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2Q�(DUWK��DUPRQ����OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO

�HYDQVKL�7ULYHGL���9LYHN�3DQG�D���.LQMDO�8SDGK�D��

�EVWUDFW

,Q� WKH� LQWULFDWH� GDQFH� RI� QDWXUH�� DOJDH� HPHUJH� QRW� MXVW� DV� WKH� VLOHQW� DUFKLWHFWV� RI�
YLEUDQW� XQGHUZDWHU� UHDOPV�� EXW� DV� WKH� XQVXQJ� KHURHV�ZLWK� WKH� SRZHU� WR� EUHDWKH� OLIH�
LQWR� WKH�QDWXUDO�ZRUOG�� ,Q� WKLV�FRPSUHKHQVLYH�DQDO�VLV�ZH�JR� WKURXJK�KRZ�DOJDH� MDFN�
LQWR³�FDUERQ�V�YRLG�E��VHTXHVWHULQJ�FDUERQ�RI�&2

�
�XVLQJ�SKRWRV�QWKHVLV�DQG�PLWLJDWHV�

greenhouse� emissions,� puri�es� tainted�waters� by� using� wastes� from�wastewater� like�
QXWULHQWV��VSDUNV�D�JUHHQ�UHYROXWLRQ�DV�LW�SURGXFHV�ELRIXHOV�DQG�EHLQJ�XVHG�DV�IRRG�IRU�
QXWULHQW�HQULFKPHQW�DV�ZHOO�DV�PRQLWRUV�HQYLURQPHQW�DV�ELRVHQVRUV��WKXV�FRQFOXGLQJ�LQWR�
DOJDH�V�DELOLW��WR�WUDQVFHQGLQJ�FRQYHQWLRQDO�ERXQGDULHV�RI�HQYLURQPHQWDO�VWHZDUGVKLS��
The� more� emphasis� will� be� on� illuminating� on� major� bene�ts� like� biofuels,� carbon�
VHTXHVWUDWLRQ�DQG�ZDVWHZDWHU�WUHDWPHQW�ZKLFK�PLJKW�EH�VZHHW�LQ�WKH�FLWUXV�

.H�ZRUGV�� 0LFURDOJDH�� $SSOLFDWLRQ�� :DVWHZDWHU� WUHDWPHQW�� &DUERQ� VHTXHVWUDWLRQ��
ELRIXHOV�

�RZ�WR�FLWH�WKLV�DUWLFOH�

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO��-�0LFURELRO�5HODW�
5HV�������������������

-RXUQDO�RI�0LFURELRORJ��DQG�5HODWHG�5HVHDUFK
9ROXPH����1XPEHU����-DQXDU����-XQH�����

'2,��KWWS���G[�GRL�RUJ����������MPUU������������������
���Y��Z��UW�FO�

�XWKRU��IILOLDWLRQ�� ���6WXGHQW�� �$VVLVWDQW�3URIHVVRU��
'HSDUWPHQW� RI� %LRFKHPLVWU�� DQG� %LRWHFKQRORJ��� 6W��
;DYLHUV� &ROOHJH� �$XWRQRPRXV��� $KPHGDEDG� ��������
*XMDUDW��,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� .LQMDO� 8SDGK�D���
$VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI� %LRFKHPLVWU�� DQG�
%LRWHFKQRORJ��� 6W�� ;DYLHUV� &ROOHJH� �$XWRQRPRXV���
$KPHGDEDG���������*XMDUDW��,QGLD�

(�PDLO��NLQMDO�XSDGK�D�#V[FD�HGX�LQ

5HFHLYHG�RQ������������

�FFHSWHG�RQ������������

,1752�8&7,21

7KH� HQYLURQPHQW� LV� GHWHULRUDWLQJ� DQG� GLIIHUHQW�
SROOXWLRQ� LV� HPHUJLQJ� DV� VHYHUH� SUREOHPV�

DURXQG�WKH�JOREH��7KXV��UHQGHULQJ�LW�WR�IXQGDPHQWDO�
FRQFHUQ� WR� HFRWR[LFRORJLVW�� HQYLURQPHQWDO�
ELRORJLVW�� HFR�FKHPLVWV�� SDWKRORJLVW� DQG� PDQ��
other� �elds� of� research.� Therefore,� advanced�

methods� rede�ning� approaches� meeting� the�
GHPDQGV�RI�JURZLQJ�ZRUOG��FDOOHG�¶JUHHQ�DJHQGD���
7KH�$OJDH�EHLQJ�GLYHUVH�SKRWRV�QWKHWLF� JURXS� RI�
eukaryotes�diversi�ed�in�many�species�and�genera�
like� Chlorophyta,� dino�agellates,� diatoms,� etc.�
WKH�� KDYH� HPHUJHG� DV� YDOXDEOH� HQYLURQPHQWDO�
DSSOLFDWRUV� EHFRPLQJ� WKH� VXVWDLQDEOH� VROXWLRQV�
DFURVV� YDULRXV� VHFWRUV�� 7KHLU� DELOLW�� RI� DEVRUELQJ�
QXWULHQWV�� LQ� ZDVWHZDWHU� WUHDWPHQW�� DLGLQJ� ZDWHU�
puri�cation,� forming� biofuels� and� many� more.�
(PHUJLQJ� HQYLURQPHQWDO� FRQWDPLQDQWV� SUHVHQW�
in� wastewater� are� drawing� signi�cant� awareness�
DV� WKH�� H[KLELW� VHYHUDO� EDG�TXDOLWLHV� VXFK� DV� KLJK�
SRODULW���WKH�DELOLW��WR�EH�ELRDFFXPXODWHG�E��DTXDWLF�
RUJDQLVPV� DQG� UHVLVWDQFH� WR� ELRGHJUDGDWLRQ��
7KH�� KDUP� WKH� DTXDWLF� HFRV�VWHP� DQG� KXPDQ�
KHDOWK� DV� ZHOO�� 7KH� PRVW� FRPPRQ� FRQWDPLQDQWV�
LQFOXGH� QRW� RQO�� SKDUPDFHXWLFDOV� SURGXFWV� EXW�
also�several�personal�care�products,�per�uorinated�
FRPSRXQGV�� JDVROLQH� DGGLWLYHV�� VXUIDFWDQWV��
RUJDQRPHWDOOLF� FRPSRXQGV�� GLVLQIHFWLRQ� E��
products,�brominated�and�organophosphate��ame�
UHWDUGDQWV�� HQGRFULQH�GLVUXSWLQJ� FRPSRXQGV��
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QDQRSDUWLFOHV� DQG�SODVWLFL]HUV� �0�OOHU� H�� DO��� ������
0RULQ�&ULQL�H��DO����������$OJDH�EDVHG�WHFKQRORJLHV�
have�demonstrated�greater�ef�ciency�in�removing�
HPHUJLQJ�FRQWDPLQDQWV��0RULQ�&ULQL�H��DO���������DW�
ERWKODERUDWRU��VFDOHV�DQG�LQ�UHDO�ZDVWHZDWHU�

%LRUHPHGLDWLRQ� LV� EDVLFDOO�� WKH� XVH� RI� OLYLQJ�
ELRORJLFDO� RUJDQLVPV� LQ� RUGHU� WR� UHPRYH�
WKH� FRQWDPLQDQWV�� $OJDH� FDQ� EH� XVHG� LQ� ELR�
remediatingindustrial� ef�uent� including� heavy�
PHWDO��G�H��QLWURJHQ��SKRVSKRUXV��HWF��UHPRYDO�

+HDY�� PHWDO� DUH� WKH� FODVV� ZLWK� DWRPLF�
GHQVLW�� ������ NJ�Pó� �9DUGKDQ� H�� DO��� ������� 7KH��
VKRZ� DFFXPXODWLRQ� DQG� WKXV� DUH� KDYLQJ� QRQ�
ELRGHJUDGDEOH� SURSHUWLHV�� WR[LFLW�� DQG� WKXV� EH� D�
FULWLFDO� SUREOHP�ZRUOGZLGH��$�KHDY��PHWDO�EHLQJ�
SROOXWDQW�DOVR�FDXVHV�GLVHDVHV�OLNH�QHUYRXV�V�VWHP�
GLVRUGHU��JDVWURLQWHVWLQDO�DQG�NLGQH��G�VIXQFWLRQ��
YDVFXODU� GDPDJH�� VNLQ� OHVLRQ�� LPPXQH� V�VWHP�
G�VIXQFWLRQ�DQG�FDQFHU�HYHQ�DW�ORZ�FRQFHQWUDWLRQV�
�(GHOVWHLQ�H��DO���������

�HDY�� PHWDOV� KDYH� WKUHH� FDWHJRULHV�� ���
UDGLRQXFOLGHV� ��� SUHFLRXV� PHWDOV� ��� WR[LF� PHWDOV�
�3DYLWKUD� H�� DO��� 2020;� Ka�l� H�� DO��� ������7KH�KHDY��
PHWDOV� FDQ� EH� UHPRYHG� E�� %LRVRUSWLRQ� DQG�
ELRDFFXPXODWLRQ��$KPHG�H��DO���������

�¾ )LUVW� PHWKRG�� ELRDFFXPXODWLRQ� ZRUNV� E��
WUDQVSRUWLQJ�PHWDO�LRQV�DFURVV�FHOO�PHPEUDQH�
XVLQJ�SDVVLYH�DQG�DFWLYH�WUDQVSRUW��0HWKRG�
RFFXUV�RQO��LQ�OLYH�FHOOV�

�¾ 6HFRQG� RQH�� ELRVRUSWLRQ� LQYROYHV� WKH�
VRUSWLRQ� RI� PHWDOV� RQWR� WKH� FHOO� VXUIDFH�
ZKLFK�ZLOO�EH�KHOSHG�E��([RSRO�VDFFKDULGHV�
�$KPHG�H��DO���������

�SSO�FDW�R�V�RI�DO�D��

7KURXJKRXW� WKH� ODVW� VHYHUDO� GHFDGHV�� WKH�ZRUOG�
IUXJDOLW��KDV�H[SDQGHG�DW�D�GUDPDWLF�SDFH��([WUHPH�
SRSXODWLRQ� H[SDQVLRQ� LV� D� PDMRU� LVVXH�� ZLWK� WKH�
ZRUOG�V� SRSXODWLRQ� FDVW� WR� UHDFK� ���� ELOOLRQ� LQ�
������ ���� ELOOLRQ� LQ� ����� DQG� ����� ELOOLRQ� E�� �����
�8QLWHG� 1DWLRQV�� ������� $V� D� FRQVHTXHQFH� RI� WKH�
JURZLQJ� JOREDO� SRSXODWLRQ�� ODUJH� TXDQWLWLHV� RI�
HQHUJ�� DQG� FRIIHUV� KDYH� EHHQ� FRQVXPHG� DQG�
SROOXWLRQ� VLWXDWLRQV� DUH� KLJK�� 7KH� QHFHVVLW�� RI�
DQWLFLSDWLQJ� DQG� SUHSDULQJ� IRU� WKHVH� KHDGV� KDV�
EHHQ� KRQRUHG� DQG� DSSUHFLDWHG� E�� QXPHURXV�
WUDQVQDWLRQDO� DVVRFLDWLRQV�� 3URPRWLQJ� D� �JUHHQ�
IUXJDOLW��� LV�RQH� VLPLODU� SODQ��7KH�JUHHQ�IUXJDOLW��
FRQFHSWLRQ�ZDV�GHYHORSHG�GXULQJ�WKH������8QLWHG�
1DWLRQV� &RQIHUHQFH� RQ� 6XVWDLQDEOH� 'HYHORSPHQW�
LQ�5LR�GH�-DQHLUR�DQG�LW�V�JURXQGHG�RQ�WKH�LGHD�WKDW�
HQYLURQPHQWDO�SURWHFWLRQ�KHOSV�ERWK� WKH� IUXJDOLW��
DQG� VRFLHW��� 7KH� WKLQJ� RI� WKLV� FRQFHSWLRQ� LV� WR�
HPSRZHU� JURZHUV� DQG�PDQXIDFWXUHUV� WR� SURGXFH�
IXUWKHU� HQYLURQPHQWDOO�� IULHQGO�� SURGXFW� DQG�
FRQVXPSWLRQ� V�VWHPV� JURXQGHG� RQ� H[HUFLVH� DQG�
UHFRYHULQJ�IRU�VXVWDLQDEOH�GHYHORSPHQW��/RLVHDX�H��
DO���������

)LJ�����$SSOLFDWLRQV�RI�DOJDH�$GRSWHG�IURP�.DQGDVDP��H��DO�������

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO
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1XWULHQWV�ELRUHPHGLDWLRQ�E��DOJDH

