3.1.5 Selection of the Model City and its Bases

Skopje city, the capital of the Macedonia, was selected as the model city through a number of
consultation with the concerned personnel of the Macedonian side concerning analyses of the

present status of air pollution and characteristics of emission sourccs.

- Skopje city, the center of socio-economy and indusiries of the Macedonia, suffers from most
serious air pollution due to heating during winter because of its topographical and
meteorological conditions and also due to antomobiles and plant emission gases.

- Automalic continuous monitoring slations owned by metal smelting plant were set in two
points in Veles. However, only British samplers unable to cope with emergencies were used
in Skopje. '

- Veles, Tctovo and Bitola etc. expect a great cffcct based on the countermeasures in factorics
which take a leading part:  Skopje needs to be covered with overall countermeasures, It is
required to construct monitoring system earlier in order to examine the measures.

Discussions were taken place as to whether or not to include Veles city, which had serious air
pollution problems as in Skopje, as a model cily, However, Veles being 40 km away (rom
Skopje, had different emission sourcc conditions of pollutants. As a result, Veles was not
included as a model city. It was decided to take up Veles in recommendations on the
construction of a nation-wide air quality moritoring network.

3.2  Determination of Sites for Air Quality Monitoring Station
3.2.1 Distribution Survey of Air Quality in Wide Area

Concentration distributions pattern of SO2 and NO2 were comprehended through the
measuring results of the simplified sampler.

A total of 100 monitoring points were selected using an 1 km mesh as a reference mesh to
evaluate the concentration distribution in the entire Skopje. Simplified samplers were
installed at these monitoring poinls.'

The monitoring points were selected based on topographical condition, density of dwelling
houses and existing data and information as a reference. At 16 of these 100 monitoring
points, simplified samplers were installed near the existing monitoring points of existing
samplers for éross-ch_eck between these two types of samplers.
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Figurcs 3.9 and 3.10 show the wide-area concentration distributions of SO2 and NO2 in the
entire area of Skopje.

Generally, the following observation can be made from the wide-area concentration
distribution diagrams of SOz and NOz2:

- In the NO2 concentration distribution, the central part of the city showed high
concentrations, while high concentrations were also recorded locally in some suburban
areas.

- In the SOz concentration distribution, the suburbs showed a high concentration level than
urban areas differing from the distribution pattern with NOz. '

- Some areas in the mountains on the southern part of the urban area also showed high SO2
concentrations. Summérizing the above, the impact of mobile sources {vehicles) and area
emission sources are large with NOz.  Impacts by other stationary sources added to S0:.

The simplified sampler that the Study has introduced and the survey methods are useful for
grasping a wide concentration distribution for a given period at a low cost. The Macedonian
side has aiready started utilizing it for other rescarch. It is very significant for the Study
Team to have already realized some part of the purpose of the Study.

It is expected that the Macedonian side will positively utilize the simplified monitoring
method for variety of studies.
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3.2.2 Determination of Number of Sites and Location

The Counterpart and the Study Team cvaluated locations, metcorology and topographical
conditions of emission sources, existing monitoring locations and field survey resulls of
distribution pattern of ambient air concentrations with the simplified samplers.  After given
due consideration 1o represcntative installation positions, four new AQM stations were
selected.

<Overview of AQM Stations>

Figure 3.11 shows the locations of the measuring points and AQM stations in Skopje.
The characteristics of AQM stations are outlined below.

Station-1 (Gazi Baba):

This station is located at University of Skopje on top of a hill in Gazi Baba. Emission
sources cannot be found nearby. When a northeast wind blows, the stecl mill and other
factories located about 2 km away from the monitoring station may affect the results. When
a west wind blows, the background concentration level may be increased by air from the
urbar districts. Impact by a number of factories, such as Beer Co., Pivaru, Pharmaceutic Co.
Alkaloid, Paper Co. Komuna and Central Heating Plant-EAST located about 1 km southeast
1o south of the monitoring station, cannot be ignored when stable meteorological conditions
prevail in the winter, even though the frequency of the appropriate wind direction that affect
the station is low.

Station-2 (Center):

This station is located in the center of Skopje and is called the urban district point. This
station has a high probability of showing high concentration levels in ambient air quality in
all systems of winds. Stand-alone central heating systems such as that for hotels and boilers
in small and medium factories are located ncarby. Automobiles are also greatly affecting
this station.

Station-3 (Karpos):

This station is located at an intersection of a trunk road at the western edge of Skopje and it
can be considered as a location for monitoring automobile emissions.  Except for the Central
Heating Plant-WEST located about 0.5km to the south, there arc almost no factorics nearby.
Many apartment houses are situated along the trunk road, but they are supplied with heat [rom
the heating plant during the winter. '
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This location is cxpected to have large concentration differences depending on systems of
windows. This location is affected by air in the urban districts when an east wind blows,
while it is affected by heating for many smail and medium factories and by individual home
heating when a west wind blows. When affected by the Central Heating Plant-WEST, the
SOz concentration may go up very sharply at this location. The concentration will be lower,
however, when a north wind blows.

Station-4 (Lisice):

This station is located at an inlersection of a trunk road in the southeastern part of Skopje.
This is a station located halfway between an industrial zone and a new town. A cement
factory located about 1km south of the monitoring point can be regarded as a major emission
source. When a ncrth wind blows in the winter, the Central Heali'ng Plam—EAST is also
expected to affect the station. The concentration is forecasted (o increase significanily if the
station is affected directly by a major emission source.
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Figure 3.11  Location of the Measuring Points (Existing Sampler) and
the New AQM Stations
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3.3 Planning of Air Pollution Monitoring Equipment for the Study

3.3.1 Deccision on Planning of Air Pollution Monitoring Equipment

(1) Outline of the Develepment Procedure

The equipment and materials plan necessary to conduct this Study was developed on the basis

of the results of collection, readjustment and analysis of existing reference materials and data,

in site investigation results, and by performing a diagnosis of the quality and quantity of
equipment and materials stored by the Macedonian side.

The development of the equipment and materials plan and procurement procedure is shown in
Figurc 3.12. ‘

{Auxiliary service of the consultant}

Diagnosis of the Present State of Equipment '

and Materials in Stock. :

} Preliminary Research on the Contractors and Prices _!

Position Setting of the AQM Station

Determination of Monitoring Items and Method

1

Devélopmem of the Equipment and Materials Plan l

Figure 3.12

(Submission o] ICA)

> | Submission aﬁd Discﬁssions |
| Prepar:.tlion. of lhcl: Specification ] - | lSubn:lission and Explanation |
| Preparatory Revie\l and Evaluation | - | Submiséion aﬁd Explanation |
1 Trulssﬁnrlalion of the ll'rocurcd Equipment |
[ Unpacking and Inspection |
| Installation and Adjustmenl I
1 Iinal Acceptance l - | Acceptance Work Sheet _!
I 'I‘rainilng _|
Development of the Equipment and Materials Plan and Procurement Procedure ‘5

(2) Selection of Measuring Items and Method -

Selection of measuring items and method were proceeded for following equipment.
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1) AQM Equipment
a) Monitoring Equipment
- AQM Instrument
- Meteorological Instrument
- Data Logger and Telemeter System
b} Equipment for Central Station
c) Equipment for Public Information System
2) Continuous Emission Monitoring (CEM) Equipment
3) Laboratory Equipment

Main measuring items and method of AQM equipment were selected as follows taking
accuracy and measured range of equipment into consideration.

