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Abstract 

  Volatile organic compounds are toxic chemistry matters which exist in outdoor and indoor 

generally, even in car. In Taiwan, in car concentrations of VOCs were roughly more than 2~5 times of 

outdoor concentrations, so it is worthy to protect human health from hazarding by treating those VOCs. 

However, the power system of automobile is lower and results in a problem to control in car VOCs. It 

is interesting to reduce in car VOCs emission effectively with high efficiency and long time 

effectiveness control techniques, such as reasonable and low cost control techniques- UV/TiO2 with 

activated carbon control system. The study utilized the advantage of high adsorbed ability of activated 

carbon and high long-term performance of photodegradation of TiO2 photocatalyst to develop the 

hybrid reactor for improving the in car air quality. The tested concentrations of VOCs were ranged 

from600, 1000 and 1400ppm.  Additionally, the temperatures were operated from 15°C to 35°C. The 

examined pollutants were toluene, xylene and ethyl benzene, respectively. The results showed that the 

toluene removal rate with TiO2 photocatalyst were 14.2% under not illumination. The removal rate 

could be up to 74.1% under illumination. Furthermore, the removal rate were higher than 98.5% when 

combining TiO2 photocatalyst with activated carbon under illumination.  

 

Key words：：：：VOCS, photo-catalytic, packing bed, activated carbon  
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ၾɔਿ߽i๝ܓ዁Ъ׵ ��e��e��฀ĊdԨઞীί΢၇ʔΝૢ΁ɨၾஈଣࣖଟٙ

ᗫڷf฀

฀฀฀฀
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���������฀฀�฀฀�฀฀�฀฀ྼ ᜕ண௪ྼ᜕ண௪ྼ᜕ண௪ྼ᜕ண௪฀฀฀฀

