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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%. 

Abstract

Key Words

*ì·‰õë ìß†{Œ†–€ �ý†ï|ðã†°: 

moc.oohay@inarathkomn

(*) To whom correspondence should

be addressed. 

E-mail: nmokhtarani@yahoo.com

Effect of Volatile Fatty Acids in Production of
Polyhydroxyalkanoates by Activated Sludge

N. Mokhtarani1*, H.Ganjidust1, E. Vasheghani Farahani1 and
M. Khaleghi Sarnamy2

1. Faculty of Engineering, Tarbiat Modarres University, P.O. Box: 14155/143, Tehran, Iran
2.  Jahesh Kimia Company, P.O. Box: 13445/1381, Tehran, Iran

Received 22 August 2007, accepted 18 December 2007



…÷± …¶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 84

ìÛ~ìú

‹† {õ›ú ‹ú ì¿±Ù °ô²…Ö³ôó …ðõ…Ñ �ç¶}ýà|ø† ¬° ‹·}ú|‹ñ~ÿ ìõ…¬ Ò̄…üþ€

Þ†æ ô øí¡ñýò …¶}×†¬û …² Þý·ú|ø†ÿ �ç¶}ýßþ ‹±…ÿ ›† ‹ú ›†üþ ô ¤íê

²‹†èú ô ‹† {õ›ú ‹ú ø»~…°ø†ÿ ¶†²ì†ó|ø†ÿ ì©}éØ ²ü·•|ì¥ýÇþ ¬°

…°{Œ†É ‹† ì»ßç– ð†ºþ …² °ø† º~ó �ç¶}ýà|ø† ¬° ÆŒýÏ•€ …² ¤~ô¬ ¬ô

¬øú â̄º}ú �µôø¼|ø†üþ ‹ú ìñËõ° ¶†̈• {±ÞýŒ†– ì»†‹ú Þú ²ü·•

{©±ü�|�̄ü± ðý³ ‹†ºñ~€ ¬° ¶Ç¦ ›ù†ó „Ò†² º~û …¶• ]|1[.

{†Þñõó€ {Ï~…¬ ²ü†¬ÿ �ç¶}ýà|ø†ÿ {©±ü�|�̄ü± ¬° ›ù†ó {õèý~ º~û

Þú ‹† ì¥ýÈ ²ü·• ðý³ ¶†²â†°ð~. …ì†€ …ì±ô²û {õèý~ …ðŒõû „ðù† ‹ú Îé•

Îõ…ìéþ Ÿõó ‹†æ|‹õ¬ó ð·Œþ Úýí• ¶õ‹·}±…€ Þî ‹õ¬ó ìÛ~…° {õèý~ ô ðý³

ø³üñú|ø†ÿ ì±‹õÉ ‹ú …¶}±üê ðãú ¬…º}ò ì¥ýÈ )‹±…ÿ ›éõâý±ÿ …² „èõ¬û

º~ó ìýß±ôŽ|ø† ¬° Þ»• ̈†èÀ( ‹ú Æõ° ì¥~ô¬ÿ …ðœ†ï �̄ü±Ö}ú ô

‹†Î™ º~û {† …üò â±ôû …² �éýí±ø† ð}õ…ðñ~ ‹† ¶†ü± �ç¶}ýà|ø† °Ú†‹•

¬…º}ú ‹†ºñ~.

‹± …¶†¹ üßþ …² ìÇ†èÏ†– …ðœ†ï º~û ]|2[| ø³üñú Ú†‹ê {õ›ú ìõ…¬ …ôèýú€

Îé• …¾éþ ‹†æ ‹õ¬ó Úýí• �ç¶}ýà|ø†ÿ {©±ü�|�̄ü± ¬° ìÛ†ü·ú ‹†

�ç¶}ýà|ø†ÿ ìÏíõèþ Îñõ…ó º~û …¶•. èþ ]|3[| ¬° â³…°ºþ ø³üñú {õèý~

�éýí±ø†ÿ ²ü·•|{©±ü�|�̄ü± ¬° Þ»• ̈†èÀ °… ¬° ¤~ô¬ 02 ‹±…‹±

Úýí• �ç¶}ýà|ø†ÿ ì¿ñõÎþ ‹±„ô°¬ Þ±¬û …¶•.   |

…² ìý†ó �éýí±ø†ÿ {©±ü�|�̄ü± Þú {†Þñõó {ùýú º~û|…ð~ â±ôøþ ‹† Îñõ…ó

�éþ|øý~°ôÞ·þ „èß†ðõ…–|ø† )sAHP ,setaonaklayxordyhylop(ô

Þõ�éýí±ø†ÿ „ó Þú ‹†èÔ ‹± Ÿùê ðõÑ {±Þý� ø·}ñ~€ ‹ú Îé• {©±ü�

Þ†ìê€ …ðÏÇ†Ù|�̄ü±ÿ€ ìÛ†ôì• ¾~ ¬°¾~ ¬° ‹±…‹± „Ž€ Þî ‹õ¬ó ð·Œþ

ø³üñú {õèý~ ô øí¡ñýò ¶†¬âþ Ö±…üñ~ ð·Œ• ‹ú ¶†ü± �éýí±ø†ÿ

²ü·•|{©±ü�|�̄ü± ‹ý»}± ìõ°¬ {õ›ú Ú±…° â±Ö}ú|…ð~ ]|5€4[.

