown areas is higher than other places, while that in the éubt'lrb_ah area is io'wer.‘
Also the common featurd of the NO, concentration diStribilti'ohs_ is .tl.)at the concentration l..l.l.
the center part of MO'P is slightly higher than that of the outskirts of MOT.  And the SO,
concentrations in the center and a little southern part of MOT ave slightly highcr_ than

northern parts of MOT.

- (3) Metcorological aspects on air pollution in 'Ibhran e

Influences of the wmd dnectlon and spoed on the polluhnt concentratlon are
discusséd on the b_asxs of the’ monthly average data obtained at Fatemi and Bazar. The
concentrations of 50, NO, and PM 10 do not scem to depeﬁd on the wind direction, while the
high NO (:onceh_trations. me .observed at both stations when the nortﬁcr]ies (WNW - ENI)

are blowing. - The concentrations of CO and THC tend to be high only at Fatemi, under the
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norlthwe'sterlieq and northeasterlics. The l't‘:lﬂflOllShlpS betwecn (O R and the wmd direction
ave opposite to those of NO, CO and 'I‘HC The concentration maches a high valie when
southerlies (£ — WSW) blow.  As mentioned in the section 4.1.1, northerlies prevails in the
night-time when the atmosphere is strongly stable, and southerlies blow in the daytime

when atmosphere is unstable and mixed. ltis -suggested that concentmtmn depends on not

- the’ wm(l direction but the atmospheric stablht}

' The concentrations of all pollutants but O and PM10 at both shlmns are uwenbel}
correlated to the wind speed. }sspecm]ly,- thc concentration is u_:(h_l_cedﬂrcmmkably with
ilncr'cas'e in the wind speéd in autumn and y@intef.- In ton_tr’a§t to these'pbllutants, thé O,

‘concentration increases :in proportion to the w:in_d 's.peed which increases in the daytime
when not only tl_le atmospheric convection become a:(':tive but also photochemical reactions

- producing O, occur under the strong solar radiation.
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4.3 Analysis of ficld survey in the vehicle sector

- 4.3.1 Road network in MO'Y

" The Tehran Comprehensive Traffic and Transportation Studies (TCTTS) has made a
dafabase of roads within GTA for the purpase of a traffic demand and distribution simulation.
On the basis of the database, the foad nelwork within GTA is shown as Fig.4.3.1-1.

Fig.4.3.1-2 (1}, (2), {3) made on the basis of the database ixidicéte emergence frequency of | |

roéd widths, length of l'inks, number of ]anes in GTA respecﬁvelﬁ " As shown in the ﬁgure, B
the most frequent .class of eaéh item is 6m-9m for maa widths, 2 for the numﬁér"of lanes,
10.0_:1'1-20_0111 for length of. links, and total length of road networks i;rGTA calculated by
Sum.ming: up length of all Ijnks includéd in the data base is 5013.421{:)1_. |

Road cléssiﬁéatim.l made by 'FCTTS is shown'in Table4.3.1-1
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Tabled.3.1-1 Classification of réads within GTA
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1 4.3.2 Veh:cle fleet in MOT

On the basis of the statistical database made by the Center for Computer Service,
Municipality of 'I‘ehran, the numbers of registered vehicles classified by car type and
registered year is described in Table4.3.2-1.  Blank columns in this Table mean lack of data
in the corrcspondmg year. Asshown in the Table 1 376,188 vehicles were registered in MOT.
=Some parts of these velncles were already scrapped but there are no mecthods to grasp their
| a_ccurate numbers. "I‘he attention th_erefore s_hould be drawn to this point when the numbgrs
of registered vehicles are ciiscuss'ed.