��������મᅵଧમᅵଧમᅵଧમᅵଧj���N-dೌЍޚᆨҿሯdڝᑮૅଧႊdଧႊʫᛖݯ᚜މᎲྦ˪f฀

��������૰০૰০૰০૰০jjjj᜗ጐމ ��Ǆ-ٙ૰০ɓ˕f฀

��������ं০ं০ं০ं০jjjj᜗ጐމ ��N-e�N-e�N- ं০΢ɓ˕f฀

��������ञᇌञᇌञᇌञᇌjjjjԴ͜๝̙ܓ༺ ���฀Ċ฀f฀

��������ર๧ᓞર๧ᓞર๧ᓞર๧ᓞf฀

༻ඎ̙ݴjjjjࠇඎݴࠇඎݴࠇඎݴࠇඎݴ�������� ���฀-�NJOf฀

৵༺jjjjՈ௪ᕐं੗̌ঐd˸ԣ˟ဍंf฀ंפ༻৵ंפ༻৵ंפ༻৵ंפ��������


ᄴؓᄃf$PMVNO�฀+�8޴ʕ਷ंމjᅀ೐%*'�$)މᄴؓᄃjjjj޴ᄴؓᄃं޴ᄴؓᄃं޴ᄴؓᄃं޴ं��������฀%#����
฀��N฀

Ò฀����NN฀Ò฀�ǄN�฀฀

ʱؓૢ΁j($࢛ءɹʘ๝ܓணމ���Ċdਈ಻ኜʘ๝ۆܓணމ���Ċd.BLF฀(BT฀

ண֛ί ��� Ė�DN�dϤࣛݴඎމ �� ė�NJOd1BDLJOH฀$BSSJFS฀(BT છՓί ��� Ė

�DN�dݴۆඎމ �ė�NJOfʱ߽ؓࣛ͠ञᇌ๝މܓ ��Ċd್Ͼίʱؓɔਿ߽ձ

ɚ߽ࣛ͠dञᇌ๝ܓᄣ̋މ ���Ċf฀

��������ྼ᜕ༀໄྼ᜕ༀໄྼ᜕ༀໄྼ᜕ༀໄjjjjྼ᜕ʘˀᏐༀໄνྡ �ၾྡ މdՉ᜗ጐͪה� ��� ʺd˲̮௅၍ࢰ

މ ��฀NNdʫ௅၍މࢰ ��฀NNdમҭϣˀᏐٙ˙όdྼ᜕ʕהԴ͜৵༺Ո௪ᕐ

ं੗̌ঐd˴̌ࠅঐމԣ˟ဍंiהϞஹટ၍ᇞѩމ᚛̿Ꮂҿሯi׵Έᙃద෬̂

ґʕ૴̋ �� дٙў 5J0ޚ�ᆨमdΈ๕ڗتމ ���฀ONe੶މܓ฀�฀8ٙዱ၍dݺ

၁׌ ��Hd70$T ዢڷܓ˸ ($�'*% Ꮸ಻f฀

฀

ɧɧɧɧeeeeഐ؈ၾীሞഐ؈ၾীሞഐ؈ၾীሞഐ؈ၾীሞ฀฀฀฀

���������฀฀�฀฀�฀฀�฀฀٤ͣ಻༊ഐ٤ͣ؈಻༊ഐ٤ͣ؈಻༊ഐ٤ͣ؈಻༊ഐ؈฀฀฀฀

ᐝ༆67ΈၾഐΥމ 5J0�ʿ 5J0�๫࢛67ΈഐΥ׌ݺ၁ʘࠠ׌ࠅdɗʱй

ˢ༰සഐΥ 5J0�ʔ๫࢛67Έ˸ʿ 5J0�๫࢛67Έၾ 5J0�๫࢛67ΈഐΥ׌ݺ
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၁ɧ၇ૢ΁ɨʘࢨମ׌dνྡ d̙ٝͪה� 5J0�๫࢛67ΈഐΥ׌ݺ၁ૢ΁ɨ

߽ٙ͠ ����฀QQNஈଣࣖଟჃ৷׵Չ˼Շ၇ૢ΁dՉ࿁߽ٙ͠׵ஈଣࣖଟίஈଣ

�ʱᙒ̙ܝ৷༺ �����iϾසഐΥ 5J0�๫࢛67ΈၾසഐΥ 5J0�ʔ๫࢛ 67Έd

຾ཀ޴ΝࣛගஈଣdՉ߽͠ஈଣࣖଟʱйසމ ����Ĉձ ����Ĉfᜑͪ 5J0�Έᙃ

ద๫࢛67ΈԨၾ׌ݺ၁ഐΥ̙ܝՈ௪ԄλٙˀᏐࣖଟf฀

฀

���������฀฀�฀฀�฀฀�฀฀Ϯيݑ၇࿁ஈଣࣖଟʘᅂᚤϮيݑ၇࿁ஈଣࣖଟʘᅂᚤϮيݑ၇࿁ஈଣࣖଟʘᅂᚤϮيݑ၇࿁ஈଣࣖଟʘᅂᚤ฀฀฀฀

͟ྡ �̙ٝd຅ɝݴዢމܓ ���QQNdл͜ 5J0�Έᙃదஈଣ߽͠eɚ߽͠ၾ

ɔਿ߽ίஈଣࣛගމ �ʱᙒࣛʘஈଣࣖଟʱйމ ����e���� ʿ �����dϤ̮л͜

5J0�ΈᙃదഐΥ׌ݺ၁ஈଣ͠ e߽ɚ߽͠ၾɔਿ d߽Չஈଣࣖଟʱйމ ����e����

ʿ �����iϾ຅ˀᏐࣛගމ �� ʱᙒࣛdՇஈଣӻ୕Չஈଣࣖଟѩ̙༺ ���dν

ྡ �ၾྡ fɗΪϤɧ၇70$Tͪה� ʕ߽͠ʱɿඎ	��
௰ʃd༰׵׸іڝ<��>d

Ͼɚ߽͠ၾɔਿ߽މΝʱମ࿴يdʱɿඎޫމ ���i˲ɧ၇ 70$T ʕ˸߽߽͠ᐑ

ɪٙ͠ਿ޴༰׵ɚ߽͠ʿɔਿ߽༰׵ᓙᒟʘ݂f͟Ϥ̙ٝd຅Ϯيݑʱɿඎฏʃ

ࣛd˲ί߽ᐑഐ࿴ɪ׵׸ᓙᒟ٫dՉஈଣࣖଟɰฏԳf฀

฀

���������฀฀70$T�฀฀70$T�฀฀70$T�฀฀70$T ዢܓ࿁ஈଣࣖଟʘᅂᚤዢܓ࿁ஈଣࣖଟʘᅂᚤዢܓ࿁ஈଣࣖଟʘᅂᚤዢܓ࿁ஈଣࣖଟʘᅂᚤ฀฀฀฀