S0z Analyzer: Ultraviolet Fluorescence Method

NOx Analyzer: Chemiluminescence Method

CO Analyzer: NDIR Gas Filter Correlation Method

O3 Analyzer: Ultraviolet Absorption Method

SPM Analyzer: TEOM Method

Calibrator Zero Gas Generator, Calibrator, O3 Generator, others

Wind Direction/Speed:  Ultrasonic Wind Sensor with Heater
Temperature/Humidity: Pt Sensor, 0 to 100 RH Type Sensor

- Solar Radiation Meter:  Pyran Thermocouple
Data Logger: Data Logger, Computer, Modem, others

The exhaust gas monitoring equipment of the CEM equipment/malcrials is equivalent to those
for environmental application, in which dilution with a stack cxhaust gas dilution system was
introduced. This method can eliminate the error factor due to drain waler in the samplc linc,
which has been a problem with the conventional method.

Decision on Planning of Equipment

A diagram of the moniforing system program is shown in Figure 3.13.

The following points were taken into consideration in selecting the equipment and materials.
- Quick troubles shooting in equipment failures

- High-reliability equipment with fewer failures and casy maintenance and management
- Radio telemetering '

- Continuous monitoring system comprising a data transmission system and data processing

system

3-37



The monitoring equipment (SO2, NOx and CO) installed in a vehicle to monitor stationary

sources can also be used as a mobile monitoring vehicte for environment monitoring.

Czntral Station (MOE)

[ Prnier || Central Acquisttion} Modem Wireless
J & Analvsis svstem installation
XY Plorer — (Persoanel Computer)
I

[ Public [nformation Svstem |

T

Gazi Baba Siation(l) Center 'émion(Z) Karpos Station(S)

Lisice Station(4)
L Anenna {_ Agtenna | [ Antenna | Antenna
I ! [ I
Wireless Wireless Wireless Wireless
Inetajlation Installadon Installation Installation
f I | |
[ Modem | [ Modem ] [ Modem | [ Modem -
| I | |
[ Data Logger | [ Data Logger | [ Data Logger | | Data Logger |
| I | I
o - SOz - 3 S0z - 3 s02 - 5
NOX - NOx - | % NOx - | 2 NOx - | 2
co o - |2 lco - |2 co - |E|
SPM |SEM < o3 - & oy - @
Wind Speed Wind Speed SPM SPM
Wind Direction Wind Dirgetion Wind Speed Wind Speed
Thermometer Thetmometer Wind Direction Wind Direction
Hygrometer Hygrometer " |Thermometer Thermometer
: Hygrometer tygrometer
Sclar Radiation
I | I
[ Recorder | [ Recorder | [ Recorder | [ Recorder |
Emission Gas Monjtoring System  (IEZ)
[__Stack  ——{Dust sampler |
'
fsoz -3 (Calibrator_|
NOx - §
co |2

I

Figure 3.13  Air Pollution Monitoring System
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3.3.2

(1)

1)7

2)

@

Preparation of Technical Specification of Equipment
A specification prepared was to specifically describe the specification details as follows:

- Nomenclature and Quantity of the Main Body and Consumable Items, Accessories and
Spare Parts

- Equipment Monitoring Method and Performances such as the Accuracy, Monitoring Range,
etc.

- Output Signal

- Training Concerning Principal Equipment

- Details of the Data Processing Software, etc.

Installation, Adjustment, Inspection and Technology Transfer of Equipment
Installation and Acceptance of the Equipment

Installation Procedures and the Time Period for the Equipment and Materials

The instaliation and adjustment of the principal equipment and materials were started on
March 9 and were completed on March 31, 1998,

Acceptance of the Equipment and Materials

In addition to checking the quantities, the equipment and materials were checked cach time
they were installed or adjusted. All the equipment and materials were started up and
accepled by the end of March 1998.

Instruction and Technology Transfer of the Equipment

Technical training was provided to the Couﬁlerparls and concerned personnel on handling and
maintenance of the equipment and materials related to the ambient air quality and stationary
SOUTCE SUrveys,

The training was given during and after physical installation and adjustment. Also the
technology was transferred comprehensively on the entire survey method including
monitoring and analysis in form of hands-on work in field surveys and data analysis.

The training on the monitoring equipment included expects such as minor repairs and system
management, aside from equipment handling, operation and maintenance.
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4.1

4.1.1

1)

)

b)

Chapter 4 Present State of Air Pollution in Skopje

Results of Automatic Centinuous Monitering

The analysis for meteorological data as well as ambient air quality data was carried out for
the period from April 1998 to January 1999.

The classifications of the seasons are as follows:

Non-heating scason: From the beginning of April to the end of Scptember

Heating season: From the beginning of October to the end of March

Meteorological Condition
Surface Meteorology

Wind Direction and Speed

The windrose diagrams (non-heating season and heating season) for each monitoring station
are shown in Figure 4.1.

Station 1 (Gazi Baba)

The monitoring station is set up on the hill of Gazi Baba and the characteristic of the location
is that there arc no structural obstaclés neatby.

Both in the non-heating scason and in the heating season, WNW and W winds prevail.
Easterly and westerly winds appear in both seasons. ~ As for appearance {requency based on
wind scale, it shows high frequency of 1.0 to 1.5 m/s in the non-heating season and of 0.5 to
1.0 m/s in the heating season.

Station 2 (Center)

The monitoring station is located in the center of the town area.  Although there are high-
risc buildings along the trunk road nearby, the south of the station faces a picce of
unoccupied vacant land.

It shows similar tendency to Gazi Baba in wind direction and speced.

Station 3 (Karpos)

The monitoring station is located almost at the cross junction between trunk roads running in
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both the Fast-West and North-South directions.  Although high-rise buildings are to be
found along side the trunk roads, there arc no big structural obstacles nearby in the arca from
northeast to the cast of the station.

The wind directions are slightly different from other stations. Both in the non-heating
season and in the heating season, WSW wind prevails. E wind prevails in the non-heating
scason. It shows similar tendency to Gazi Baba and Center in wind speed.

d) Station 4 (Lisice)

There arc no high-risc buildings near this station that will affect the monitoring process.
Clearly the wind directions are different from other stations. ESE wind prevails in the non-
heating season. In the heating season, WNW and ESE winds prevail.  Although the wind
speed is as weak as other stations, it shows higher appearance frequency than them (over 2.5
m/s).

Upon observation of the general trend, it is found out that W and E winds have high
frequencies while there are hardly any signs of N wind,  In addition, the wind speed is weak
and this is characteristic of Skopjc.

Upon observation of the variation -of the average wind speed based on time, the wind is

strongest from 4:00 to 6:00 p.m. in the non-heating season. In the heating season, the wind
tends 1o be strongest from 0:00 to 3:00 p.m.. ' _ g
As for the variation of the monthly average wind speed, there is a decreasing trend until June.

The wind speed does not change greatly after that, but it gets slightly strong in December, -



Non-heating Season Heating Season

(Gazi Baba

Center
Karpos
® .
L}
Lisice ":, o
SR e ]

Figure 4.1 Windrose Diagrams in the Heating and the Non-heating Seasons
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2) Temperature and Humidity

3)

The characteristic of this diagram is that the flucluations.in the daily average lemperature and
humidity arc the same for every station. In addition, together with tcﬁlpcmture increase
from May to August, humidity decreased. In August, the average daily temperature is about
30°C while the humidity is about 40%. The highest hourly value is about 40°C.

However, it recorded about -10°C  even in the daytime in the last half of December.

Appearance Frequency of Atmospheric Stability Classes
The atmospheric stabitity is an index for expressing the relative difficulty of atmospheric
dispersion.  As shown in Tablc 4.1, the atmospheric stability class is divided into A (strong
instability) to G (strong stability) classes according to wind speed, the amount of solar
radiation, and depends on the amount of clouds in the night time.
Table 4.1  Classification of Pasquill’s Atmospheric Stability Classes
Wind Solar Radiation (T) kW/m2 Night Cloud Volume
m "
. Totally Upper Cloud (5~ 10}, Cloud _
Speed TZ0.60 D>'60>1 0.30>T 0.15>T Cloud Middle Cloud and Lower | Volume
(U) m/s 20.30 Z0.15
- (8~10) Cloud (5~7) (0~ 4)
Uc2 A A-B B D D G G
25U A-B B C D D B F
3SU«A B B-C C D D D E
4=U<h C C-D D D D D D
=S C D D D D D D
Remarks .

