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Polyhydroxyalkanoates (PHAS) is known to be temporarily stored by microorganisms in activated
sludge, especially in the anaerobic-aerobic processes. The main objective of this study was to inves-
tigate the effects of fatty acids (VFAs) compounds coexistence in substrate of SBR on PHAs pro-
ductivity of activated sludge. It has been found that addition of different concentrations of VFAs
results in an increase of PHAs content of activated sludge in the range of 90-130% as compared to
the one acclimatized with only sucrose as a carbon source. In this study the optimum concentration
of acetate and propionate as the sole carbon sources in the PHAs production reactor was also found
to be 30-35 and 15-20 mgC/L.h.gSS, respectively. Finally, the work was conducted in order to try and
control PHAs composition by applying carbon sources with different acetate to propionate ratios. It
has been observed that inclusion of propionate in the carbon sources lowered PHAs productivity. The
produced PHAs is composed mainly of 3-hydroxy-butyrate and 3-hydroxy-valerate, and when the
propionate in the substrate was increased from 0 to 100% the mass ratio of 3HV produced is
increased from 6 to 85%. 
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‹ú Æõ° ¬ÚýÜ Þñ}±ë º~û …¶•. ¬° ¶†ì†ðú ìõ°¬ ðË± Þú ¬° ¬ì†ÿ  Co52-32

‹ú Þ†° â±Ö}ú º~€ ¬° ø± Ÿ±̈ú nim02 ²ì†ó �±º~ó ì©³ó ô {³°üÜ

ðý}±ôó́€ h1 ‹±…ÿ ì±¤éú ‹þ|øõ…²ÿ€ h2 ‹±…ÿ ì±¤éú øõ…²ÿ€  nim02

‹±…ÿ {ú|ð»ýñþ ô ¬° ðù†ü• nim02 ‹ú ìñËõ° {©éýú  Ö†ÂçŽ {¿×ýú º~û

�ý¼|‹ýñþ º~û …¶•.

¬° …üò °…Þ}õ°€ ²ì†ó ì†ð~ ¶éõèþ )Cθ( ‹† ‹±¬…º• °ô²…ðú ¬°¾~ÿ …²

Þê èœò ìõ›õ¬ ‹ú ì~– 01 °ô² Þñ}±ë º~û …¶•. º†ü†ó ®Þ± …¶•€ ‹̄°

…ôèýú èœò øõ…²ÿ ìõ°¬ ðý†² ‹ú ìñËõ° °…û|…ð~…²ÿ ¶†ì†ðú€ …² {¿×ýú ̈†ðú

Ö†ÂçŽ ºù±á Ú~¹ {ù±…ó ô èœò ‹þ|øõ…²ÿ …² üßþ …² °…Þ}õ°ø†ÿ

ìõ›õ¬ ¬° „²ì†ü»ã†û {†‡ìýò º~û …¶•.

¬° …üò °…Þ}õ°€ º~– ô…Þñ¼|ø†ÿ …Þ·†ü¼ -Þ†ø¼ ¬° ì±…¤ê øõ…²ÿ

ô ‹þ|øõ…²ÿ ‹ú ô¶ýéú ¬¶}ã†û Þñ}±ë|Þññ~û PRO| …ð~…²û|âý±ÿ ô Þñ}±ë

º~û …¶•. ¬° …üò ¶†ì†ðú Ö†ÂçŽ ô°ô¬ÿ ‹ú Æõ° ì¿ñõÎþ ô ¬…̈ê

„²ì†ü»ã†û {ùýú ô L1  …² „ó º†ìê {±ÞýŒ†{þ ‹ú º±§ ›~ôë 2 ‹õ¬û …¶•.

¬° …¬…ìú ‹ú ìñËõ° Òñþ|¶†²ÿ ìýß±ô…°â†ðý·î|ø† …² �éþ|øý~°ôÞ·þ

„èß†ðõ…–|ø†€ L1 …² èœò ì†²…¬ ¶†ì†ðú RBS| ‹ú °…Þ}õ° {õèý~ �éýí±

)RPP ,rotcaer noitcudorp remylop( ìñ}Ûê ô ‹ú ì~– h |42 øõ…¬øþ

º~û …¶•. ¬° …üò °…Þ}õ° Þú Æ±§ Þéþ „ó ¬° ºßê 2 „ì~û …¶•€ …²
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›~ôë 1- º±…üÈ …ðœ†ï „²ì†ü¼ ¬° ¬¶}ã†û °ðä ðã†° â†²ÿ )CG|(.