຅ΈᙃదஈଣʔΝዢܓʘϮࣛيݑd߰Ϯيݑዢܓฏ৷ࣛdί޴Νࣛගɨd

Չஈଣࣖଟ޴࿁ฏ৷d͟ྡ މԷd຅ࣛගމd˸ɚ߽͠ஈଣͪה� �ʱᙒ˲ዢܓ

ʱйމ ���e���� ၾ ����QQN ࣛdՉ̘ৰࣖ؈˸ዢމܓ ����QQN ࣛdஈଣࣖ

ଟމ௰৷d̙৷༺ ����ĈdՉϣމ ����QQN ٙஈଣࣖଟމ ����ĈdϾ຅ዢމܓ

���QQNࣛdՉஈଣࣖଟ௰Эdසމ ����ĈfШ຅ΈᙃదഐΥ׌ݺ၁ஈଣʔΝϮ

يݑ dࣛՉഐ؈͵ᜑ dͪዢܓฏ৷ஈଣࣖଟฏ৷d޴Νࣛගɨɧ၇Ϯݑዢܓ ���e

���� ၾ ����QQN ٙஈଣࣖ؈ʱйމ ����e���� ʿ �����f͟Ϥ̙ٝd߰Ϯيݑ

ዢܓ༰৷ࣛd׌ݺ၁Ҟ஺іڝϮيݑ˲ίΈᙃద๫࢛ഓ̮ΈɨϞࣖٙࠥ༆
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70$Tdኬߧ 5J0�ΈᙃదഐΥ׌ݺ၁ӻ୕࿁ஈଣϮࣖيݑଟঐһމ౤ʺ<��>f̤

࿁߽͠ၾɔਿ߽ʘஈଣࣖଟd͵ᎇഹዢٙܓᄣ̋Ͼᄣ̋f฀

฀

���������฀฀�฀฀�฀฀�฀฀๝ܓ࿁๝ܓ࿁๝ܓ࿁๝ܓ࿁ 70$T70$T70$T70$T ஈଣࣖଟʘᅂᚤஈଣࣖଟʘᅂᚤஈଣࣖଟʘᅂᚤஈଣࣖଟʘᅂᚤ฀฀฀฀

͟ "SSIFOJVT฀-BX ੻ٝd๝̙ܓঐึᅂᚤ 5J0�Έᙃద࿁ 70$T ٙΈළʷˀ

Ꮠࣖଟd݂͉ྼ᜕Ꮋ༊ઞীʔΝ๝ܓɨʘΈළʷˀᏐࣖଟdՉഐ؈νྡ฀ͪה�d

຅ˀᏐ๝ܓί ��Ċࣛd߽͠eɚ߽͠ձɔਿ߽ஈଣࣖଟʱйމ ����e���� ձ ����

ĈiШ຅ˀᏐ๝ܓ౤ʺމ ��Ċࣛd߽͠eɚ߽͠ձɔਿ߽ʱйᄣЇ ����e����

ձ ����Ĉd݂๝ܓ࿁ 5J0�Έᙃదʘஈଣࣖଟʘᅂᚤ༰ʔᜑഹfϾί 5J0�Έᙃద

ഐΥ׌ݺ၁ʘஈଣӻ୕dՉˀᏐ๝ٙܓᅂᚤ͵݊νϤf฀

 

̬̬̬̬eeeeഐሞഐሞഐሞഐሞ฀฀฀฀

��฀෬̂ґ෬ༀ 5J0�Έᙃద๫࢛67Έၾ׌ݺ၁ഐΥɨd࿁70$T ஈଣࣖଟხ৷d

ѩί ���˸ɪf฀

��฀ў⌹Έᙃదஈଣ70$T ࣛd຅Ϯيݑʱɿඎ൳ʃࣛd˲߽ᐑɪٙ͠ਿฏ׸ᓙ

ᒟ٫d70$T ஈଣࣖଟ͵൳৷dϾ߽͠eɔਿ߽ၾɚ߽͠ʘஈଣࣖଟʱйމ ����e

���� ʿ �����f฀

��฀70$T ɝݴዢܓฏ৷ࣛdՉஈଣࣖଟɰ޴࿁ᄣ̋d���e���� ၾ ����QQN ٙ

ஈଣࣖ؈ʱйމ ����e���� ʿ �����f฀

��฀๝ܓ࿁ў⌹ΈᙃదഐΥ׌ݺ၁ӻ୕ʘஈଣࣖଟᅂᚤϞࠢdӊᄣ৷ ��Ċdஈଣ

ࣖଟසᄣ̋ �Ց �Ĉd݂๝׵ܓϤྼ᜕ʕԨೌᜑഹٙᅂᚤf฀

    