1} Totally clouded corresponds to the middle and lower cloud volume larger than 8.
The upper cloud is of Ci, Ce, and Cs cloud form and cloud of other form correspond lo middle/lower
cl.oud. _

2)  Zerosolar radiation corresponds to night time.  The start of night time and the last 1 hour period of
night is though neutral.

3) Stability classes:
A: Strong Instability B: Instability ~ C: Moderately Instability  D: Neutral
[: Moderately Stability  I: Stability G: Strong Stability

@

The heating season, in _parlicular the winter season, shows a lehdency to be stable as
compared to the non-heating season. In some cases, the stable condition of the atmosphere
continued for a few days. The severe air pollution during winter is brought about by such
meteorological conditions and the emission of air pollutants from heaters contributes towards
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air pollution.

The non-heating scason, the frequency of strong instability (A) to instability (B) and neutral
(D) is becoming higher. This shows the characteristics of Skdpje whercby the solar
radiation is strong and the wind speed is weak in summer tiie. As a result, it is a general
fact that the freqﬁcncy of D will rise. On the other hand, the f{requency of G (strong
stability) is high in the night.

The trend of the concentration of pollutants in the atmosphere being higher in the nighttime
than in the daytime can be understood from the classification of atmospheric stability class.

(2) Upper-layer Meteorology
1) Autumn
A summary of the data observed by the Study Team is as follows. In addition, the

occurrence of inversion layer is shown in Table 4.2.

Table 4.2 Occurrence of Inversion Layer

Time Month/day | 4119 | 1120 | 11021 | 1122 | 1v23 | 1124 | 1125
0 hr — — A A O*1A — #
6 hr — VAN Ay O . —_ O
12 hr — A A A _ . —
*1: until 200m *3. untii 300m
© o N -
Remaxkable inversion layer Gentle inversion layer Upper inversion fayer Normal
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2)

- Temperature inversion was ohscrved near the region of 400 to 1,00.0 m above ground and il
was also obscrved that the lower layer was unstable and the upper layer was stable.

- A drastic change of the vertical distribution of the wind direction at the range of several
hundred meters above ground occurred frequently and this shows the unique topological
influence of Skopje.

- The wind speed was extremely weak above the ground. The data obtained in the Study
shows scveral cases though the wind speed likely to be weaker with the altitude in general.

Winter

The upper-layer meteorological observation from the period of December 1998 to January
1999 is extracted and summarized in Figure 4.2.

During winter, the inversion layer phenomeno'n occurs very frequently and in some cases, it
was found that the phenomenon continued for a few days. The abnormally high
concentration for SOz and SPM that continued for over a week, havihg its peak observed on
December 30, 1998, is the result of the strong temperature inversion that continued all the
day. Under such meteorological conditions, air pollutants emitted from automobiles,
factories, heaters etc. accumuiate near the ground level of the atmosphere, without dispersing
to a wider region and causing severe air pollution. According to the existing data, a similar
example of a high concentration tevel is observed in January 1993, _

In many cases, the altitudes for the inversion layer, as measured from the ground level ranges
mostly from about a few hundred inelers to 1,000 m. The 'effcct. of the temperature
inversion layer was strong and in some cases, it was found to exceed 4°C/ 100 m. The
characteristics for Skopje arc that the wind speed is weak, the rate of occurrence of inversion
layer is high and the degree of inversion is strong.  One of the reasons for this could be due
to the geographical conditions whereby there are flat plains in the valley area.
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Figure 4.2  The Results of Upper-layer Meteorological Observation
(December 27, 1998 - January 1, 1999)
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4.1.2

(1)

1)

Ambient Air Quality

AQM Station

Variation in Air Pollutants Concentrations

Figure 4.3 shows variation diagram of daily mean value of ambient air concentration.

- During non-heating season and the season when the air polluiants are more diffused as a
result of meteorological reasons, the SO2 concentration level is not high. SOz
conceniration level is very high in the heating season.

- The wvalues for NO, NO2, NOx and SPM concentration levels did not show significant
fluctuation until carly August. 1t is observed that there is an increasing trend in NO, NOx
from the end of September. NO, NO2 and NOx concentration levels are high in winter.

- Compared with other sites, the NO, NOz and NOx concentration levels are low for Gazi
Baba (Station 1). In particular, the NO concentration is so low that it is possible to
conclude that there is no emission source nearby.

- The ditference in concentration levels for SOz and SPM as compared among each station is
not that significant like that of NOx. '

The following facts were found in the fluctuation of pollutant concentration for 1-hour valuc
(Data Book, Figures D4.13 (o 4.19).

- The concentration levels for NO, NOz, NOx, CO and SPM rise ih the night, with a slight
decrease in midnight and tend to rise again in the early m()rning. Despite the fact that the
number of automobiles are decreasing, the high concentration in the nighitime is still a
general phenomenon, and the reason is largely due to meteorological condition. This shows
the state of the atmosphere.  This can also be understood from the classification of the
atmospheric stability class.

- The SOz concentration level is high from early morning to noontime, while in the night it is
not so high. There are significant changes in the concentration variation for SOz as
comp'ared to NOx and SPM and this only shows that the emission sources may not
necessarily be common after all. '

- Even without taking into consideration the concentration variation of the mid-night, the

abnormally high concentration period for the winter continually showed a high
concentration. '
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2) Outline of Data and Comparison with the Air Quality Standard

The oulline of automatic monitoring resulls and the cnvironment standards are shown in
Table 4.3,

How to rcad “kind of value™;
Monthly average: Average value of fotal hourly data for a month
24 hours average (max.): Maxinﬁun value of 24-hour average data for a month
1 hour (98%): Concentration from low to 98% level, from the order list of total hourly
data for a month

1 hour {max.): Maximum value of total hourly data for a month
a) SOz

‘Non-heating Season: _

SOz concentration tevel in the air neither exceeds the daily average value nor 'hourly 98%
value as well as hourly maximum set by the standards for any of the monitoring stations.
When comparing the concentration level for each monitoring station, the non-heating season
'shows low concentration and there is not any significant difference.

Heating Season: .
In particular the winter season, very often the standards are being exceeded and in some

cases, extremely severe air pollution occurred continuously.

Taking into consideration the case {or combined pollution with SPM, from the period of the
end of December 1998 1o the beginning of January 1999, the concentration of SOz exceeded
the limit for alarm. '



Table 4.3  Qutline of Automatic Monitoring Results and the Environmental Standards

Components Kind of Valus Non-Heating Season Heating Season MPC
Gazi Baba| Center Karpos Usice |GaziBaba] Cenler Rarpos Lisice Daity/
. for Minute
Monthly Ave. {Max) 13 10 11
S02 24 hours Ave.(Max.) 26 19 a2 _56
(ppb} 1 hour (98%) 35 22 35 188
1 hour {Max) 82 38 46
_ Monthly Ave, (Max) 1 19 16
NOz 24 hours Ave.(Max) 17 © 30 25 A4
(ppb) 1 hour (98%) 30 44
1 hour (Max) 43
Monthly Ave, (Max} 16
NOx 24 hours Ave.{Max.} 3 -
{ppb) 1 hour {88%) 58 164 115 198 222 438 222 588 -
1 hour {Max}) 127 254 197 .285 655 830 304 999]
Monthly Ave, (Max) ; 1B H:1§ {
ol 24 hours Ave,(Max) .0.86
{ppm} 1 hour {98%} 2,58
1 hour (Max} )
- tMonthly Ave, (Max
Qa3 24 hours Ave.{Max) il
{ppb)" |1 hour (98%) 63
1 hour (Max.) )
Monthly Ave, (Max) Black Smoke
SPM 24 hours Ave.(Max.) 50/ 150 _ e&
(#agim?) |1 hour (98%) Dust
1 hour (Max} 150/ 500
Note:
Exceeding Ambient Air Quality Starard (Black Smoke and Gaseous Components)
Exceeding Ambient Air Quality Stamdard {Dust)
MPC: Maximum Permitted Concentration
Monlhly Average: Average Value of Total Hourly Data for a Month.
Monthly Average (Max): Maximum Value of Monihly Average During a Season Concerned.
24 hours Average: Average Value of Total Hourly Data for a Day.
24 hours Average (Max): Maximum Value of 24-hour Average During a Season Concerned.
1 hour (98%): Maximum Value of Hourly Data (38%) for aMonth During a Season Concerned
1 hour {Max): Maximum Value of Hourly Dala (Max) During a Season Concerned. -
A comparison between 1 hour value and standard 1 minutu value was made for reference. . ‘ :
Marked data exceed standards even for 1 hour value. _ - G