Table4.3.2-1 Numbers of registered vehicles classified by car type and age

™~ Car: ' - : ' e
Year\‘ \\: Passenger Carll  Van  |Mini Busf Bus | Mini ’I‘ruqk Truck Tatal -
1967-1971| - :83970] 25992 . 2743| 5679 18230 13514 133721
1972.1976|  225020] 76100].  s010] 2920 - 1230] 12768] . 325057|
19771081 199269| ' 52286 4643 2047 219 137ssf 273122
1982-1986 98070 ase27]  1as0l 1sss] - 7] 10ssof 146579
1987-1901| © ae187| 13068| ~ 3s03] 852 50| 6945| . 71295
1991 o 437B] e 3265|1330 150|542 1dsag|
1992 230398| - 15056]  3786| 1331 _552]  32704| - 283827
1993 | 73168 e | e B s Lol 73168
1994 56877 - T o 56877
Potal 1018543 216138I 24790| 16645] 4081 . 9s9mf| 1376188

Fig.4.3.2-1 indicates a distribution ratio of each \}e_h'icle: type. ~ As shown in the Figure,

passenger cars account for 74% of all vehicles registered in MOT.

Minibus |[Bus
18%

Il 2% Mini truck J :
: [Passenger car | -
PO I A X

Van Lo
115.7%

Fig.4.3.2-1 Share of each type of vehicle registered in MOT
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&

‘industrial countrics and that the opposite relation prevails in developmg countnes.

'mdustnal countries, ‘while the bus is less important.

Table4.3.2-2 indicates the numbers'of registered passenger cars, trucks, and buses, and
corresponding share of each type of vehicles in Tehran, "i‘okyo and other countries. This
Table makes it clear that passenger cars have a large share and buses have a small share in

Pu’ohc

‘{ransportation means hke mnlwa)s. subways, - streetcars etc play an 1mpo:tant mle in

In 'Pehl an; the qh'u'e of a pa%sengor car

s much hlgher than in other countrles where a bus has a large share.. This’ means that
. passenger car piays an unpmtant role in dally transpmtation of cntmcns in Tehran, Thisis * -

~ the reason why €O and HC produced by gasoline-fueled vehicles cause serious problems in

’I‘ehran.

~ Table 4.3.2-2 Comparison of compbﬁcnt ratio of three types of vehicles

* : Registered number of passenger car per 1000 people
Source : World statistics 1996, Management and Corrdmatmn Agency,Japan

4—1201

[ Countries i Year Passenger car} _Truck Bus Total . 1§ *
Fehran 1992 1,468,006 100, 072 41 435 1,609,613 249
: % 91.21 6.2 2.6 1000
Tokyo 1993 2,913,000 1 106 000 16,000 4,035,000 246
- 1% - 72.2 274 [ 1 1006 1
Japan - 1993 - 41,061,000 {20, 553 000 | 247,000] 61,860,000 329
L % 66.41] . 53.2 0.4 . 100.0
Indonesia | 1990 i, 313 000 | 1,024,000 | 469,000 2,806,000 N
o % 46 8 _.36.5 16.7 100.0
Iraq 1989 672,000 321,000 47,0001 1,040,000 186
- . 1% (4.6 309 4.5 1 100.0
Singapore | 1993 306,000 126,000 10,000 442,000 | 107
o % 69,7 28,5 2.3 _._100.0 _
Hong kong| 1993 316,000 | 131,000 16,000 463,000 b2
: . % 68.3 . 28.3 ] 3.5 . 100.0 .
Malaysia - | 1992 2,148,000 442,000 30,000 2,620,000 112
L % 82.0 16.9 11 100.9 :
India 1991 2,282,000 | 1,411,000 333,000 4,026,000 3
1%l 538.9 350 8.3 - 3000
USA 1992 1 144,213,000 |45,604,000 645,000 | 190,362,000 565
_ - A 765.8% 239 03] 1000}
Canada 1992] | 13,322,000 | 3,624,000 64,000] 17,010,000 | 488}
: L IR 183 21.3 o4] - 1060.0 ‘
Mexico | 1992 § -'7,497,000] 3,601,000 106,000t 11,104,000 89
: 1% : ﬁ? 5| 31.6 1.0 100.0
UK 1993 20, 344 000 | 3,884,000 ] 107,000 24,335,000 | ' 362
1% 83 6 L 16.0 041 160.0 -
Italy 11991 : 28 200,000 | 2, 443 000 | 78,000| 30,721,000 496
' 1% 91.8 3.0 - 0.3 ~100.0 :
German 1992 37 579,000 1, 938 000 86,000 | ' 39,603,000 473
1% 94.9 4.9 0.2 1000 :
Swiss 1993 3,138,000 272,600 14,000 | 3,424,000 449
% 91.6 7.9 0.4 1000
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