([WHUQDO� DQG� DJUDULDQ� ZDVWH� ZDWHU�
FRQWDLQV� D� ODUJH� TXDQWXP� RI� QXWULHQWV� OLNH�
QLWURJHQ�� SKRVSKRUXV� DQG� RWKHU� PLQHUDOV��
7KH� SUHGRPLQDQW� IRUPV� LQ� ZKLFK� WKH�� GR� LQ�
ZDVWHZDWHU� DUH� DPPRQLXP� LRQV�� QLWULWH�� QLWUDWH�
DQG� RUWKRSKRVSKDWH�� 3KRVSKDWH� HQWHUV� WKH� DOJDO�
FHOO� ODERULRXVO�� WKURXJK� D� V�PSRUWHU�ZLWK� +� RU�
1D� LRQV� IXUQLVKLQJ� WKH� GULYLQJ� IRUFH��$OJDH� DOVR�
K�GURO�]H� RUJDQLF� SKRVSKRUXV� FRPSRVLWHV� ZLWK�
PHPEUDQH�ERXQG� DV� ZHOO� DV� IUHH� SKRVSKDWDVHV��
UHOHDVLQJ� ELRDYDLODEOH�SKRVSKRUXV� WKDW�V� ODWWHUO��
WDNHQ� XS� E�� WKH� DOJDO� FHOOV� �%RODQ� H�� DO��� �������
$PRQJ� LQRUJDQLF� QLWURJHQ� VRXUFHV�� DOJDH�
SUHIHUHQWLDOO�� WDNH�XS� DPPRQLXP�EHFDXVH� RI� LWV�
IXUWKHU� VWRXWO�� IDYRUDEOH� DVVLPLODWLRQ� DQG� GLUHFW�
protein�objecti�cation�process�(Bolan�H��DO����������
$OJDH�XSWDNH�DPPRQLXP�E��D�JURXS�RI�PHPEUDQH�
WUDQVSRUWHU�SURWHLQV�EHORQJLQJ�WR�WKH�DPPRQLXP�
WUDQVSRUWHU� IDPLO��� 2Q� WKH� RWKHU� KDQG�� QLWUDWH�
DQG�QLWULWH�DUH�UHGXFHG�WR�DPPRQLXP��E��QLWUDWH�
UHGXFWDVH� DQG� QLWULWH� UHGXFWDVH�� LQGHSHQGHQWO���
IRU�LQWUDFHOOXODU�XSWDNH��ZKLFK�LV�HQHUJ��IHURFLRXV�

5HPRYDO�RI�FRQWDPLQDQWV�E��DOJDH

$OJDH�DV�EHLQJ�DEOH�WR�WROHUDWH�WR[LF�HOHPHQWV�DQG�
UHTXLUH� KHDY�� PHWDOV� DV� OLNH� ]LQF�� PRO�EGHQXP��
PDQJDQHVH�� LURQ�� FREDOW�� FRSSHU� DQG� ERURQ� DV�
WUDFH�HOHPHQWVWKXV� WKH��FDQ�JURZ�DQG�PHWDEROL]H�
ZKHUHDV� VRPH� OLNH� FDGPLXP�� FKURPLXP�� OHDG��
DUVHQLF��PHUFXU��DUH�KDUPIXO�WR�WKHP��

7KLV� FDOOHG� KRUPHVLV�� LV� D� SURFHVV� RI� UHTXLULQJ�
WR[LF� KHDY�� PHWDOV� IRU� JURZWK�� 3UHFLRXV� PHWDOV�
$J�DQG�$X�FDQ�EH�UHFRYHUHG�ZKLOH�UHPRYLQJ�WR[LF�
UDGLRDFWLYH� HOHPHQWV� IURP� ZDWHU� DQG� WKHVH� DOJDH�
FDQ� WROHUDWH� WR[LFLW�� YLD�PHFKDQLVPV� OLNH� DV� JHQH�
UHJXODWLRQ��KHDY��PHWDO�LPPRELOL]DWLRQ��FKHODWLRQ��
H[FOXVLRQ�DQG�WKH�SURGXFWLRQ�RI�GLIIHUHQW�HQ]�PHV�
WKDW� GHFUHDVH� WKH� WR[LFLW�� RI� WKHVH� VXEVWDQFHV��
�0RQWHLUR� H�� DO��� ������ 7ULSDWKL� DQG� 3ROXUL�� ������
0DQLNDQGDQ�H��DO��������

+HDY�� PHWDO� FRQWURO� E�� DOJDH� PDMRUO�� IROORZV�
ELRVRUSWLRQ� DQG� ELRDFFXPXODWLRQ�� LW� FDQ� IRUP�
RUJDQRPHWDOOLF� FRPSRXQG� ZLWK� KHDY�� PHWDOV� LQ�
F�WRSODVP�DQG�VHSDUDWLQJ�YDFXROHV��7KH�ELRVRUSWLRQ�
LVPHWDO� LRQ�ELQGLQJ� WR�GHDG�RU� LQDFWLYH� DOJDO�FHOOV�
YLD�GLIIHUHQW�LQWHUDFWLRQ�OLNH�HOHFWURVWDWLF��FKHODWLRQ��
LRQLF��HWF���6ULPRQJNRO�H��DO���������

,QVWHDG� ELRDFFXPXODWLRQ� LQYROYH� OLYH� DOJDH�
where� �rst� the� semi� biosorption� takes� place�with�
PHWDO� LRQ� ELQGLQJ� IXQFWLRQDO� JURXSV� OLNH� �2+��
�&22+�� DPLQH�� HWF�� RQ�ZDOO� RI� FHOO�� 7KHQ� VHFRQG�
SKDVH��LQWUDFHOOXODU�XSWDNH�KDSSHQV��LQJHVWLQJ�WKHVH�

toxic�elements�playing�crucial�role�in�detoxi�cation.�
�6ULPRQJNRO�H��DO���������

6RPH� VWXGLHV� VKRZ� GHDG� DOJDH� EHLQJ� EHWWHU� LQ�
ZDV�HZD�HU�WUHDWPHQW�DV�IRU�OLYH�DOJDH�VKRZ�UHVWULFWHG�
VRUSWLRQ� GXH� WR� WKH� OLYH� FHOO� SRLVRQLQJ�� DOVR� OLYH�
FHOOV�KDYH�FRPSOH[�LQWUDFHOOXODU�PHFKDQLVP�IRU�WKH�
XSWDNH� RI� FRQWDPLQDQW� ZKLFK� PDNHV� DEVRUSWLRQ�
FRPSOH[��2Q� WKH�RWKHU�KDQG�GHDG�RQHV�ZLOO�DFW�DV�
DVVHPEOHUV� RI� SRO�PHUV� ZKLFK� DEVRUEV� PHWDOV� DW�
H[WUDFHOOXODU�OHYHO���6DODP��������

$OJDO�VSHFLHV�IURP�IDPLO��3KDHRSK�FHDH�LQ�ZKLFK�
DOJLQDWH� VHUYHV� PDLQO�� IRU� KHDY�� PHWDO� ELQGLQJ�
which�directs�the�in�uence�on�biosorption.�A�weird�
matter� of� fact� is� some� contaminant� speci�cally�
ERRVW� UDWHV� RI� RWKHU� FRQWDPLQDQWV�� IRU� H[DPSOH��
VXOIDPHWKD]LQH�UHPRYDO�JHWV� LQFUHDVH�E��SUHVHQFH�
RI�VXOIDPHWKR[D]ROH��;LRQJ���������&R�PHWDEROLVP�
UHSRUWHG� LQ� &KODP�GRPR�DV� 0H�LFD�D� UHPRYHV�
cipro�oxacin� after� adding� sodium� acetate,� here�
EUHDNGRZQ� YLD� HQ]�PH� WDNHV� SODFH� �;LRQJ��
������� 7HPSHUDWXUH� HIIHFWV� DV� KLJKHU� WHPSHUDWXUH�
LQFUHDVHV� UDWH� RI� HQWLUH� SURFHVV� �9LMD�DUDJKDYDQ�
DQG�<XQ��������

6WXGLHV� VKRZ� WKDW� E��SURGXFW� IRUPHG� FDQ�PD��
EH� SURYHQ� PRUH� WR[LF� WKDQ� SULPDU�� FRPSRXQG��
RQH� VXFK� FDVH� LV� WH[WLOH� ZDWHU� UHPHGLDWLRQ� XVLQJ�
2VFLOOOD�RULD��H��LV��&KORUHOOD�S�UH�RLGRVD�DQG�&KORUHOOD�
Y�OJDULVFD��GHJUDGH�D]R�G�HV�LQWR�VLPSOH�DURPDWLF�
DPLQHV� EHLQJ� FDUFLQRJHQLF� DQG� SHUVLVWHQW� �)D]DO��
�������7KXV��EHIRUH�XVLQJ�DOJDH�V�VWHPV��WKH�VWXG��
VKRXOG�EH�PDGH�IRU�HIIHFWV�RI�HQYLURQPHQWDO�IDFWRUV�
RQ�PRQLWRULQJ�DQG�JURZWK�RI�DOJDH� IRU�VXFFHVVIXO�
DSSOLFDWLRQ�

)LJ�����3HUFHQWDJH�UHPRYDO�RI�1LWURJHQ�DQG�SKRVSKRUXV�E��
GLIIHUHQW�DOJDO�VSHFLHV

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO
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3KDUPDFHXWLFDO� FRQWDPLQDQWV� FDQ� EH� UHPRYHG�
EDVHG� RQ� WKHLU� SK�VLRORJLFDO� SURSHUWLHV� XVLQJ�
PLFURDOJDH�� $� VWXG�� E�� 'H� *RGRV� H�� DO��� ������
VKRZHG� DELOLW�� RI�&KORUHOOD� Y�OJDULV� IRU� UHPRYLQJ�
PRUH� WKDQ� ���� WHWUDF�FOLQH� YLD� DGVRUSWLRQ� DV�
LQWHUDFWLRQ�HVWDEOLVKHG�EHWZHHQ�SRVLWLYHO��FKDUJHG�
PROHFXOHV� RQ� FHOO� VXUIDFH��1RW� RQO�� WKLV� EXW� DOVR�
�orfenicol,� trimethoprim,� sulfamethoxazole� and�
FDUEDPD]HSLQH�EH�ELRDFFXPXODWHG�E��&KORUHOOD�VS��
�6RQJ� H�� DO��� ������� $Q� DOJDH� 6FHGHVP�V� GLPRUSK�V�
ELRGHJUDGHV� ���� RI� ��D�HVWUDGLRO� LQ� DERXW�
�GD�V� �=KDQJ� H�� DO��� ������� 7KH� ELRGHJUDGDELOLW��
LV� GHWHUPLQHG� E�� KRZ� FRPSOH[� VWUXFWXUHG� WKH�
FRPSRXQG�LV��L�H��PRUH�FRPSOH[�WKH�VXEVWUDWH�WKHQ�

less� ef�ciency� of� degradability� is� seen� and� vice�
YHUVD�

Now�when�studied�for�domestic�ef�uent,�(Wang�
H�� DO�� ������ UHSRUWHG� WKDW� VHZDJH� VOXGJH� �QXWULHQW�
ULFK��FXOWLYDWLRQ�RI�PLFURDOJDH�ZDV�PRUH�FRQYHQLHQW�
DQG� EHWWHU� WKDQ� SULPDU�� DQG� VHFRQGDU�� WUHDWHG�
ZDVWHZDWHU� ZKHQ� SDUDPHWHUV� OLNH� &2'�� 32��3��
12��1� DQG� 1+��1�=KHQJ� H�� DO��� ������ PL[HG�
SLJJHU��ZDVWHZDWHU�ZLWK�EUHZHU��ZDVWHZDWHU� IRU�
GHWHUPLQLQJ�RSWLPDO�&�1�UDWLR�DV�WR�NQRZ�QXWULHQW�
5HPRYDO� DQG� PLFURDOJDO� JURZWK�� DW� DQ� RSWLPXP�
C/N�ratio�of�7.9,�removal�ef�ciency�of�all�the�above�
PHQWLRQHG�SDUDPHWHUV�UHDFKHG���������������DQG�
�����

)LJ����3HUFHQWDJH�UHPRYDO�RI�G�H�XVLQJ�GLIIHUHQW�DOJDO�VSHFLHV

)LJ����3HUFHQWDJH�UHPRYDO�RI�,EXSURIHQ�DQG�&DUEDPD]HSLQH��

'DWD�$GRSWHG�IURP�$EGHOIDWWDK�H��DO�������

)LJ����3HUFHQWDJH�UHPRYDO�RI�&DGPLXP�'DWD�$GRSWHG�IURP�
%LODO�H���DO������

)LJ����3HUFHQWDJH�UHPRYDO�RI�GLIIHUHQW�SKDUPDFHXWLFDO�
FRQWDPLQDQWV�E��1D��RFKORULV�VS��'DWD�$GRSWHG�IURP�

$EGHOIDWWDK�H��DO�������

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO
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&DUERQ�VHTXHVWUDWLRQ

$V�VDLG�E��,($�LQ������WKDW�&2
�
�DPRXQW�LV�WR�EH�

UHERXQG�DQG�LQFUHDVH�E�������DV������UHDFKHV�SHDNV�
RI� IRVVLO� IXHO� UHERXQG� ZLWK� LQFUHDVLQJ� GHPDQG��
ZKLFK�SRVH� WKH�SUREOHP�RI� LQFUHDVHG�JUHHQ�KRXVH�
SROOXWLRQ�� $OJDH� EHLQJ� PDJLFDOO�� DFWLYH� FUHDWXUHV�
FDQ�XWLOL]H�WKLV�&2

�
�YLD�SKRWRV�QWKHVLV�DQG�UHF�FOH�

WKHP� LQ� IRUP� RI� ELRHQHUJ�� ZKLFK� PDNHV� XVLQJ�
PLFURDOJDH�D�VXVWDLQDEOH�DQG�HQYLURQPHQW�IULHQGO��
ZD���%ULOPDQ�H��DO���������

&2
�
�DVVLPLODWLRQ�E��SKRWRV�QWKHVLV�LQYROYHV�ERWK�

OLJKW� GHSHQGHQW� DQG� OLJKW� LQGHSHQGHQW� UHDFWLRQV��
PRUHRYHU� WKLV� &2

�
� LV� FRQYHUWHG� WR� FDUERK�GUDWH�

SUHFXUVRUV� DQG� ELRPDVV� ZKLFK� ODWHU� V�QWKHVL]HV�
PDMRU�ELRPROHFXOHV�OLNH�OLSLGV��SURWHLQV�DQG�QXFOHLF�
DFLGV��=HQJ�H��DO���������*J�DQG�/LX��������

$�UHSRUW�VWDWHG��FRVW�RI�PDQXIDFWXULQJ�&KORUHOOD�
%LRPDVV� LV�DURXQG�������SHU�NJ�KDYLQJ�FRQVXPHG�
����N:K�SHU�NJ�RI�HQHUJ���9DOGRYLQRV�*DUFtD�H��DO���
������0RUHRYHU� DURXQG����� NLORWRQV�RI�&2

�
�� �HDU�

LV�VHTXHVWHUHG�XVLQJ�����Pó�PLFURDOJDH�JURZWK�LQ�
SRQG� V�VWHPV� ZKHQ� QDWXUDO� VXQOLJKW� LV� DYDLODEOH�
�6WHZDUW�DQG�+HVVDPL��������

$FFRUGLQJ� WR� VRPH� RWKHU� VWXGLHV�� DOJDH� PLJKW�
UHGXFH�&2

�
�HPLVVLRQV�E�������6WHSDQ�H��DO���������

)LJ����3HUFHQWDJH�UHPRYDO�RI�GLIIHUHQW�G�HV�E��&KORUHOOD�VS��'DWD�$GRSWHG�IURP�$EGHO�)DWWDK�H��DO�������

)LJ����5HSUHVHQWV�&R
�
�VHTXHVWUDWLRQ�SURFHVV�$GRSWHG�IURP�=KDRP�H��DO�������

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO
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PLFURDOJDH� FDQ� WDNH� SODFH� WKURXJK� LQ� GLIIHUHQW�
URXWHV�EXW�JHQHUDOO��LQYROYHV�WXUPRLO�ELRK�GURJHQ�
SURGXFW� �H�J��� GDUN� WXUPRLO� ELRK�GURJHQ� SURGXFW��
SULQW� WXUPRLO� ELRK�GURJHQ� SURGXFW� DQG� SULQW��
GDUN�FRPELQHG�WXUPRLO�ELRK�GURJHQ�SURGXFW��DQG�
SKRWRV�QWKHVLV� ELRK�GURJHQ� SURGXFW� �H�J��� GLUHFW�
QDWXUDO� SKRWRO�VLV� ELRK�GURJHQ� SURGXFW�� FLUFXODU�
QDWXUDO�SKRWRO�VLV�ELRK�GURJHQ�SURGXFW���:DQJ�H��
DO����������%DWLVWD�H��DO���������UHSRUWHG�WKDW�FDQ�JURZ�
LQ� FLYLF� ZDVWHZDWHU� DQG� DOVR� WKH� ELRPDVV� FDQ� EH�
FRQYHUWHG�LQWR�ELRK�GURJHQ� WKURXJK�GDUN�WXUPRLO�
E�����HUREDF�HU�DHURJH�HV�SURGXFLQJ������PO�+��SHU�
JYV��5XL]��0DULQ�H��DO��������

7KH� %LRJDV� LV� WKH� HQG� SURGXFW� RI� DQDHURELF�
GLJHVWLRQ�� *HQHUDOO��� DQDHURELF� GLJHVWLRQ� LV�
FRQGXFWHG� E�� WZR� SURFHVVHV�� ��� VLPSOH� VXJDU� LV�
LQVWLJDWHG� E�� IHUPHQWDWLYH�EDFWHULD� DQG�FRQYHUWHG�
LQWR� DOFRKROV� WKURXJK� DQDHURELF� FRQGHQVDWLRQ�
DQG� ��� PHWDQRJHQLF� PLFURRUJDQLVPV� XVH� WKHVH�
FRPSRVLWHV� DQG� V�QWKHVL]H� ELRPHWKDQH� �'DQTXDK�
H�� DO��� ������ &KRXGKDU�� H�� DO��� ������ UHYHDOHG� WKDW�
QDWLYH� FROOHJHV� 3$�� KDV� JRRG� QXWULHQW� MXQNLQJ�
FDSDELOLW�� IURP� SDVWRUDO� ZDVWHZDWHU� ZLWK� D�
WKHRUHWLFDO�PHWKDQH� HYHQWXDOLW��RI� RYHU� WR� �����P�
�96�SHU�NJ��.LQQXQHQ�DQG�5LQWDOD�� ������ VKRZHG�
WKDW�WKH�ELRPHWKDQH�HYHQWXDOLW��RI�&��9�OJDULV�DQG�
PL[HG�FXOWXUH�RI�QDWLYH�DOJDH�VSHFLHV��GRPLQDWLQJ�
E��6FH�HGHVP�VVS���YDULHG�EHWZHHQ�����DQG�����/�96�
SHU�NJ�RI�PHWKDQRO��'HSHQGLQJ�RQ� FXOWXUH�PHGLD�
LQFOXGLQJ�V�QWKHWLF�PHGLXP��ZDVWHZDWHU��FDVWUDWHG�
DQGQRQ�VWHULOL]HG�� DQG� GLJHVWDWH� IURP� DQDHURELF�
GLJHVWLRQ� RI� SXOS� DQG� SDSHU� ELRVOXGJH� �FDVWUDWHG�
DQG�QRQ�VWHULOL]HG��

&21&/86,21

$OJDH� DV� D� ERRQ� FDQ� WKXV� EH� XVHG� WR� FOHDU� XS�
WKH�HQYLURQPHQW�E��PLWLJDWLQJ�&2���UHGXFH�KHDY��
PHWDOV�E��DGVRUSWLRQ��FOHDULQJ�ZDVWHZDWHU�DQG�VWLOO�
PDQ�� RWKHUV� OLNH� PDNLQJ� ELRIXHOV� DQG� EHLQJ� WKH�

%LRIXHOV

%LRIXHOV� DUH� WKH� IXHOV� FRPLQJ� WR� UHVFXH� LQ�
WKH� IRUP� RI� UHQHZDEOH� HQHUJ�� DV� WKH� WKUHDW� RI�
ORVLQJ� WKHVH� SHWUROHXP� EDVHGIRVVLO� IXHOV� ZH� DUH�
XVLQJ� QRZ�� %LRIXHOV� LQFOXGH� HWKDQRO�� ELRGLHVHO��
ELRK�GURJHQ�

0LFURDOJDH�KDYH� D� FDSDFLW�� DV� D� SDWURQ� VLPLODU�
WR� WKDW� RI� D� ODQG� IDFWRU��� ZKLFK� KDV� EHHQ� FULWLFDO�
WR� PRUWDO� VXUYLYDO� IRU� D� ORQJ� WLPH� LQ� KLVWRU��
considering� terms� of� signi�cant� sources� of� food,�
GUXJ�� HUHFWLQJ� DFFRXWUHPHQWV� DQG� HQHUJ�� IRUFH��
'LIIHUHQW�SKRWRV�QWKHWLF�XQLFHOOXODU�PLFURDOJDH�DUH�
DULVLQJ�DV�QHZ�VRXUFHV�RI�UHQHZDEOH�HQHUJ��WKDW�FDQ�
ful�ll�the�demands�of�the�conditioning.�Microalgae�
OLSLGV� FDQ� EH� HPSOR�HG� DV� D� UDZ� PDWHULDO� IRU�
biodiesel�con�ation�and�remaining�biomass�rich�in�
FDUERK�GUDWHV�FDQ�EH�XVHG�WR�SURGXFH�ELRHWKDQRO�RU�
ELRJDV��7KH��JHQHUDOO��DFFXPXODWH� OLSLGV�EHWZHHQ�
���������RI�WKHLU�GU��ZHLJKW�<HW�6RPH�VSHFLHV�FDQ�
EH�DV�KLJK�DV�����XQGHU�FHUWDLQ�FRQGLWLRQ� �&KLVWL��
������� 7KHVH� QHXWUDO� OLSLGV�� VXEVWDQWLDOO�� LQ� WKH�
IRUP� RI� WULDF�OJO�FHUROV� �PDUN� XS� WR� ��� �� ������
ZKLFK� FDQ� EH� FRQYHUWHG� WR� DGLSRVH� DFLG� PHWK�O�
HVWHUV� �)$0(V�� DQG� FRQYHUWHG� ELRGLHVHO�� $OJDH�
have� advantages� over� �rst� generation� biofuels�
PDGH�IURP�VXJDU��ERXQFH�DQG�YHJHWDEOH�RLO�EHFDXVH�
RI� WKHLU� KLJK� JURZWK� UDWHV� DQG� SURGXFWLYLW���
FDSDELOLW�� WR� JURZ� RQ� D� QRQ�DUDEOH� ODQG� XVLQJ�
ZDVWHZDWHU��FDSDELOLW��WR�XVH�ZDWHU�SROOXWDQWV�DQG�
&2

�
� DQG� FDSDELOLW�� WR� SURGXFH� D� YDULHW�� RI� KLJK�

YDOXH�QDWXUDO�SURGXFW�RI�ELRGLHVHO�IURP�PLFURDOJDH�
FRPSULVHV� WZR� GLIIHUHQW� ZD��� ��� OLSLG� ELUWK� IURP�
microalgal� cells� and� 2)� transesteri�cation� of�
OLSLGV�XVLQJ� DOFRKRO� DQG� D� FDWDO�VW� �0RQGDO� H�� DO���
������� ,Q�D�SULPDU��VWXG��RI�ELRPDVV�SURGXFW�DQG�
DPPRQLXP� MXQNLQJ� LQ� 6��HFKRFRFF�V� VS�� 9':�
�DFFHVVLRQ� QXPEHU� 0+�������� LQVXODWHG� IURP�
QDWXUDO� VHDZDWHU� LQ� 7KDLODQG� �7LQSUDQHHH�� DO���
������� ZH� GLVFRYHUHG� WKDW� DW� RSWLPXP� FRQGLWLRQV�
�RULJLQDO�S+�����LQRFXOXP�VL]H�RI�������2'�����DQG�
ammonium�of�10.5�mg�L�−1),�maximum�ammonium�
MXQNLQJ�DQG�ELRPDVV�SURGXFWLYLW��ZHUH����DQG����
mg�L−1� d−1,� independently.� �A� review� study� by�
3DQFKD� H�� DO��� ������ VKRZHG� FRORUIXO� PLFURDOJDH�
OLSLG� FRQWHQW� FXOWLYDWHG� LQ� FRORUIXO� ZDVWHZDWHU�
UDQJLQJ�IURP��������Z�Z�RI�ELRPDVV��0HDQZKLOH��
&KLQQDVDP��H��DO��������VHW�XS�WKDW�������QXWULHQW�
LQ� WUHDWHG� ZDVWHZDWHU� FRQWDLQLQJ� ������� FDUSHW�
DVVLGXLW�� EDFNZDWHUV� ZLWK� ������� H[WHUQDO�
VHZDJH� ZKLFK� FRXOG� EH� UHPRYHG� E�� D� UDQJH� RI�
QDWLYH� DOJDO� LVRODWHV�� %LRPDVV�SURGXFW� HYHQWXDOLW��
DQG� OLSLG� FRQWHQW� RI� �������� WRQV�K�WLPH� DQG�
������� LQGHSHQGHQWO���%LRK�GURJHQ�SURGXFW� IURP�

7DEOH����3HUFHQWDJH�RI�&R��VHTXHVWHUHG�E��GLIIHUHQW�DOJDO�VSHFLHV

�OJDO�VSHFLHV ��&R��VHTXHVWHUHG

&�DPRGLXP�FDOGDULXP ����

6FHQHGHVPXV��VS� ���

&MDORURFRFFXP�OLWWRUDOH ���

(XJOHQD�JUDFLOLV ���

(XGRULQD�VSS� ���

1DQQRFKDORULV�VS� ���

7HWUDVHOPLV�VS� ���

'DWD�$GRSWHG�IURP�6DQ�DO�H��DO�������

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO
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JUHHQ�JROG�RI�HDUWK�

Con�ict�of�Interest

There�are�no�con�icts�to�declare

�FN�RZO�G��P��WV

7KH�DXWKRUV�DUH�WKDQNIXO�WR�6W��;DYLHU�V�&ROOHJH�
�$XWRQRPRXV���$KPHGDEDG��,QGLD�IRU�SURYLGLQJ�D�
�nancial� assistance�under� the�scheme�of�Research�
3URMHFW� 6HHG� *UDQW� KDYLQJ� DZDUG� QXPEHU�
6;&$�����������35����

5()(5(1&(6

��� $EGHOIDWWDK�� $��� $OL�� 6�� 6��� 5DPDGDQ�� +��� (O�
$VZDU�� (�� ,��� (OWDZDE�� 5��� +R�� 6��� (OVDPDK���
7��� /L�� 6��� (O�6KHHNK�� 0�� 0��� 6FKDJHUO�� 0���
.RUQDURV�� 0��� �� 6XQ�� -�� �������� 0LFURDOJDH�
EDVHG� ZDVWHZDWHU� WUHDWPHQW�� 0HFKDQLVPV��
FKDOOHQJHV�� UHFHQW� DGYDQFHV� DQG� IXWXUH�
SURVSHFWV�� (QYLURQPHQWDO� 6FLHQFH� DQG�
(FRWHFKQRORJ��� ���� �������� KWWSV���GRL�
RUJ���������M�HVH������������

��� �$KPDG��6��)���0RILMXU��0���3DULVD��7��$���,VODP��
1���.XVXPR��)���,QD�DW��$���HW�DO����������3URJUHVV�
DQG� FKDOOHQJHV� RI� FRQWDPLQDWH� UHPRYDO�
IURP� ZDVWHZDWHU� XVLQJ� PLFURDOJDH� ELRPDVV��
&KHPRVSKHUH� ����� �������� GRL���������M�
FKHPRVSKHUH������������

��� $QDQG�� 8��� 'H��� 6��� 3DULDO�� '��� )HGHULFL�� 6���
'XFROL�� 6��� %RODQ�� 1��� 'H��� $��� �� %RQWHPSL��
(�� �������� $OJDH� DQG� EDFWHULD� FRQVRUWLD�
IRU� ZDVWHZDWHU� GHFRQWDPLQDWLRQ� DQG�
WUDQVIRUPDWLRQ� LQWR� ELRGLHVHO�� ELRHWKDQRO��
ELRK�GURJHQ�� ELRIHUWLOL]HUV� DQG� DQLPDO� IHHG��
D� UHYLHZ�� (QYLURQPHQWDO� &KHPLVWU�� /HWWHUV��
������� ���������� KWWSV���GRL�RUJ���������
V����������������Z

��� %DWLVWD��$��3���$PEURVDQR��/���*UDoD��6���6RXVD��
&��� 0DUTXHV�� 3�� $��� 5LEHLUR�� %��� HW� DO�� ��������
&RPELQLQJ� XUEDQ� ZDVWHZDWHU� WUHDWPHQW�
ZLWK� ELRK�GURJHQ� SURGXFWLRQ�DQ� LQWHJUDWHG�
PLFURDOJDH�EDVHG� DSSURDFK�� %LRUHVRXU��
7HFKQRO�� ����� ��������� GRL���������M�
ELRUWHFK������������

��� �%LODO��0���5DVKHHG��7��� 6RVD�+HUQiQGH]�� -��(���
5D]D�� $��� 1DEHHO�� )��� �� ,TEDO�� +�� 0�� ��������
%LRVRUSWLRQ�� $Q� ,QWHUSOD�� EHWZHHQ� 0DULQH�
$OJDH� DQG� 3RWHQWLDOO�� 7R[LF� (OHPHQWV� ³� $�
5HYLHZ��0DULQH�'UXJV�������������GRL����������
PG���������� 30,'�� ���������� 30&,'��
30&��������

��� %RODQ�16��6DJJDU�6��/XR�-)��%KDQGUDO�5��6LQJK�
-� ������� *DVHRXV� HPLVVLRQV� RI� QLWURJHQ� IURP�
JUD]HG�SDVWXUHV��,Q��'/�6SDUNV��(G���3URFHVVHV��
PHDVXUHPHQWV� DQG�PRGHOOLQJ�� HQYLURQPHQWDO�

LPSOLFDWLRQV� DQG� PLWLJDWLRQ�� $GYDQFHV� LQ�
$JURQRP��� 9RO�� ���� (OVH�� YLHU� DFDGHPLF�
SUHVVLQF�� KWWSV���GRL�RUJ���������6�����
���������������

��� %ULOPDQ�� :��� $OED�� /�� *�� DQG� 9HQHPDQ�� 5��
�������� &DSWXULQJ� DWPRVSKHULF� &2

��
XVLQJ�

VXSSRUWHG� DPLQH� VRUEHQWV� IRU� PLFURDOJDH�
FXOWLYDWLRQ�� %LRPDVV� %LRHQHUJ�� ���� �������
GRL���������M�ELRPELRH������������

��� &�� 6RQJ�� <�� :HL�� <�� 4LX�� <�� 4L�� <�� /L�� <��
.LWDPXUD�� %LRGHJUDGDELOLW�� DQG� PHFKDQLVP�
RI� IORUIHQLFRO� YLD� &KORUHOOD� VS�� 87(;�����
DQG� /���� H[SHULPHQWDO� VWXG��� %LRUHVRXU��
7HFKQRO�� ���� ������� ���H����� GRL���������M�
ELRUWHFK������������

��� &KLQQDVDP��� 6��� %KDWQDJDU�� $��� +XQW�� 5�� :��
DQG�'DV�� .��&�� ��������0LFURDOJDH� FXOWLYDWLRQ�
LQ� D� ZDVWHZDWHU� GRPLQDWHG� E�� FDUSHW� PLOO�
HIIOXHQWV� IRU� ELRIXHO� DSSOLFDWLRQV�� %LRUHVRXU��
7HFKQRO�� ���� ����� ����������GRL���������M�
ELRUWHFK������������

���� &KLVWL�� <�� �������� %LRGLHVHO� IURP� PLFURDOJDH��
%LRWHFKQRO�� $GY�� ���� ��������� GRL����� �����M�
ELRWHFKDGY������������

���� &KRXGKDU��� 3��� 3UDMDSDWL�� 6�� .�� DQG� 0DOLN��
$�� �������� 6FUHHQLQJ� QDWLYH� PLFURDOJDO�
FRQVRUWLD� IRU� ELRPDVV� SURGXFWLRQ� DQG�
QXWULHQW� UHPRYDO� IURP� UXUDO� ZDVWHZDWHU� IRU�
ELRHQHUJ��DSSOLFDWLRQV��(FRO��(QJ���������������
GRL���������M�HFROHQJ������������

���� � 'DQTXDK�� 0��� /LX�� %�� DQG�+DUXQ�� 5�� ��������
�$QDO�VLV� RI� SURFHVV� FRQILJXUDWLRQV� IRU�
ELRHWKDQRO� SURGXFWLRQ� IURP� PLFURDOJDO�
ELRPDVV��LQ�3URJUHVV�LQ�ELRPDVV�DQG�ELRHQHUJ��
SURGXFWLRQ�� (GLWRU� 6�� 6�� 6KDXNDW� �/RQGRQ��
,QWHFK2SHQ��

���� )D]DO� 7�� 0XVKWDT� $�� 5HKPDQ� )�� .KDQ� $8��
5DVKLG�1��)DURRT�:��;X�-��������%LRUHPHGLDWLRQ�
RI�WH[WLOH�ZDVWHZDWHU�DQG�VXFFHVVLYH�ELRGLHVHO�
SURGXFWLRQ� XVLQJ� PLFURDOJDH�� 5HQHZ� 6XVWDLQ�
(QHUJ�� 5HY� �������������� KWWSV���GRL�
RUJ���������M�UVHU������������

���� +�� =KHQJ�� 0�� /LX�� 4�� /X�� ;�� :X�� <�� 0D�� <��
&KHQJ��0��$GG��� <�� /LX�� 5�� 5XDQ�� %DODQFLQJ�
FDUERQ�QLWURJHQ� UDWLR� WR� LPSURYH� QXWULHQWV�
UHPRYDO� DQG� DOJDO� ELRPDVV� SURGXFWLRQ� LQ�
SLJJHU�� DQG� EUHZHU�� ZDVWHZDWHU�� %LRUHVRXU��
7HFK�� QRO�� ���� ������� ���H����� GRL���������M�
ELRUWHFK�������������

���� ,�� GH� *RGRV�� 5�� 0XQaR]�� %�� *XLH�VVH��
7HWUDF�FOLQH� UHPRYDO� GXULQJ� ZDVWHZDWHU�
WUHDWPHQW� LQ� KLJK�UDWH� DOJDO� SRQGV�� -��+D]DUG�
0DWHU�� ���� ������� ���H�����KWWS���G[�GRL�
RUJ���������M�MKD]PDW������������

���� .DQGDVDP��� 6��� =KDQJ�� %��� +H�� =���
%KXYDQHQGUDQ��1���(/�6HHV���$�� ,���:DQJ��4���
1DUD�DQDQ��0��� 7KDQJDYHO�� 3��� �� 'DU��0�� $��
��������0LFURDOJDH� DV� D�PXOWLSRWHQWLDO� UROH� LQ�

'HYDQVKL�7ULYHGL��9LYHN�3DQG�D��.LQMDO�8SDGK�D���2Q�(DUWK�+DUPRQ���$OJDH�&UDIWLQJ�(QYLURQPHQW�5HYLYDO
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FRPPHUFLDO�DSSOLFDWLRQV��&XUUHQW�VFHQDULR�DQG�
IXWXUH�SHUVSHFWLYHV��)XHO���������������KWWSV���
GRL�RUJ���������M�IXHO������������

���� .LQQXQHQ��9��DQG�5LQWDOD��-����������7KH�HIIHFW�
RI� ORZ�WHPSHUDWXUH� SUHWUHDWPHQW� RQ� WKH�
VROXELOL]DWLRQ� DQG� ELRPHWKDQH� SRWHQWLDO� RI�
PLFURDOJDH� ELRPDVV� JURZQ� LQ� V�QWKHWLF� DQG�
ZDVWHZDWHU� PHGLD�� %LRUHVRXU�� 7HFKQRO�� �����
�������GRL���������M��%LRUWHFK������������

���� /��:DQJ��0��0LQ��<��/L��3��&KHQ��<��&KHQ��<��
/LX�� <�� :DQJ�� 5�� 5XDQ�� &XOWLYDWLRQ� RI� JUHHQ�
DOJDH�&KORUHOOD�VS��LQ�GLIIHUHQW�ZDVWHZDWHU�IURP�
PXQLFLSDO�ZDVWHZDWHU� WUHDWPHQW� SODQW�� $SSO��
%LRFKHP�� %LRWHFKQRO�� ���� ������� ����H������
GRL����������V����������������

���� /RLVHDX��(���6DLNNX��/���$QWLNDLQHQ��5���'URVWH��
1��� +DQVM�UJHQV�� %��� 3LWNlQHQ�� .��� HW� DO��
�������� *UHHQ� HFRQRP�� DQG� UHODWHG� FRQFHSWV��
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