Table 4.3

Outline of Automatic Monitoring Results and the Environmental Standards

Components|  ¥ind of Vajue Nen-Heating Season Heating Season MPC
Gazi Bahal Center | Karpos tisice |Gazi Baba|l Center Karpos Lisice Daily/
for Minule
Menthly Ave. (Max) 13 10 " S 46 4250
S0z {24 hours Ave,(Max) R G e 56
{ppb) 1 hour {98%) 35 22 a5 34 165 131 188
1 hour (Max) 82 38 46 441750023310 204
Monthty Ave. (Maxy | 11 18] 16
NOz |24 hours Ave.(Max.) 17 25 44
(ppb) |1 hour (98%) aol as| 44
1 hour (Max.) 43|
Menthly Ave, (Max) 16
NOx 24 hours Ave.(Max) A et
{ppb) i hour {98%) 58 -
1 hour (Max.) 127
Monthly Ave, (Max) 08T
CO |24 hours Ave.(Max) ' 0.86
{ppim) 1 hour {98%) 2.58
1 hour (Max.)
Monthly Ave. (Max)
O3 24 hours Ave.(Max) =
(ppb) 1 hour {98%) 63
1 hour {Max.)
Menthly Ave, (Max) Black Smcke
SPM 24 hours Ave.(Max) |- 50/ 150
(#gim® |1 hour (98%) : 6| Dust
Thour (Maxy  [TH266 150/ 500
Note:

s ] Exceeding Ambient Air Quality Standard (Black Smoke and Gaseous Components)

MPC: Maximum Pennitted Concentration

| Exceeding Ambient Air Quality Standard (Dust)

Montlly Average: Average Value of Tolal Hourly Data for a Month.

Monthly Average (Max): Maxinunn Value of Monthly Average During a Season Concerned.

24 hours Average: Average Value of Total Hourly Data for a Day.

24 hours Average (Max): Maximum Value of 24-hour Average During a Season Concemed.

1 hour (98%): Maxinwm Value of Hourdy Data (98%) for aMonth During o Season Concerned

1 hour (Max): Maximum Value of Hourly Data (Max) During a Season Concerned.

A compasison between 1 hour value and standard 1 minutu value was made for reference,

Marked data exceed standards even for 1 hour value,
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b)

NO, NO2, NOx

During non-heating season about in April, the highest hourly values were recorded for every
station well above the ambient standard except Gazi Baba (Station 1).
for summer time.

The Same was true

During the heating season and in particular, during the winter season, the limits for the
standards are frequently being exceeded and like the case of 802, there are cases when the
environmental standards are being continuously cxcecded.

When comparing the NOz concentration level for each monitoring station, Center (Station 2)
clearly shows the highest value. On the other hand, Gazi Baba tends to show low values as
compared to other monitoring stations.

Through all seasons, mostly the causes of NOx can be considered to be due to automobile
cmission. While it is plausible to conclude that this is reflective of the surrounding areas
near each monitoring station. |

“The ratio of NOz to NOx (NO2/NOx) in the non-heating season and the heating scason are

shown in Table 4.4.

Table 4.4 Ratio of NO2 10 NOx (April 1998 - January 1999)

(Gazi Baba Center Karpos - Lisice
Non-healing Season 0.760 0.488 0.561 0.432
Ieating Season 0.497 0.284 0.360 0.266

COo

Non-heating Séason:
The concentration level of CO in the air exceeds that required by the standard for almost
every case except for Gazi Baba.

Healing Season:

The standard has been exceeded for all the cases for ali the monitoring stations.

The reason for this is that the standard values set are sirict compared with that of the
¢ountries in Europe and America or Japanese standards.

Among the four monitoring stations, like in the case for NOx, Center tends to show a slightly
highef concentration fevel.

As for non-heatihg scason, high CO contribution was automobile and it was thought that high
CO concentration of Center and Lisice are influenced by such automobile emission than

- 4-14



Station 1.

At Karpos, monthly average of day average maximum was found not so high but one hour
98% and the maximom was high. Karpos may be under the changing influence of emission
combined with wind direction.

d) SPM

3)

Non-heating Season:

SPM concentration level in the air exceeds the standard value in most cases in all monitoring
stations. High concentration is observed: the highest value of daily average value is 244
yg/m® and the highest hourly value is 1,360 pug/m’.  Aberrant hourly concentration such as
209 pg/m® in the 98 percentile is not merely resulted from stationary source and exhaust gas
from vehicles. It can be resnlted from suspended dust.  Because of weak wind in Skopje,
the atmosphere tends to stay. It is known that this phenomenon makes SPM concentration
level high.  Dry air is another characteristic of Skopje, and it causes occasional strong wind.
It can be gucssed through experience that it could raise large amount of sands. Morcover,
the automobiles also raise a cloud of dust.

Heating Season:
The standards have been exceeded in all the cases for all the monitoring stations. In

particular, the hourly average value for Karpos shows a high value of about 800ug/m* and
like the casc SOz, it has brought about severe air pollution.

O3

The O3 concentrations were monitored at Karpos and Lisice.

The result of both stations resulted almost identical but exceeded the standard from April (o
August.  Since September onwards and until mid-November, the concentration was
observed to be decreasing, and after which, the level .of concentration for winter was the
same as that for summer. In the evening, the level of concentration did not show much
decrcase, similar to that in the summer.

Correlation Analysis of Air Pollutant Concentrations

To understand the cmission source characteristics at each AQM station correlation analysis of
air poliutant concentrations is used.




a)

b)

4)

Correlation Analysis of Pollulanis

Non-heating Season:

- NO, NO2, NOx and CO show high correlation cocfficients in any combination. However,
the correlation between NO and NOz2 is not high at Gazi Baba (R=0.465), which is probably
resulted from the conversion rate from NO to NOz.

- The correlation between SPM and the other monitoring parameters are not high. The
same tendency can be scen between SOz and other monitoring paramecters.

Heating Scason;

- There is high corretation between SPM and CO, SPM and SOz at Gazi Baba and at Center.

- There is high correlation between NOz and SOz at each station. However, the corrclation of
NO:z and NOx decreases at each station.

- On the whole, the correlation of SPM and the other monitoring parameters tend 1o increase.

Correlation Analysis of Moniloring Stations

- In the non-heating season, the correlation of SOz is high between Center and Lisice, where
the -coefficient is 0.626. 1In the heating season, however, it is high belween Center and
Gazi Baba, where the coefficient is 0.804.

- The correlation of NO, NOz, NOx are high among Center, Karpos and Lisice. The
correlation coefficient of NOz is (.816 between Center and Karpos in the heating season.
It seems that these three stations are commonly more influenced by automobiles.

- The correlation of SPM in the heating season is quite high among each station and SPM
seems to be a widely spread pollutant.

