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*OREDO�DQG�(FRQRPLF�(IIHFWV�RI�&RUURVLRQ�±�$Q�2YHUYLHZ�

2�2��-RVHSKD���6��%DQMR��6�$��$IRODOX��.�2��%DEDUHPX�

Department of Mechanical Engineering, Covenant University, P.M.B. 1023, Canaanland, Ota, Nigeria 
D��&RUUHVSRQGLQJ�DXWKRU��IXQPL�MRVHSK#FRYHQDQWXQLYHUVLW\�HGX�QJ�

$EVWUDFW��&RUURVLRQ�KDV�EHHQ�LQ�H[LVWHQFH�VLQFH�PDQ�EHJDQ�WR�SURFHVV�RUHV�LQWR�PHWDOV��&RUURVLRQ�LV�WKH�GHWHULRUDWLRQ�RI�D�
PHWDO�GXH�WR�LWV�LQWHUDFWLRQ�ZLWK�LWV�HQYLURQPHQW��7KLV�SDSHU�KLJKOLJKWV�WKH�JOREDO�DQG�HFRQRPLF�HIIHFWV�RI�FRUURVLRQ�LQ�WKH�
VRFLHW\�DQG�DPRQJVW�YDULRXV�LQGXVWULHV��([WHQVLYH�UHVHDUFK�LV�UHTXLUHG�UHJDUGLQJ�FRUURVLRQ�FRQWURO�PHWKRGV�DQG�WKLV�VKRXOG�
EH�FDUULHG�RXW�E\�FRPSDQLHV�DQG�FRXQWULHV�FRQFHUQHG��)DLOXUH�WR�GR�VR�ZRXOG�UHVXOW�LQ�PRUH�GDPDJH�WKDQ�FRXOG�EH�SUHGLFWHG��
([WUHPH�FRQVHTXHQFHV�RI�FRUURVLRQ�DUH�VHHQ�LQ�ORVV�RI�OLYHV�DV�ZHOO�DV�EXLOGLQJV��EULGJHV��HWF��+LJK�ULVH�VWUXFWXUHV�KDYH�
FROODSVHG� GXH� WR� GHWHULRUDWLRQ� RI� FHUWDLQ� SDUWV� RI� WKHLU� FRQVWUXFWLRQ�PDWHULDO�� 6RPH� GHYHORSHG� FRXQWULHV� DOUHDG\� VSHQG�
PLOOLRQV�RI�GROODUV�RQ�H[WHQVLYH�UHVHDUFK�RQ�WKH�FRQWURO�RI�FRUURVLRQ�VR�DV�WR�SUHYHQW�ORVVHV�RI�SURSHUW\�DQG�OLYHV��

.H\ZRUGV��&RUURVLRQ��HFRQRPLF�HIIHFW��HQYLURQPHQW��JOREDO�HIIHFW 

,1752'8&7,21�

&RUURVLRQ� LQ� YDULRXV� IRUPV� KDV� LPSDFWHG� WKH�ZRUOG� RQ� D� JOREDO� VFDOH� ERWK� SRVLWLYHO\� DQG� QHJDWLYHO\��0HWDOV� DUH�
H[WUDFWHG� IURP� WKHLU� RUHV� DQG� LQ� OLQH�ZLWK� WKH� ODZ� RI� QDWXUH�� DOO� PDWHULDOV� UHYHUW� WR� WKHLU� RULJLQDO� VWDWH� >�@�� 7KLV�
FRQYHUVLRQ�FDQ�EH�FODVVLILHG�DV�FRUURVLRQ��LW�LV�WKH�GHWHULRUDWLRQ�RI�D�PHWDO�GXH�WR�LWV�LQWHUDFWLRQ�ZLWK�LWV�VXUURXQGLQJ�
DQG�XQGHU�YDULRXV�FRQGLWLRQV���
0HWDOV�KDYH�EHHQ�DQ�HQRUPRXV�GULYHU�RI� WKH�GHYHORSPHQW�RI�QDWLRQV�DV� WKH\�DUH�HPSOR\HG�DV�VWUXFWXUDO�PDWHULDOV��
PDQXIDFWXULQJ� DQG� DUH� XVHG� HYHQ� LQ� KXPDQ�ERGLHV� WR� VWUHQJWKHQ�ZHDN�SDUWV� >�@��'XH� WR� WKLV� UHDVRQ�� FRUURVLRQ� LV�
WKHUHIRUH�DQ�LPSRUWDQW�VWXG\�EHFDXVH�LW�FDQ�OHDG�WR�GLVDVWURXV�RFFXUUHQFHV��HYHQ�ORVV�RI�OLYHV�>�@��
,Q�UHFHQW�WLPHV�WKH�FRUURVLRQ�SUREOHP�KDV�EHFRPH�D�JUHDW�LVVXH�WR�LQGXVWULHV�LQ�YDULRXV�ILHOGV�DV�ZHOO�DV�LQGLYLGXDO�
LVVXHV�DOVR��7KH�HIIHFWV�RI�FRUURVLRQ�DUH�PRVWO\�QHJDWLYH�DQG�WKH\�KDYH�UHVXOWHG�WR�ORWV�RI�GDPDJHV��DFFLGHQWV�DQG�HYHQ�
DV�IDU�DV�ORVV�RI�OLYHV�KDYH�EHHQ�DV�D�UHVXOW�RI�FRUURVLRQ��7KHUH�KDYH�EHHQ�YDULRXV�GLVDSSRLQWPHQWV�ZKHQ�LW�FRPHV�WR�
FRUURVLRQ�DQG�WKLV�ZRXOG�UHVXOW�WR�ODUJH�HFRQRPLFDO�ORVV�EHFDXVH�WKLV�ZRXOG�UHTXLUH�YHU\�FRVWO\�VXEVWLWXWLRQV��%HORZ�
DUH�VRPH�RI�WKH�GDQJHURXV�HIIHFWV�RI�FRUURVLRQ�>�@��
�� 3URMHFWV�ZRXOG�EH�VWDOOHG�DQG�WKLV�ZRXOG�UHVXOW�WR�ORVV�RI�WLPH�LQ�FRPSOHWLQJ�SURMHFWV��
�� 2EMHFWV�DQG�VXEVWDQFHV�ZRQ¶W�KDYH�VR�PXFK�YDOXH�DV� WKH\�KDG�EHIRUH�DQG� WKLV�ZRXOG� UHVXOW� WR�HFRQRPLF�
ORVVHV���
�� ,W�FRXOG�OHDG�WR�SRLVRQLQJ�RI�IRRG�DQG�GULQNV�LI�WKH�YHVVHOV�XVHG�WR�SUHSDUH�WKHP�DUH�QRW�WRWDOO\�IUHH�IURP�
FRUURVLRQ��
�� /HDNDJHV�LQ�IXQQHOV�DQG�YHVVHOV�ZKLFK�ZRXOG�DOORZ�WKH�IOXLG�WR�OHDYH�WKH�FRQWDLQHG�VSDFH�DQG�FDXVH�GDPDJH�
WR�RXU�HQYLURQPHQW�GXH�WR�WKH�KDUPIXO�VXEVWDQFHV�FRQWDLQHG�LQ�WKHP��$�JUHDW�H[DPSOH�LV�ZKHQ�VHD�ZDWHU�HQWHUV�WKH�
ERLOHUV�RI�D�SRZHU�VWDWLRQ�LI�WKH�WXEHV�RI�WKH�FRQGHQVHU�DUH�DOORZHG�WR�SHUIRUDWH��
�� 'XH�WR�D�IRUP�RI�FRUURVLRQ�FDOOHG�HURVLRQ�FRUURVLRQ�ZKLFK�LQYROYHV�ORVV�RI�WKH�WRS�VXUIDFH�WKDW�KDYH�LPSRUWDQW�
SURSHUWLHV� RI�PHWDOV�� 6RPH� RI� WKHVH� LPSRUWDQW� SURSHUWLHV� FRXOG� LQFOXGH� IULFWLRQDO� DQG� EHDULQJ� SURSHUWLHV�� VXUIDFH�
UHODWLYLW\��HOHFWULFDO�FRQGXFWLYLW\�RI�VXUIDFHV�LQ�FRQWDFW�DV�ZHOO�DV�KHDW�WUDQVIHU�DFURVV�WKH�PHWDO�VXUIDFH�>�@���
,W�LV�LPSRUWDQW�IRU�FRXQWULHV�DV�ZHOO�DV�FRPSDQLHV�WR�FDUU\�RXW�H[WHQVLYH�UHVHDUFK�RQ�WKH�FRQWURO�RI�FRUURVLRQ��)DLOXUH�
WR�GR�VR�ZRXOG�UHVXOW�WR�PRUH�GDPDJH�WKDQ�WKH\�HYHQ�EDUJDLQHG�IRU�DW�WKH�YHU\�EHJLQQLQJ��6RPH�GHYHORSHG�FRXQWULHV�
DOUHDG\�VSHQG�PLOOLRQV�RI�GROODUV�RQ�H[WHQVLYH�UHVHDUFK�RQ�WKH�FRQWURO�RI�FRUURVLRQ�VR�DV�WR�SUHYHQW�ORVVHV�RI�SURSHUW\�
DQG�OLYHV�>�@��
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*OREDO�(IIHFWV�RI�&RUURVLRQ�

0HWDOOLF�FRUURVLRQ�LV�RQH�RI�WKH�SUREOHPV�ZH�KDYH�RIWHQ�HQFRXQWHUHG�LQ�RXU�LQGXVWULDOL]HG�VRFLHW\��,URQ�DQG�VWHHO�KDYH�
WKH�QDWXUDO�WHQGHQF\�WR�UHWXUQ�WR�WKHLU�LQLWLDO�VWDWH�ZKHQ�FRPELQHG�ZLWK�FKHPLFDO�HOHPHQWV�LQ�WKH�HQYLURQPHQW��7KH�
HQYLURQPHQW�UHSUHVHQWV�WKH�VXUURXQGLQJ�LQ�ZKLFK�WKH�PDWHULDO�LV�LQ�RSHUDWLRQ��
7KH�IDFWRUV�WKDW�FKDUDFWHUL]H�WKH�HQYLURQPHQW�FDQ�EH�FODVVLILHG�LQWR��
�� 3K\VLFDO�VWDWH��LW�FRXOG�HLWKHU�EH�D�JDVHRXV�HQYLURQPHQW�RU�OLTXLG�HQYLURQPHQW�
�� &KHPLFDO�FRPSRVLWLRQ²�FRQVWLWXHQWV�DQG�FRQFHQWUDWLRQV�RI�WKH�HQYLURQPHQWDO�FRQGLWLRQV�SOD\�DQ�LPSRUWDQW�
UROH�LQ�WKH�FRUURVLRQ�RI�D�PHWDO�
�� 7HPSHUDWXUH�
�� 6WUHVV�ORDGV�RQ�WKH�PDWHULDO�
�� )ORZ�RI�D�VROXWLRQ�RQ�D�PHWDO�
7KH�UHVXOWV�RI�FRUURVLRQ�DUH�VHHQ�LQ�WKH�VRFLHW\�DQG�HYHQ�GLUHFWO\�DIIHFW�XV�LQ�RXU�YDULRXV�KRXVHKROGV�RQ�RXU�YDULRXV�
SRVVHVVLRQV�DQG�SURSHUWLHV��,W�DWWDFNV�RXU�FDU�ERGLHV��XWHQVLOV�DQG�IXUQLWXUH��([WUHPH�FRQVHTXHQFHV�DUH�VHHQ�LQ�WKH�ORVV�
RI� OLYHV� DV� EXLOGLQJV�� EULGJHV�� KLJK� ULVH� VWUXFWXUHV� KDYH� FROODSVHG� GXH� WR� GHWHULRUDWLRQ� RI� FHUWDLQ� SDUWV� RI� WKHLU�
FRQVWUXFWLRQ�PDWHULDO��2YHUWLPH�DV�WKHVH�PDWHULDOV�DUH�H[SRVHG�WR�YDU\LQJ�FRQGLWLRQV�DQG�IDLOXUH�PD\�RFFXU�LQ�D�EULWWOH�
PDQQHU��ZLWKRXW�ZDUQLQJ�RU� LQ� D�GXFWLOH�PDQQHU��ZLWK�YLVLEOH� GHIRUPDWLRQ��7KHVH� IDLOXUHV� DUH� HQKDQFHG�E\� FUDFN�
SURSDJDWLRQV��$Q�HYHQW�ZDV�WKH�FROODSVH�RI�WKH�VLOYHU�EULGJH�WKDW�FURVVHV�WKH�2KLR�ULYHU�LQ�������ZKLFK�OHG�WR�WKH�GHDWK�
RI����SHRSOH�DQG�PLOOLRQV�RI�GROODUV�IRU�UHSDLUV�>����@��
,QGXVWULDO�SODQWV�DUH�JUHDWO\�DIIHFWHG�E\�FRUURVLRQ�DQG�WKH�FRVW�RI�UHPHG\�LV�YROXPLQRXV�DV�LW�FDQ�OHDG�WR�FRPSOHWH�
VKXWGRZQ�RI�WKH�HQWLUH�SODQW�RSHUDWLRQV��%HORZ�LV�D�OLVW�RI�FHUWDLQ�FRQVHTXHQFHV�RI�FRUURVLRQ�LQ�DQ�LQGXVWULDO�SODQW��

&RPSOHWH�6KXWGRZQ�RI�&RUURGHG�(TXLSPHQW�

(YHU\�HTXLSPHQW�LQ�D�SODQW�KDV�WKHLU�YDULRXV�IXQFWLRQV�IRU�WKH�SURFHVVLQJ�RI�UDZ�PDWHULDOV�LQWR�ILQDO�SURGXFWV��7KH�
EUHDNGRZQ�RI�RQH�HTXLSPHQW�FDQ�OHDG�WR�WKH�VKXWGRZQ�RI�WKH�HQWLUH�SODQW�OHDGLQJ�WR�ORVV�RI�SURGXFWLYH�KRXUV�DQG�ORVV�
RI�LQFRPH��

&RQWDPLQDWLRQ�RI�WKH�3URGXFW�

,Q�SURFHVV�SODQWV�ZKHUH�SXULW\�RI�SURGXFW�LV�RI�SDUDPRXQW�LPSRUWDQFH��FRUURVLRQ�RI�RQH�RI�WKH�WUDQVIHU�OLQHV�FDQ�FDXVH�
FRQWDPLQDWLRQ�RI�WKH�HQWLUH�SURGXFW�DQG�WKH�VDOH�RI�VXEVWDQGDUG�SURGXFWV�ZLOO�OHDG�WR�D�IDOO�LQ�WKH�UHSXWDWLRQ�RI�VXFK�
FRPSDQLHV�DQG�LQ�H[WUHPH�FRQGLWLRQV�FDQ�OHDG�WR�FORVH�RI�EXVLQHVV�

/RVV�RI�3URGXFW�'XH�WR�)DLOXUH�RI�6WRUDJH�)DFLOLW\�(TXLSPHQW��

7KH�VWRUDJH�RI�SURGXFWV� LQ�D�SODQW� LV�RI� LPSRUWDQFH�DV�SURSHU�VWRUDJH�LV�D�NH\�SDUW�RI�DQ\�LQGXVWU\��$�EUHDNDJH�LQ�
VWRUDJH�WDQNV�FDQ�OHDG�WR�ORVV�RI�SURGXFWV�DQG�D�ORVV�LQ�SURGXFWLRQ��

5HGXFWLRQ�LQ�2YHUDOO�3ODQW�(IILFLHQF\��

0RVW�HTXLSPHQW�LQ�WKH�SODQW�UHTXLUH�VRPH�VRUW�RI�IXHO�WR�UXQ�DQG�WKH�IDLOXUH�RI�WKH�HTXLSPHQW�ZLOO�OHDG�WR�ORVV�RI�WKRVH�
IXHOV�DQG�DQ�LQFUHPHQW�LQ�WKH�SURGXFWLRQ�FRVW�ZLWK�QR�PHDQV�IRU�UHLPEXUVHPHQW��
+HQFH�� FRUURVLRQ� FDQ� EH� VHHQ� DV� D� FDSLWDO�LQWHQVLYH� SUREOHP� ZKHQ� OHIW� XQFKHFNHG� WKURXJK� FRUURVLRQ� SUHYHQWLRQ�
WHFKQLTXHV�DQG�SURSHU�PDLQWHQDQFH��
,W�DOVR�KDV�YDULRXV�VRFLDO�HIIHFWV�VXFK�DV��

$GYHUVH�(IIHFW�RQ�+HDOWK���

3LSHV�WKDW�GHOLYHU�ZDWHU�WR�KRPHV�PRVW�WLPHV�DUHQ¶W�PDLQWDLQHG�DQG�ZKLFK�OHDGV�WR�WKH�FRQWDPLQDWLRQ�RI�WKH�ZDWHU��
9DULRXV�PDWHULDOV�DUH�FXUUHQWO\�EHLQJ�GHYHORSHG�IRU�LPSODQWV��VXFK�PDWHULDOV�DUH�H[WUHPHO\�FRUURVLYH�UHVLVWDQW�EHFDXVH�
DQ\�VOLJKW�GHWHULRUDWLRQ�ZLOO�OHDG�WR�FRQWDPLQDWLRQ�RI�WKH�LQGLYLGXDO�V\VWHP�FDXVLQJ�EUHDNGRZQ��

020149-2



5HGXFWLRQ�LQ�$HVWKHWLFV�DQG�$SSHDUDQFH���

6HYHUDO� EXLOGLQJ� DQG�PDWHULDOV� ZKLFK� KDYH� FRUURGHG� ORVH� WKHLU� EHDXW\� DQG� WKHLU� DWWUDFWLYHQHVV� WKHUHE\� FDXVLQJ� D�
UHGXFWLRQ�LQ�WKHLU�RYHUDOO�YDOXH��
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),*85(����6RPH�JOREDO�HIIHFWV�RI�FRUURVLRQ��D��&ROODSVHG�EULGJH�GXH�WR�FRUURVLRQ�������E��&RUURVLRQ�RI�VWDWXH�RI�
OLEHUW\�F�&RUURVLRQ�RI�DQ�LQWHJUDWHG�FLUFXLW��G��&RUURVLRQ�RI�DQ�LQGXVWULDO�SODQW�DQG��H��$�SLSHOLQH�DIIHFWHG�E\�FRUURVLRQ� ������I��$�

FRUURGHG�VKLS�
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(&2120,&�())(&76�2)�&25526,21�!