�éþ|øý~°ôÞ·þ|„èß†ðõ…–|ø†€ �éþ|…¶}± øý~°ôÞ·þ „èß†ðõ…–|ø†

ø·}ñ~ ô ô²ó ìõèßõèþ „ðù† ‹± ¤·� ðõÑ ìýß±ô…°â†ðý·î ô º±…üÈ °º~

¬° ì¥~ô¬û 501*2 {† 601*3 ¬…è}õó Ú±…° ¬…°¬. …üò ðõÑ {±ÞýŒ†– ‹ú Îé•

¨õ…Á Öý³üßþ€ ìß†ðýßþ ô øí¡ñýò ‹ú Îé• ¶†²â†°ÿ ‹† ‹~ó ¤}þ ¬°

Îíê|ø†ÿ ›±…¤þ ðý³ Þ†°‹±¬ ¬…°ð~ ]|6[.  |

…üò â±ôû …² �éýí±ø† Þ†°‹±¬ø†ÿ ì}ñõÎþ ¬…°ð~ Þú …² „ó ›íéú ìþ|{õ…ó

‹ú …¶}×†¬û …² „ðù† ¬° ¶†̈• …ðõ…Ñ  …èý†Ù€ º†ì�õ ô ìõ…¬ „°…ü»þ€ …ðõ…Ñ

¾×¥†– ô ›†üã³üò|ø†ÿ …¶}©õ…ó )�±ô{³ø†(€ ðª|ø† ô ¬¶}ß¼|ø†ÿ

›±…¤þ€ ²̈î|�õ½|ø†€ ›†üã³üò Î±ôÝ ̈õó ô …ðõ…Ñ  Öýéî|ø†ÿ

‹·}ú|‹ñ~ÿ€ Þý·ú ô Ê±ôÙ …º†°û Þ±¬. …üò ðõÑ ²ü·•|�éýí± Þú ‹ú ºßê

¬…ðú ¬…̈ê ¶éõë ìýß±ô…°â†ðý·î {œíÐ ìþ|ü†‹~ ô �̧ …² …¶}©±…ž ô

¨†èÀ|¶†²ÿ ‹ú �õ¬° ¶×ý~ °ðãþ {Œ~üê ìþ|ºõ¬€ {õ¶È â±ôû|ø†ÿ

ì©}éØ ìýß±ô…°â†ðý·î|ø† …² ìñ†‹Ð øý~°ôÞ±‹ñþ øñã†ìþ Þú ìÛ~…° ìõ…¬

ìÓ̄ÿ )tneirtun(| ì¥~ô¬ …¶•€ Ú†‹ê {ùýú|…ð~. â±ôøþ …² ‹†Þ}±ÿ|ø† ô

øí¡ñýò ¬¶}ú|…ÿ …²Öýçìñ}õ¹|ø†| Ú†‹éý• ¶†̈• …üò

ðõÑ �éýí±ø† ü† Þõ�éýí± „ðù† °… ‹ú Îñõ…ó ìñŒÐ ®̈ý±û Þ±‹ò ¬° ¬…̈ê ¶éõë

¨õ¬ ¬…°ð~ ]|7[|. {Û±üŒ†_ 003 ðõÑ ìýß±ô…°â†ðý·î€ º†ìê …ðõ…Ñ â±ï ì˜Œ• ô

ìñ×þ ºñ†¶†üþ º~û Þú Ú†¬° ‹ú ®̈ý±û|¶†²ÿ …ðõ…Ñ sAHP| ø·}ñ~. …² ›íéú

ìýß±ô…°â†ðý·î|ø†üþ Þú Ú†‹éý• {õèý~ sAHP| °… ¬…°ð~€ ìþ|{õ…ó ‹ú

âõðú|ø†ÿ ‹† ¶ýéõ¹€ …²{õ‹†Þ}±€ ¶õ¬ôìõð†¹ ô |„èß†èýœñ³ |…º†°û Þ±¬ ]|8[.|

¬° {ùýú sAHP€ ìýß±ô…°â†ðý·î|ø† …² ìõ…¬ „èþ ì¥éõë …¶}×†¬û ìþ|Þññ~

Þú ìùî|{±üò „ðù† …¶ý~ø†ÿ Ÿ±Ž Ö±…° )sAFV,sdica yttaf elitalov(

ø·}ñ~ ô „ðù† °… ‹ú sAHP| {Œ~üê ìþ|Þññ~. ‹ñ†‹±…üò€ …â± Æþ Ö±…üñ~ {¿×ýú

Ö†ÂçŽ ðý³ …üò ðõÑ …¶ý~ø† {õèý~ ºõð~€ ‹† …¶}×†¬û …²

ìýß±ô…°â†ðý·î|ø†ÿ ìñ†¶� ìþ|{õ…ó Âíò ì¿±Ù Þ±‹ò „èþ ì¥éõë€

²ü·•|�éýí± ðý³ {ùýú Þ±¬.