Cross Analysis of Meteorology and Pollutant Concentrations

The purpose of the analysis is to learn the directions of emission sources that affect the
stations and the characteristics of the sources,

It is possible to presume the direction of major emission sources by knowing the pollutant
concentration of each wind direction. _

In general, according to the relationship between wind speed and pollutant concentration,
when an influencing emission source is at a high elevation, such as a [aclory’s slack, a high
pollutant concentration occurs under a relatively high wind speed condition rather than under
mild wind. On the other hand, when the emission source is at a low level, such as vehicles
and household heating, a high pollutant concentration occurs under mild wind conditions.

The concentration becomes lower when the wind speed increases,
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)

b)

Average Pollutant Concentrations by Wind Directions

- SO2 and SPM concentration distributions by wind dircction have common features
especially in the heating season. There is a slight difference in that of NOx.  The lacts
above show that the emission sources of SOz, SPM and NOx are different.

- In the non-heating scason, cach pollutant shows almost similar distribution pattern among
AOM station. However, distribution pattern particularly that of SOz, differ among AQM
station in the heating scason.  Clearly, characteristics of each pbint are observed,

- Accorﬂing to SOz concentration distribution in winter, some locations may be influenced
by stationary emission sources under certain wind direction.

- In Center, the concentrations of SOz in the heating season are high with the wind dircction
of SSE and SE, same as that of SPM.

- Compared with other stations, Karpos (Station-3) had unique characteristic that the
distributions of each parameter differed completely. ' '

Average Pollutant Concentrations by Wind Speed

Figure 4.4 shows mean conceniration by - wind spced (Karpos). Distribution of
concentration of wind direction that shows maximum concentration is aiso shown in figures.

In general, air pollutant concentration decreases in negative correlation with wind speed.
SOz, Nox and SPM altogether show negative correlation with wind speed, only in Gazi Baba
and Lisice in the heating scason. There are various other cases; high concentration can be
observed under fixed wind speed ele..
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Figure 4.4 Mean Concentration of SOz, NOx and SPM by Wind Speed (Karpos)



(2) Data of SPM in Ambicnt Air and Air Emission
1) SPM in Ambient Air
a) Observation by High Volume Sampler

Sampling and components analysis of SPM including heavy metals by a high volume sampler
was performed.

In heavy metal components, Pb (less than 0.4pg/m*) was not exceeded the environmental
standard level (0.7pg/m*). In carbon components, C-cle and C-org levels were the same.
C-total dominated about 30% of SPM. |

b) Particle Size Distribution by Andersen-type Low-volume Sampler

The Study Team carried out the sampling of particulate matter by size (PM2.5, PM5, PM10)
in cooperation with the Counterpart.

The result of carbon analysis is shown in Table 4.5.

XRF analysis is non-distractive and allows the simultaneous multi component analysis but
deviation by type is found 1o be large in terms of sensitivity as well as accuracy. Also
analytical mcthod like AAS result applied after acid dissolution often shows wide variance,
which necessitates the use of analyllcal result into careful consideration. Table 4.6 shows
effort of XRF analytical data evaluation by grouping the sampling filters (due to small SPM
avallable) and subjecting to acid dissolution and AAS. The analysis data were shown in
term of component dissolved in SPM, pg/mg.. .

The result of AAS analysis clearly showced the hlgh content of Pb and as compared the
sample taken near the RHI head office (Sample 1, 2, 3) the sample 4, 5 showed the higher Pb
concentration.  As for carbon, RWS (Skopje Central Railway Station) point showed higher
value of carbon in SPM nearly 40 to 50%. The sample taken at the RHI compared. carbon

content in SPM size between<2.5um and that of <10pm showed the higher value of carbon in
«<2.5um SPM.



Table 4.5 Resulis of Carbon Analysis in SPM

{Andersen-type Low Volume Sampler)

Carbon
. . . 5
Sn;)t:)[i):lng Sampling Date PM (‘J‘Si:: Coore Coele Cortotal
: Daie Year " i Cone, Content Cone. Conlent Cone. Content
December 24-25, | 1997 | PMI0 221 9.2 4.2 24.3 11.0 33.5 15.1
December 25-26, | 1997 | PMI10 126 7.6 6.1 17.6 14.0 25.3 20.1
RHI December 26-27, | 1997 | PMIO 371 10.5 2.8 29.3 7.9 39.8 10.7
January 8-9 1998 | PM2.5 163 12.8 7.9 30.8 18.9 43.6 26.8
January 9-10 1998 | PM2.5 166 14.4 3.5 38.3 23.1 52.3 31,6
January 10-11 1998 | PM2.5 13 1.5 i3 2.6 19.5 4.1 30.8
February 17-18 1998 | PM10 325 38.8 11.9 §3.1 25.6 121.9 31.5
February 18-19 1998 | PM10 153 16.5 10.8 47.7 31.0 64.2 41.3
RWS February 19-20 1998 § PM1IO 130 i7.4 13.4 47.3 36.4 64.7 49.8
February 20-21 1998 | PM10 245 29.7 12.1 8.7 32.1 108.4 44.2
February 21-22 1998 | PM10 261 35.4 13.6 86.9 33.3 122.3 46.9
Note: Unit: Conc.: pg/m* = Content: %
-Content (%): Ratio of component for SPM
December 25-26: 1t is not 24 hours {low (problem with pump)
Table 4.6  Results of Metal Analysis from Mixed Filter Samples of SFM
{Andersen-type Low Volume Sampler)
Sample Total mass Element  {ug/m*)
No. {mg) Na K Zn Mg Fe Pb Mn Cr Cu Ni Cd
1 13.3 1.128 5,732 10,226 1.977. |- 6.240 | 1.278 0.748 0.145 0.154 0.172 0.0375
2 8.25 2.624 8.564 | 0.1576 | 3.164 7.758 | 1.273 1.067 0.0958 | 0.091 0.201 0.071
3 9.44 0.567 5.713 | 0.1695 | 1.086 3.072 | 1.0006 0.577 0.0095 | 0.159 0.147 0.0106
4 3.96 2.487 15.05 | 0.581 4.90 13.89 7.071 0.795 0.0457 | 0.53 0.303 0.0353
5 9.79 1.798 8.655 | 0.398 7.666 21.55 3.473 1.236 0.130 0.408 .202 0.0215

Note) Sample No.1: RHI, PM10(um) A
Sample No.2: RHI, PM10{pm) B
Sample No.3: RHL, PM2.5 and PM5.0(um)

Sample No.4: Kinder Garten, PM10(um) — near the measuring 'poinl of IPH (No.2)

Sample No.5: Railway Station, PM10{pm)
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2)

Emission Source Data

a) Stationary Sources

Industrial facilitics for measurement and observation and the results of measurement are
presented in detail in 4.1.3, “Survey of Stationary Air Emission”. Dust samples were
picked up from stationary souces, which were subject for measurement and observation, and
these samples were subjecled 1o component analysis.  As for component analysis, the results
were shown in exhaust gas measurement resuits.

In C-ele, as indicated in the private house and Technical High School “Nikola Tesla”,
concentration was significantly changéd with fluctuations of combustion condition. Main
component of dust taken from private house using firewood consists of carbon. For C-org,
as the blank-filter-paper value was high, it was difficult to analyze.

In addition, dust comprising mainly of carbonic components emitted {rom private houses
during burning of firewood, is one of the main causes of severe SPM pollution during the
winter season.

b Soil

@)

D)

Soil sampling was conducted in four different places where they represent nature of soil in
Skopje. The samples were subjected to component analysis including heavy metals after
pretreatment. ' ' _

Although Mn for Bul. Nikola Karev (Sample 2) shows a high value and differences for other
components can be detected among all locations, significant trends necessary for explaining
the sampling points can not be found. '

In order to assess the characteristics of soil components, it is best that measurements be
carried out in many points continuously sc that data can be accumulated.

