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ABSTRACT 

SOURCES OF VOLATILE ORGANIC COMPOUNDS AT URBAN AND

RURAL KÜTAHYA ATMOSPHERE 
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ÖZ 

KÜTAHYA MERKEZİ VE KIRSALINDAKİ UÇUCU ORGANİK BİLEŞİK 

KAYNAKLARI 

 

Bek, Tuğçe 

Yüksek Lisans, Çevre Mühendisliği Bölümü 

Tez Yöneticisi: Prof. Dr. Gürdal Tuncel 

Aralık 2015, 181 sayfa 

Bu çalışma Kütahyada bulunan Tunçbilek  ve Seyitömer termik santrallerinin hava 

kalitesine olan katkılarının araştırıldığı oldukça geniş çaplı bir çalışmanın bir 

parçasıdır. Uçucu organic bileşik (UOB) konsantrasyonları biri Kütahyanın 

merkezinde diğeri Kütahyanın kuzeydoğusunda kurulmuş olan iki istasyonda 

ölçülmüştür. Örnekler kanister kullanılarak toplanmış ve GC-FID sisteminde analiz 

edilmiştir. 

Ortalama UOB konsantrasyonları kent istasyonunda 0.12 g/m3 ile 23 g/m3 arasında, 

kırsal istasyonda ise 0.06 g/m3 ile 33 g/m3 arasında değişmektedir. Bu çalışmada 

ölçülen UOB konsantrasyonları Türkiyede ölçülen UOB konsantrasyonlarıyla 

karşılaştırılabilir bulunmuştur, ancak dünya genelinde rapor edilen 

konsantrasyonlardan düşüktür. 

Rüzgar yönü, termik santrallerin UOB konsantrasyonlarına olan etkisini ortaya 

çıkarabilmek için çok önemlidir. Bazı UOB konsantrasyonları Seyitömer ve Tunçbilek 

termik santrallerinin bulunduğu yönlerden esen rüzgar yönlerinde yüksek ölçülmüştür, 

ancak bu termik santrallerin UOB konsantrasyonlarına olan katkılarını açıklamak için 

yeterince güçlü bir kanıt değildir. 

Son olarak, PMF kullanılarak bir kaynak paylaştırma çalışması yütürülmüş ve her iki 

istayonda da 8 farklı faktör tanımlanmıştır. Bu faktörler kırsal istasyonda 4 başlık 
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altında şöyle gruplandırılmıştır: (1) trafik (toplam UOB konsantrasyonunun %31.3’ü), 

(2) Kütahya kent etkisi (toplam UOB konsantrasyonunun %15.3), (3) solvent 

kullanımı (toplam UOB konsantrasyonunun %38’i), ve (4) Tavşanlı kent etkisi. 

Kentsel istasyonda ise faktörler 3 başlık altında: (1) trafik (toplam UOB 

konsantrasyonunun %58.6’sı), (2) solvent kullanımı (toplam UOB konsantrasyonunun 

37.6%’sı), ve (3) asfalt işlemleri (3.8%) şeklinde gruplandırılmıştır. 

Anahtar Kelimeler : Kütahya, UOB, reseptör modellemesi, PMF 
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CHAPTER 2

LITERATURE REVİEW
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2.3 Effects of VOCs on Human Health and Environment 


:$.$�".$�&2�#"(;�6 33$..$('�2.-"( 7�72#12*(6&� (�':$�"'#2&1:$.$�=: 7:�#"'7:�*1�

'2�
��&� 6$3 ( ' 2(%� "(6� 6*$� '2� ':$ .� 2#( 1.$&$('� $< &'$(7$�  (� ':$� "'#2&1:$.$� "(6�

& -( 3 7"('�  #1"7'&� 2(� ':$� $(! .2(#$('� "(6� :*#"(� :$"4':%� ':$;� ".$� 72(& 6$.$6� "&�

7. ' 7"4�1"."#$'$.&�32.�$!"4*"' 2(�23�" .�?*"4 ';� (�82':� (622.�"(6�2*'622.��



�

D�
�

$(! .2(#$('&� F�"#Z.$A%� ����G0� �(6� 6$1$(6 (-� 2(� ':$ .� "� 7:"."7'$. &' 7&%� 72(7$.(&�

"82*'�
��&�".$�6 ! 6$6� ('2�'=2�#" (�7"'$-2. $&�"&�"6!$.&$�$33$7'&�2(�:*#"(�:$"4':�

"(6�':$�$(! .2(#$('0�

�#2(-� ':$� :$"4':� � $33$7'&� 23� 
��&%� ':$� #2&'� 72##2(�  &&*$�  &� ':$ .� '2< 7� "(6�

7".7 (2-$( 7� :$"4':� $33$7'&� "'� !".; (-� $<12&*.$� 4$!$4&0� 
��&� :"!$� "(�  #12.'"('�

7:$# 7"4�6 !$.& 3 7"' 2(%�':$.$32.$�':$;�".$�74"&& 3 $6�"&� (72#14 "(7$�= ':�*(/(2=(�

:$"4':� $33$7'&� '2� $<'.$#$4;� '2< 7� 2.� 7".7 (2-$( 7� $33$7'&� F�"#Z.$A%� ����G0� � �2#$�


��&�:"!$�"(� #1"7'�2(�:*#"(�&$(&$&�! "�':$ .�262*.%�&2#$�2':$.&�$<$.'�"�(".72' 7�

$33$7'%� "(6� &1$7 3 7� ';1$&� 7"(� 7"*&$� '2� 7:.2( 7� :$"4':� 1.284$#&� F�$.=$('� �0� �0%�

�TT�G0���$($."44;%�7:.2( 7�:$"4':�$33$7'&�23�':$#�7"(�8$�&2.'$6�"&�$ ':$.�7".7 (2-$( 7�

2.� (2(@7".7 (2-$( 70� �2(@7".7 (2-$( 7� $33$7'&� ".$� 6$3 ($6� "&�  .. '"' !$%� &$(&2. "4�

 #1"7'&%� 6$&'.*7' 2(�  ('2� ':$� 4 !$.%� / 6($;� "(6� ($.!2*&� &;&'$#%� "&':#"� "(6� 2':$.�

7. ' 7"4� .$&1 ."'2.;�$33$7'&0�L:$(� ':$�12 ('�  (�?*$&' 2(�  &� ':$ .�7".7 (2-$( 7�$33$7'&%�

 #12.'"(7$�23�
��&� &�8$72#$�#2&'�1.2# ($('�6*$�'2� (7.$"& (-�7"(7$.� (7 6$(7$&�

 (� ':$� .$7$('� ;$".&0� �772.6 (-� '2� L2.46� �$"4':� �.-"( A"' 2(� FL��G%� 4$"6 (-�

7".7 (2-$( 7� $33$7'&� 23� ':$#� ". &$�#2&'4;�  (� 4*(-%� 84226%� 4 !$.%� / 6($;%� .$&1 ."'2.;�

&;&'$#� "(6� 8 4 ".;� '."7'0� L ':� .$&1$7'� '2� ':$&$� 7".7 (2-$( 7� $33$7'&%� 72(&*4'"('&�

74"&& 3;�
��&0�	2.� (&'"(7$%�"772.6 (-�'2��('$.("' 2("4��-$(7;�32.��$&$".7:��"(7$.�

F����G%� 8$(A$($�  &� 74"&& 3 $6� "&� 2($� 23� ':$� #2&'�  #12.'"('� :*#"(� 7".7 (2-$(0�

F�"#Z.$A%�����G0���772.6 (-�'2����O&�.$12.'&%� (72#14$'$�72#8*&' 2(�1.26*7'&�"(6�

7:$# 7"4�&24!$('�*&"-$�".$�':$�#" (�7*."'2.&�23�7".7 (2-$( 7�
��&�$# && 2(&�F���%�

�TT�G0�
:$�#2&'� 1.2# ($('� 2.-"( 7� 72#12*(6&�=: 7:� ':2.2*-:4;� 6 &1$.&$6�  (� ':$�

"'#2&1:$.$�"(6�"66$6� ('2�7".7 (2-$(&� (74*6$Y�8$(A$($%��%C@8*'"6 $($%�"&�12'$(' "4�

4$*/"$# "%� 32.#"46$:;6$� "&� 12'$(' "4� ("&"4� 7".7 (2-$(%� 124;(*74$".� ".2#"' 7�

:;6.27".82(&�"&�12'$(' "4�4*(-�7"(7$.� (6*7 (-�"-$('&%�124;7:42. 7"'$6�:;6.27".82(&�

F���&G%�6 2< (&�"(6�3*."(&�F�$.=$('��0��0%��TT�G0�

�&� 32.� #" (� $(! .2(#$('"4� 72(7$.(&� "82*'� � 
��&%� ':$� 8$42=� $(! .2(#$(."4�

1.284$#&�:"!$�8$$(�(2' 7$6�Y�

� �'."'2&1:$. 7�2A2($�6$14$' 2(�

� �.2*(6�4$!$4�1:2'27:$# 7"4�2A2($�32.#"' 2(�

�



�

M�

� �(7.$"& (-�$333$7'&�2(�':$�74 #"'$�7:"(-$�

� �77*#*4"' 2(�"(6�1$.& &'$(7$� (�':$�$(! .2(#$('�


:$&$�  #12.'"('� $33$7'&� 23�
��&�2(� ':$� $(! .2(#$('�= 44� 8$�6 &7*&&$6�8. $34;� ':$�

32442= (-�&*8&$7' 2(&0�

2.3.1 Stratospheric ozone depletion 
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2.3.2 Tropospheric (ground-level) photochemical ozone formation 

�772.6 (-� '2� #"(;� &7 $(' 3 7� &'*6 $&%� 
��&� :"!$� "(�  #12.'"('� .24$�  (�  (7.$"& (-�

4$!$4&�23�'.212&1:$. 7�2A2($�"(6�6$7.$"& (-�4$!$4&�23�&'."'2&1:$. 7�2A2($�4";$.0��*$�

'2�': &�3"7'%� '�:"&�"(� #12.'"(7$�= ':�.$-".6�'2�:*#"(�:$"4':%�32.$&'�$72&;&'$#&�"(6�

"-. 7*4'*."4� 7.21&� FL"(-� X� �*&' (%� ���DG0� L 6$� ."(-$� 23� 2.-"( 7� 72#12*(6&� ".$�

6 &7:".-$6�  ('2� ':$� '.212&1:$.$� "&� "� .$&*4'� 23� :*#"(� "7' ! ' $&� "(6� ("'*."4� &2*.7$&�

"(6� ':$;� &' #*4"'$� 2A2($� 32.#"' 2(� F� (-:� X� R ##$.#"(%� �TT�G0� �.2*(6� 4$!$4�

2A2($� 32.#"' 2(� 2. - ("'$&� 3.2#� 1:2'27:$# 7"4� .$"7' 2(� 23� ( '.2-$(� 2< 6$&� F��<G�

"(6�
��&0�
:$�#2&'�72##2(���<�1.$7*.&2.&�".$�32&& 4�3*$4&%�7:$# 7"4�&24!$('&�"(6�

!". 2*&� (6*&'. "4�1.27$&&$&0���<� � 4$!$4&�:"!$�"�7. ' 7"4� #1"7'�2(�2A2($�1.26*7' 2(�

F����%�����G0�



�

9�
�


��&�7"(�8$� .$#2!$6� 3.2#� ':$�"'#2&1:$.$�8;�!". 2*&�1:;& 7"4�1.27$&&$&� &*7:�"&�

=$'� "(6� 6.;� 6$12& ' 2(0� �2=$!$.%� 7:$# 7"4� 1:2'24;& &� .$"7' 2(&� = ':� :;6.2<;4�

."6 7"4&�F@��G%�( '."'$�F@��CG�."6 7"4&�"(6��C�"''."7'�#2.$�(2' 7$0��$7"*&$%�6 33$.$('�

6$72#12& ' 2(� 1.26*7'&� :"!$� 8$$(� 32.#$6� "&� "� .$&*4'� 23� ': &� 7:$# 7"4� .$"7' 2(&�

F�'/ (&2(%� ����G� "(6� ':$&$� 1.26*7'&� 7"*&$� '2� #"(;� & -( 3 7"('� "6!$.&$�

$(! .2(#$('"4�"(6�:$"4':�$33$7'&0��4&2%�2A2($� &�"(� #12.'"('�-.$$(:2*&$�-"&�"(6� '�

&' #*4"'$&� -428"4� =".# (-0� 	*.':$.#2.$%�  '�  &� "� &2*.7$� 23� � @��� ."6 7"4&�  (�

'.212&21:$.$�F�$;(246&%��TTCG0�

�A2($� 32.#"' 2(� 12'$(' "4� 23� $!$.;� 
��&� ".$� !". "84$� "(6�  (� 2.6$.� '2� $!"4*"'$�

28'" ($6�
���!"4*$&�72('. 8*' 2(�'2�-.12(6�4$!$4�2A2($�32.#"' 2(%�': &�12'$(' "4� &�

"(�  #12.'"('�1"."#$'$.0� �(��TTE%�1:'27:$# 7"4� .$"7' ! ';�12'$(' "4&�=$.$� $&' #"'$6�

"(6� & <� 
��&� &$(& ' !$� 72(6 ' 2(&� =$.$� 6$'$.# ($6� "82*'� ':$ .�  #1"7'&� 2(� 2A2($�

72(7$('."' 2(&�8;��".'$.0�L ':�.$"-.6�'2�':$&$�72(6 ' 2(&%�2A2($�1.26*7 (-�12'$(7;�

23�
��&� &�("#$6�':$���"< #*#��(7.$#$('"4��$"7' ! ';�F���G0�
2�$&' #"'$�2A2($�

1.26*7 (-�12'$(7;�23�"�72#12*(6%� 72(7$('."' 2(�23�  '�  &�#*4' 14 $6�8;�����!"4*$0�

	2.�  (&'"(7$%�  3�����!"4*$�23� trans@�@8*'$($�"(6�cis@�@8*'$($�  &�-.$"'$.� ':"(���%�  '�

#$"(&�#2.$�':"(����-�23�2A2($�7"(�8$�-$($."'$6�3.2#���-."#�23�.$4"'$6�72#12*(6�

F�".'$.%��TTEG0�

2.3.3 Increasing effects on the climate change 
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2.3.4 Accumulation and persistence in the environment 

L: 4$�&2#$�
��&�$"& 4;�$!"12."'$%�2':$.&%�$&1$7 "44;�:"! (-�: -:�#24$7*4".�=$ -:'�

72#12*(6&%� ".$� "84$� '2� 1$.& &'� '2� &*.! !$� 42(-$.�  (� ':$� $(! .2(#$('0� 
:$;� 7"(� 8$�

'."(&12.'$6�':.2*-:2*'�42(-�6 &'"(7$&�8$32.$�*(6$.-2�1:;& 7"4�2.�7:$# 7"4�.$#2!"4�

1.27$&&$&�F� (-%�����G0��$# @!24"' 4$�2.-"( 7�72#12*(6&�".$� (�'$(6$(7;�'2�"6&2.8�

2('2� "(;� 1".' 7*4"'$� #"''$.� =: 7:� &*&1$(6&�  (� ':$� " .� 6*$� '2� ':$ .� 72#14$< ';� "(6�

#24$7*4".�& A$0��(�': &�72(6 ' 2(%�':$;�7"(�8$�'."(&12.'$6�3.2#�42(-�6 &'"(7$&�'2�':$ .�

". & (-� 12 ('� 8;� = (6%� ." (� 2.� "(;� 2':$.� #$'$2.242- 7"4� $!$('0� 	 .&'4;%� ':$;� ".$�

6$12& '$6� (�':$�." (�="'$.�"(6�"3'$.�"�7$.'" (�' #$�1$. 26%�.$@$!"12."'$�8"7/�'2�':$�

"'#2&1:$.$� "(6� &'".'� "(2':$.� 7;74$0� 
: &� & '*"' 2(� 7"(� 8$� 7"*&$� '2� 8 242- 7"4�

"77*#*4"' 2(�"(6�':$&$�';1$&�23�
��&�".$�"84$�'2�: -:4;�'2< 7�32.�82':�:*#"(&�"(6�

"( #"4&�F�$.=$('��0��0%��TT�G0�

2.4 VOC Emission Legislations 
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2.4.1 VOCs Emission Legislations in Turkey 
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2.5.1 Positive Matrix Factorization (PMF) 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Sampling Locations 
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3.2 Sampling Campaigns 
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3.3 Sampling Methodology 
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3.3.1 Preperation of collected samples for analysis 
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Figure 3.3. �"( &'$.�74$"( (-�&;&'$# Figure 0-2
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3.4 Analytical Methodology 

3.4.1 Target VOCs 
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Table 3.1 �$'$7' 2(�3.$?*$(7;�23�
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Compound Retention 
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Detection
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(%)

Detection 
Freq.in Rural

Station
(%)
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Table 3.1 F�2(' (*$6G�

Compound Retention 
Time (min)

Detection
Freq.in Urban 

Station
(%)

Detection 
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3.4.2 Analysis of collected samples 
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Figure 3.4 �("4;' 7"4�&;&'$# Figure 0-3
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3.5 Quality Assurance / Quality Control (QA/QC) Studies 

��B��� &'*6 $&� ".$� "(�  #12.'"('� 1".'� 23� ': &� &'*6;� '2� 8$�  ('$.1.$'� 2*'1*'&� 23� "44�
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3.5.1 Experimental QA/QC  studies 

3.5.1.1 Quantification and calibration 
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3.5.1.2 Method detection limits of VOCs (MDL) and Blank Subtraction 

�772.6 (-�'2�������
�@���#$':26�6 .$7' 2(&%�'2�6$'$.# ($�#$':26�6$'$7' 2(�4 # '&�

23�"44� '".-$'�
��&%�����#4�&'"(6".6�-"&�&24*' 2(%�=: 7:�="&�1.$1".$6�4 /$� ':.2*-:�

7"4 8."' 2(� &'*6 $&%�  (Q$7'$6� '2� ':$� &;&'$#� M� ' #$&� 72(&$7*' !$4;� "(6� &'"(6".6�

6$! "' 2(�!"4*$&�23�$"7:�
��&�=$.$�7"47*4"'$60�������
�@���#$':26� ('.26*7$&�"�

72(&'"('�=: 7:� &�&'*6$('O&�'�!"4*$�"&�C0�E0��(6�"772.6 (-�'2�':$�#$':26O&�6 .$7' 2(&%�

'2�7"47*4"'$�����!"4*$&�23�$"7:�72#12*(6%�28'" ($6�&'"(6".6�6$! "' 2(�!"4*$&�3.2#�

&$!$(� .$14 7"'$6�  (Q$7' 2(� &:2*46� 8$� #*4' 14 $6� = ':� ':$� 72(&'"('� !"4*$0�

�2(&$?*$('4;%�����!"4*$&�23�72#12*(6&�7:"(-$�8$'=$$(��0��D� F32.�7 &@C@8*'$($G�

"(6��0�MC�F32.��%C%�@'. #$':;48$(A$($G0�

��&23'=".$�1.2-."#%�=: 7:�  &�("#$4;��:$#�'"' 2(��23'=".$%�="&�*&$6� ':.2*-:2*'�

':$����1.27$&&$&0��(�2.6$.�'2�?*"(' 3;�28'" ($6�1$"/&�32.�$"7:�72#12*(6%�':$ .�".$"&�

=$.$�6$'$.# ($6�= ':�#"(*"4� ('$-."' 2(�8;��:$#&'"' 2(0��2=$!$.%� '�7"*&$&�&2#$�

1.284$#&�'2�28'" (�&'." -:'�?*"(' 3 7"' 2(�23�&#"44�1$"/&0��3�".$"�23�"�1$"/� &�4$&&�':"(�

"� 7$.'" (� !"4*$%�=: 7:�="&� &1$7 3 $6� 8;� ':$� &23'=".$� 1.2-."#� ':"'� 1$"/� 7"((2'� 8$�

 ('$-."'$6� F�2+"(%� ���CY� �*.6"/*4%� ���EG0� �2%� 7"47*4"'$6�����!"4*$&�=$.$� '"/$(�

 ('2�72(& 6$."' 2(�"(6�':$�!"4*$�=: 7:�="&�&1$7 3 $6�8;�':$�1.2-."#�="&�"6Q*&'$6�'2�

�0�0��(�': &�=";%�&#"44�1$"/&�6 6�(2'�$4 # ("'$6�3.2#�':$�=:24$�7:.2#"'2-."#0�
:$�

#$"&*.$6� 72(7$('."' 2(&� 23� 72..$&12(6 (-� ".$"&� =$.$�  (74*6$6�  (� "!$."-$�

72(7$('."' 2(&%�8*'�  (� ':$���	�&'*6;�"�7$.'" (�"11.2"7:�="&�*&$6� '2�$4 # ("'$� "(;�

# &'"/$&�  (� &2*.7$� "112.' 2(#$('%� "(6� 6$'" 4$6� $<14"("' 2(� "82*'� ':$� "114 $6�

"11.2"7:�="&�#"6$� (�':$��:"1'$.��0�

�(6� "4&2%� "� 74$"(� 7"( &'$.� =$.$� &$('� '2� ':$� &'"' 2(�  (� 6 33$.$('� 6";&� "(6� =" '$6�

= ':2*'� 7244$7'$6� &"#14$� *(' 4�  '� ="&� &$('� 8"7/� '2� 4"82."'2.;0� �(6� 84"(/�

72(7$('."' 2(&� =$.$� #$"&*.$6� 32.� "44� 
��&0� 
: &� 1.27$&&� ="&� .$1$"'$6� �� ' #$&�

6*. (-�&"#14 (-�1$. 26� (�82':�&'"' 2(&%�"(6�84"(/�&*8'."7' 2(�&'*6;�="&�72(6*7'$60�

�4':2*-:%� "4#2&'� "44� 23� 84"(/� 72(7$('."' 2(&� =$.$� 42=$.� ':"(� #$"&*.$6�

72(7$('."' 2(&%� &2#$� 72(7$('."' 2(&� =$.$� 4$&&� ':"(� 84"(/� 72(7$('."' 2(%� &2� 2(4;�

':$&$� !"4*$&� =$.$� .$#2!$6� "(6� .$72.6$6� "&� # && (-� 6"'"0� �(� ':$� 
"84$� C0�%� 84"(/�

72(7$('."' 2(&� 23� &1$7 $&%� "(6� "#2*('� 23� 8$42=� 84"(/� 72(7$('."' 2(� !"4*$&� =$.$�



�

C9�
�

1.2! 6$6� = ':� 7"47*4"'$6� ���� 72(7$('."' 2(&%� "(6� 1$.7$('"-$� "#2*('� 23� 8$42=�

���0



� CT�

T
ab

le
 3

.2
��

�
�%

�8
4"

(/
�7

2(
7$

('
."

' 2
(&

�"
(6

�3.
$?

*$
(7

;�
6$

'$
7'

 2
(�

23
��


�
�

&  
   

   
   

   
   

   
   

 Table 2�

� �
C

om
po

un
d�

� �
M

D
L 

(μ
g/

m
3 )�

� �
B

la
nk

 C
.�

(μ
g/

m
3 )�

U
rb

an
 S

ta
tio

n
R

ur
al

 S
ta

tio
n

� �
�B

�
�

H
��

"#
2*

('
�

23
�8

$4
2=

�
�

�
��

70
�

H
�

"#
2*

('
�

23
�8

$4
2=

�
84

"(
/�

70
�

H
��

"#
2*

('
�2

3�
8$

42
=

�
�

�
��

70
�

� �
�B

�
�

H
��

"#
2*

('
�2

3�
8$

42
=

�
84

"(
/�

70
�

�'
:"

($
�

�%
��

T�
�0

�M
�

CT
0�

E�
��

��
��

T0
9E

�
E�

�'
:;

4$
($

�
�%

�E
D�

�0
�E

9�
9M

0�
9�

��
��

��
C9

0E
E�

��
�.

21
"(

$�
�%

�9
��

�0
�C

9�
MD

0E
M�

��
��

��
C9

0�
9�

��
�.

21
;4

$(
$�

�%
��

��
�0

��
D�

��
C0

��
�

��
��

��
CC

09
E�

��
�&

28
*'

"(
$�

�%
�T

M�
�0

�E
�

��
E0

D�
�

��
��

��
�9

0�
��

��
�

7$
':

;4
$(

$�
�%

�E
T�

�0
�C

D�
��

0E
D�

��
��

E�
T0

E�
�

��

.

"(
&�V

��
�V

��
*'

$(
$�

�%
�M

E�
�0

��
��

��
0�

T�
C�

��
��

�
�0

�M
�

D�
�@

�
*'

$(
$�

�%
�D

E�
�0

�C
E�

��
0�

C�
��

��
��

90
��

�
��

�
 &

@�
@�

*'
$(

$�
�%

��
D�

�0
C�

��
0�

9�
��

��
E�

�T
0M

E�
��

�
;7

42
1$

('
"(

$�
�%

��
��

�0
�C

9�
90

T�
�

�C
�

��
D�

E0
�M

�
��

�&
21

$(
'"

($
�

�%
�M

��
�0

��
9�

E�
0D

��
��

��
9�

��
09

��
��

(�
V�

�$
('

"(
$�

�%
��

��
�0

��
9�

DM
0�

E�
E�

��
DD

�
CE

0�
D�

��

.

"(
&�V

��
�V

��
$(

'$
($

�
�%

��
��

�0
�C

��
E0

9E
�

C�
�

��
C�

�
�0

9�
�

E�
�@

�$
('

$(
$�

�%
��

C�
�0

�C
E�

D0
��

�
�C

�
��

9D
�

E0
9�

�
��

�
 &

@�
@��

$(
'$

($
�

�%
�E

D�
�0

�C
�

�0
DC

�
�T

�
9�

��
�0

�D
�

��
�%

�@
�

 #
$'

:;
48

*'
"(

$�
�%

�E
D�

�0
�C

�
�9

0�
9�

M�
��

�E
�

D0
EC

�
��

�%
C@

��
 #

$'
:;

48
*'

"(
$�

�%
�E

C�
�0

�C
��

D0
TT

�
CC

�
��

�D
�

�0
TC

�
��

�@
�

$'
:;

41
$(

'"
($

�
�%

�E
��

�0
��

��
��

0E
D�

�C
�

��
E�

�
�0

E�
�

��
�

C@
�

$'
:;

41
$(

'"
($

�
�%

�D
��

�0
�C

D�
90

��
�

�T
�

��
�

CM
�

E0
MM

�
D�

�&
21

.$
($

�
�%

��
M�

�0
�C

��
�C

0�
E�

�C
�

��
��

�0
9�

�
��

(@
�

$<
"(

$�
�%

�C
9�

�0
�M

9�
��

0E
T�

C�
C�

E9
�

��
0C

9�
��

�%
E@

�
 #

$'
:;

41
$(

'"
($

�
�%

�T
E�

�0
��

E�
��

0D
��

�C
�

��
��

��
0�

9�
��

�
$(

A$
($

�
�%

�T
C�

�0
�C

��
C�

0T
D�

C�
��

�D
�

��
0�

��
��

�
;7

42
:$

<"
($

�
�%

�D
T�

�0
�C

D�
��

0E
T�

M�
��

��
�

�0
9�

�
��

�@
�

$'
:;

:$
<"

($
�

�%
��

T�
�0

��
9�

��
09

��
�D

�
��

�E
�

90
MM

�
��

�%
C@

�
 #

$'
:;

41
$(

'"
($

�
�%

��
��

�0
�C

E�
��

0D
9�

CM
�

��
D�

T0
�9

�
��

C@
�

$'
:;

4:
$<

"(
$�

�%
�9

T�
�0

��
D�

��
0D

D�
C�

��
��

CT
0T

E�
��



� E�����
���

���
���

���
���

���
�T

ab
le

 3
.2

�F�
2(

' (
*$

6G
�

� �
C

om
po

un
d�

� �
M

D
L 

(μ
g/

m
3 )�

� �
B

la
nk

 C
.�

(μ
g/

m
3 )�

U
rb

an
 S

ta
tio

n
R

ur
al

 S
ta

tio
n

� �
�B

�
�

H
��

"#
2*

('
�

23
�8

$4
2=

�
�

�
��

70
�

H
�

"#
2*

('
�

23
�8

$4
2=

�
84

"(
/�

70
�

H
��

"#
2*

('
�2

3�
8$

42
=

�
�

�
��

70
�

� �
�B

�
�

H
��

"#
2*

('
�2

3�
8$

42
=

�
84

"(
/�

70
�

�%
�%

E@

.

 #
$'

:;
41

$(
'"

($
�

�%
�T

T�
�0

��
D�

C�
0�

��
D�

��
D�

��
0E

9�
��

(@
�

$1
'"

($
�

�%
�M

C�
�0

�C
�

��
0�

C�
��

��
�E

�
��

0�
M�

��
�

$'
:;

47
;7

42
:$

<"
($

�
�%

��
��

�0
��

D�
D0

ET
�

C�
�

��
�9

�
�0

EM
�

��
�%

C%
E@


.
 #

$'
:;

41
$(

'"
($

�
�%

�E
M�

�0
�C

��
C0

M�
�

�T
�

��
��

C0
�E

�
��


2
4*

$(
$�

�%
�9

9�
�0

CT
��

��
0�

C�
��

E�
��

�
��

0�
��

��
�

�@
�

$'
:;

4:
$1

'"
($

�
�%

�C
C�

�0
�E

��
90

�C
�

�E
�

C�
ED

�
E0

��
�

��
�

C@
�

$'
:;

4:
$1

'"
($

�
�%

�T
9�

�0
��

9�
��

0D
��

�T
�

��
�M

�
�0

�D
�

��
(@

�
7'

"(
$�

�%
��

M�
�0

�C
E�

90
��

�
�C

�
��

��
�

M0
T�

�
��

�'
:;

48
$(

A$
($

�
�%

�9
T�

�0
�C

9�
�M

09
D�

D�
��

D�
��

0�
E�

��
#

@U
;4

$(
$�

�%
��

��
�0

��
E�

90
�C

�
EM

�
��

��
�

�E
0D

��
��

�'
;.