    



਷ͭ֝ᚆɽኪʈ೻ኪ̊਷ͭ֝ᚆɽኪʈ೻ኪ̊਷ͭ֝ᚆɽኪʈ೻ኪ̊਷ͭ֝ᚆɽኪʈ೻ኪ̊ୋʞಂୋʞಂୋʞಂୋʞಂ, 115-130 ࠫࠫࠫࠫ, 2009ϋϋϋϋ 3 ˜̃̃̃฀฀฀฀
Bulletin of College of Engineering, National Ilan University, NO. 5, P. 115-130, Mar.. 2009 

 

123 

ਞϽ˖ᘠਞϽ˖ᘠਞϽ˖ᘠਞϽ˖ᘠ฀฀฀฀

	�
฀ˮ ࿲ᅃd����d¨ʮ࢔ၾशष	ǳ
©d̨̏਄ੰ˰ޢᕏႦ̨ٟ̏਄ੰ˰ޢᕏႦ̨ٟ̏਄ੰ˰ޢᕏႦ̨ٟ̏਄ੰ˰ޢᕏႦٟdୋ �� ࠫf฀

	�
฀೻౉͛d����d¨܃ʫ٤ंϮݑ©dᐑྤᏨ᜕הᐑྤᏨ᜕הᐑྤᏨ᜕הᐑྤᏨ᜕הdୋɘಂf฀

	�
฀ᇹ˖͞eੵᅅ๕d����d¨౨೯׌Ϟዚي	70$T
ළʷዷደஈଣ©dᐑྤʈ೻ᐑྤʈ೻ᐑྤʈ೻ᐑྤʈ೻

ึ̊ึ̊ึ̊ึ̊dୋ̬ಂdୋ�����ࠫf฀

	�
฀ᇹ˖͞d����d¨ўಣ๓ኒ̙БಯᄻҦஔʧୗ©dʈุϮݑԣطʈุϮݑԣطʈุϮݑԣطʈุϮݑԣطdୋɧಂd

ୋ ������� ࠫf฀

	�
฀ᑽӸೞd����d¨ў᚛ʱɿጜᏐ͜׵Պۨ˪љ̙ࠠરˀᏐʘළʷ׌ݺઞў᚛ʱɿጜᏐ͜׵Պۨ˪љ̙ࠠરˀᏐʘළʷ׌ݺઞў᚛ʱɿጜᏐ͜׵Պۨ˪љ̙ࠠરˀᏐʘළʷ׌ݺઞў᚛ʱɿጜᏐ͜׵Պۨ˪љ̙ࠠરˀᏐʘළʷ׌ݺઞ

ীীীী©d၂ɻሞ˖dʷኪ޼Ӻהd਷ͭၽᝄɽኪd̨̏d̨ᝄf฀

	�
฀ᑽຄځd����d¨˸˸˸˸4$34$34$34$3ᙃదॎᕸं޴ʕᙃదॎᕸं޴ʕᙃదॎᕸं޴ʕᙃదॎᕸं޴ʕᏖෳԔʘڋӉઞীᏖෳԔʘڋӉઞীᏖෳԔʘڋӉઞীᏖෳԔʘڋӉઞী©d၂ɻሞ˖d

ᐑྤʈ೻޼Ӻהd฀਷ͭʕ̯ɽኪdʕᕺd̨ᝄf฀

(7) Arabatzis, I.M.; Antonaraki, S.T.; Stergiopoulos, A.; Hiskia, E.; Papaconstantinou, 

M.C.; Falaras, B.P. , 2002, “Preparation, Characterization and Photocatalytic 

Activity of Nanocrystalline Thin Film TiO2 Catalysts towards 3,5-dichlorophenol 

Degradation,” Journal of Photochemical  Photobiology, A: Chem., Vol.149, 

pp.237-245. 