{ùýú sAHP| …² �·†Ž ì³…ü†üþ ¬…°¬ Þú …² ìùî|{±üò „ðù† ìþ|{õ…ó {õèý~

ð·Œ}†_ …°²…ó ²ü·•|�éýí±€ Þ†ø¼ ¤œî èœò ì†²…¬ ô ‹ú ¬ðŒ†ë „ó Þ†ø¼

ø³üñú|ø†ÿ {¿×ýú Ö†ÂçŽ °… ‹±ºí±¬. æ²ï ‹ú ®Þ± …¶•€ ‹± …¶†¹

ìÇ†èÏ†– …ðœ†ï º~û  ¬° ¾õ°– ‹†²ü†Ö• sAHP| …² èœò ì†²…¬ {¿×ýú

¨†ðú Ö†ÂçŽ ¤œî „ó ‹ú Þí}± …² 03 ¬°¾~ Þ†ø¼ ìþ|ü†‹~ ]9[.

Æþ ¬ô ¬øú â̄º}ú€ {ç½|ø†ÿ ²ü†¬ÿ ‹ú ìñËõ° {õèý~ ‹ùýñú sAHP|

…ðœ†ï º~û€ …ì† ‹† ô›õ¬ …üò {ç½|ø† Úýí• ÖÏéþ …üò ðõÑ {±ÞýŒ†– øñõ²

Ÿñ~ ‹±…‹± �ç¶}ýà|ø†ÿ ìÏíõèþ …¶• ]01[.

¬° �µôø»þ€ èœò ¤†¾ê …² {¿×ýú ²ü·}þ Ö†ÂçŽ ¾ñ†üÐ ŸõŽ ô

Þ†Ò̄€ ð»†¶}ú|¶†²ÿ ô ¾ñ†üÐ {õèý~ �ñý± ¬° {õèý~ AHP| ‹† üà ¬üã±

ìÛ†ü·ú º~û …¶•. ¬° …üò �µôø¼€ ¤~…Þ±̃ ìÛ~…° �éýí± {õèý~ÿ ‹†

…¶}×†¬û …² …¶}†– ‹ú Îñõ…ó ìñŒÐ {†‡ìýò Þ±‹ò øñã†ìþ ‹ú ¬¶• „ì~û Þú

èœò ¤†¾ê …² {¿×ýú Ö†ÂçŽ ¾ñ†üÐ ŸõŽ ô Þ†Ò̄ ìõ°¬ …¶}×†¬û Ú±…°

â±Ö}ú …¶• ]|11[.

¬° �µôø»þ ¬üã±€ …÷± ðõ¶†ó �}†ð·ýê …Þ·†ü¼ -Þ†ø¼

)RPO ,laitnetop noitcuder noitadixo( ‹± Þý×ý• {õèý~ �éýí± ¬°

º±…üÇþ ‹±°¶þ º~û Þú …² {±Þý�  ¶~üî �±ô�ýõð†– ô ¶~üî …¶}†– ‹ú

Îñõ…ó ìñŒÐ {†‡ìýò Þ±‹ò …¶}×†¬û º~û ‹õ¬ ]|21[|. ‹± …¶†¹ ð}†ü� …üò

�µôø¼€ PRO| ‹ú Îñõ…ó Î†ìê Þñ}±ë|Þññ~û ìñ†¶Œþ ‹±…ÿ {õèý~ �éýí±

ìÏ±Öþ º~û …¶•.