ìÛ~…° �†°…ì}±

8|

081|

051

001|

1|

002|

¶±Î• …Ö³…ü¼ ¬ì† )nim/C
o(

¬ì†ÿ {³°üÜ )Co(

¤~ ‹†æÿ ¬ì† )Co(|

¬ì†ÿ ¶}õó )Co(

¤~ ‹†æÿ ²ì†ó )nim(

¬ì†ÿ ¤̧|â± )Co(ºßê 1- Æ±§ Þéþ °…Þ}õ° ð†�ýõ¶}ú ì±¤éú|…ÿ )RBS(.
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ì¥éõë|ø†ÿ ¶~üî|…¶}†– ô ¶~üî|�±ô�ýõð†– ü† ì©éõÆþ …² „ðù† Þú ø±

h|6 üà ‹†° ‹ú ¶†ì†ðú …Â†Öú  ìþ|º~€ ‹ú Îñõ…ó ̈õ°…á …¶}×†¬û º~û …¶•.

…² „ó|›† Þú ì¿±Ù üõó …¶}†– ô �±ô�ýõð†– ¬° …üò Ö±…üñ~ ‹†Î™ …Ö³…ü¼

Hp| ¶†ì†ðú ìþ|º~€ ‹ñ†‹±…üò …² ì¥éõë °ÚýÜ ¶õè×õ°üà …¶ý~ ‹ú ìñËõ°

{̃Œý• Hp| ¬° ì¥~ô¬û ̈ñþ̃ …¶}×†¬û º~û …¶•. ¬° …üò ¶†ì†ðú ø± h6  üà

‹†° ðíõðú|âý±ÿ …ðœ†ï ô �†°…ì}±ø†üþ ðËý± ìÛ~…° ìõ…¬ ›†ì~ {ÏéýÛþ Ö±…° ¬°

ì¥éõë )SSVLM ,sdilos dednepsus elitalov rouqil dexim(€ ìÛ~…°

ìõ…¬ ›†ì~ {ÏéýÛþ ì†üÐ ¬° ì¥éõë )SSLM ,sdilos dednepsus rouqil dexim(|€

…Þ·ýµó ìõ°¬ ðý†² ºýíý†üþ )DOC(| ô sAHP| …ð~…²û|âý±ÿ º~û …¶•.

‹ú ìñËõ° {œ³üúsAHP|€ �éýí±ø†ÿ {õèý~ÿ ‹† …¶}×†¬û …² ì}†ðõë …¶ý~ÿ

‹ú ì}ýê|…¶}± {Œ~üê ô �̧ …² ›~…¶†²ÿ Ö†² „èþ …² Ö†² „‹þ ‹ú ¬¶}ã†û CG

{³°üÜ º~û …¶• ]|31[|. øí¡ñýò€ ¬° …üò �µôø¼ ìœíõÑ ÒéË• BH3| ô

VH3| ‹ú Îñõ…ó ÒéË• sAHP| ì~ ðË± Ú±…° â±Ö}ú …¶•. ¶†ü± �†°…ì}±ø†ÿ

ìõ°¬ ðý†² ðý³ ÆŒÜ °ô½|ø†ÿ ìñ~°ž ¬° ì±›Ð ]|41[| ìõ°¬ …°²ü†‹þ Ú±…°

â±Ö}ú …¶•. æ²ï ‹ú ®Þ± …¶• Þú ¬° …üò �µôø¼€ {í†ï „²ì†ü¼|ø†

¤~…Úê ¶ú ì±{Œú {ß±…° ô ð}†ü� ‹† ¶Ç¦ …Æíýñ†ó ‹ý¼ …² 09 ¬°¾~

ìÏñþ|¬…° ‹õ¬û …¶•.