$(
$�

�0
��

�`�
�0

�D
9�

��
0�

��
T�

��
��

T0
�E

�
��

2@
U

;4
$(

$�
�%

��
��

�0
�C

E�
�9

0�
9�

��
��

�M
�

�M
0�

E�
��

�
2(

"(
$�

�%
�T

��
�0

�C
E�

90
�C

�
��

�
��

�9
�

M0
C�

�
��

�&
21

.2
1;

48
$(

A$
($

�
�%

�M
E�

�0
�C

D�
E0

ET
�

��
��

��
E0

T�
�

E�
(@

�.
21

;4
8$

(A
$(

$�
�0

��
T`�

�0
�E

D�
E0

TC
�

��
��

��
C0

T�
�

��
#

@�
':

;4
'2

4*
$(

$�
�0

�M
C` �

�0
�E

E�
E0

��
�

��
E�

�
��

C0
ET

�
��

�
�%

C%
�@


.
 #

$'
:;

48
$(

A$
($

�
�0

�M
C`�

�0
�E

��
��

09
E�

��
��

��
90

E�
�

��
�%

�%
E@


.
 #

$'
:;

48
$(

A$
($

�
�%

�T
E�

�0
�E

��
��

0C
C�

��
��

E�
��

0�
��

��
(@

�
$7

"(
$�

�%
�C

M�
�0

�E
�

�D
0�

T�
C�

��
��

�
��

0�
D�

��
�%

�%
C@


.
 #

$'
:;

48
$(

A$
($

�
�%

�9
T�

�0
�M

�
E�

0E
��

��
��

��
�M

0C
��

��
#

@�
 $

':
;4

8$
(A

$(
$�

�%
��

��
�0

�D
9�

�E
0C

D�
��

��
E�

�0
T�

�
��

(@
�

(6
$7

"(
$�

�%
��

��
�0

��
E�

CC
0M

T�
�C

�
��

D�
��

0T
��

��
(@

�
26

$7
"(

$�
�%

��
D�

�0
��

D�
��

0�
M�

��
��

9�
�T

0�
��

��

���
���

���
���

���
���

���
`�

F�
*.

6"
/*

4%�
��

�E
G�



�

E��

3.5.1.3 Leak Test 

�(�2.6$.�'2�7244$7'�&1$7 3 $6�"#2*('�23�&"#14$%� ':$.$�#*&'�(2'�8$�"(;�4$"/"-$�3.2#�

':$� 7"( &'$.&0� �772.6 (-� '2� ������ 
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 ( ' "4�"(6�3 ("4�1.$&&*.$�=: 7:� � 4$&&�':"(���1& -%�7"( &'$.&�".$�4$"/�3.$$0��$32.$�':$�

8$- ( (-�23��&"#14 (-�1$. 26%�'2�6$'$.# ($�':$�=:$':$.�':$.$� &�"(;�4$"/"-$�3.2#�':$�

7"( &'$.&�2.�(2'%� �1.$&*. A$6�7"( &'$.&�=$.$�72('.244$6��E%�E9�"(6�M�� ' #$� ('$.!"4&%�

"(6�"3'$.�':$�1.21$.�' #$�(2�7:"(-$�="&�28&$.!$6� (�1.$&&*.$%�&2�� '�="&�72(74*6$6�

':"'�':$.$� &�(2�4$"/"-$�3.2#�7"( &'$.&0�

3.5.1.4 Reproducibility of samples 
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72#12*(6&�  (� ' #$%� &"#14$� ="&� 7244$7'$6�  (� ��
�%� �(! .2(#$('"4� �(- ($$. (-�

�$1".'#$('� "(6� "("4;A$6� Q*&'� "3'$.� ':$� &"#14 (-� "(6� "3'$.� �E%� E9� %M�� "(6� TD� :2*.�

 ('$.!"4&0�	 -*.$�C09�&:2=&�':$�.$&*4'&�23�"("4;& &�32.��
�U�72#12*(6&0��&� '�7"(�8$�

&$$(�3.2#�':$�3 -*.$%�':$.$� &�"�1.2-.$&& !$�6$7.$"& (-� (�72(7$('."' 2(&0�
:$.$�# -:'�

8$� !". 2*&� .$"&2(� 32.� ': &� & '*"' 2(0� 	 .&'4;%�  '� ="&� ':2*-:'� ':"'� ':$.$� &:2*46� 8$�

4$"/"-$�3.2#�7"( &'$.&%�:2=$!$.�4$"/"-$�'$&'�"4.$"6;�=$.$�7".. $6�2(0��2�': &�21' 2(�

="&�$4$# ("'$60��$72(64;%�"8&21' 2(�# -:'�8$�277*.&�2(�':$�� (($.�="44�23�7"( &'$.0�

	*.':$.#2.$%� = ':� ':$�  (7.$"& (-� (*#8$.� 23� "("4;& &%� ':$� "#2*('� 23� &"#14$�

6$7.$"&$&%�"66 ' 2("44;�72(7$('."' 2(�23�&"#14$� &�(2'�!$.;�: -:0��2%�': &�#";�7"*&$�

'2�6$7.$"& (-�"("4;'$�72(7$('."' 2(0�	 ("44;%�:2#2-$(2*&�6 &'. 8*' 2(� (7.$"&$&�= ':�

 (� ' #$%� &2� 32.� ':$� 3 .&'� "("4;& &�  '� 7"(� 8$� &" 6� ':"'� 72#12*(6&�

= ':0'."7$072(7$('."' 2(&0# -:'0(2'08$� 0:2#2-$($2*&4;06 &'. 8*'$60 (� ':$� 7"( &'$.&0�

�&� "� 72(74*& 2(%� 6*$� '2� 28'" ($6� .$&*4'&%� "3'$.� $&&$(' "4� ' #$� 32.� &'"8 4 A"' 2(%�

7244$7'$6�&"#14$&�&:2*46�8$�"("4;A$�6 .$7'4;0�
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Figure 3.8 �$1.26*7 8 4 ';�23��
�U�= ':� (�' #$ Figure 0-7
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3.5.1 Data quality control 
�2&& 8 4 ';� 23� #"/ (-� "� # &'"/$�  &� : -:�  (� ':$� $<1$. #$('"4� &'*6 $&� "(6�

7:.2#"'2-."1: 7�"("4;& &%�32.�': &�.$"&2(� (&1$7' 2(�23�28'" ($6�6"'"�&$'� &�"�7. ' 7"4�

&'$10� �(� 2':$.� =2.6&%� "114; (-� "� ?*"4 ';� 72('.24� &'*6;� '2� 28'" ($6� 6"'"� &$'�  &� "(�

284 -"'2.;�'2�8$�"84$�'2�$(&*.$�"77*."7;�23� '0��


:$.$�#";�8$�&2#$� ..$-*4". ';� (�28'" ($6�6"'"�&$'�6*$�'2�&$!$."4�.$"&2(&%�&*7:�"&�

&*66$(�7:"(-$&�".2*(6�':$�&"#14 (-�427"' 2(�2.�#$'$2.242- 7"4�1"."#$'$.&%�!". 2*&�

"("4;' 7"4� 1.284$#&� 6*. (-� "("4;& &%� 2.� 3" 4*.$�  (� #"(*"4�  ('$-."' 2(� 23�

7:.2#"'2-."#&� $'70� �(6� ':$&$� & '*"' 2(&� 7"*&$� '2�  #12.'"('�  ("77*."7;�  (�

 ('$.1.$'"' 2(� 23� 6"'"� &$'0� 	*.':$.#2.$%�  '�  &� 7.*7 "4� '2� 6$'$.# ($�=:$':$.� ':$�#" (�

.$"&2(�23� ("77*."7;0��.284$#�#";�.$&*4'�3.2#�"�& (-4$�6"'"�12 ('%�2.�':$.$�#";�8$�"�

&;&'$#"' 7�# &'"/$0�
2�6$& -("'$�': &%�28'" ($6�6"'"�&$'�="&�72('.244$6�32442= (-�':$�

8$42=�':.$$@&'$1�?*"4 ';�72('.24�1.27$6*.$%�72('" ( (-�' #$�&$. $&�142'&%�&7"''$.�142'�

#"'. 7$&%�"(6�3 (-$.1. ('�142'&�F�*('"&"4%�����X��*.6"/*4%����EG0�
:$.$8;%�12&& 84$�

# &'"/$&�"(6�2*'4 $.&� (�6"'"�&$'�="&�72('.244$60��

3.5.2.1 Time series plots 


 #$�&$. $&�142'&�=$.$�3 -*.$6�32.�$"7:�72#12*(6&�':.2*-:2*'�&"#14 (-�1$. 26�32.�

82':� &'"' 2(&� "(6� 72('.244$6� =:$':$.� ':$.$�  &� "(;� "8(2.#"4� "4'$."' 2(�  (�

72(7$('."' 2(&�2.�(2'0��(�':$�	 -*.$�C0T�' #$�&$. $&�142'&�23���
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1.2! 6$6� "&� "(�  44*&'."' 2(0� �&�  '� 7"(� 8$� &$$(� 3.2#� ':$� 3 -*.$%� ':$.$� ".$� &*66$(�

 (7.$"&$&�"(6�6$7.$"&$&� (�&2#$�6";&0��7'*"44;%�': &�/ (6�23�&*66$(�$1 &26 7�7:"(-$&�

".$� ';1 7"4� 32.� $(! .2(#$('"4� 6"'"� &$'&0� 
."(&12.'� 1"''$.(%� 7:"(-$&�  (� $# && 2(�

"#2*('&%�"(6�&*66$(�7:"(-$&� (�#$'$2.242- 7"4�72(6 ' 2(&�#";�7"*&$�&*7:�$1 &26 7�

!". "' 2(&� (�1244*'"('�72(7$('."' 2(&�F�2+"(%����CG0��*'�;$'%�  (�2.6$.�'2�6$'$.# ($�

=:$':$.�':2&$�!"4*$&�".$�2*'4 $.&�2.�(2'%�"44�.$4$!"('�7:.2#"'2-."#&�"(6�7"47*4"' 2(&�

=$.$� $<"# ($6� 2(7$� "-" (�  (� 2.6$.� '2� 7:$7/� ':$� "77*."7;� 23�  ('$-."' 2(� 23� ':2&$�

6";&0��*'%�"(;�23�':$#�62�(2'�6$& -("'$6�"&�"(�2*'4 $.0�
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Figure 3.9 
 #$�&$. $&�142'&�23��
�U�72#12*(6&�28'" ($6�F"G�3.2#��

*.8"(�&'"' 2(%�F8G�3.2#�.*."4�&'"' 2( Figure 0-8
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3.5.2.2 Scatter plot matrices 

�&� ':$� &$72(6� &'$1� 23� ':$� 6"'"� ?*"4 ';� 72('.24� &'*6;%� &7"''$.� 142'� #"'. 7$&� =$.$�

3 -*.$6� (�2.6$.�'2�12&& 84$�"8(2.#"4 $&�8$'=$$(�&'.*7'*."44;�& # 4".�72#12*(6&0��(�

':$� 	 -*.$� C0��%� &7"''$.� 142'� #"'. 7$&� 23� � �
�U� 72#12*(6&� =$.$� 1.2! 6$6� "&� "(�

$<"#14$0� 
:$&$� &1$7 $&� 7"(� &$1$."'$� '2-$':$.%� "(6� "44� 23� ':$#� ".$� '."33 7� .$4"'$6�

72#12*(6&0�F�"Q*#6".�$'�"40%�����G0��&� (�' #$�&$. $&�142'&%�12&& 84$�2*'4 $.�12 ('&�

=$.$� (!$&' -"'$6�*& (-�&7"''$.�142'�#"'. 7$&%�"(6�"44�23�':$#�.$@$<"# ($6�1.21$.4;0�

�*'%�"(;�2*'4 $.&�=$.$� 6$(' 3 $6� (�=:24$�6"'"�&$'0�

�
Figure 3.10 �7"''$.�#"'. 7$&�142'&�23��
�U�72#12*(6&�28'" ($6��

F"G�3.2#�*.8"(�&'"' 2(%�F8G�3.2#�.*."4�&'"' 2( Figure 0-9
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3.5.2.3 Fingerprint Plots 

�&�':$�3 ("4�&'$1�23�':$�6"'"�?*"4 ';�72('.24�&'*6;%�3 (-$.1. ('�142'&�=$.$�3 -*.$6�32.�

$"7:�  (6 ! 6*"4� &"#14 (-� 6";� 72#1. & (-� "44� '".-$'� 
��&%� 8$7"*&$� ':$;� 7"(� - !$�

&*--$&' !$�  (32.#"' 2(�"82*'�6" 4;�7:"(-$&�F�*('"&"4�N0� %�����G�"(6�':$;�7"(�8$�"�

-226�  (6 7"'2.� '2�  6$(' 3;� &"#14$� 72#12& ' 2(&0� F�*.6"/*4%� ���EG0� 
2� 6$7 6$�

7:"."7'$. &' 7&� 23� 72(7$('."' 2(� 6 &'. 8*' 2(&%� "(6� "4&2� '2� 7:$7/� "8(2.#"4 ';�  (�

-$($."4�72(7$('."' 2(�1"''$.(�3 (-$.1. ('�142'&�=$.$�6."=(�32.�"44�&$?*$(' "4�6";&�"&�

&:2=(� (�':$�	 -*.$�C0��0�
:*&%�12&& 84$�2*'4 $.&�=$.$�7:$7/$6�"&� (�1.$! 2*&�&'$1&%�

8*'�"(;�2*'4 $.&�=$.$�(2'� 6$(' 3 $6� (�=:24$�6"'"�&$'0��

�
Figure 3.11 ��&"#14$�32.�3 (-$.1. ('�142'�&$?*$(' "4�6";& Figure 0-10
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3.6 Positive Matrix Factorization (PMF) 

�&�#$(' 2($6�  (� &$7' 2(��0�%� ':$.$�".$�!". 2*&� &2*.7$�"112.' 2(#$('� &'*6 $&�  (� ':$�

4 '$."'*.$%�"(6���	%�=: 7:� &�7.$"'$6�8;��""'$.2�F�TTMG%� &�2($�23�':$�#2&'�3.$?*$('4;�

*& (-� '224� 32.� ':$�1*.12&$�23�6$'$.# ("' 2(�23�12&& 84$�&2*.7$�72('. 8*' 2(&�23�"(;�

1244*'"('&�  (� ':$� "'#2&1:$.$0� � �(6%�  (� ': &� &'*6;%�  (� 2.6$.� '2� 6$'$.# ($� 12&& 84$�

&2*.7$�72('. 8*' 2(&�'2�
��&�72(7$('."' 2(&�':"'�=$.$�#$"&*.$6� (�*.8"(�"(6�.*."4�

&'"' 2(&�"���	�&'*6;�="&�72(6*7'$60�	2.�': &�" #�������	��0��1.2-."#�="&�*&$60��


:$.$� ".$� '=2� ';1$&� 23�  (1*'� 3 4$� '2� 8$� "84$� '2� .*(� ':$� 1.2-."#� =: 7:�  (74*6$�

72(7$('."' 2(&� 23� '".-$'� 72#12*(6&� "(6� *(7$.'" ( ';� !"4*$&� 23� ':$#0� 
:$� 1.2-."#�

62$&� (2'� "77$1'� "(;� 84"(/� 7$44&�  (�  (1*'� 3 4$&0� �(6� "4&2%�  (� 2.6$.� '2� 28'" (� "�

&*77$&&3*4� .$&*4'%� *(7$.'" (';� $&' #"' 2(�  &� !$.;�  #12.'"('� 1".'� 23� ��	� &'*6 $&� "&�

=$44�"&�(2'� '2�8$�"(;�84"(/�7$44�  (�  (1*'� 3 4$&� F�$/$;�X��2+"(%����CG0��*$� '2� ': &�

3"7'%�':$�8$42=�':.$$�&$'1&�#$':26242-;�=$.$�*&$6�=: 7:�="&�6$!$421$6�8;��244 &".�

$'�"40�F�TT9G�Y�

 0 #$"&*.$6� 
��&� 72(7$('."' 2(� !"4*$&� =$.$� *&$6� 6 .$7'4;%� "(6� *(7$.'" (';�

!"4*$&� 23� ':$#� =$.$� &*112&$6� '2� &*#� 23� �� 1$.7$('"-$&� 23� #$"&*.$6�

72(7$('."' 2(�"(6�# ( #*#�6$'$7' 2(�4 # '�!"4*$�23�':$�72#12*(6�

  0 �# && (-� !"4*$&� 23� "� 72#12*(6�  (� 72(7$('."' 2(� 3 4$&� =$.$� .$14"7$6� = ':�

-$2#$'. 7� #$"(� !"4*$� 23� .$4"'$6� 72#12*(6%� "(6� "772#1"(; (-� *(7$.'" (';�

!"4*$�="&�&*8&' '*6$6�8;�32*.�' #$&�23�-$2#$'. 7�#$"(�23�':$�72#12*(6�

   0 72(7$('."' 2(&� ':"'� =$.$� 8$42=� # ( #*#� 6$'$7' 2(� 4 # '� !"4*$� =$.$�

&*8&' '*'$6�= ':�:"43�23��# ( #*#�6$'$7' 2(�4 # '�23�':$�$"7:�72#12*(6&�"(6�

*(7$.'" ( ';�23�':$#�=$.$�&$'��BD�23�# ( #*#�6$'$7' 2(�4 # '�!"4*$��

�3'$.� 1.$1$."' 2(� 23�  (1*'� 3 4$&%� "(� "11.2"7:� &:2*46� 8$� 6$!$421$6� '2� 28'" (�

&*77$&& !$� .$&*4'&� 3.2#� ��	0� �(� ': &� &'$1%� 6$'$.# ("' 2(� 23� 3"7'2.� (*#8$.�  &� !$.;�

7. ' 7"40��(�2.6$.�'2�6$'$.# ($�*& (-�3"7'2.�(*#8$.�6 33$.$(7$&�8$'=$$(�]-226($&&@23@

3 '^�1"."#$'$.�F��!"4*$&G� &�':$�#"Q2.�3"7'2.0��3'$.�"�.*(�':"'� &�8"&$6�2(�"�&1$7 3 $6�

(*#8$.� 23� 3"7'2.&%� ��	� &*114;� '=2� 6 33$.$('� �� !"4*$� "&� �'.*$� "(6� �.28*&'0� 
:$&$�

1".".#$'$.&�".$�7"47*4"'$6�8;�':$�1.2-."##$0��'.*$��.$1.$&$('&�7"47*4"'$6�"44�12 ('&��
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=: 4$��.28*&'�]$<74*6$&�12 ('&�7"((2'�3 '�8;�':$�#26$4�=: 7:�.$1.$&$('&�*(7$.'" ( ';�

'2�&7"4$6�.$& 6*"4�."' 2� &�-.$"'$6�':"(�E^0��(6�"4&2%�"(2':$.���!"4*$� &��':$2.$' 7"4�%�"(6�

 '� &�7"47*4"'$6�8;�':$�*&$.�*& (-�':$�32442= (-�$?*"' 2(0��

���� �������������?*"' 2(�F�G�

#%� (� "(6� 1� .$1.$&$('� ':$� "#2*('� 23� 7244$7'$6� &"#14$&� 6*. (-� &"#14 (-� 1$. 26%� ':$�

(*#8$.�23� '".-$'�
��&%� ':$�(*#8$.�23�3"7'2.&�.$&1$7' !$4;0��772.6 (-�'2����%�':$�

."' 2�23��'.*$�'2��.28*&'�&:2*46�8$�42=$.�':"(��0�%�2(�':$�72('.".;�':$�28'" ($6�.$&*4'&�

"33$7'$6� 6 &1.212.' 2("44;0� �4&2%� 7"47*4"'$6� �':$2.$' 7"4� !"4*$� &:2*46� (2'� 8$� !$.;�

6 33$.$('�3.2#��.28*&'�!"4*$�F�*1'"%�$'�"40%�����G0��

�� !"4*$&� ".$� 2($� 23� ':$� #2&'�  #12.'"('� 1"."#$'$.&� '2� 8$� "84$� '2� 7:$7/� ':$�

1$.32.#"(7$�23�':$�#26$40��'�4$"&'����.*(&�"'�6 33$.$('�&$$6&�F8$- (( (-�12 ('&G�=$.$�

1$.32.#$6�"(6�# ( #*#���!"4*$&�=$.$�&$4$7'$6�"'� ':$�3 .&'�&'$1�23� ':$���	�'. "4&0�

�2#$�2':$.�?*"4 ';� 72('.24� &'*6 $&�=$.$�62($�"3'$.� 28'" ($6��� .$&*4'&�23� $"7:� .*(0�

	 .&'� 23� "44%� "#2*('� 23� # && (-� 6"'"� 32.� $"7:� &1$7 $� ="&� 6$'$.# ($6� "(6%�  3� ':$�

"#2*('� 23� # && (-� 6"'"�  &� : -:� 32.� "� 72#12*(6%�  '� &:2*46� 8$� $4 # ("'$60� 	2.� ': &�

.$"&2(� C� 23� 
��&�  (� ��%� =: 7:� ".$� C@#$':;41$('"($%� �@#$':;4:$1'"($� "(6� #%1@

$':;4'24*$($%�=$.$�.$#2!$6�3.2#�':$� (1*'�3 4$&0��

�66 ' 2("44;%� & -("4@'2@(2 &$� F�B�G� ."' 2� 23� $"7:� &1$7 $&�  &� "(2':$.�  #12.'"('�

1"."#$'$.� '2� 28'" (� "(� "77*."'$� &2*4' 2(0� �3� ':$� ."' 2�  &� 8$'=$$(� �0�� "(6� �%� .$4"'$6�

72#12*(6�  &� 6$& -("'$6� "&� ]=$"/� &1$7 $^%� "(6�  3� ':$� ."' 2�  &� 42=$.� ':"(� �0�%�  '�  &�

6$& -("'$6�"&�]8"6�&1$7 $^�"(6�.$#2!$6�3.2#�':$�#26$4� (1*'0�
:*&%�=$"/�"(6�8"6�

&1$7 $&�=$.$�6$'$.# ($6�"(6� (�2.6$.�'2�1.$!$('�"(;�# &'"/$� (�3"7'2.�1.23 4$&%�8"6�

&1$7 $&� .$#2!$6� 3.2#� ':$� ��	�  (1*'0� �2=$!$.%�  '� 7"(� (2'� 8$� &*33 7 $('� '2� 6$7 6$�

=:$':$.�"�&1$7 $� &�=$"/�2.�8"6�32.�':$�#26$4�Q*&'�*& (-��B��." '20��2..$&12(6 (-4;%�

':$� ($<'� &'$1&� ".$� 1."7' 7$6� 8;� *& (-� .�� !"4*$&� =: 7:� ".$� 28'" ($6� 3.2#� 1.$6 7'$6�

72(7$('."' 2(&� '2� 28&$.!$6� 72(7$('."' 2(� -."1:� "(6� 8;� 7:$7/ (-� &7"4$6� .$& 6*"4�

"("4;& &�: &'2-."#&�32.�$"7:�6"'"0��(�2.6$.�'2�#"/$�"�6$7 & 2(� (�.$4"' 2(�'2�': &%�'=2�

"11.2"7:$&� =$.$� &1$7 3 $60� �3� .�� !"4*$� 23� "� &1$7 $�  &� !$.;� 42=%�  (� 2':$.� =2.6&�  3�

6 &'. 8*' 2(� 23� "� &1$7 $�  &� : -:4;� 122.%� "(6� "#2*('� 23� .$14"7$#$('�  &� : -:%� ':"'�

72#12*(6�6$& -("'$&�"&�]8"6^0��2=$!$.%�  3�"�&1$7 $�6 &'. 8*'$&�122.4;%�8*'�"#2*('�
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23� .$14"7$#$('�  &� 42=%�  '�  &� 6$& -("'$&� "&� ]=$"/^0� �;� ': &� #$"(&%� 72('. 8*' 2(� 23�

6 &1.212.' 2("'$�&1$7 $&�'2�#26$4�3 '�72*46�8$�.$6*7$6�"(6�#2.$�"77*."'$�.$&*4'&�7"(�

8$�28'" ($6�F�.2=(%�$'�"40%����MG0�


:.$$� 2*'1*'&� ".$� 28'" ($6� $(6� 23� ':$� ��	� .*(&0� 
:$&$&� ".$� 3"7'2.� 1.23 4$&� F	@

�2"6 (-&G%�3"7'2.�72('. 8*' 2(&�F�@�72.$G�"(6�$..2.�1.23 4$&0�	"7'2.�1.23 4$&�.$1.$&$('�

':$� "112.' 2(� 23� $"7:� 72#12*(6&� '2� 3"7'2.&0� 
:$� !". "(7$� 23� $"7:� 72#12*(6&�  &�

6$3 ($6� "&� $<14" ($6� 1$.7$('"-$0� �(� 2.6$.� '2� 6$&7. 8$� &2*.7$&%� 3"7'2.� 1.23 4$&� "(6�

$<14" ($6� 1$.7$('"-$� ".$� *&$60� �4&2%� �@&72.$� .$1.$&$('&� � !". "' 2(� 23� ':$� 6" 4;�

1.212.' 2(�23�$"7:�&2*.7$&�'2�':$�&"#14$&0�
:*&%�: -:��@&72.$� (�"�3"7'2.��#$"(&�':"'�

72('. 8*' 2(�23�':$�&"#14$� &�: -:�'2�.$4"'$6�3"7'2.0�

�3'$.�':$�"44�"82!$�&'$1&%�	@�����.*(� &�$<$7*'$6�'2�7:$7/�.2'"' 2(�"(6�'2�$&' #"'$�
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.1 Meteorology of the Study Area 
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4.2 General Features of Data 

4.2.1  Descriptive Statistics of the Measured VOCs Concentrations 
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��&%� 34*7'*"' 2(&� 23�

$# && 2(&�  (� ' #$%� $33$7'&� 23�#$'$2.242- 7"4� 1"."#$'$.&� "(6�#"(;�#2.$0��2=$!$.%�

#$"&*.$6� 72(7$('."' 2(&%� $&1$7 "44;� 32.� 2.-"( 7� 72#12*(6&%� &'. 7'4;� 6$1$(6&� 2(�

7:"."7'$. &' 7&�23� ':$� &"#14 (-� & '$0��*$� '2� ':$� 3"7'� ':"'%� � ': &� / (6�23�72#1". &2(&�

&:2*46� (2'� 8$� "''. 8*'$6� "� :*-$� & -( 3 7"(7$� &$1$."'$4;0� 	2.� $<"#14$%� '."33 7�

$# && 2(&� :"!$� #2.$� 2.� 4$&&� $33$7'&� 2(� 
��&� 72(7$('."' 2(&0� �2%� &2#$�

#$"&*.$#$('&� ':"'�72(6*7'$6�($".� '2�: -:� '."33 7� 42"6 (-�.2"6&�  &� -$($."44;�: -:$.0��

�772.6 (-4;%�34*7'*"' 2(&� (�
��&�72(7$('."' 2(&�3.2#�2($�&"#14 (-�& '$�'2�"(2':$.%�

2.� 2($� 1.2! (7$� '2� "(2':$.� 6$1$(6� 2(� #$"&*.$#$('� 12 ('&� "&� =$44� "&� $# && 2(�

"#2*('&0� �$!$.':$4$&&%� 7"'$-2. 7"4� 6 33$.$(7$&� 8$'=$$(� 72(6*7'$6� 72(7$('."' 2(�

#$"&*.$#$('&�  (� ': &� &'*6;� = ':� 2':$.� 7 ' $&� #$"&*.$#$('&� 7"(� - !$� &2#$�

 (32.#"' 2(�"82*'�1244*' 2(�6$-.$$�23�':$�1.2! (7$%��5'":;"0�

�(� ': &� &'*6;%� 32.� 72#1". &2(� 28'" ($6� 6"'"� 3.2#� *.8"(� "(6� .*."4� &'"' 2(&� = ':�

4 '$."'*.$%� "� '=2� &'"-$� 72#1". &2(� 1.27$&&� ="&� 72(6*7'$60� 	 .&'4;%� #$"&*.$6�

72(7$('."' 2(&�  (� ': &� &'*6;� =$.$� 72#1".$6� = ':� ':$� 72(7$('."' 2(&� ':"'� =$.$�

#$"&*.$6� "'� 6 33$.$('� 1.2! (7$&� 23� 
*./$;0� �(6%� "'� ':$� &$72(6� &'"-$%� �
�U�

72(7$('."' 2(&� 28'" ($6�  (� ': &� &'*6;� 3.2#� 82':� &'"' 2(&� =$.$� 72#1".$6� = ':� ':$�

&2#$�&'*6 $&�':"'�=$.$�72(6*7'$6�"'�!". 2*&�427"' 2(&�".2*(6�':$�=2.460�

�(� "66' ' 2(� '2� #$(' 2($6� '=2� &'"-$%� "(2':$.�  #12.'"('� 72#1". &2(� &'*6;� ="&�

1$.32.#$6�8$'=$$(�*.8"(�"(6�.*."4�&'"' 2(&�=:$.$�=$.$�*&$6� (�': &�&'*6;�32.�&"#14$�

7244$7' 2(0��*'%� ': &� 72#1". &2(� &'*6;�="&� &*8# ''$6�  (�2($�23� ':$� 3*.':$.� &$7' 2(&�

 (6 ! 6*"44;%�8$7"*&$�23�': &� '�="&�(2'�6 &7*&&$6� (�': &�&$7' 2(0�

4.3.1 Comparison of data obtained in this study with other cities in Turkey 

�&�  '� ="&� &'"'$6� $".4 $.%� $&1$7 "44;� "4'$."' 2(&�  (� 72(7$('."' 2(&� 23� 2.-"( 7�

72#12*(6&� &'. 7'4;� 6$1$(6� 2(� 6 &'"(7$� 8$'=$$(� &"#14 (-� 427"' 2(� "(6� $# && 2(�

&2*.7$&� "&� =$44� "&� $# && 2(� "#2*('&� F�*.6"/*4%� ���EG0� �"#14 (-� & '$&� #";� 8$�

427"'$6�"'�6 33$.$('�6 &'"(7$&�3.2#�'."33 7�42"6 (-&%�12&& 84$� (6*&'. $&�2.�"(;�12&& 84$�

&2*.7$&� ".2*(6� ':$� &"#14 (-� &'"' 2(0� �2(&$?*$('4;%� 72#1". &2(� 23� 72(7$('."' 2(&�
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':"'�=$.$�#$"&*.$6� (�6 33$.$('�427"' 2(&�#";�(2'�8$�&*33 7 $('� (6 7"'2.� (6 ! 6*"44;�

'2�8$�"84$�'2�6$'$.# ($�#"Q2.�&2*.7$&�23�1244*'"('&0��2=$!$.%� '�7"(�- !$� (32.#"' 2(�

"82*'�1244*' 2(�6$-.$$�23�':$�.$4"'$6�1.2! (7$0�

�2#1". &2(� 23� ':$� "!$."-$� 
��&� 72(7$('."' 2(&� 28'" ($6�  (� ': &� &'*6;� 3.2#�82':�

*.8"(� "(6� .*."4� &'"' 2(&� = ':� &'*6 $6�  (� &2#$� 2':$.� 1.2! (7$&� 23� 
*./$;� ="&�

6$#2(&'."'$6�  (� ':$� 	 -*.$� E0�0� �2#$� 23� ':$&$� &'*6 $&� =: 7:� =$.$� 72(6*7'$6�  (�

�4 "+"%��(/"."%��*.&"�"(6��"4K/$& .�=$.$�1$.32.#$6�8;�':$�'$"#�#$#8$.&�23�2*.�" .�

?*"4 ';�.$&$".7:�-.2*1�3.2#���
�0��4':2*-:%�*&$6�6 33$.$('�&"#14 (-�'224&%�&*7:�"&�

7"( &'$.&�F�A*(1K(".%�����G%�2(4 ($���@	���&;&'$#�F�2+"(%����CY��*.6"/*4%����EG%�

1"&& !$� "6&2.1' 2(� '*8$&� F�"47K(%� ���C� Y�*#"(2+4*� $'� "40%� ���E� Y�48 .� $'�

"40%���M�Y�$# .%�$'�"40%�����G%�&"#$�"("4;' 7"4�#$':26242-;�=$.$�*&$6�32.�"44�23�':$&$�

&'*6 $&0� 
:*&%�  '� 7"(� 8$� &" 6� ':"'� 72#1". &2(� 23� $"7:� 6"'"� =$.$� 1$.32.#$6�  (�

"("4;' 7"44;� :2#2-$($2*&� 72(6 ' 2(&0� �� (*#8$.� 23� 12 ('�  &�  #12.'"('%� "(6� 3 .&'� 23�

':$#� &�:*-$�"#2*('�23�
��&�#$"&*.$#$('&�:"!$�8$$(�72(6*7'$6� (�
*./$;0�
:*&%�

 '�#"6$�12&& 84$�'2�*&$�9�6 33$.$('�&'*6 $&�".2*(6�
*./$;�32.�72#1". &2(�72(6*7' 2(�

2(4;� (�': &�&'*6;0�	*.':$.#2.$%�*&$6�9�6"'"�&$'� (74*6$6�2(4;�4 ''4$�1".'�23�':$�=:24$�

-$($."'$6�6"'"� (�
*./$;0�

�(2':$.�.$#"./"84$�12 ('� &�':"'�#$"&*.$6�
��&�7:"(-$6�8$'=$$(� (�"�4".-$�."(-$0�

	2.� $<"#14$%� 8$(A$($� ="&� #$"&*.$6� "&� �%99� "(6� �0T9� b-B#C�  (� *.8"(� "(6� .*."4�

&'"' 2(&�.$&1$7' !$4;� (� ': &�&'*6;%�=:$.$"&� (�2':$.�&'*6 $&� ': &�72(7$('."' 2(�!"4*$�

 (7.$"&$&� *1� '2� "82*'� ���b-B#C0� � � # 4".� 4".-$� ."(-$&�=$.$� 28&$.!$6� "#2(-� &2#$�

2':$.� &1$7 $&%� "(6� "&�  '� ="&� 74". 3 $6� $".4 $.%� ':$&$� ';1$&� 23� 6 33$.$(7$&�  (�

72(7$('."' 2(&� .$&*4'� 3.2#� 6 33$.$(7$&�  (� $# && 2(� "#2*('&%� #$'$2.242- 7"4�

72(6 ' 2(&� 6*. (-� &"#14 (-� 1$. 26%� "&� =$44� "&� &"#14 (-� &'"' 2(� 427"' 2(&� "(6� ':$ .�

6 &'"(7$&�3.2#�.$4$!"('�$# && 2(�&2*.7$&0�

�(�': &�&'*6;%�82':� (�.*."4�"(6�*.8"(�&'"' 2(&�"4#2&'�"44�#$"&*.$6�72(7$('."' 2(&�23�


��&� =$.$� ':$� 4$"&'� 72(7$('."' 2(&� =: 7:� ="&� #$"&*.$6� *1� '2� (2=�  (� 
*./$;0�

	*.':$.#2.$%�(2'�2(4;�#$"&*.$6�72(7$('."' 2(&�23�"(;�1".' 7*4".�
��&�=$.$�42=�8*'�

"4&2�=:24$�#$"&*.$6� 72(7$('."' 2(&� 23�
��&�=$.$� -$($."44;� 42=�  (��5'":;"0� 	2.�

': &� .$"&2(%�  '�="&� ':2*-:'� ':"'�
��&�72(7$('."' 2(&�=$.$�#*7:�#2.$� "33$7'$6�8;�

$# && 2(�"#2*('&�':"(�8;�&"#14 (-�427"' 2(&0��4&2%�
��&�72(7$('."' 2(&�#$"&*.$6��
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"'�.*."4�&'"' 2(�".$�':$�42=$&'�72(7$('."' 2(&�"#2(-�"4#2&'�"44�.$&*4'&%�"(6� '� &�(2'�"(�

*($<1$7'$6� 2*'72#$� "7'*"44;0� �$7"*&$%� "&�  '� ="&� /(2=(� ':"'� #"(;� 72(7$('."' 2(&�

#$"&*.$6�  (� "(� *.8"(� ".$"� -$($."44;� : -:$.� ':"(� .*."4� 72(7$('."' 2(&� 8$7"*&$� 23�

$# && 2(� "#2*('&%� "(6� "44� 23� $<7$1'� 6"'"� =$.$� 28'" ($6� 3.2#� !". 2*&� *.8"( A$6�

".$"&0��66 ' 2("44;%�72(7$('."' 2(&�#$"&*.$6�  (�*.8"(�".$"�  &� 42=$.� ':"(� ':$�2':$.&�

4 /$� #$"&*.$6� 72(7$('."' 2(&�  (� .*."4� &'"' 2(&%�  '� ="&� 6$6*7$6� ':"'� �5'":;"�  &� (2'�

*(6$.�':$� (34*$(7$�23�"�7. ' 7"4�
��&�$# && 2(�1.284$#0��(�':$�2':$.�:"(6%�#"(;�

&'*6 $&�:"!$�&:2=(�':"'��5'":;"� &�2($�23�':$�#2&'�'.2*84$6�1.2! (7$&�23�':$�
*./$;�

6*$�'2�72(!$(' 2("4� (2.-"( 7�1244*'"('&%�$&1$7 "44;� (�'$.#&�23������72(7$('."' 2(&�

FR"3$.��$!$421#$('��-$(7;%�����G0��(�72('."&'�= ':�: -:������72(7$('."' 2(&%�42=�


��&� 72(7$('."' 2(&�  (6 7"'$6� ':"'� &2*.7$&� 23�
��&� "(6� ����� �#*&'� 8$� 6 33$.$('�

3.2#�$"7:�2':$.00�
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4.3.2  Comparison of BTEX data obtained in this study with other cities 

around the world 

�
�U�7"(�8$�6$3 ($6�"&�&'.*7'*."44;�& # 4".�
��&�=: 7:�".$�("'*."4� (74*6 (-O&�23�

1$'.24$*#� 2. - (� 72#12*(6&� "(6� ':$;� 7"(� $('$.� ':$� $(! .2(#$('� 6*$� '2� 82':�

"(':.212-$( 7� "(6� 8 2-$( 7� &2*.7$&0� 	2.�  (&'"(7$%� ':$� #"Q2.� 8 2-$( 7� &2*.7$&� 23�

�
�U� ".$� !247"( 7� $# && 2(&� "(6� 32.$&'� 3 .$&%� 8$& 6$&� ':"'� #"Q2.� "(':.212-$( 7�

&2*.7$&�  (74*6$&� #2'2.� !$: 74$� "(6� " .7."3'� $<:"*&'&%� 72"4� 72#8*&' 2(%� "(6� "(;�

4$"/"-$� 6*. (-� 1$'.24$*#� '."(&32.#"' 2(%� 2.� "(;� &24!$('� *&"-$� $'70� F�$*&7:� X�

�".'/2=%�����G0��3� '� &�($7$&&".;�'2�&*##". A$�':$ .�&2*.7$&� (6 ! 6*"44;%� '�7"(�8$�

&" 6� ':"'� 8$(A$($�  &� *&$6� #2&'4;�  (� 72(&*#$.� 1.26*7'&� &*7:� "&� 14"&' 7&%� (;42(&%�

1" ('&%� &;(':$' 7� .*88$.&%� "(6� 7 -".$''$&0� 
24*$($�  &� 72##2(4;� *&$6� "&� &24!$('� 32.�

72"' (-&%� 1" (' (-&%� 2 4&� 2.� .$& (&� $'70� �':;48$(A$($� &2*.7$&� #";� 8$� & # 4".� = ':�

8$(A$($%� "(6� <;4$($&� ".$� *&$6� "&� &24!$('&� 4 /$� '24*$($� "(6� 1. (' (-%� .*88$.� "(6�

$&1$7 "44;� 4$"':$.�  (6*&'. $&�  (74*6$�  '� F���%� ���MG0� �2#1". &2(� 23� ':$� "!$."-$�

�
�U� 72(7$('."' 2(&� ':"'� =$.$� #$"&*.$6�  (� ': &� &'*6;� "'� 82':� *.8"(� "(6� .*."4�

&'"' 2(&�= ':�6 33$.$('�&'*6 $&� (�&2#$�2':$.�1".'&�23�':$�=2.46%�"(6�28'" ($6�.$&*4'&�

=$.$� &:2=(�  (� ':$� 	 -*.$� E0M0� � �.$! 2*&� '2� #"/$� "(;� 72##$('� "82*'� ':$�

72#1". &2(&� 8$'=$$(� .$4$!"('� 6"'"%� .$3$.$(7$� &'*6 $&� =$.$� &*##". A$6� 8$42=�

8. $34;Y�

� Hong Kong, China (Guo et al., 2007);

��@�9� 
��&� =$.$� #$"&*.$6� "'� 32*.� *.8"(� "(6� .*."4� & '$&�  (� �2(-� �2(-� 3.2#�

�$1'$#8$.%� ����� '2� �*-*&'%� ���C0� 
2� 7244$7'� " .� &"#14$&%� 74$"($6� "(6� !"7**#$6�

$4$7'.2@124 &:$6�&'" (4$&&�&'$$4�7"( &'$.&�=$.$�*&$6�"(6��E@:�&"#14 (-�="&�72(6*7'$6�

2(7$� $!$.;� & <� 6";&�  (� "� ;$".0��244$7'$6� &"#14$&�=$.$� "("4;A$6�= ':���@	���"(6�

���&;&'$#&�  (��( !$.& ';�23��"4 32.( "�"'� �.$($0�
2�6$'$.# ($� ':$�#" (�&2*.7$&�23�

$"7:�
��%�����= ':� "8&24*'$� &72.$&�#26$44 (-�="&�*&$6� "(6� .$&*4'&� &:2=$6� ':"'�

'."33 7�$# && 2(&�=$.$�#" (�&2*.7$&�23�
��&� (�*.8"(�"(6�&*8@*.8"(�".$"&�23��2(-�

�2(-� "(6� 2':$.� &2*.7$&� =$.$� 1$'.24$*#� $!"12."' 2(%�  (6*&'. "4� $# && 2(&%� "(6�

!". 2*&� &24!$('� *&"-$&0� L:$.$"&�  (� .*."4� & '$&� 23� ':$� 7 ';%� 72#8*&' 2(� &2*.7$&%�

 (6*&'. "4�"(6�8 2-$( 7�$# && 2(&�:"6�"(� #12.'"('�$33$7'&� (�
��&�72(7$('."' 2(&0�

�&� "� 72(74*& 2(%�  '� ="&� .$12.'$6� ':"'� "(':.212-$( 7� &2*.7$&� ".$� ':$� #"Q2.� 
��&�

&2*.7$&� (�*.8"(%�&*8@*.8"(�"(6�.*."4�".$"&�23��2(-��2(-0�
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� Beijing, China F�2(-%�$'�"40%����9G


: &� &'*6;� ="&� 72(6*7'$6�  (� 2.6$.� '2� #"/$� "� 72#1". &2(� 8$'=$$(� #2&'� 72##2(�

&2*.7$�"112.' 2(#$('�'$7:( ?*$&�=: 7:�".$����%�����U�"(6���	0�	2.�': &�" #%�

"#8 $('� 
��&� =$.$� 7244$7'$6� 6*. (-� �*-*&'%� ����� ':.2*-:� "� 6*"4� 72"< "4� 
$342(�

4 ($� &;&'$#� 2(� ':$� .223� 23� "� 8* 46 (-� =:$.$�  (� ':$� 7"#1*&� 23� �$/ (-� �( !$.& ';�

=: 7:�  &� &*..2*(6$6� 8;� : -:� 6$(& ';� '."33 7� .2"6&%� .$& 6$(' "4� ".$"&� "(6� &2#$�

$4$7'.2( 7�#"'$. "4&� 1.26*7$.&0��244$7'$6� &"#14$&�=$.$� "("4;A$6�= ':���@	��B���

&;&'$#� "(6� 28'" ($6� "!$."-$� 72(7$('."' 2(� !"4*$&� =$.$� .$12.'$6�  (� ':$� .$4$!"('�

".' 74$0� �$&*4'&� 6$6*7$6� ':"'� -"&24 ($� .$4"'$6� &2*.7$&%� ���� "(6� 1$'.27:$# 7"4�

1.26*7' 2(�=$.$�':$�#" (�
��&�&2*.7$&�".2*(6�':$�&"#14 (-�".$"0�

� Tokyo, Japan (Hosh et al., 2008);

�(� ': &� &'*6;%�72(7$('."' 2(&�23����
��&�=$.$�#$"&*.$6�  (� ':$�"#8 $('�" .�  (� '=2�

12 ('&� (�"(�*.8"(�427"' 2(�23�
2/;20���#2(':4;�&"#14 (-�1.27$6*.$�="&�72(6*7'$6�

3.2#� �1. 4%� ���C� '2� �".7:%� ����� "(6� &"#14$&� =$.$� 7244$7'$6� = ':� 7"( &'$.&� "(6�

"("4;A$6� *& (-���B��� &;&'$#0��$"&*.$6� "!$."-$� 72(7$('."' 2(&�=$.$� .$12.'$6�  (�

':$�".' 74$0�

� Shanghai, China (Cai ,et al., 2010);

�#8 $('� " .� &"#14$&� =$.$� 7244$7'$6� 3.2#� ':$� 72##$.7 "4� 7$('$.� 23� �:"(-:" �

8$'=$$(����M�"(6�����0��"#14$&�=$.$�7244$7'$6� (�"�6";�= ': (�C@:� ('$.!"4&�*& (-�

7"( &'$.&�"(6�"("4;A$6�= ':���B���&;&'$#0��3'$.� ('$.1.$'"' 2(�23�"44�6"'"�&$'%� '�="&�

6$6*7$6� ':"'� ':$� #2&'� "8*(6"('� 
��&� =$.$� '24*$($� "(6� 1.21"($0� �(6%� "44� 23�

#$"&*.$6�"!$."-$�72(7$('."' 2(&�=$.$�.$12.'$6�= ':�':$#0�

� Leeds, Liverpool and London, United Kingdom F�$.=$('%�$'�"40%�����G;

�(� 2.6$.� '2� #$"&*.$� �D� ��@�9� 
��&%� "(� :2*.4;� &"#14 (-� ="&� 72(6*7'$6� *& (-� "(�

2(4 ($����&;&'$#�= ':�':$.#"4�6$&2.1' 2(�"(6�7.;2-$( 7�'."11 (-�*( '�72(' (*2*&4;�

6*. (-��TTD0��&� '�="&�.$12.'$6�':"'�28'" ($6�6"'"�&$'�="&�2($�23�':$�4".-$&'�6"'"�&$'�

 (��*.21$�  (� ':"'�;$".0��"#14 (-�="&�72(6*7'$6�  (����&*8@*.8"(�"(6���.*."4�".$"&0�

�2&'�  #12.'"('� 
��&� &2*.7$&� =$.$� 32*(6� "&� #2'2.� !$: 74$&%� 1$'.24$*#� 1.26*7'&�

$!"12."' 2(%� ("'*."4� -"&%� "(6� !". 2*&�  (6*&'. "4� &2*.7$&0� �44� #$"&*.$6� "!$."-$�

72(7$('."' 2(&�=$.$�1.$&$('$6� (�':$�".' 74$0�
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� Munich, Germany F�"11$(-457/�X�	"8 "(%��TT9G;

�(�2.6$.�'2�6$'$.# ($��
�U�72(7$('."' 2(&�"'�'=2�*.8"(�427"' 2(&� (��*( 7:�"�&$# @

72(' (*$&� #$"&*.$#$('&� =$.$� 62($� *& (-� ��@	��� &;&'$#0� 	2.� ': &� " #%� &"#14$&�
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� Paris, France F� '@�$4"4%�$'�"40%����EG; 
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��&�=$.$�#$"&*.$6� (��". &�"(6�&"#14 (-�="&�72(6*7'$6�

 (�'=2�&$1$."'$�&*8@*.8"(�".$"�"(6�&"#14 (-�1$. 26�="&�6$'$.# ($6�"&�&*##$.�"(6�
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����@�
� &;&'$#&0� �8'" ($6� "!$."-$� 72(7$'."' 2(� !"4*$&� =$.$� &*8# ''$6�  (� ':$�
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� Barcelona, Spain F	 4$44"�X��$(*$4"&%����DG; 

�(�': &�&'*6;%�(2'�2(4;�12'$(' "4�
��&�&2*.7$&%�8*'�"4&2�6" 4;%�=$$/4;%�"(6�&$"&2("4�

7:"(-$&� (�
��&�72(7$'."' 2(&�=$.$�� (!$&' -"'$6� (�"�&*8@*.8"(�& '$�=:$.$� &�($".�
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.$12.'$6� (�':$�".' 74$0�

� Los Angles, New York and Washington D.C. F�"/$.%�$'�"40%����9G; 

�(� 2.6$.� '2� #$"&*.$6� "(6� 6$3 ($� #"Q2.� ����&�  (� �9� �( '$6� �'"'$6� 7 ' $&%� 32.� ��

=$$/&�$!$.;�&*##$.�3.2#��TTT�'2�����0��"#14$&�=$.$�7244$7'$6�= ':�7"( &'$.&�"(6�

"6$?*$'4;� !$(' 4"'$6� *.8"(� & '$&� =$.$� &$4$7'$6� 32.� &"#14 (-%� &2� "&� '2� 1.$!$('� "(;�

12 ('@&2*.7$� $33$7'0� �244$7'$6� &"#14$&� =$.$� "("4;A$6� = ':� ':.$$� 6 33$.$('� -"&�
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� New Orleans, USA (Chung, et al., 2009); 
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7"( &'$.&� "(6�2.-"( 7�!"12.�#2( '2.&� F�
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&"#14$&�=$.$�"("4;A$6�= ':���@���&;&'$#0�
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4 '$."44;�$<1.$&& !$�32.� ('$.1.$'"' 2(�23�28'" ($6�6"'"�&$'%�;$'� '�#";�:$41�*&�&2�"&�'2�

*(6$.&'"(6� 1244*' 2(� 6$-.$$� 23� .$4$!"('� 1.2! (7$&0� L:$(� &'*6 $&� $!"4*"'$6�  (� ': &�

#"(($.%� "772.6 (-� '2�	 -*.$� E0D�  '� 7"(� 8$� 6$6*7$6� ':"'��
�U�72(7$'."' 2(� ."(-$&�

8$='$$(��5'":;"�"(6�2':$.�&'*6 $&�".2*(6�':$�=2.46�-$($."44;�="&�4".-$�4 /$�2':$.�

7 ' $&� (�
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&$$(�3.2#�':$�	 -*.$�E0D%�'24*$($�72(7$('."' 2(� &�: -:$.�"'�':$�.*."4�&'"' 2(�':"(�"'�

':$� *.8"(� &'"' 2(0� �3'$.� &"#14 (-� 1$. 26� ="&� &'".'$6%� "� '.$"'#$('� 14"('� ="&�

72(&'*.7'$6�($".�'2�.*."4�&'"' 2(%�&2� '�="&�':2*-:'�':"'�.$4"'$6�72(&'.*7' 2(�=2./ (-&�

#";�7"*&$� '2� ': &�: -:� '24*$($�72(7$('."' 2(�  (� ': &� &'"' 2(0��(6�72(7$('."' 2(&�23�

2':$.� 72#12*(6&� =$.$� 42=$.� ':"(� #$"&*.$6� 72(7$'."' 2(&�  (� 72#1".$6� &'*6 $&0�
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�U� 72(7$('."' 2(&� -$($."44;� 6$1$(6&� 2(� "#2*('� 23� "*'2#28 4$&%� =:$(�  '�  &�

72#1".$6� = ':� 2':$.� 1".'&� 23� 
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�U�72(7$'."' 2(&0��
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8$�&$$(%��*.21$%��& "�"(6��2.':��#$. 7"� &�$(7242*.$6�= ':�-.$$(%�;$442=�"(6�6"./�

84*$�.$&1$7' !$4;0��('$.$&' (-4;%�72(7$'."' 2(&�7:"(-$�8$'=$$(�72(' ($('&0��$"&*.$6�

72(7$'."' 2(&�3.2#��2.':��#$. 7"(�&'*6 $&�=$.$�42=$.�':"(�2':$.�72(' ($('&0�
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4.4 Temporal Variations in Measured VOCs Concentrations 

Several parameters affects VOCs concetrations and their atmospheric reactivity in 

the ambient air. For this reason, investigation of temporal variations of measured 

VOC concetration is an important step for making a comprehensive data 

interpretation. 

VOCs concentrations may show important changes between especially summer and 

winter days due to several seasonal meteorological conditions, such as rainfall, high 

or low temperatures (Villanueva, et al., 2014). VOCs were much more effectively 

removed from ambient air by chemical reactions of VOCs with –OH radicals 

throughout summer due to higher temperature values and sunlight (Lee, et al., 2002). 

So, generally winter VOCs concentrations are higher than in summer. 

In this study, temporal variations of VOCs concetrations were investigated in the 

following three sub-sections. Firstly, time-series plots were created and shot-term 

temporal variations were discussed. And then, weekday and weekend variations of 

concetrations were compared and evaluated. Finally, seasonal variations in VOCs 

concetrations were investigated, and also possible effects of meteorological 

conditions on concentrations were taken into considerations for all of the three 

sections. 

4.4.1 Short-term variations of VOCs concentrations 

In order to show episodic alterations in VOCs concentrations during sampling 

period, time series plots were prepared for all target compounds. Relevant figures 

that was prepared for selected VOCs from both urban and rural stations were 

provided in the Figure. 4.7. 

All of time-series plots indicated apparent and sudden episodic changes in 

concentrations that are just as typically almost all environmental data sets. Transport 

patterns, increasing in emission amounts  and sudden changes in meteorological 

conditions are main reasons of episodic variations for regional concentration 

measurements (Doğan, 2013). For example, due to alteration of wind direction, 

pollutants may be transported from their sources to sampling locations, and some 

measured concentrations show a sudden increase. Later on, a new clean air mass 
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reaches from another wind sector, and the same concentrations may decrease 

abrubtly again. As a consequence, several episodes happens by these reasons 

commonly (Öztürk,et al., 2012 ; Kubilay & Saydam, 1995). In several studies in the 

literature, wind sector dependence was reported as main reasons of episodic 

variations in compounds atmospheric time-series (Xie & Berkowitz, 2006 ; Kim, et 

al., 2004 ; Doğan, 2013; Yurdakul, 2104). In addition to these factors, rainfall may 

be another reason of episodes. Rainfall can scavange gases in the atmosphere at 

different levels. Some gases, which are highly soluble in the water, can be scavanged 

effectively. Accordingly, atmospheric concentrations of soluble gases much more 

lower than concetrations of non-soluble gases in the atmosphere when it rains. 

Solubility of VOCs that was measured in this study is not very high, but it does not 

equal to zero at the same time. All of their solubility degree in water is different  

from each other. Thus, rainfall scavange all of target VOCs with different levels. 

Accordingly, each time series plots reflect all of these subjects. 

As it was stated eralier, atmospheric pollutants showed sudden episodic changes in 

time series. In order to clarify main reason of these sudden changes in concetrations 

which can be seen in the Figure 4.7,  meteorological parameters, especially variations 

of mixing height and ventiletion coefficient, wind direction, rainfall and temperature 

changes were considered. There were not any abrupt changes in temperature, rainfall 

amounts or wind direction. But, there were remarkable changes in mixing height and 

ventiletion coefficient values in the day that concentrations change suddenly 

comparing to former or the next day. Consequently, it was decided that changes in 

meteorological parameters may be the main reason of the related episodic changes in 

concentrations.  
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4.4.2 Weekday/Weekend variations of VOCs concentrations 

��!". $';�23�&'*6 $&� (�':$�4 '$."*.$�:"!$�&:2=$6�':"'�
��&�72(7$'."' 2(&�".$�#2&'4;�
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"7' ! ' $&� 2(� =$$/6";&� F�".' ($A� �0	0%� $'� "40%� ����G0� � �(� =$$/6";&%� #$"&*.$6�

"4/"($&%� "4/$(&� "(6� ".2#"' 7� :;6.27".82(&� &:2=$6� "� 62*84$� 1$"/� 1"''$.(� 6*$� '2�

'."33 7� 42"6 (-&�  (� "� 6";� F�" %� $'� "40%� ����G0� �2.$� 1.$7 &$4;%� 72(7$('."' 2(&� 23� "44�

1244*'"('&� =: 7:� $# '� 6*$� '2� '."33 7� $# && 2(&�  &� : -:$.�  (� =$$/6";&� ':"(� "'� ':$�

=$$/$(6&� -$($."44;0� �$7"*&$%� 2(� =$$/6";&� 1$214$� #*&'� *&$� #*7:� #2.$� #2'2.�

!$: 74$&�  (� 2.6$.� '2� -2� '2� =2./� 2.� ':$ .� "(;� 2':$.� .$?* .$#$('&0� �772.6 (-4;%�

$&1$7 "44;� (�*.8"(�& '$&�=$$/6";&�#*&'�8$�#2.$�#28 4$�':"(�=$$/$(6&�"(6� '�#$"(&�

 (7.$"& (-� (�$# && 2(&%�1".' 7*4".;�'."33 7�.$4"'$6�$# && 2(&0�

�(� ': &� &'*6;%� "!$."-$�=$$/6";FL���G� "(6�=$$/$(6FL����G� 72(7$('."' 2(&� 23�
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7"47*4"'$6� "&� �0E� a�0E0 
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4.4.3 Seasonal variations of VOCs concentrations 
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Table 4.3 �*##$.�"(6�= ('$.�&$"&2(�72(7$'."' 2(&�23�#$"&*.$6�
��&�"'�*.8"(�
&'"' 2( Table 4

��������������������������������������������������*##$.� ���������L ('$.�
� Mean Med. N Mean Med. N

�':"($� C0�Ta�0��� C0�M� E�� C0TTaE0��� �0E�� ���
�':;4$($� C0EDa�0C�� C0��� E�� �E0�a�C09� ��0�9� ���
�.21"($� �0CDa�0CD� �0�M� E�� M0C�aM0DD� E0E9� ���
�.21;4$($� C09CaM0E9� �0��� E�� 90EMa90T�� D0�9� ���
�&28*'"($� C09�a�09�� C0��� E�� ��0Ma��0�� M0M�� ���
�7$':;4$($� �0M�a�0EE� �0�D� E�� �0C�a�0��� �0MT� ���

."(&�@���@��*'$($� �0MCa�0EE� �09�� E�� �0M�a�099� �0CM� ���
��@��*'$($� �0E�a�0��� �0CE� E�� �0��a�0�T� �0M�� ���
� &@�@�*'$($� ��0��a90�� �D0M�� E�� ��0�a�M0C� �D0C�� ���
�;7421$('"($� �0CCa�0�M� �0C�� E�� �0M�a�0�M� �0C�� ���
�&21$('"($� C0��aC0DT� �09�� E�� M0�DaT0�T� C0D�� ���
(�@��$('"($� �0CCa�0��� �0�D� E�� �0Ta��0E�� �0D�� ���

."(&�@���@��$('$($� �0�Ea�0��� �0��� E�� �0ECa�0�E� �0�C� ���
��@��$('$($� �0�Ea�0�9� �0�T� E�� �0E�a�0��� �0��� ���
� &@�@��$('$($� �0��a�0�D� �0�E� CM� �0�Ma�0CM� �0�9� ET�
�%�@� #$':;48*'"($� �0�Ca�0�T� �09�� E�� �0C�a�0�E� �09T� ���
�%C@� #$':;48*'"($� �0CMa�0DD� �0��� E�� �0EDa�0��� �0�M� ���
�@�$':;41$('"($� �0�EaC09D� �0EC� E�� �0�9a�0ED� �0MM� ���
C@�$':;41$('"($� �0DDa�0TT� �0�M� E�� �0M�a�0T�� �0CD� EC�
�&21.$($� �0E�a�0C�� �0E�� E�� �0��a�0ED� �0EE� ���
(@�$<"($� �0��aM0EC� �0��� E�� �0�CaT0CT� �0E�� ���
�%E@� #$':;41$('"($� �099aE0ET� �0��� E�� �0ETa�0��� �0��� ���
�$(A$($� �09Da�0T�� �0DM� E�� �0D9a�0��� �0��� ���
�;742:$<"($� �0�Da�0�C� �0�C� E�� �0�Da�0DD� �0�T� ���
�@�$':;4:$<"($� �0CDa�0CM� �0�9� E�� �0TTa�0E�� �0ED� ���
�%C@� #$':;41$('"($� �0E9a�0EE� �0EC� E�� �0M�a�09C� �0EC� ���
C@�$':;4:$<"($� �0��a�0MM� �09D� E�� �0E�a�0C�� �0��� ���
�%�%E@
. #$':;41$('"($� �0T9a�09M� �0DM� E�� �0��a�0MM� �09C� ���
(@�$1'"($� �0EEa�0�E� �0�E� E�� �0MTa�09�� �0�9� ���
�$':;47;742:$<"($� �0�Ta�0��� �0��� E�� �0CEa�0C�� �0�C� ���
�%C%E@
. #$':;41$('"($� �0��a�0�T� �0�T� E�� �0�Ca�0��� �0�D� ���

24*$($� ��0M9a990DT� �09�� C9� �E0�aE�0�� 90D�� ���
�@�$':;4:$1'"($� �0MCa�0CD� �0�D� E�� �09Da�0E9� �0E�� EE�
C@�$':;4:$1'"($� �0�9a�0�C� �0�M� E�� �09�a�0��� �0CM� ���
(@�7'"($� �0�9a�0C�� �0�C� E�� �0DCa�0ME� �0E�� ���
�':;48$(A$($� �0M�a�0CE� �0CC� E�� C09Ma��0�� �0T�� ���
#%1@U;4$($� �0��a�0E�� �0��� CT� C0DMa��0E� �0ME� ���
�';.$($� �09Ma�0��� �0EM� E�� �0�Ta�0�M� �099� ���
2@U;4$($� �0��a�09M� �0DT� E�� E09a��0TE� �0C�� ���
�2("($� �0�Ta�0��� �0��� E�� �09Ca�0�M� �0C9� ���
�&21.21;48$(A$($� �0��a�0CE� �0��� CT� �0E�a�0�C� �0�D� ���
(@�.21;48$(A$($� �0EDa�0DM� �0�M� E�� �0��a�09T� �0�E� ���
#%1@�':;4'24*$($� �0�Ma�0CT� �0�M� ��� �0ECa�0E9� �0�9� CE�
�%C%�@
. #$':;48$(A$($� �0M�a�0��� �0EC� E�� �0�Ta�09�� �0MM� ���
2@�':;4'24*$($� �0DDa�0�C� �0CE� E�� �0TMa�0��� �0EM� ���
�%�%E@
. #$':;48$(A$($� �0�9a�0�M� �0E�� E�� �0T�a�0��� �0D�� ���
(@�$7"($� �099a�09M� �0M�� E�� �0C9a�0C�� �0D�� ���
�%�%C@
. #$':;48$(A$($� E0�CaD0��� �0CM� E�� E0�DaE0D�� C0CD� ���
1@� $':;48$(A$($� �0�Da�0��� �0CC� E�� �09Ma�0M9� �0�9� ���
(@�(6$7"($� �0M9a�0�C� �0�E� E�� �0M�a�09�� �0D�� ���
(@�26$7"($� 90�TaD0TM� M0C9� E�� 90EEaM09E� �0M�� ���
�
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Table 4.4 �*##$.� "(6� = ('$.� &$"&2(� 72(7$'."' 2(&� 23� #$"&*.$6� 
��&� "'�
�*."4�&'"' 2( Table 5

                                                  Summer                       Winter
� Mean Med N Mean Med N

�':"($� �09Ta�0M�� �0DD� �M� �0��a�0E�� �0M�� E��
�':;4$($� �0T9a�0D�� �09M� �T� �0�Da�0�E� C0�E� E��
�.21"($� �0�Ca�0M�� �0��� C�� C0E�aE0T�� �0T�� E��
�.21;4$($� �0TEa�0CT� �0�D� C�� C0�EaC09T� �0D�� E��
�&28*'"($� �0MMa�0MT� �0D�� C�� E0T�aM0EE� �0CC� EE�
�7$':;4$($� �0�Ca�0��� �0�9� �T� �0T�a�0�T� �0D�� E��

."(&�@���@��*'$($� �0E9a�0C�� �0ET� �9� �0C�a�0��� �0�T� E��
��@��*'$($� �0�9a�0��� �0�T� �T� �0M�a�0��� �0C�� E��
� &@�@�*'$($� ��0�MaT0E� M0M�� C�� �C09a�C0�� T0EE� EE�
�;7421$('"($� �0�Ma�0��� �0�D� �T� �0C�a�0E9� �0�9� EE�
�&21$('"($� �0D�aC0E�� �0D�� C�� E0CDa��0�� �099� EE�
(�@��$('"($� �0�Da�0�D� �0CM� C�� �0��aE0C�� �09�� EE�

."(&�@���@��$('$($� �0��a�0��� �0�T� �T� �0�Ta�0CD� �0�T� EC�
��@��$('$($� �0�Ma�0�E� �0�E� �T� �0�Ta�0C�� �0�9� EE�
� &@�@��$('$($� �0��a�0��� �0��� �T� �0�Ma�0�M� �0�E� E��
�%�@� #$':;48*'"($� �0�Ta�0�9� �0��� C�� �0D�a�0DT� �0��� EE�
�%C@� #$':;48*'"($� �0�Ta�0�T� �0�E� C�� �0C�a�09D� �0�T� EC�
�@�$':;41$('"($� �0��a�0��� �0��� �E� �0DCaC0T�� �0��� E��
C@�$':;41$('"($� �0�Ea�0�C� �0��� �9� �09Da�0D�� �0C�� E��
�&21.$($� �0CDa�0��� �0C�� C�� �0E�a�09�� �0�M� EE�
(@�$<"($� �0T�a�09�� �0DE� �9� C0D�aD09M� �0DE� EE�
�%E@� #$':;41$('"($� �0�Ea�0�D� �0��� C�� �0�Ta�0�9� �0�T� EC�
�$(A$($� �0EMa�0C�� �0E�� C�� �0CCa�0��� �0�T� EE�
�;742:$<"($� �0TEaE0��� �0��� �T� �0MMa�0�9� �0C9� EE�
�@�$':;4:$<"($� �0��a�0�9� �0��� �T� �0DCa�0TD� �0CT� EE�
�%C@� #$':;41$('"($� �0E�a�0�D� �0CM� �M� �0CMa�0CD� �0�D� EC�
C@�$':;4:$<"($� �0T9a�0DE� �0C�� C�� �0�Ma�0�T� �0T�� EE�
�%�%E@
. #$':;41$('"($� �0M�a�0E9� �0M�� C�� �0D�a�0E�� �0�M� EE�
(@�$1'"($� �0E�a�0�C� �0CC� C�� �0DDa�0TC� �0CT� EE�
�$':;47;742:$<"($� �0��a�0�9� �0�T� C�� �0CEa�0EC� �0��� EE�
�%C%E@
. #$':;41$('"($� �0�Ta�0C�� �0��� C�� �09�a�0�C� �0�T� E��

24*$($� �09Da�0��� �0�M� ��� ET0Ta9M0�� �E0ET� C9�
�@�$':;4:$1'"($� �0�Da�0�C� �0�D� �M� M0�TaC90�� �0��� CT�
C@�$':;4:$1'"($� �0�Ta�0D�� �0��� C�� �0��a�0DC� �0C�� EC�
(@�7'"($� �0��a�0�M� �0��� C�� �0�Ea�0D�� �0CD� EE�
�':;48$(A$($� �0E�a�0��� �0�D� C�� �0DDa�0DT� �0�E� EE�
#%1@U;4$($� �0�Ea�09T� �0�9� �T� C0EEaD0��� �099� EE�
�';.$($� �0�9a�0D�� �0DC� C�� �09�a�099� �0�D� EE�
2@U;4$($� �0�Ca�0�M� �0CE� C�� �0CTaC0TT� �09E� EC�
�2("($� �0�Ea�0��� �0�9� C�� �0�Ta�0TE� �0CD� EE�
�&21.21;48$(A$($� �0�Ca�0�9� �0�D� �9� �0�Ea�0��� �0�T� EC�
(@�.21;48$(A$($� �0�Da�0ME� �0�T� C�� �0ECa�0�E� �0�T� EC�
#%1@�':;4'24*$($� �0�Ta�0�T� �0��� D� �0C�a�0CE� �0�9� �M�
�%C%�@
. #$':;48$(A$($� �0�Ta�0�T� �0��� C�� �0�9a�0D�� �0��� EC�
2@�':;4'24*$($� �0��a�0��� �0��� �D� �0�9a�0DE� �0CM� EC�
�%�%E@
. #$':;48$(A$($� �0MCa�0DM� �0��� �T� �0�Ma�0DE� �0C�� EC�
(@�$7"($� �0��aD0��� �0EE� C�� �0��a�0��� �0CE� EC�
�%�%C@
. #$':;48$(A$($� �0MMa�0�D� �0��� C�� �0MDa�09E� �0��� EC�
1@� $':;48$(A$($� �09�a�0TM� �0�9� C�� �0ECa�0E�� �0CC� E��
(@�(6$7"($� �0�Da�0�T� �0MD� C�� �0�Ta�0��� �0M�� EC�
(@�26$7"($� E0C�aC09�� C0EE� C�� �0�CaM0C�� �0�9� EC�
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4.5. Effect of local meteorology on measured VOC concentrations at urban and 
rural stations 

�(� ':$� 1.$! 2*&� 1".'&� 23� ':$� &'*6;%� $33$7'&� 23� � #$'$2.242- 7"4� 72(6 ' 2(&� 2(� 
��&�

72(7$'."' 2(&� =$.$� &'"'$60� �(6%�  (� ': &� &$7' 2(� $33$7'&� 23� .$4"'$6� 1"."#$'$.&� 2(�

72(7$('."' 2(&�=$.$� (!$&' -"'$6�"(6�&:2=$6� (�1.$1".$6�3 -*.$&� (�#2.$�6$'" 40�

�27"4�#$'$2.242-;�$33$7'&�#$"&*.$6�72(7$('."' 2(&�23�"(;�" .�1244*'"('&�& -( 3 7"('4;�

"&� =$44� "&� $# && 2(� "#2*('&%� $&1$7 "44;�  (� *.8"(� 427"' 2(&0� �(� ':$� 2':$.� :"(6%�

72(!$7' 2(� 23� " .� 1244*'"('&� 3.2#� $# && 2(� &2*.7$&� :"!$� "(�  #12.'"('� $33$7'� 2(�

72(7$'."' 2(&�23�1244*'"('� (�':$�"'#2&1:$.$�0��2=$!$.%�': &�3"7'2.� &�#2.$� #12.'"('�

32.�.*."4�& '$&�':"(�*.8"(�& '$&�6*$�'2�427"4�$# && 2(&�=: 7:�7"(�72#14$'$4;�72!$.�':$�

$33$7'&�23�.$#2'$�$# && 2(&�F� (6"1%$'�"40%����DG0��

4.5.1  Effect of temperature on measured VOC concentrations 


$#1$."'*.$� #";� "33$7'� #$"&*.$6� 
��&� 72(7$('."' 2(&�  (� '=2� =";&0� 	 .&'4;%�

.$"7' 2(� ."'$&� 23� 2< 6"' 2(� .$"7' 2(&�  (7.$"&$� = ':� : -:� '$#1$."'*.$&� "(6� 
��&�

.$#2!$6� 3.2#� ':$�"'#2&1:$.$� F�"�X�� #%��:$# 7"4�#"&&�8"4"(7$� .$7$1'2.�#26$4�

"114 $6� '2� "#8 $('� ��@�T� 
��� 72(7$('."' 2(�  (� �$2*4%� �2.$")� $33$7'� 23� 7:$# 7"4�

.$"7' 2(� 42&&$&%� ���MG0� �2%� 6*$� '2� '$#1$."'*.$� 6$1$(6$(7$� 23� 2< 6"' 2(� .$"7' 2(&%�


��&� &:2=� "� 6$7.$"&$�  (� 72(7$('."' 2(&� ':"'� ="&� #$"&*.$6�  (� &*##$.0�

�2..$&12(6 (-4;%� 72(7$('."' 2(&� 23� 
��&� = 44� 8$� : -:$.�  (� = ('$.� ':"(� &*##$.%�

$!$(� 3�$# && 2(�"#2*('&�".$�':$�&"#$� (�'=2�&$"&2(&0�

�$72(64;%�6*$�'2� (7.$"&$� (�$!"12."' 2(�."'$&�23�&2#$�
��&� (�&*##$.%�=: 7:�".$�

$&1$7 "44;� &24!$('� .$4"'$6� 72#12*(6&%� 72(7$('."' 2(&� 23� ':$#� 422/� 4 /$�  (7.$"& (-�

= ':�: -:�'$#1$."'*.$0��2(&$?*$('4;%�$"7:�
��&�#";�&:2=�6 33$.$('�1"''$.(&�= ':�

'$#1$."'*.$�!". "' 2(&0� �(� ': &�&'*6;%�&$4$7'$6�
��&�=$.$�1.2! 6$6� (�	 -*.$�E0�C"�

"(6� 8�  (� 2.6$.� '2� &:2=� ':$ .� 8$:"! 2*.&� "772.6 (-� '2� 6$1$(6$(7$� 2(� '$#1$."'*.$�

6 33$.$(7$&0� 
��&� =$.$� 6 ! 6$6�  ('2� '=2� -.2*1&0� 	 .&'� 2($� &:2=&� "� 6$7.$"&$�  (�

72(7$('."' 2(&�= ':� (7.$"& (-�'$#1$."'*.$0��':;4$($%�1.21"($%�"7$':;4$($�"(6�#%1@

<;4$($�=$.$�$<"#14$&� 32.� ': &�-.2*10�
:$;�".$�/(2=(�"&� ':$�#2&'� 72##2(� '."33 7�

.$4"'$6�
��&%�$<7$1'�$':;4$($�"(6�1.21"($�F�*.6"/*4%����EG0��2%�':$�#" (�.$"&2(�23��
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': &�7:"(-$�7"(�(2'�8$�.$4"'$6�'2�7:"(-$&�8$'=$$(�'$#1$."'*.$&0�
: &�7:"(-$�#2&'4;�

.$&*4'&�3.2#� (7.$"&$&� (�# < (-�:$ -:'�"(6�!$(' 4"' 2(�72$33 7 $('�!"4*$&� (�&*##$.%�

"'�':$�&"#$�' #$�=:$(�'$#1$."'*.$� &�: -:0�
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�':;4$($�"(6�1.21"($%�=: 7:�".$� (�':$�3 .&'�-.2*1%�".$�.$4$"&$6�'2�"'#2&1:$.$�6*$�'2�

("'*."4�-"&�*&"-$� F�*.6"/*4%����EG0��772.6 (-� '2��(! .2(#$('"4��'"'*&��$12.'� 32.�

�5'":;"�  (� ���E%� ("'*."4� -"&� :"!$� 8$$(� *&$6�  (� "44� 1*84 7� 8* 46 (-&� "(6� D9H� 23�

.$& 6$('"4� ".$"&� 23� ':$� 7 ';�  (� .$7$('� ;$".&0� �*$� '2� :$"' (-� 1*.12&$&%� ("'*."4� -"&�

.$4"'$6�$# && 2(&�".$�: -:$.� (�= ('$.�':"(�&*##$.0��4':2*-:%�# < (-�:$ -:'�6 6�(2'�

7:"(-$�&$"&2("44;%�!". "' 2(&�23�':$&$�72#12*(6&�= ':�'$#1$."'*.$�=2*46�8$� (�': &�

#"(($.� ?* '$� 4 /$4;0� 
: &� !". "' 2(� 1"''$.(�  &� (2'� "77$1'"84$� 2(4;� 32.� #$(' 2($6�


��&%� 72(7$('."' 2(� 23� "� #"Q2. ';� 23� '".-$'� 72#12*(6&� 6$7.$"&$� = ':�  (7.$"& (-�

'$#1$."'*.$0��

�2(7$('."' 2(&� 23� ':$� &$72(6� -.2*1� 23� &$4$7'$6� 
��&� 62� (2'� &:2=� "(� $<14 7 '�

!". "' 2(� = ':� '$#1$."'*.$0� �;7421$('"($%� 1@6 $':;48$(A$($%� (@*(6$7"($� "(6� (@

626$7"($� .$1.$&$('� ': &� &$72(6�-.2*1�  (� ':$�	 -*.$�E0�D0�
:$&$�
��&�".$� *&$6� "&�

&24!$('� (�6 33$.$('�".$"&0��*$�'2�: -:�$!"12."' 2(�."'$&� (�&*##$.%�$# && 2(�23�':$&$�

&24!$('�.$4"'$6�72#12*(6&�".$�$<1$7'$6�'2�8$�: -:$.� (�&*##$.�':"(�= ('$.0��$7"*&$�

23�': &%� '� &�6$7 6$6�':"'�: -:$.�# < (-�:$ -:'�!"4*$&� (�&*##$.�".$�(2'�&*33 7 $('�'2�

6$7.$"&$�72(7$'."' 2(&�23�':$&$�72#12*(6&0�

�(�"66 ' 2(�'2�':$&$�'=2�-.2*1&%�&2#$�72#12*(6&%&*7:�"&�'24*$($%�$':;48$(A$($%�2@
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4.5.2  Effect of wind speed on measured VOC concentrations 
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4.5.3  Effect of rainfall on measured VOCs concentrations 
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4.5.4  Effect of mixing height on measured VOCs concentrations 

�&� '�="&�&'"'$6�  (� ':$��$7' 2(�E0�%�# < (-�:$ -:'�  &�!$.;�  #12.'"('�#$'$2.242- 7"4�

1"."#$'$.�':"'� &�*&$6�32.� ('$.1.$'"' 2(�23�28'" ($6�6"'"�&$'0��'�.$3$.&�'2�':$�6 &'"(7$�

8$'=$$(� 4";$.� "(6� -.2*(6� 4$!$4� =: 7:� .$4$"&$6� " .� 1244*'"('&� 7"(� 8$� !$.' 7"44;�

6 &1$.&$6� "(6� # <$6� 1.21$.4;� 8$7"*&$� 23� 72(!$7' 2(%� 2.� #$7:"( 7"4� '*.8*4"(7$�

F�$ 8$.'%� ����G0� �3� # < (-� :$ -:'�  &� 42=%�  '� #$"(&� : -:� "'#2&1:$. 7� &'"8 4 ';� "(6�

4 # '$6�!$.' 7"4�'."(&12.'"' 2(�23�"(;�1244*'"('0��(�':$�72('.".;%�=:$(�# < (-�:$ -:'�

 &�: -:%�1244*'"('&�".$�6 4*'$6�"(6�':$ .�72(7$('."' 2(&�6$7.$"&$�72(&$?*$('4;F
$-"%�
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=:$(�# < (-�:$ -:'� &�42=0�
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':"(�  (� &*##$.%� "(6� 72(7$('."' 2(&� 23� '".-$'� " .� 1244*'"('&�  (7.$"&$�  (� = ('$.�

F�"Q*#6".%$'� "40%����G0� � < (-� :$ -:'� !"4*$&%� =: 7:� =$.$� #$"&*.$6� '= 7$� "� 6";%�
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4.5.5  Effect of ventilation coefficient on measured VOCs concentrations 


$(' 4"' 2(�72$33 7 $('�  &�"(2':$.�  #12.'"('�#$'$2.242- 7"4�1"."#$'$.�=: 7:�&:2*46�

8$�'"/$(� ('2�72(& 6$."' 2(�=: 4$�#"/ (-� ('$.1.$'"' 2(�23�28'" ($6�6"'"�&$'&�8$7"*&$�

23�  '&�$33$7'�2(�!". "' 2(&�23�72(7$('."' 2(&�23�"(;�" .�1244*'"('&0� �'�  &�72(& 6$."84;�

.$4"'$6� = ':� # < (-� :$ -:'� "(6� = (6� &1$$60� �2.$2!$.%�  '� ="&� 7"47*4"'$6� 8;�

#*4' 14 7"' 2(�23�# < (-�:$ -:'�"(6�= (6�&1$$6�!"4*$&�F�$(-%�$'�"40%�����G0�


$(' 4"' 2(�72$33 7 $('� &�':$�1.26*7'�23�# < (-�:$ -:'�6"'"�= ':�':$�.$4$!"('�= (6�&1$$6�

6"'"0� 	2.� ': &� &'*6;%� :2*.4;� !$(' 4"' 2(� 72$33 7 $('&� =$.$� 7"47*4"'$6� ':.2*-:� ':$�

#*4' 14 7"' 2(�23�:2*.4;�# < (-�:$ -:'&�= ':�':$�72..$&12(6 (-�= (6�&1$$6&0�
$(' 4"' 2(�

72$33 7 $('�  &�  #12.'"('� "&�  '� - !$&�  (32.#"' 2(� 2(� ':$� "&& # 4"' !$� "(6� !$(' 4"' 2(�

7"1"7 ';�23�':$�"'#2&1:$.$�F�*�$'�"40%�����G0��'�"4&2�:"&�"(�$33$7'�2(�':$�6 4*' 2(�23�':$�

1244*'"('� 72(7$('."' 2(&�  (� ':$� "'#2&1:$.$� "(6� '"/$&� .24$� 6*. (-� ':$� .$#2!"4� 23� ':$�

72#12*(6&� 3.2#� ':$� " .� F�*� $'� "40%� ����G0� �&�  '� ="&� &'"'$6� 8$32.$%� : -:� !$(' 4"' 2(�

72$33 7 $('&� '2-$':$.� = ':� : -:� # < (-� :$ -:'&� 6 4*'$� "(6� :$(7$� 42=$.� ':$� &1$7 $�

72(7$('."' 2(&� (�':$�"'#2&1:$.$0 

�(�': &�&'*6;%�:2*.4;�# < (-�:$ -:'�!"4*$&�=$.$�7"47*4"'$6�"&�&'"'$6� (�':$�1.$! 2*&�

&$7' 2(0��3'$.�':"'%�28'" ($6�.$&*4'&�=$.$�#*4' 14 $6�8;�.$4"'$6�= (6�&1$$6�6"'"%�"(6�

!$(' 4"' 2(� 72$33 7 $('� ="&� 1.26*7$6� :2*.4;0� 	 ("44;%� 6" 4;� "!$."-$� !"4*$&� =$.$�

7"47*4"'$6� "(6�  (� 2.6$.� '2�  (!$&' -"'$�  '&� $33$7'� 2(� #$"&*.$6� 72(7$('."' 2(&%�

!$(' 4"' 2(�72$33 7 $('�!$.&*&�
��&�72(7$('."' 2(&�-."1:&�=$.$�142''$6�32.�"44�'".-$'�


��&%�':$(�&2#$�23�':$#�=$.$�&$4$7'$6%�"(6�&:2=$6� (�':$�	 -*.$�E0�90�
$(' 4"' 2(�

72$33 7 $('� 7"*&$&� '2� & # 4".� '.$(6� = ':� # < (-� :$ -:'�  (� !". "' 2(&� 23� 1244*'"('�

72(7$('.$"' 2(&�  (� ':$� "'#2&1:$.$0� �"#$4;%� : -:� !$(' 4"' 2(� 72$33 7 $('&� .$6*7$�

1244*'"('� 72(7$('."' 2(&� ':.2*-:�  (34*$(7$� 2(� 6 4*' 2(� 23� 72(7$('."' 2(&� F�$ 8$.'%�

����G0��(6%�"&� '�7"(�8$�&$$(� (�':$�	 -*.$�E0�9%�': &�$<1$7'$6�1"''$.(�="&�"7: $!$60�

�&�  (� ':$� 7"&$� = ':� # < (-� :$ -:'%� '=2� -.2*1&� 23� 8$:"! 2*.� ="&� 6$'$.# ($6� 32.�

!". "' 2(� 23� '".-$'� 
��&� 72(7$('."' 2(&� = ':� !$(' 4"' 2(� 72$33 7 $('� !"4*$&0�

�2(7$('."' 2(&� 23� &2#$� 
��&� =: 7:� :"!$� .$4"' !$4;� 72(&'"('� $# && 2(� "#2*('&%�

&*7:� "&� 8$(A$($� "(6� "7$':;4$($%� 6$7.$"&$� = ':�  (7.$"& (-� !"4*$&� 23� !$(' 4"' 2(�

72$33 7 $('0��" (�.$"&2(�23�': &�& '*"' 2(� &�82':�3*.':$.�6 &1$.& 2(�23�1244*'"('&� (�"��



�

��M�

4".-$.� !24*#$� = ':�  (7.$"&$�  (� !$(' 4"' 2(� 72$33 7 $('%� "(6� 8$ (-� #2.$� $33$7' !$�

!$(' 4"' 2(�6*$�'2�= (6�&1$$60�


:$�&$72(6�-.2*1�  &� &24!$('� .$4"'$6�
��&�=:2&$�82':� &*##$.�72(7$('."' 2(&�"(6�

!$(' 4"' 2(� 72$33 7 $('&� ".$� : -:0��2%�  '� 7"(�8$� &'"'$6� ':"'� ':$.$�  &� (2'� "(� "11$".$('�

.$4"' 2(&: 1� 8$'=$$(� !$(' 4"' 2(� 72$33 7 $('� "(6� 72(7$('."' 2(� 23� &24!$('� .$4"'$6�


��&�"&� (�# < (-�:$ -:'0�

�

Figure 4.18 �33$7'�23�!$(' 4"' 2(�72$33 7 $('�2(�72(7$('."' 2(&�23�&$4$7'$6��


��&��"'�F"G�*.8"(�"(6�F8G�.*."4�&'"' 2(& Figure 0-16



�

��9�

4.6 Variation of VOCs concentrations with wind direction : contribution of 
power plants 
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4.7 Comparison of Obtained VOCs Concentrations in This Study with Urban 
and Rural Station in the Same Period 
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28'" ($6�.$&*4'&�3.2#�82':�&"#14 (-�&'"' 2(&�=$.$�72#1".$6�"(6�6 &7*&&$6� (�6$'" 4%�
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4.8 VOCs Ratios 
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CHAPTER 5 

SOURCE APPORTIONMENT 

5.1 Positive Matrix Factorization (PMF) in Rural Station 

After several trials, 8 and 9 factor solutions were evaluated in detail according to an 

approach which was explained in the Section 3.6, and 8 factor solution was found to 

be most explainable. The Qtheoretical and Qrobust values were 1812 and 4281, 

respectively. The ratio of Qrobust-to-Qtheoretical was 2,4 indicating a reasonable quality 

of the model fit. Factor loadings and percentage of measured VOC concentrations in 

factor profiles are given in Tables 5.1 and 5.2, respectively. 

Table 5.1 Measured VOC concentrations in factor profiles for rural stationTable 7 

 F1 F2 F3 F4 F5 F6 F7 F8 

                            (µg/m3) 

Ethane 0.07 0.00 0.78 0.02 0.06 0.06 0.00 0.07 

Ethylene 1.96 0.00 0.24 0.13 0.47 0.21 0.16 0.25 

Propane 0.34 0.12 0.14 0.20 1.20 0.07 0.13 0.20 

Propylene 0.67 0.00 0.02 0.08 0.62 0.14 0.07 0.22 

Isobutane 0.84 0.00 0.04 0.13 0.91 0.19 0.00 0.32 

Acethylene 0.20 0.21 0.05 0.01 0.11 0.00 0.01 0.01 

Trans - 2 - Butne 0.00 0.00 0.08 0.00 0.12 0.00 0.13 0.02 

1 - Butene 0.06 0.00 0.01 0.02 0.18 0.02 0.08 0.03 

Cis-2-Butene 1.24 0.08 0.23 0.88 2.68 0.84 6.59 0.38 

Cyclopentane 0.03 0.00 0.01 0.01 0.11 0.00 0.04 0.02 

Isopentane 0.50 0.06 0.14 0.03 0.30 0.28 0.11 0.40 

n - Pentane 0.13 0.08 0.03 0.09 0.05 0.18 0.08 0.08 

Trans - 2 – Pentn 0.02 0.00 0.01 0.02 0.02 0.00 0.01 0.01 

1 - Pentene 0.03 0.00 0.05 0.02 0.05 0.00 0.07 0.01 

2-Methylpentane 0.00 0.23 0.02 0.00 0.02 0.16 0.02 0.04 

Isoprene 0.04 0.00 0.03 0.00 0.16 0.01 0.09 0.03 

n-Hexane 0.00 0.79 0.00 0.00 0.00 0.69 0.18 0.16 

2,4-Dimethylpen 0.00 0.08 0.04 0.00 0.01 0.09 0.01 0.02 

Benzene 0.23 0.20 0.00 0.18 0.20 0.02 0.04 0.01 

2-Methylhexane 0.02 0.06 0.00 0.04 0.04 0.06 0.08 0.04 

3-Methylhexane 0.08 0.10 0.00 0.04 0.13 0.10 0.78 0.04 

n-Heptane 0.05 0.05 0.01 0.06 0.08 0.03 0.10 0.03 

2,3,4-Trimethylp 0.01 0.02 0.01 0.02 0.01 0.00 0.02 0.01 

Toluene 1.68 0.00 0.00 0.00 1.18 12.36 0.00 1.86 



 

132 

Table 5.1 (Continued) 

 F1 F2 F3 F4 F5 F6 F7 F8 

                              (µg/m3) 

n-Octane 0.05 0.04 0.01 0.02 0.11 0.05 0.07 0.04 

Ethylbenzene 0.10 0.02 0.03 0.03 0.12 0.12 0.07 0.61 

m,p-Xylene 0.20 0.04 0.03 0.03 0.23 0.21 0.07 1.37 

Styrene 0.08 0.07 0.04 0.09 0.02 0.03 0.25 0.04 

o-Xylene 0.13 0.11 0.02 0.09 0.12 0.10 0.10 0.86 

Nonane 0.02 0.02 0.01 0.03 0.12 0.06 0.03 0.21 

Isopropylbenzene 0.00 0.04 0.03 0.04 0.00 0.02 0.02 0.03 

n-Propylbenzene 0.01 0.03 0.01 0.05 0.02 0.02 0.02 0.02 

1,3,5-Trimethyb 0.03 0.04 0.00 0.07 0.17 0.06 0.02 0.18 

1,2,4-Trimethylb 0.00 0.06 0.03 0.11 0.03 0.02 0.08 0.04 

n-Decane 0.00 0.02 0.09 0.05 0.20 0.10 0.00 0.14 

n-Dodecane 0.03 0.18 0.00 3.62 0.03 0.12 0.39 0.18 
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Figure 5.5 � "-(2&' 7�3 -*.$&�32.�3"7'2.��� (�.*."4�&'"' 2( Figure 0-5
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Figure 5.7 � "-(2&' -�3 -*.$&�32.�3"7'2.�M� (�.*."4�&'"' 2( Figure 0-7 
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5.2 Positive Matrix Factorization (PMF) in Urban Station 
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CHAPTER 6 

CONCLUSIONS 

6.1 Conclusions 
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