‹† {õ›ú ‹ú ìõ…°¬ â×}ú º~û ô ì»ßç– ìÇ±§ º~û ¬° ²ìýñú ¬ÖÐ …ðõ…Ñ

�ç¶}ýà|ø† ô øí¡ñýò Î~ï ô›õ¬ …ÆçÎ†–  ì×ý~ ¬° ̈¿õÁ …÷±

…¶ý~ø†ÿ Ÿ±Ž Ö±…° ‹± {õèý~ �éýí± øñã†ï …¶}×†¬û …² Þ»• ì©éõÉ€

(Filamentous)



ø~Ù …¾éþ ¬° …üò �µôø¼€ ‹±°¶þ …÷± …¶ý~ø†ÿ Ÿ±Ž Ö±…°  ‹± {õèý~

sAHP| ‹† …¶}×†¬û …² èœò ÖÏ†ë ìÏýò º~û …¶•. ¬° …üò �µôø¼€ …²

¶~üî|…¶}†– ô ¶~üî �±ô�ýõð†– ‹ú Îñõ…ó ìñŒÐ {†‡ìýò ‹ñý†ó …¶ý~ø†ÿ

Ÿ±Ž …¶}×†¬û º~ ô …÷± …üò ¬ô {±Þý� ‹± Þíý• ô Þý×ý• �éýí± ®̈ý±û

º~û ¬° ¬°ôó ¶éõë ìýß±ô…°â†ðý·î|ø† ‹±°¶þ º~û …¶•.

{œ±‹þ  |

ìƒƒõ…¬  |

¬° …üò �µôø¼€ …² 3 - |øý~°ôÞ·þ ‹õ{ý±üà …¶ý~ ‹±…ÿ …ð~…²û|âý±ÿ Þíþ

3 - |øý~°ôÞ·þ ‹õ{ý±…– )BH3,|etarytub-yxordyh-3(  ô …² Þõ�éýí±

sAHP| Þú º†ìê 88 ¬°¾~ ô²ðþ BH3| ô 21 ¬°¾~ ô²ðþ 3 - øý~°ôÞ·þ

ô…è±…– )VH3,etarelav-yxordyh-3( ‹õ¬ ‹±…ÿ …ð~…²û|âý±ÿ Þíþ

VH3| …¶}×†¬û º~  Þú ø± ¬ô ì¥¿õë º±Þ• amgiS| „ì±üß† ‹õ¬ð~.

¶~üî|�±ô�ýõð†– ì¿±Öþ ‹† ̈éõÁ „²ì†ü»ã†øþ ô …² º±Þ•

murtcepS| „ì±üß† {ùýú º~. ¶†ü± ìõ…¬ ºýíý†üþ ‹ú Þ†° °Ö}ú ðý³ ‹† ̈éõÁ

„²ì†ü»ã†øþ ô …² º±Þ• kcreM| „èí†ó {ùýú º~ð~.

¬¶}ã†û|ø†

¬° …üò �µôø¼€ ‹ú ìñËõ° ºñ†¶†üþ ô …ð~…²û|âý±ÿ sAHP€ °ðä|ðã†°

â†²ÿ )CG(| ì~ë DIF/0144UP| ¶†̈• º±Þ• spilihP| ‹† ¶}õó

ìõüýò )01-PB(€ ÚÇ± ¬…̈éþ mm22/0 ô Æõë m52 ‹ú Þ†° â±Ö}ú º~û

…¶•. ¶†ü± º±…üÈ ìõ°¬ …¶}×†¬û ðý³ ‹ú º±§ ›~ôë 1 …¶•. ‹±…ÿ …ð~…²û|âý±ÿ

…Þ·ýµó ìõ°¬ ðý†² ºýíý†üþ )DOC ,dnamednegyxo lacimehc(…²

ÆýØ|¶ñ� nairaV| ì~ë cnoC05| ô ‹ú ìñËõ° Þñ}±ë Hp| …² ¬¶}ã†û

Þñ}±ë Þññ~û Hp| ¶†̈• º±Þ• ²…å ºýíþ ì~ë 609TNC| ‹† ¬Ú• 1/0

ô…¤~ ‹ú Æõ° ì·}Ûýî )enil-no( …¶}×†¬û º~û …¶•.

°ô½|øƒƒ†

‹ú ìñËõ° ̈õ¬…¬ó ìýß±ô…°â†ðý·î|ø† ‹±…ÿ {õèý~ �éýí± …² ¶†ì†ðú °…Þ}õ°

ð†�ýõ¶}ú ì±¤éú|…ÿ )RBS ,rotcaer hctab gnicneuqes( ‹þ|øõ…²ÿ -

øõ…²ÿ ‹† ¤œî L|01 …¶}×†¬û º~. …üò °…Þ}õ° ‹ú Æõ° ì~…ôï ô ¬° üà

Ÿ±̈ú  h4 ‹ú Þ†° â±Ö}ú º~û …¶•. ¬° …üò °…Þ}õ° Þú Æ±§ Þéþ „ó ¬°

ºßê 1 ð»†ó ¬…¬û º~û …¶•€ {í†ï ì±…¤ê ‹ú ô¶ýéú üà ¶†ì†ðú …èß}±üßþ

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

›~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(.



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

13

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.



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

01
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2

01
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2

01

04

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



…÷± …¶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

Þ±‹ò ¬° ¶õ‹·}±… ¬° ¤†è•|ø†ÿ ì©}éØ ‹† üà ¬üã± ìÛ†ü·ú º~û …¶•.
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