ð}†ü� ô ‹¥™

{Óýý± ìÛ~…° …¶ý~ø†ÿ Ÿ±Ž Ö±…° ¬° ̈õ°…á ¶†ì†ðú RRBBSS|

…¶}†– ô �±ô�ýõð†– ‹ú {±{ý� ¬ô …¶ý~ Ÿ±‹þ ø·}ñ~ Þú ‹ú °…¤}þ {õ¶È

ìýß±ô…°â†ðý·î|ø† ‹ú sAHP| {Œ~üê ìþ|ºõð~. ‹ñ†‹±…üò€ Â±ô°ÿ …¶• {†

…÷± „ðù† ¬° Ú†‹éý• èœò ‹±…ÿ {õèý~ �éýí± ìõ°¬ ‹±°¶þ Ú±…° â±Ö}ú ô ‹±

…¶†¹ „ó Ö†ÂçŽ ìñ†¶� ‹±…ÿ …¶}×†¬û ¬° ¶†ì†ðú RBS| ‹ú ìñËõ° {ÇŒýÜ

èœò ìÏýò ºõ¬. ‹† ¬° ðË± â±Ö}ò ð}†ü� ¤†¾ê …² ìÇ†èÏ†– ÚŒê]|51[ ¬°

…üò ì±¤éú �ñ� „²ì†ü¼ Æ±…¤þ ô  ‹† {Óýý± ð·Œ• …¶}†– ô �±ô�ýõð†– ¬°

¨õ°…á ¶†ì†ðú RBS| ¶Ïþ º~€ {† …÷± ÒéË• …üò ¬ô ðõÑ …¶ý~ ‹± èœò

¤†¾ê ô ¬° ðù†ü• ®̈ý±û sAHP| ¬°ôó ¶éõë ìýß±ô…°â†ðý·î|ø† ¬°

°…Þ}õ° {õèý~ �éýí± ìõ°¬ ‹±°¶þ Ú±…° âý±¬. ¬°¾~ {õèý~ �éýí± ð·Œ• ‹ú

ô²ó ̈»à èœò ¬° ø±üà …² º±…üÈ â×}ú º~û ¬° ºßê  3 ‹† üà ¬üã±

ìÛ†ü·ú º~û|…ð~. º†ü†ó ®Þ± …¶•€ ¬° …üò „²ì†ü¼|ø† …² ¶~üî …¶}†– ‹ú

Îñõ…ó ìñŒÐ Þ±‹ò ¬° °…Þ}õ° {õèý~ �éýí± …¶}×†¬û º~. ¬° …üò °…Þ}õ°

L/Cgm|0001 …² ̈õ°…á ¬° è¥Ëú 0T| ô L/Cgm|005 ¬° ²ì†ó ø†ÿ 6T|€

…÷± …¶ý~ø†ÿ Ÿ±Ž Ö±…° ‹± {õèý~ �éþ øý~°ôÞ·þ„èß†ðõ…–|ø† ‹† …¶}×†¬û …² èœò ÖÏ†ëð†¬° ì©}†°…ðþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 1€ Ö±ô°¬üò -…°¬üŒù»• 7831 86

›~ôë 2- ì»©¿†– ìõ…¬ ìõ°¬ …¶}×†¬û ‹±…ÿ ̈õ°…á °…Þ}õ° RBS.

ÒéË• )L/gm( {±ÞýŒ†–

06

94

41

95

44

89

901

31

211

48
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ìñý³üî Þé±ü~ 

„ìõðýõï Þé±ü~ 

Þé·ýî Þé±ü~ 

�}†¶ýî Þé±ü~ 

�}†¶ýî ìõðõøý~°ôó́ Ö·×†– 

…¶}ýà …¶ý~

¶~üî �±ô�ýõð†– 

…ô°û 

¶†Þ†°ô²

��}õó )enotpep(

Î¿†°û ì©í± )tcartxe tsaey(

ºßê 2- Æ±§ Þéþ °…Þ}õ° {õèý~ �éýí± )RPP(.ºßê 3- ìÛ†ü·ú ìÛ~…° {õèý~ �éýí± ¬° º±…üÈ ì©}éØ.
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21T| ô 81T| ‹ú ¶†ì†ðú …Â†Öú º~.