,Q�FLYLO�HQJLQHHULQJ�D�PDMRU�FRQFHUQ�LV�WKH�FRUURVLRQ�RI�UHLQIRUFLQJ�VWHHO�EDUV�ZKLFK�LV�PDMRUO\�XVHG�LQ�WKH�PRVW�RI�WKH�
VWUXFWXUDO�EXLOGLQJ�SURFHVVHV�DQG�LW�LV�D�PDMRU�UHDVRQ�IRU�WKH�GLVLQWHJUDWLRQ�RI�LQIUDVWUXFWXUHV�DURXQG�WKH�JOREH��7KH�
FRVW�RI�UHSDLUV�RI�WKH�VWUXFWXUH�WKDW�KDV�EHHQ�GHVWUR\HG�GXH�WR�WKH�HIIHFW�RI�FRUURVLRQ�KDV�EHHQ�DQDO\VHG�UHFHQWO\�WR�
PDNH�XS�WR�WKUHH�SHUFHQW�RI�WKH�*'3�RI�GHYHORSHG�FRXQWULHV�>�@��$OWKRXJK�VRPH�FRXQWULHV�ZLWK�PRUH�WHUULEOH�FOLPDWH�
FKDQJHV�VXFK�DV�WKH�0LGGOH�(DVW�ZKHUH�WKH�WHPSHUDWXUH�DQG�KXPLGLW\�DUH�RQ�WKH�KLJK�SDUW�RI�WKH�VFDOH�DQG�WKH\�DOVR�
HQFRXQWHU�DLU�ERUQH�FKORULGHV�KDYH�D�*'3�RI�DERXW�����
7KH�HFRQRPLF�HIIHFW�RI�FRUURVLRQ�LV�XQGHUHVWLPDWHG�DQG�LW�LV�EH\RQG�ZKDW�PRVW�SHRSOH�FDQ�IDWKRP�LQ�WKH�ILUVW�SODFH��
$QRWKHU�UHSRUW�WKDW�ZDV�JLYHQ�LQ������VWDWHG�WKDW�WKH�FRVW�HVWLPDWH�RI�FRUURVLRQ�LQ�WKH�8QLWHG�6WDWHV�ZDV�DURXQG������
ELOOLRQ�DQQXDOO\�DQG�RXW�RI�WKLV�DPRXQW�DERXW�����RI�LW�ZDV�VSHQW�RQ�WU\LQJ�WR�UHGXFH�WKH�RFFXUUHQFH�RI�FRUURVLRQ�
WKURXJK�YDULRXV�FRQWUROOLQJ�PHWKRGV�DQG�WKXV�OHIW�WKH�UHPDLQLQJ�DPRXQW�DV�WKH�QHW�ORVV�RI�WKH�HFRQRP\��5HFHQWO\��LQ�
������WKH�DQQXDO�FRVW�RI�FRUURVLRQ�LQ�WKH�8QLWHG�6WDWHV�ZDV�HVWLPDWHG�WR�EH�RYHU������WULOOLRQ�GROODUV���-XVW�DV�KRZ�
FRUURVLRQ� LV� LPSRUWDQW� LQ� WKH� EXLOGLQJ� DQG� VHWWLQJ� XS� RI� VWUXFWXUHV� LW� LV� DOVR� KLJKO\� LPSRUWDQW� LQ� WKH� FUHDWLRQ� DQG�
PDLQWHQDQFH�RI�XWLOLWLHV�VXFK�DV�JHWWLQJ�FOHDQ�DQG�GULQNDEOH�ZDWHU��JRRG�GUDLQDJH�V\VWHPV��FOHDU�VHZHU�V\VWHP��DOO�RI�
WKHVH�DUH�DIIHFWHG�WKH�PRVW�HFRQRPLFDOO\�ZKLOH�WUDQVSRUWDWLRQ�DQG�FUHDWLRQ�RI�YHKLFOHV�FRPH�LQ�DIWHU�WKDW��,W�LV�ZLGHO\�
XQGHUVWRRG�WKDW�VKDIWV��PHWDOOLF�ZLUHV�DQG�PHWDO�EDUV�DUH�XVHG�DFURVV�D�ORW�RI�ILHOGV�>��@��
$SDUW� IURP� ,QGXVWULDO� DQG� HQJLQHHULQJ� HIIHFWV� RI� FRUURVLRQ� GXULQJ� WKH� PLGGOH� RI� WKH� ��WK� &HQWXU\�� WKHUH� ZDV� DQ�
LPSURYHPHQW�RI�REMHFWV�DV�ZHOO�DV�PDWHULDOV�WKDW�KDYH�EHHQ�XVHG�WR�SURWHFW�RXU�FXOWXUDO�KHULWDJH��,Q�WUDQVSRUWDWLRQ��ZH�
DOVR�H[SHULHQFH�FRUURVLRQ�ZKLFK�LV�EHWWHU�NQRZQ�DV�UXVWLQJ�>�����@���
3DUWV�RI�YHKLFOHV�H[SHULHQFH�UXVWLQJ�DQG� WKLV�ZRXOG�FDXVH�D�GHIHFW� LQ� WKH�SHUIRUPDQFH�RI� WKH�YHKLFOH��(YHQ� LQ�RXU�
QRUPDO�GDLO\�DFWLYLWLHV� WKDW� WDNH�SODFH�ZH�DOVR�H[SHULHQFH�FRUURVLRQ� LQ�RXU�XWLOLWLHV� WKDW�PDNH� LW�GLIILFXOW� IRU�XV� WR�
FRQWLQXH�XVLQJ� WKH� SDUWLFXODU� REMHFW� RU�PDFKLQH��)RU� H[DPSOH��ZKHQ�GRLQJ� VLPSOH� KRXVH� FKRUHV� VXFK� DV�ZDVKLQJ�
FORWKHV��FRRNLQJ�RU�LURQLQJ��:KHQ�GU\LQJ�FORWKHV�LQ�WKLV�SDUW�RI�WKH�QDWLRQ��WKH�URGV�ZH�GU\�WKH�FORWKHV�RQ�DIWHU�VRPH�
WLPH�ZRXOG�VWDUW�WR�FRUURGH�DQG�WKLV�ZRXOG�UHVXOW�WR�VSRLOLQJ�DQG�VWDLQLQJ�WKH�FORWKHV�DQG�WKHQ�WKH�FORWKHV�FDQQRW�EH�
ZRUQ�DJDLQ��,Q�ROGHU�WLPHV�WKH�SRWV�XVHG�WR�FRRN�ZHUH�GHVLJQHG�WR�EH�PDLQO\�KHDW�UHVLVWDQW��ZKLOH�WKH\�DUH�EHLQJ�ZDVKHG�
DQG�H[SRVHG�FRQWLQXRXVO\��WKH\�EHJLQ�WR�FRUURGH�XQOLNH�SRWV�RI�QRZDGD\V�WKDW�DUH�QRW�FRQVWUXFWHG�PDLQO\�IURP�PHWDO�
EXW�DOVR�FHUDPLF�>��������@��

&21&/86,21�

&RUURVLRQ�LV�WKH�GHWHULRUDWLRQ�RI�D�PDWHULDO�GXH�WR�LWV�UHDFWLRQ�ZLWK�LWV�HQYLURQPHQW��7KLV�KDV�ERWK�SRVLWLYH�DQG�QHJDWLYH�
LPSDFW��3RVLWLYH�LQ�WKH�GHYHORSPHQW�RI�WKH�GU\�FHOO�EDWWHU\�DQG�QHJDWLYH�LQ�LWV�HIIHFW�LQ�WKH�LQGXVWULDO�VHFWRU��WR�PHQWLRQ�
D�IHZ��'LYHUVH�PHWKRGV�KDYH�EHHQ�GHYHORSHG�DV�SUHYHQWLRQ�PHWKRGV�WR�FXUE�WKH�HIIHFW�RI�FRUURVLRQ�DQG�LQFUHDVH�WKH�
OLIH�VSDQ�RI�RXU�HTXLSPHQW�WR�HQVXUH�RSWLPDO�SHUIRUPDQFHV��

5(&200(1'$7,21�

7KH�IROORZLQJ�DUH�UHFRPPHQGDWLRQV�WKDW�FDQ�KHOS�UHGXFH�WKH�UDWH�RI�FRUURVLRQ�RI�YDULRXV�PHWDOV��
�� :HOG�MRLQWV�UDWKHU�WKDQ�ULYHW��EHFDXVH�WKH\�SURYLGH�RSSRUWXQLW\�IRU�FUHYLFH�FRUURVLRQ�
�� 6\VWHPV�VKRXOG�EH�GHVLJQHG�LQ�VXFK�D�ZD\�WKDW�WKH�FRPSRQHQWV�DUH�HDVLO\�UHSODFHDEOH�IRU�FRPSRQHQWV�ZKHUH�
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