(8) Anderson, M. A.; Aeltner, M., Fu, X., and Tompkins, D., June 1996, “Chamber 

Studies Comparing the Effectiveness of Photocatalytic Degradation and Activated 

Carbon for the Treatment of Indoor Air,” Proceedings of the 89
th
 Air＆Waste 

Management Association Annual Meeting. 

(9) Fujishima, A., 1972, Honda, K., “Electrochemical    Photolysis of Water at a 

Semi- Conductor    Electrode,” Nature, Vol.238, pp. 37–38. 

(10) Fujishima, A., Rao, T.N., Tryk, D.A., 2000, “Titanium Dioxide Photocatalysis,” J. 

Photochem. Photobiol. C: Photochem.  Rev. 1, pp.1–21.  

(11) Peral, J., and Ollis, D. F., 1992, “Heterogeneous Photocatalytic Oxidation of 

Gas-Phase Organics for Air Purification: Acetone, 1-Butanol, Butyaldehyde, 

Formaldehyde, and m-Xylene Oxidation,” Journal of Catalyst, Vol.134, 

pp.554-565. 

 (12) Zeltner, W. A.; Fu, X., and Anderson, M. A., June 1995,“Photocatalytic Ceramic 

Membrances Reactors: The Chemists Perspective,” Proceedings of the 88
th
 Air

＆ Waste Management Association Annual Meeting. 
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ڌڌڌڌ �฀฀�฀฀�฀฀�฀฀ԓʫ౨೯׌Ϟዚيʘ˴ࠅϓʱԓʫ౨೯׌Ϟዚيʘ˴ࠅϓʱԓʫ౨೯׌Ϟዚيʘ˴ࠅϓʱԓʫ౨೯׌Ϟዚيʘ˴ࠅϓʱ฀

濃度 (μg/m
3
) VOCs 種類 

背景

(6/15) 

First 

(5/16)  

Second 

(6/06) 

Third 

(6/15) 

Fourth 

(7/13) 

嗅覺閥值

(ppm) 

異味描述 

1-Butanol 丁醇 78.1 888.3 518.5 681.2 1468.4 0.038-990 甜味/酒味 醇
類 

Ethanol 乙醇 6.2 31.9 13.9 23.0 21.3 0.34-40 類似酒味 

2-Butanone 丁酮

(MEK) 

30.0 212.6 158.0 43.3 24.7 0.05-85 薄荷味 

Acetone 丙酮 40.6 105.6 33.0 72.8 63.5 0.4-800 薄荷/水果甜

味 

酮
類 

Cyclohexanone 環己酮 --- 3604.6 969.2 462.8 197.3 0.019-219 類似薄荷及

丙酮味 

Acetaldehyde 乙醛 0.5 2.3 1.4 1.8 2.3 0.0015-  

1000 

刺激味/水果

味 

醛
類 

Benzadehyde 苯乙醛 --- 29.4 7.4 8.2 9.1 0.0042- 

0.045 

櫻桃/杏仁/桃

子味 

Benzene 苯 2.5 3.4 2.3 6.8 12.3 0.16-160 芳香族的味

道 

Toluene 甲苯 183.6 1293 482.5 624.5 2006 0.021-69 甜味/刺激味 

芳
香
族 

Ethylbenzene 乙基苯 13.1 33.9 4.5 8.6 36.2 0.092-2.3 刺激味/芳香

味 

    

ڌڌڌڌ �฀฀5J0�฀฀5J0�฀฀5J0�฀฀5J0����ΈᙃదஈଣΈᙃదஈଣΈᙃదஈଣΈᙃదஈଣ 70$T70$T70$T70$T ਞᅰڌਞᅰڌਞᅰڌਞᅰڌ฀฀฀฀

 

  

 

 

參數 條件 

污染物 甲苯、二甲苯、乙基苯 

濃度（ppm） 600、1000、1400 

溫度(℃) 15、25、35 
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備註：具陰影者為本研究重點 

 

ྡྡྡྡ �฀฀�฀฀�฀฀�฀฀޼Ӻݴ೻ྡ޼Ӻݴ೻ྡ޼Ӻݴ೻ྡ޼Ӻݴ೻ྡ฀฀฀฀

觸媒和載體選擇

及製備 

1.使用 TiO2為 Degussa P-25 

2.石英砂（30至 50網目） 

3.活性碳 

 

反應裝置之建立 

系統特性測試 

(空白實驗) 