Analysis of High Concentration Air Pollution
Present Conditions of Air Pollution in Winter

The data from four AQM stations established in Skopje for the Study shows very high
concentrations of air pollution by SOz and SPM, exceeding MPC by far. Especially, at
Karpos station from the end of December 1998 to the beginning of January'.l999, the highest
of the SOz daily average valucs was 810ug/m® and of the SPM daily average values was
726pg/m®,

Table 4.7 shows the outline of monitoring results of SOz and SPM.
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Table 4.7

Resulés of SOz and SPM Mcasurements

Unit: pg/m?

Kind of Value Gazi Raba Center Karpos Lisice MPC
Average _ 4
SO, (24 hours) 420 297 810 260 150
1 hour 606 531 1,029 356 -
Average _ .
SPM (24 hours) 614 512 726 600 150 *1
1 hour TN 647 887 816 -
Date for 1 - Dec. 31, : Dec. 29, 31, anw
Exceedance | TiTSt Stage Jan, 1,2 Dec. 29,30 | Jan. tto3 Tan. 1.2 1,100 *2
of Alarm Second Stage Dec. 29, 30 - Dec. 28 Dec. 30 1,400 *2
Criteria Third Stage - - Dec. 29 to 31 - 1,700 *2
Note)

*1  MPC: for Dust: 150 ug/m®, for BS: 50 ug/m®,
*2  Calculation of Alarm Criteria: SOz concentration +BS concentration x 2 (pg/m*)

From a topographical point of view, shape of Skopje looks like the Muese Valley in Belgium
(in December 1930) and the Donora Vailey in USA (in 1948: estimated values of SOz
concentration: 500 to 2,000 ppb, 1,300 to 5,300ug/m*) where serious air pollution occurred.
However, the Skopje Valley is much deeper than these two, and has poorer atmospheric
diffusion. '

In the
London Event (December 1952) the number of surplus deaths was 4,000, and the maximum

Air pollution in Skopje resembles the London Event in pollution characteristics.

value of SOz concentration was 4,000pg/m*. It caused more serious damage than the two
valleys shown above.

For example, in Japan, the SO2 valuc was recorded as 566 ppb (1,507pg/m*) in Yokkaichi on
July 26, 1970, when the ndmb_er of officially recognized patients of pollution-relatcd diseasc
was 537 (announced by the City of Yokkaichi).

Most of these patients are babies and infants up to nine years of age (37%) and the aged over
60 years old (24%).
number of the patients including latent ones would be more than 2,000.

The Yokkaichi doctor’s association at that time assumed that the

Muese, Donora and London have a similarity with Skopje in that they experienced
temperature inversions and extraordinary high concentrations of pollutants. However, the
main cause of the former two was, similar to the pollution in Yokkaichi, SOz pollution
caused by emission from factories. On the other hand, in the case of London, about 60% of
air poliution was caused by coal combustion from household heating, which produced dense
fog combined with pollution with SPM. The case in London is the most similar to the
heavy pollution in Skopje, where firewood is used for household heating.

To take an example of a typical Japanese city, in the city of Nagoya the highest SOz daily
average values from April 1996 to March 1997 was 19 ppb (approximately S4ug/m®) and that

of SPM was 124pg/m’,
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2) Analysis of Air Pollution Mechanisms
) Wind Direction / Speed and Concentration Variation

On the basis of the data from four AQM stations, Figure 4.5 shows the variation of daily
average values of SO2, SPM, and wind dircction and speed during two months from
December 1998 to January 1999 (the cpisode).

In seeing the refation between cyclic concentration change and dtmospherlu factors such as

wind direction and speed, it is shown that heavy pollution is often caused when ecasterly weak
wind blew and it is reduced when westerly strong wind rises.

b) Examination of the Mechanisms of Heavy Pollution Episode
i) Characteristics of Weather Conditions
The air pollution which occurred at the episode was as scrious as that of January 1993,

Based on the observation results and the data collected, Table 4.8 shows a comparison of
weather conditions between the episode and January 1993.

Table 4.8 Outline of Weather Conditions When Heavy Concentrations Occur &
Ttem January 1993 December 1998, January 1999
E~ESE, 0.7~0.9 (Gazi Baba)
Wind Direction and Speed 0.6 ~ 1.4 SS}E—-S, 0.7-1.3 {Center}
(m/s) ) : NE, E~ESE, 0.6~1.1 (Karpos)
SE~SSE, 0.5~0.8 (Lisice)
Day 5~ 6 3o~ 7
Temperature Night - Approx. -10 Approx. -10
'C Dail
) Variilion 6 ~ 18 ' 4~ 3
Humidity (%) 70 ~ 90 70 ~ 90
Intensity of Inversion 1 ~ 3 1.2 ~ 55
(°C/100 m) © o (Ave. 27C) "~ (Ave. 2:5°C).
Surface Layer {m) - 480 ~: 2,050
- . Belore high concentration: fare
Ceiling Height (m) ) High consentration: fog, visibility 300 m

According to the observation results, wind speed, temperature at night, and humidity werc
almost at the same level.  In this case, it was distinctive that temperatur.e difference between
day and night was small, even in the daytime it remained very cold and the intensity of
inversion was large. Therefore, it was observed that strong ground inversion was formed
throughout the day and night. From the point of air pollution, the weather conditions at the
episode was worse than those in January 1993. '
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iiy Mechanism of Heavy Pollution Episode

3)

The mechanism of heavy concentration occurrence is as follows.

- First, since around December 25, cold air retained in the basin because cold wave hit {rom
the continent and continued, which formed topographical temperature inversion.

- At the same time, stagnant temperature inversion was formed through the day and the night
because of covering by high atmospheric pressure and weak wind.

- Because fair weather continued at night until December 27, the ground was radiantly
cooled, and this formed continuous grounding temperature inversion.

- Dense fog occurred on the ground because of the difference in temperature between upper
and lower part. Because of dense fog around the ground, sunlight was obstructed while
the temperature was raised by sunlight at the mountaintop. Thus, the difference of
temperature between upper and lower part was caused,

- -Since inversion layer was formed through the day and the night, air poliutant remained and
accumulated in the basin among the valley, and it caused unusually heavy concentration.

Views for the Measures in Future

 The data from AQM stations for about a year, suggest the air pollution problem in the

country is focused on two points: _
The first one is the occurrence of photochemical smog in summer. The second one is hecavy
concentrations of poilution combincd with SO2 and SPM in winter. The photochemical

smog in summer results from the exhaust gas emitied from old automobiles without emission

- control, and air pollution in winter is caused by emission from factories, enferprises and

heating facilities, and weather conditions.

There are various measures against air pollution, but the serious stagnation in winter should
be prioritized.

In Japan, the core tasks for measures against pollution were (0 reduce SOz in industrial
regions and to take measures against photochemical smog in urban areas.

To reduce SOz, two ways were carried out; one is removing SOz emitted from the factories
by using a desulfurizer and the other is changeover to the fuel with less sulfur content.
Judging from its cost and the results, the latter is more cffective. That is, some regions
were specified first, where the fuel with less sulfur content was used in faclories and
enterprises. Since the measures obliged to use sulfur free fuel in the season when air
pollution became serious, the concentration of SOz in the atmosphere decreased drastically.
It can be supposed that such measures are the most effective for solving air pollution problem
in winter. | '

To prevent photochemical smog and NOx in summer it is necessary to control emission gas
from old automobiles.
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4.1.3

1)

P

As to CO, this depends on measures against exhaust gas emitied from automobiles (shift from
old to new),

SPM is produced in the process of burning of coal, oil, and firewcod and also by particles
from the process of production, secondary produced particles and from running automobiles.
As to the measure against SPM, applying electricity and gas to household heating is
necessary, as well as the measures stated above.

Results of Stationary Emission Sources Survey
Questionnaire and Visiting Survey
Condition of Emission Sources

For obtaining relevant data about the stationary emission sources in Skopje a questionnaire
on stationary sourccs inventory of emission was sent through the MOE io 153 plants in
Skopje, answers from almost all companies were obtained. Some of the factories were
visited and some additional data were obtained.