øí†ó|Æõ°Þú ¬° ºßê 3 ì»†ø~û ìþ|ºõ¬€ ¤~…Þ±̃ ìÛ~…° �éýí±

{õèý~ÿ ¬° º±…üÈ ì©}éØ ‹ú üà ¬üã± ð³¬üà …¶• ô ¬° …Òé� ìõ…°¬

…̈}çÙ ìÏñþ|¬…°ÿ ¬° …üò ̈¿õÁ ô›õ¬ ð~…°¬. ¬° ºßê 4 ¤~…Þ±̃

ìÛ~…° {õèý~ �éýí± …² Ö†ÂçŽ Ö†Ú~ …¶ý~ø†ÿ Ÿ±Ž Ö±…° ){ñù† …² ºß± ‹ú

Îñõ…ó ìñŒÐ Þ±‹ò …¶}×†¬û º~(  ô Ö†ÂçŽ ¬…°…ÿ ¬°¾~ø†ÿ ì©}éØ

sAFV| ‹† üà ¬üã± ìÛ†ü·ú º~ð~.

|øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€ ô›õ¬ …¶ý~ø†ÿ Ÿ±Ž Ö±…° ¬°

¨õ°…á ¶†ì†ðú RBS| ‹†Î™ …Ö³…ü¼ 031-09 ¬°¾~ÿ ìÛ~…° �éýí±

{õèý~ÿ º~û …¶•.  …² „ðœ† Þú ¬° °…Þ}õ° {õèý~ �éýí± …² ¶~üî|…¶}†– ‹ú

Îñõ…ó ìñŒÐ Þ±‹ò …¶}×†¬û º~û …¶•€ ‹ñ†‹±…üò€ Îé• …üò …ì± °… ìþ|{õ…ó ‹†

{ÇŒýÜ …°â†ðý·î|ø† ¬° ì¿±Ù …¶ý~ø†ÿ Ÿ±Ž ÚŒê …² …ð}Û†ë ‹ú °…Þ}õ°

{õèý~ �éýí± ì±{ŒÈ ¬…ð·•. ‹ñ†‹±…üò€ ‹ú ìñËõ° …Ö³…ü¼ ìÛ~…° {õèý~ �éýí±

…Â†Öú Þ±¬ó ìÛ~…°ÿ sAFV| ‹ú Ö†ÂçŽ ‹±…ÿ {ÇŒýÜ èœò …ì±ÿ

Â±ô°ÿ …¶•. …² ‹ù}±üò ìñ†‹Ð {†‡ìýò …¶ý~ø†ÿ Ÿ±Ž Ö±…° ¬° ¾ñ†üÐ

ìþ|{õ…ó ‹ú Ö†ÂçŽ ¾ñ†üÐ Ò̄…üþ€ ¾ñ†üÐ èŒñþ€ ¾ñ†üÐ ¬…°ôüþ ô

øí¡ñýò ̈±ô›þ ô…¤~ø†ÿ øÃî ‹þ|øõ…²ÿ èœò …º†°û Þ±¬. ‹† {õ›ú ‹ú

ð}†ü� ‹ú ¬¶• „ì~û ¤~…Úê ÒéË• …¶}†– ¬° ̈õ°…á ¶†ì†ðú RBS| ‹ú

ìÛ~…° 04 ¬°¾~ �ý»ñù†¬ ìþ|ºõ¬.

…÷± ÒéË• ¶õ‹·}±… ¬° °…Þ}õ° {õèý~ �éýí±

‹± …¶†¹ ìÇ†èÏ†– …ðœ†ï º~û ]|71€61[| ‹±…ÿ ¬¶•|ü†‹þ ‹ú ¤~…Þ±̃ ìÛ~…°

{õèý~ �éýí±€ ðý†² ‹ú {Ïýýò ÒéË• ‹ùýñú ¶õ‹·}±… ¬° °…Þ}õ° {õèý~ �éýí±

…¶•. ‹ñ†‹±…üò€ ¬° …üò ì±¤éú …÷± {Óýý± ÒéË• ìñŒÐ Þ±‹ò )üõó …¶}†– ô

�±ô�ýõð†–( ‹± ìÛ~…° ®̈ý±û sAHP| ¬° °…Þ}õ° ì³‹õ° ìõ°¬ ‹±°¶þ Ú±…°

â±Ö}ú …¶•.