1. 含鈦石英砂不照射 365nm光線 

2. 含鈦石英砂照射 365nm光線 

3. 含鈦石英砂照射 365nm光線結合 

   活性碳 

光催化分解TEX

之反應實驗 1.改變污染物濃度 

2.改變反應溫度 

研究結果彙整 

探討操作參數對TEX有機物處理

效率之影響 

文獻資料蒐集與

彙整 

系統可調控溫度 
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氣針 

流量計： 

流量 3.4L/min 

反應瓶： 

體積為 1 L 

雙氣密式馬達 

50g TiO2光觸媒  

外部管徑：35 mm  

內部管徑：26 mm  

燈管： 

波長 365 nm 

強度為 8 W  
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ྡྡྡྡ �฀�฀�฀�฀΢၇༱᜗ஈଣࣖଟʘˢ༰΢၇༱᜗ஈଣࣖଟʘˢ༰΢၇༱᜗ஈଣࣖଟʘˢ༰΢၇༱᜗ஈଣࣖଟʘˢ༰฀฀฀฀

ྼ᜕ૢ΁j߽͠�ዢܓ ����QQNd๝ܓ ���,dஈଣࣛගމ �ʱᙒdΈᙃదўඎ

މ �� дd׌ݺ၁ўඎ �� дf฀

	B
ў 5J0�ʘͩ޻ߵ ��дf฀฀

	C
ў 5J0�ʘͩ޻ߵ �� дdί ���ONڗت๫࢛ɨf฀฀

	D
ў 5J0�ʘͩ޻ߵ �� дdഐΥ׌ݺ၁ �� дdί ���ONڗت๫࢛ɨf฀
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圖圖圖圖 5  5  5  5  三種三種三種三種 VOCsVOCsVOCsVOCs 於不同處理系統處理效率之比較於不同處理系統處理效率之比較於不同處理系統處理效率之比較於不同處理系統處理效率之比較    

 

ྼ᜕ૢ΁j߽͠eɔਿ߽ձɚ߽͠ʘɝݴዢމܓ ���QQNd๝މܓ ���,dஈଣ

ࣛගމ �ʱᙒdஈଣӻ୕މ 5J0��67 ၾ 5J0��67 ഐΥ׌ݺ၁dΈᙃద

ўඎމ �� дd׌ݺ၁ўඎ �� дf฀
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฀฀฀฀

ྼ᜕ૢ΁j߽͠eɔਿ߽ձɚ߽͠ʘɝݴዢމܓ ���QQNd๝މܓ ���,dஈଣ

ࣛගމ �� ʱᙒdஈଣӻ୕މ 5J0��67dΈᙃదўඎމ �� дf฀
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฀฀฀฀

ྼ᜕ૢ΁j߽͠eɔਿ߽ձɚ߽͠ʘɝݴዢމܓ ���QQNd๝މܓ ���,dஈଣ

ࣛගމ �� ʱᙒdஈଣӻ୕މ 5J0��67 ഐΥ׌ݺ၁dΈᙃదўඎމ ��

дd׌ݺ၁ўඎ �� дf 

 

 

ྡྡྡྡ �฀฀5J0�฀฀5J0�฀฀5J0�฀฀5J0�����67�67�67�67 ၾၾၾၾ 5J05J05J05J0�����67�67�67�67 ഐΥ׌ݺ၁ஈଣɚ߽͠ʔΝዢܓʘࣖଟഐΥ׌ݺ၁ஈଣɚ߽͠ʔΝዢܓʘࣖଟഐΥ׌ݺ၁ஈଣɚ߽͠ʔΝዢܓʘࣖଟഐΥ׌ݺ၁ஈଣɚ߽͠ʔΝዢܓʘࣖଟ฀฀฀฀

ྼ᜕ૢ΁jɚ߽͠ʘɝݴዢމܓ ���e���� ၾ ����QQNd๝ܓ ���,dஈଣࣛ

ගމ �ʱᙒdΈᙃదўඎމ �� дd׌ݺ၁ўඎ �� дf฀
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฀฀฀฀

ྼ᜕ૢ΁j߽͠eɔਿ߽ձɚ߽͠ʘɝݴዢމܓ ����QQNd๝މܓ ��e�� ၾ ��Ċd฀

Έᙃదўඎމ �� дf฀

 