On top of that, Figure 4.6 shows the Map of the Regibn. In this figure, the volumes of fuel
consumption for each region (investigated results from the Study) are also shown. In
particular, Gazi Baba shows a high volumeé of fuel consumption and Kisela Voda is next in
line. '

The main resulls arc as follows:

- As for the boiler, there are many small-scale emission sources, except for the healing'b]anl.

- Héavy oil is mainly used, while coal and firewood are hardly used. .

- It seems that the operation rates, which varies among facilitics, average 30 to 40 .

- Most of stacks are as low as about 10 to 20m high. Moreover, an effect of down-draft is
not taken into consideration. ' '

- More effort should be made in order to complete emission inventory.
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2} Socio-cconomic Characteristics of Major Emitfers

Recoverable socio-cconomic profile variables are grouped first by municipality and type of
surveyed establishment. ‘The data basically refer to the year 1997, in the absence of
response to the Questionnaire. In the following Table 4.9, each site was counted separately,
therefore the number of surveyed unils is more than the number of the 153 establishments

involved.

The above statistics reflfect seme overall characteristics and territorial distributions in the
socio-economic conditions of the uniis surveyed. While cight of the 35 unils reporting on
rate of operation were bankrupt (23%), the 40% rate of operation for those working was a
It
largely corresponds to representative estimates of actual average industrial operation rates for

Skopje in from 1997 to 1998,

fairly consistent value throughout the indusiry section of the Table 4.10 and Figure 4.7.

Table 4.9  Characteristics of Major Emitters

Municipality: Skopje (Total)

Variable / Type of Unit Educational Sc(:)r:r]ﬁis Industry " Total |
Opecration Rate (Average %)** n. r. 30 40 -
Number of Emplovees 1,738 5,144 25,732 32,614
Installation Power (MW)* 63.857 74.11 12,566 12,703,967
Kinds of Fuel (% of units)* Oil (100%) Qil (100%) 0Oil (92%) Oil (97%)***
Amount of Fuel (Oil} Used (kg/h)* 4,881 28,594 114,566 148,041
Number of Boilers* 157 77 308 542
Number of Stacks* 34 29 117 180
Volume of Emission Gas (Nm®/h)* 35,943 35,485 2,048,058 2,119,486
Total Volume Flow (Nm*/h)* 76,020 73,774 3,699,058 3,848,852
Total Number of Surveyed Units 67 41 62 170
Total Number of Responding Units 19 25 42 86
Survey Response Rate (%) 28 61 68 51

Note:

** Average operation rate of the units responding 1o the particular survey question.

**¥ Percent of the units responding to the particuiar survey question.

* In the absence of response, these data are recovered from other sources of administralive registration.

Table 4.10  Area Distribution of the Amount of Fuel Oil Used (1997)

Municipality Cair

Karpos

Center

Gazi Baba

Kisela Voda

Total

Rate (%) 2.6

14.5

11.3

64.3

7.3

100
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1)

2)

Kisela Voda Cair

Karpos

Center

(Gazi Baha

Figure 4.7  Area Distribution of the Amount of Fuel Oil Used (1997)

Combustion Facility and Results of Exhaust Gas Measurements
Facilities Surveyed

Heating Facilities: Eight facilities

Facilities for Supporting Survey: Eleven facilities (At the supporting survey were measured
in January 1999)

Combustion Facilities: Forty-eight facilities

General Comments on the Result from the Survey of Combustion Facilities and
Exhaust gas Measurement '

The results from the emission measurement of exhaust gases from heéting plant facilities in
Skopje are given in Table 4.11. | _ _ :

The resuits from those measurements, together with the results obtained from chemical
analysis of metal content in dust samples are given in Data Book. In many cases the
concentrations of measured paramelers in exhaust gases are exceeded the standards(MPC).
There are different sources for this increase of the concentration, but main reasons are:

- The quality of the imported oil is not always satisfactory. The content of sulfur in some
cases is over 2 %.

- The combustion facilities are used for a long period (some of them are used more than 20
years). Because of that, in many cases thc concentration of oxygen in exhaust gases is
very higher (there are cases with more than 10 % Oz2).

- Only a few plants have treatment system for exhaust gases and the others are emitted
without treatment.
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Sixty-seven facilitics were measured for pollution sources.  The main results are as follows:

- The combuslion is cxtremely air excessive. There is not any idea that the Oz
concentration should be controlled for low NOx and energy conservation.

- Combustion condition is gencrally well, but there are some which make sparks and uncven
combustion.

- At many facilities, the concentration of cach component exceeds MPC and there arc some
cases where CO and dust are emitted, exceeding MPC extremely.  There are also a number
of cases whereby ihe conceniration of SO2 excecds MPC by 2 1o 3 times and for the case of
NOx, the maximum value also about two times that of MPC.

- Looking at the data for the Beer company which had switch 1o natural gas for fuel
consumption, the concentration levels of all the air pollutants are found to have decreased
extremely and the emission of dust and SOz can be disregarded in this case.

- Looking at the emitted concentration (emitted volume) of SOz from the heating plant,
observed during the stage of supporting survey, as compared to the previous stage of the
Study when the concentration level was 2,540 to 2,580 mg/m®, the concentration level
decreased to 1,280 to 1,760 mg/m®. This is due to the active efforts by the heating piant
to use good quality heavy oil which is low in sulfur-content.

In addition, in the case of mixed combustion using heavy oil and natural gas, the SOz
concentration for natural gas usage decreased and al the same time, there were decreases in
the concentration of NOx and CO as well.

- The survey result of questionnaires and visits, as well as that of measurements of stacks and

‘the amount of emitted air pollutants based on regions with Skopje, are calculated. The
results are shown in Figure 4.6.

[Recommendation]
In order to cut down on the emission of air pollutants, energy conscrvation by dircctly cutting
down on the emission of SOz is also effective. However, the most effective method of all, is

to switch to the use of natural gas. As stated in NEAP, energy conversion to natural gas in
its carly stage is desirable.
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4.1.4 Survey of Mobile Sources

M

(2)

Traffic Volume and Speed

Mobile source survey was performed in two days: weekday and holiday for 24 hours at 75
points (five areas with 15 intersections/arca). The location is shown in S/R (p.4-67), Figure
4.10.

In the survey, wide-scale examinations were carricd out on the traffic volume of the whole of
Skopje region. Throﬁgh the survey, better understanding of the traffic conditions in Skopje
was obiained.

According to the results of the survey, there are significant differences in the variation
patterns of the hourly traffic volumes between that of normai weekday and holidays.

The traflic volume for weekdays shows an increase after 7:00 in the morning and this
increase in traffic volume continues until midday, after which, it continues to decrease from
midnight to sunrise. On the other hand, the traffic volume for holidays, was found (o peak
at around 0:00 p. m. and 11:00 p. m., reflecting a distribution pattern consisting of two peak
times.

The reason for this could be due to the fact that during holidays, people mostly revolve
around leisure and private activitics as compared to economic activilies on weekdays.
Although the daytime traffic volume for weekdays is higher than that for weckends, the

“difference is not significant.

As for the traffic volume during peak hours, the number of vehicles along major roadways
was calculated to be from 3,000 to 8,000 vehicles per hour. There were also cases whereby
the number of vehicles at cross-junctions were found to exceed 100,000 vehicles. For
cxample, al measuring point No. 46 the number of vehicles passed in 24 hours on weekday is
about 110,000 and during holiday about 95,000. The number of buscs (using diesel) at
some points is very large (on some crossroads over 5000).

As for the types of vehicles along major roadways, passenger car is the largest in pumber,
followed by bus, small and large truck. When comparing weekdays with holidays, it is
observed that more buses are found on weekdays.