…² „ðœ† Þú ÒéË• ìñŒÐ Þ±‹ò ‹ú {ñù†üþ ðíþ|{õ…ð~ ‹ý†ðã± ìÛ~…°

¶õ‹·}±…ÿ ¬° ¬¶}±¹ ìýß±ô…°â†ðý·î|ø† ‹†º~€ ‹ñ†‹±…üò ¬° …üò „²ì†ü¼

…² ð·Œ• ‹†° „èþ ‹ú {õ¬û ìýß±ô‹þ )BLO ,ssamoib ot daol cinagro(|

…¶}×†¬û º~. ‹~üò ìñËõ° „²ì†ü¼|ø†üþ ‹ú º±§ ›~ôë|ø†ÿ 3 ô 4

Æ±…¤þ ô …÷± ÒéË• ìñŒÐ Þ±‹ò ‹± {õèý~ �éýí± ¬° ¶Çõ§ ì©}éØ ìõ°¬

‹±°¶þ Ú±…° â±Ö•. øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€ {ñù† Î†ìê ì}Óý± ¬°

„²ì†ü¼|ø† ð·Œ• ‹†° „èþ ‹ú {õ¬û ìýß±ô‹þ ‹õ¬û ô ¶†ü± º±…üÈ ÷†‹• ‹†Úþ

ì†ð~û …¶•. ð}ýœú ¤†¾ê …² …ðœ†ï „²ì†ü¼|ø†ÿ ì³‹õ° ¬° ºßê|ø†ÿ  5 ô

6 „ô°¬û º~û …¶•. øí†ó|Æõ° Þú ì»†ø~û ìþ|ºõ¬€ ‹ý»}±üò ìÛ~…° {õèý~

sAHP| ¬° ìõ°¬ …¶}†– ô �±ô�ýõð†– ‹ú {±{ý� øñã†ìþ …{×†Ý …Ö}†¬û …¶•

Þú ð·Œ• ‹†° „èþ ‹ú {õ¬û ìýß±ô‹þ ¬° ì¥~ô¬û 53-03 ô

SSg.h.L/Cgm|02- 51 Ú±…° ¬…º• )¬° ø± üà …² …üò ì¥~ô¬û|ø† …̈}çÙ

ìÏñþ|¬…°ÿ ‹ýò ìÛ~…° �éýí± {õèý~ÿ ¬° è¥Ëú 42 ô›õ¬ ð~…°¬(. ‹ñ†‹±…üò€

ìÛ†¬ü± ì³‹õ° ‹ú Îñõ…ó ‹ù}±üò ð·Œ• ‹†° „èþ ‹ú {õ¬û ìýß±ô‹þ ‹±…ÿ {õèý~

�éýí± …ð}©†Ž º~û|…ð~. øí¡ñýò€ ìÛ†¬ü± ì³‹õ° ‹† ð}†ü� ¤†¾ê …²

„²ì†ü¼|ø†ÿ …ôèýú ¬° …°{Œ†É ‹† ¶±Î• ì¿±Ù …¶}†– ô �±ô�ýõð†–  ðý³

87

…÷± …¶ý~ø†ÿ Ÿ±Ž Ö±…° ‹± {õèý~ �éþ øý~°ôÞ·þ„èß†ðõ…–|ø† ‹† …¶}×†¬û …² èœò ÖÏ†ë ð†¬° ì©}†°…ðþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 1€ Ö±ô°¬üò -…°¬üŒù»• 7831 

ºßê 4- ¤~…Þ±̃ ìÛ~…° �éýí±ø†ÿ {õèý~ÿ ¬° º±…üÈ ì©}éØ.

›~ôë 3-º±…üÈ ì©}éØ …ðœ†ï „²ì†ü¼ ‹† …¶}×†¬û …² ¶~üî …¶}†– ‹ú Îñõ…ó ìñŒÐ Þ±‹ò.

„²ì†ü¼ 4 „²ì†ü¼ 3 „²ì†ü¼ 2 „²ì†ü¼ 1 ì}Óý± °…Þ}õ°

2
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01
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01
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2

01

04

²ì†ó ì†ð~ øõ…²ÿ )h(

²ì†ó ì†ð~ ¶éõèþ )yad(

Þ±‹ò ð†ºþ …² üõó …¶}†– )%(

RBS

0003

5/7-7

04

0052

5/7-7

53

0002

5/7-7

03

0051

5/7-7

52

ÒéË• ¶~üî …¶}†– )yad.L/Cgm(|

Hp

ð·Œ• ‹†°„èþ ‹ú {õ¬û ìýß±ô‹þ )SSg.h.L/Cgm(

RPP
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…÷± …¶ý~ø†ÿ Ÿ±Ž Ö±…° ‹± {õèý~ �éþ øý~°ôÞ·þ„èß†ðõ…–|ø† ‹† …¶}×†¬û …² èœò ÖÏ†ëð†¬° ì©}†°…ðþ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·• ô üßî€ ºí†°û 1€ Ö±ô°¬üò -…°¬üŒù»• 7831 88

{Ç†‹Ü Þ†ìê ¬…°¬ )ð}†ü� ¬° …üò ìÛ†èú …°…̂ú ð»~û …¶•(. ‹ñ†‹±…üò€ ìþ|{õ…ó

ð}ýœú|âý±ÿ Þ±¬ Þú ‹ù}±üò ÒéË• ¶õ‹·}±… ¬° °…Þ}õ° {õèý~ �éýí± øí†ó

ìÛ~…° Ú†‹éý• èœò ¬° ì¿±Ù Þ±‹ò ìõ›õ¬ ¬° „ó …¶• ô ìÛ†¬ü± ‹ý»}± ü†

Þí}± „ó ‹†Î™ Þ†ø¼ ìÛ~…° sAHP| {õèý~ÿ ìþ|ºõ¬.  |  |

øí†ó|Æõ° Þú …² ìÛ†ü·ú ºßê|ø†ÿ 5 ô 6 ¤†¾ê ìþ|ºõ¬€ {Óýý± ìñŒÐ

Þ±‹ò ¬° ̈õ°…á °…Þ}õ° {õèý~ �éýí± …² …¶}†– ‹ú �±ô�ýõð†– ‹†Î™ º~û

{† ìÛ~…° sAHP| {õèý~ÿ ðý³ Þ†ø¼ ü†‹~. øí¡ñýò€ ¬° …üò „²ì†ü¼

øñã†ìþ Þú …² ¶~üî …¶}†– ‹ú {ñù†üþ ‹ú Îñõ…ó ìñŒÐ Þ±‹ò …¶}×†¬û º~€

ìÛ~…° BH3| ‹ý»}± …² VH3| ‹õ¬€ ¬° ¤†èþ Þú øñã†ï …¶}×†¬û …² ¶~üî

�±ô�ýõð†– ð}ýœú Îß̧ ¤†¾ê º~. ‹ú ÎŒ†°– ¬üã±€ ¬° Ö±…üñ~ {õèý~

�éýí± ¬°¾~ ²ü†¬ÿ …² üõó …¶}†– ‹ú BH3| {Œ~üê º~û€ …ì† üõó

�±ô�ýõð†– ‹ú VH3| {Œ~üê ìþ|ºõ¬.

…÷± {Óýý± ð·Œ• …¶}†– ‹ú �±ô�ýõð†– ¬° ̈õ°…á °…Þ}õ° {õèý~ �éýí±

¬° …üò ‹©¼€ ‹† ¬° ðË± â±Ö}ò ð}†ü� „²ì†ü¼|ø†ÿ ì±¤éú ÚŒê …÷± {±Þý�

¨õ°…á °…Þ}õ° {õèý~ �éýí± ‹± ì¥¿õë ‹±°¶þ º~û …¶•. ‹~üò ìñËõ°€

¶~üî �±ô�ýõð†– ‹† ð·Œ•|ø†ÿ ì©}éØ ‹† ¶~üî|…¶}†– ì©éõÉ ô ‹ú

Îñõ…ó ̈õ°…á€ ¬° °…Þ}õ° {õèý~ �éýí± …¶}×†¬û º~û …¶•. ¬° …üò ì±¤éú

ðý³ �ñ� „²ì†ü¼ ì©}éØ ‹ú º±§ ›~ôë 5 Æ±…¤þ ô …÷± {Óýý± ìñŒÐ {†‡ìýò
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