- On some measuring points the speed of vehicles was found to be very high: more than the

limit of 60 km/h.
Air Quality Impact Analysis of Mobile Sources Along Major Roadways

The distance attenuation ol concentration of NOx (NO and NO2) was surveyed by the

simplified sampler and portable vane direction anemometer in order to understand the

" characteristics of NOx pollution by mobile emission along major roadways in Skopje.
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Determination of the concentration of NO and NOx was performed by the simplified sampler
al six measuring points.

The declining concentrations of NO2 and NOx in accordance with the distance from edges
and intersections on roads are shown in Figure 4.3.

The distribution of NOx shows high concentrations on almost all measuring points,

70
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4.2.1

Figure 4.8  Attenuation of Concentrations of NOz and NOx by Distance

Evaluation of the AQM and Existing Data

Evaluation of the Data

Introduction of the AQM system as planned has enabled a real-time understanding of the
fluctuation of the concentration over time, thereby assisting the Macedonian Counterpart to
achieve its objectives. These objectives inciude the understanding of the current status of
air pollution and implementation of the appropriate countermeasures, development of the
monitoring system to serve for review of the counter-measures, as well as development and
implementation of regulatory laws, and promotion of the appropriate environmental
management aimed at entry in the EU market. -

In order to acquire accurate data, the monitoring cquipment needs to be incorporated in the
traceability system. In addition, the steps involved in the measurement and operation must
be minimized to eliminate possible causes of errors. The mohitoring system must be
maintained thoroughly as a whole, including the screening of measured data. '

Evaluation of the data obtained with the AQM system is as follows:
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~ The monitoring equipment for gascous materials (SO2, elc.) is calibrated automatically
every day using a standard gas, thereby guaranteeing a degree of traceability basically
equivalent to that in Europe and the USA; and

- The SPM meter directly measures the weight of the SPM of 10 um or less sampled on a
filter paper as changes in the frequency, minimizing the intervening crror factors.

In this way, the data obtained with the AQM sysicm can be considercd as highly reliable if
the system is maintained properly. On the other hand, the existing sampler has the
following demerits:

The SO2 concentration is determined by mcans of a manual analysis with the prepared
standard solution. Many steps are necessary until the data is obtained, resulting in the
possibility of hardware and human errors.

in the case of black smoke, dust collected on the filter paper is measured in the form of
scattered light.  Consequently, the data oblained refers to the relative concentraiion, that is

to say, the mass is not measured directly. Moreover, the black smoke uses dust as a target

. and is basfcally different from the SPM meter. Proper attention must be given to these facts

during the evaluation of-the data.

The monitoring system with the existing samplers may offer the highly accurate data if
proper attention is given to error factors.

The essential points, from a different viewpoint, are summarized below:

a) The comparison with the concentration level at other locations

b} The comparison of fluctuation of the concentration among different components

¢) The study of the relationship between the concentration and the meteorological conditions
d} A cross check among monitoring equipment and different monitoring methods

e) Study of the error factors when the data is considered to be incorrect

Concerning a) through c), the central station can conduct the check with case. It is
necessary to screen of the data to exclude any abnormal values.

The past and future data of existing samplers can be used for analysis examining thoroughly
the results of various cross-check obtained from this Study.

4-35



4.2.2

(1)

1)

2)

b)

Method of Dala Processing and its Reporting

Automatic continuous monitoring has become possible in Skopje.  In order to announce data

publicly, validation and evaluation of the monitoring data before hand are necessary.

Validation of the Monitoring Data

To obtain a high credibility of measured value, smooth operation of both measuring sysiem
and telemeter system is essential. It is also important to maintain the performance of
measuring equipment by carcful maintenance system that involves both some cost and labor
works. However, cven with cnough maintenance and control, the occurrence of
transmission error due to abnormal noise at recording is still unavoidable. Thus the
assurance check of measured value is also necessitaled to maintain a high level of credibility.

Contents of Definition Work

The data collected in monitoring center is not only applicable as hourly or daily data but also
needs to be statistically processed required for cach. It is summed up as monthiy or yearly
data after checking. and correcting the abnormal values. It is desirable that the measured
values of the year concerned should be published as “National Air Pollution Report (tentative
name)” after having been published by each municipality.

Daily Confirmation of Measured Value

Daily confirmation is the most basic work, not only making tables using measured data
collected by on-line system as hourly data but also verifying the normality of monitoring data
collected by processing such as comparing them with reference data set up in each measuring
item in advance.

Confirmation of Measured Values

Confirmation of measured values is a work to check the validity of measured values by

comparing collected values with various information such as reports on maintenance and
control execution. '

Data Screening
Data screening is a work to detect abnormal values, judging from measured values

accumulated in the past. The criteria data should be decided after having appreciated fully
the distribution of calculation value properties such as hourly value, daily meéan valuc and

4-36



monthly mean value as well as their relations with various statistics, using the past data as
basc data. Methods of data screening are shown below.

i) Method of Using Defined Data Obtained by the Station Concerned in the Past
if) Method of Using Change Volumc of Measured Values
It is a method of using periodic change property of measured valucs, and the changing
quantity usually seems to be periodical, related to month or season.
iii) Method of Using Other Items in the Same Station or Same Items of the Adjacent Station
As many patterns of the time change among measured items or adjacent stations have a fixed
tendency, screening can be done by setting up the judgment valuc based on it.

2) Judging and Processing of Abnormal Values

It is necessary to retrieve abnormal values and correct extracted values to accurate ones for
keeping the reliability of measured values to be a fixed standard. 1t is called an abnormal
value processing. Basically, an cffort should be made to collect measured value as much as
possible.

As for the values extracted as abnormal one, they are needed to be searched their causes. It
is required to set up unified judging criteria to loose or modify those measured values in each
cause so that they may be executed the processing of no correcting, correcting or missing.

The examples of judging and processing of abnormal values are described as follows.

a) Abnormality of Measuring Equipment
When the failure of the equipment is evident, all the measured values are considered to be
unknown. However, those values would be modificd as the measured data in such cases;
sensitivity change is recognized in correcting, zero drift is recognizcd, abnormality is found
in caleulation device and modification available in principle, etc..

b) Abnormality of Telemeter System

c) Abnormality by External Causes
The measured values that had been directly influenced by local occurrence sources such as
bonfires, burning trashes, parking cars or fire accidents are considered to be valid in principle.
However, they may become “unknown values” if the cause is only a temporary one which is
regarded as a very limited local pollution.

d) Others
When unnatural measured values appear and its causc is unclear, they are regarded as
effective values in principle. However, a note should be put with each unnatural value.
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)

1)

b)

2)

Reporting
Outline of the Software for Data Processing

The telemeter system installed in Skopje and the data processing software are outlined below.
Data Acquisition Software of the Central Station

The data acquisition softwarc of the central station consists mainly of two software modules
as follows:

- Communication of information with each monitoring station for the purpose of recording
the data as a databasc

- Various data processing according to the purpose
Data Logger of the AQOM Station

The data logger of AQM station records and stores data as the database for-each station while
transmitting the hour-value data 1o the data acquisition software of the central station each
time communication is made with the central station.

Software of the Public Information System

Data indication of streei displays for each station can be varied freely as required by the user
to indicate the current concentration and its fluctuation by means of various figures, etc..

Preparation of Reporting

Atmospheric quality and meteorological data obtained from the AQM station by this study is

recorded by the dala acquisition software of the central station for processing and subsequent

preparation of the report in the form of various tables and figures. These reports are

preparéd daily, weekly, monthly and yearly, and in arbitrary intervals (every season, ele.).

The major content of the report is as follows: : o

- Statistical processing report; average, maximum, minimum, 50%, 98%, and 99.9% value

- Table of frequency of appearance by wind direction and by wind speed class

- Chart of the hourly, daily and monthly averages of fluctuation {comparison between
locations and items, elc.)

- Wind rose

- Bar chart representation of data, etc.
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