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�HEGLS�.KDQ���6�GDWWD�%DQHUMHH�

�EVWUDFW

:DWHU��WKH�HVVHQFH�RI�OLIH��LV�YLWDO�IRU�WKH�H[LVWHQFH�RI�DOO�RUJDQLVPV��+RZHYHU��RXU�LQWHUDFWLRQ�
with�water�faces�signi�cant�challenges.�As�society�progresses,�our�methods�of�obtaining�and�using�
ZDWHU�KDYH�HYROYHG��:H�KDYH�VKLIWHG�IURP�QDWXUDO�ZDWHU�VRXUFHV�WR�WKH�FRQYHQLHQFH�RI�WDS�ZDWHU�
DQG�QRZ�UHO��KHDYLO��RQ�ERWWOHG�ZDWHU��7KH�ZLGHVSUHDG�FRQVXPSWLRQ�RI�ERWWOHG�ZDWHU��WUHDWHG�ZLWK�
UHYHUVH�RVPRVLV�DQG�VXSSOHPHQWHG�ZLWK�PLQHUDOV��SUHVHQWV�D�SDUDGR[��'HVSLWH�EHLQJ�PDUNHWHG�
as� healthier,� it�may� lead� to� mineral� de�ciencies� due� to� the� removal� of� essential� elements� like�
VRGLXP��SRWDVVLXP��DQG�OLWKLXP��7KH�DEVHQFH�RI�OLWKLXP��RQFH�NQRZQ�IRU�LQGXFLQJ�GURZVLQHVV�EXW�
QRZ�OLQNHG�WR�LQVRPQLD��LV�RI�SDUWLFXODU�FRQFHUQ��5HVHDUFK�KDV�UHYHDOHG�WKH�SUHVHQFH�RI�KDUPIXO�
microplastics� in�plastic�bottled�water,�posing�health�risks.�Despite� initial�health�bene�ts,�plastic�
ERWWOHV�KDYH�EHFRPH�XELTXLWRXV��KDUERXULQJ�KHDOWK�KD]DUGV� IRU�XVHUV�� LQFOXGLQJ� FHOHEULWLHV�DQG�
WUDYHOOHUV��0LVPDQDJHPHQW�RI�ZDWHU�UHVRXUFHV�LV�HYLGHQW�LQ�ZDWHU�VWUHVVHG�FLWLHV�OLNH�6RXWK��IULFD�
DQG�%HQJDOXUX��HPSKDVL]LQJ�WKH�QHHG�IRU�FRQVHUYDWLRQ��7R�DGGUHVV�WKHVH�FKDOOHQJHV��ZH�PXVW�VKLIW�
our�approach.�Transitioning�to�UV��ltration,�promoting�reusable�non-plastic�bottles,�and�providing�
puri�ed�water�in�re�llable�glass�containers�are�crucial�steps.�Failing�to�act�risks�worsening�health�
DQG�HQYLURQPHQWDO� LVVXHV��XQGHUVFRULQJ� WKH�XUJHQF��RI�HPEUDFLQJ�FKDQJH�IRU� WKH�ZHOO�EHLQJ�RI�
FXUUHQW�DQG�IXWXUH�JHQHUDWLRQV�

.H��RUGV��Bottled�water;�Reverse�osmosis;�Mineral�de�ciency;�Microplastic�contamination;�
+HDOWK�ULVNV��3ODVWLF�ZDVWH��(QYLURQPHQWDO�VXVWDLQDELOLW��

���URG�F�LR�

:DWHU� LV� LQGLVSHQVDEOH� WR� WKH� VXUYLYDO� RI� DOO�
OLYLQJ�RUJDQLVPV��+RZHYHU��PRGHUQ�VRFLHWDO�

developments� have� signi�cantly� altered� how� we�

FRQVXPH� WKLV� YLWDO� UHVRXUFH�� 7UDGLWLRQDOO��� ZDWHU�
ZDV�VRXUFHG�GLUHFWO��IURP�QDWXUDO�ERGLHV��WKHQ�YLD�
ZHOOV�DQG�WDSV��DQG�QRZ�LQFUHDVLQJO�� IURP�SODVWLF�
ERWWOHV�� 7KLV� SDSHU� GHOYHV� LQWR� WKH� PXOWLIDFHWHG�
FRQVHTXHQFHV� RI� ERWWOHG� ZDWHU� FRQVXPSWLRQ��
KLJKOLJKWLQJ� KHDOWK� ULVNV�� HQYLURQPHQWDO� GDPDJH��
DQG� VRFLR�HFRQRPLF� LPSDFWV�� DQG� SURSRVHV�
VXVWDLQDEOH�DOWHUQDWLYHV�

/LWHUDW�UH�5HYLH�

7KH�FRQVXPSWLRQ�RI�ERWWOHG�ZDWHU�KDV�LQFUHDVHG�
signi�cantly�over�the�past� few�decades,�driven�by�
perceived�health�bene�ts,�convenience,�and�safety�
FRQFHUQV�UHJDUGLQJ�WDS�ZDWHU��+RZHYHU��WKLV�WUHQG�
KDV� UDLVHG� QXPHURXV� HQYLURQPHQWDO�� HFRQRPLF��
DQG�KHDOWK�FRQFHUQV��7KLV�OLWHUDWXUH�UHYLHZ�H[SORUHV�
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YDULRXV�GLPHQVLRQV�RI�ERWWOHG�ZDWHU�FRQVXPSWLRQ��
LQFOXGLQJ�KHDOWK�LPSDFWV��HQYLURQPHQWDO�FRQFHUQV��
HFRQRPLF� LPSOLFDWLRQV�� DOWHUQDWLYH� VROXWLRQV��
SROLF�� DQG� UHJXODWLRQ�� FRQVXPHU� EHKDYLRXU�� DQG�
WHFKQRORJLFDO�DGYDQFHV�

�H�OW�� �PS�FW��� 5HVHDUFK� LQGLFDWHV� SRWHQWLDO�
KHDOWK� ULVNV� DVVRFLDWHG� ZLWK� ERWWOHG� ZDWHU�
FRQVXPSWLRQ�� &RKHQ� H�� DO�� ������� KLJKOLJKW� WKH�
LQJHVWLRQ� RI� PLFURSODVWLFV� IURP� ERWWOHG� ZDWHU��
ZKLFK� FDQ� SRVH� KHDOWK� ULVNV�� .DOLQ� DQG� 6XNDQ�D�
������� GLVFXVV� KRZ� UHYHUVH� RVPRVLV� �52�� ZDWHU�
�ltration�processes� remove�essential�minerals� like�
VRGLXP��SRWDVVLXP��DQG�OLWKLXP��SRWHQWLDOO��OHDGLQJ�
to�de�ciencies.�This� issue� is� further�elaborated�by�
0DUWLQH]�H��DO����������ZKR�FRPSDUH�PLQHUDO�FRQWHQW�
LQ� ERWWOHG� DQG� WDS� ZDWHU�� HPSKDVL]LQJ� KHDOWK�
implications� of� mineral� de�ciencies.� Wagner� and�
2HKOPDQQ��������LQYHVWLJDWH�HQGRFULQH�GLVUXSWRUV�
LQ� ERWWOHG� ZDWHU�� UHYHDOLQJ� WKH� SUHVHQFH� RI�
HVWURJHQLF�FRPSRXQGV�OHDFKHG�IURP�SODVWLF�ERWWOHV��
6LPLODUO��� 0DVRQ� H�� DO�� ������� DQG� 'DQRSRXORV� H��
DO�� ������� SURYLGH� HYLGHQFH� RI� V�QWKHWLF� SRO�PHU�
FRQWDPLQDWLRQ� LQ� ERWWOHG� ZDWHU�� UDLVLQJ� FRQFHUQV�
DERXW�ORQJ�WHUP�KHDOWK�HIIHFWV��%DQHUMHH�DQG�.KDQ�
������� H[SORUH� WKH� KLVWRULFDO� DQG� KHDOWK� LPSDFWV�
RI� GLHWDU�� KDELWV�� VXJJHVWLQJ� WKDW� WKH� VKLIW� IURP�
WUDGLWLRQDO� ZDWHU� VRXUFHV� WR� ERWWOHG� ZDWHU� FRXOG�
KDYH�EURDGHU�KHDOWK�LPSOLFDWLRQV�

(����R�PH�W�O� �PS�FW��� 7KH� HQYLURQPHQWDO�
impact�of�bottled�water�is�signi�cant,�encompassing�
SODVWLF� ZDVWH�� FDUERQ� IRRWSULQW�� DQG� UHVRXUFH�
GHSOHWLRQ�� *DUFLD� DQG� :HL� ������� DVVHVV� WKH�
HQYLURQPHQWDO� LPSDFW� RI� SODVWLF� ERWWOH� ZDVWH��
KLJKOLJKWLQJ� LWV� FRQWULEXWLRQ� WR� SROOXWLRQ� DQG�
UHVRXUFH� FRQVXPSWLRQ�� 7KRPSVRQ� DQG� /DQJORLV�
������� IRFXV� RQ� PLFURSODVWLF� FRQWDPLQDWLRQ�
IURP� ERWWOHG� ZDWHU�� HPSKDVL]LQJ� LWV� HPHUJLQJ�
HQYLURQPHQWDO� FKDOOHQJH�� 3DWHO� DQG� :LOOLDPV�
�������FRQGXFW�D�OLIHF�FOH�DQDO�VLV�RI�SODVWLF�ZDWHU�
ERWWOHV�� UHFRPPHQGLQJ�SROLF�� FKDQJHV� WR�PLWLJDWH�
HQYLURQPHQWDO� GDPDJH�� 3LYRNRQVN�� H�� DO�� �������
VWXG�� WKH�RFFXUUHQFH� RI�PLFURSODVWLFV� LQ� UDZ�DQG�
WUHDWHG� GULQNLQJ� ZDWHU�� DQG� .KDQ� DQG� %DQHUMHH�
�������ZRUN�RQ�EHWWHU�ZDVWH�PDQDJHPHQW�SUDFWLFHV��
(ULNVHQ� H�� DO�� ������� DQG�3DUN� H�� DO�� ������� GLVFXVV�
JOREDO� WUHQGV� LQ� HQYLURQPHQWDO� UHJXODWLRQV� DQG�
VXVWDLQDELOLW�� LQ� WKH� ERWWOHG� ZDWHU� LQGXVWU���
DGYRFDWLQJ� IRU� VWULFWHU� SROLFLHV� WR� UHGXFH� SODVWLF�
SROOXWLRQ��.KDQ�DQG�*XSWD��������GLVFXVV�SURGXFWLRQ�
RSWLPL]DWLRQ� ZLWK� HQYLURQPHQWDO� VXVWDLQDELOLW���
HPSKDVL]LQJ� WKH� QHHG� IRU� PXOWL�FULWHULD� GHFLVLRQ�
DQDO�VLV�LQ�PDQDJLQJ�WKH�HQYLURQPHQWDO�LPSDFWV�

(FR�RP�F� �PSO�F�W�R���� 7KH� HFRQRPLF� DVSHFWV�
RI� ERWWOHG� ZDWHU� FRQVXPSWLRQ� LQYROYH� FRVW�

bene�t�analyses,�market� trends,�and�public�health�
H[SHQVHV��/HH�DQG�3DUN��������DQDO�]H�WKH�HFRQRPLF�
G�QDPLFV�RI�WKH�ERWWOHG�ZDWHU�PDUNHW��KLJKOLJKWLQJ�
FRQVXPHU�EHKDYLRXU�DQG�PDUNHW�WUHQGV��=KDQJ�DQG�
/L� ������� TXDQWLI�� WKH� HFRQRPLF� FRVWV� DVVRFLDWHG�
ZLWK� KHDOWK� LPSDFWV� GXH� WR� SODVWLF� ERWWOHG� ZDWHU�
FRQVXPSWLRQ�� 6PLWK� DQG� -RQHV� ������� SHUIRUP� D�
cost-bene�t� analysis� comparing� tap� and� bottled�
ZDWHU��XQGHUVFRULQJ�WKH�SXEOLF�KHDOWK�SHUVSHFWLYH��
-RKQVRQ� DQG� :DUG� ������� H[SORUH� WKH� HFRQRPLF�
VXVWDLQDELOLW��RI�ERWWOHG�ZDWHU�LQ�XUEDQ�DUHDV��ZKLOH�
0LOOHU�DQG�&DUWHU��������DVVHVV�WKH�HFRQRPLF�LPSDFW�
RI�SODVWLF�SROOXWLRQ�IURP�WKH�ERWWOHG�ZDWHU�LQGXVWU���
5REHUWV� DQG� 7D�ORU� ������� HYDOXDWH� WKH� HFRQRPLF�
LPSOLFDWLRQV� RI� ERWWOHG� ZDWHU� FRQVXPSWLRQ� RQ�
SXEOLF� KHDOWK� DQG� LQIUDVWUXFWXUH�� UHFRPPHQGLQJ�
HFRQRPLF� LQFHQWLYHV� IRU� VXVWDLQDEOH� SUDFWLFHV��
*XSWD� H�� DO�� ������� DOVR� LQYHVWLJDWH� FRQVXPHU�
SHUFHSWLRQV� UHODWHG� WR� FKLOGUHQ�V� KHDOWK� GULQNV��
SURYLGLQJ� LQVLJKWV� LQWR� EURDGHU� FRQVXPHU� KHDOWK�
FRQFHUQV�UHOHYDQW�WR�ERWWOHG�ZDWHU�FRQVXPSWLRQ�

�OWH���W��H� �RO�W�R���� 9DULRXV� DOWHUQDWLYH�
VROXWLRQV� WR� UHGXFH� ERWWOHG� ZDWHU� FRQVXPSWLRQ�
DQG� LWV� LPSDFWV� KDYH� EHHQ� SURSRVHG�� &KHQ� DQG�
<HR� ������� FRPSDUH� UHYHUVH� RVPRVLV� DQG� 89�
�ltration� technologies,� suggesting� the� latter� as� a�
YLDEOH�DOWHUQDWLYH�WKDW�SUHVHUYHV�HVVHQWLDO�PLQHUDOV�
LQ� ZDWHU�� 2�&RQQRU� DQG� +DQVHQ� ������� UHYLHZ�
EHKDYLRXUDO� LQWHUYHQWLRQV� DLPHG� DW� UHGXFLQJ�
SODVWLF� ERWWOHG� ZDWHU� FRQVXPSWLRQ�� HPSKDVL]LQJ�
WKH� LPSRUWDQFH�RI� FRQVXPHU�HGXFDWLRQ�DQG�SROLF��
PHDVXUHV�� %URZQ� DQG� /DUVRQ� ������� KLJKOLJKW�
the� bene�ts� of� adopting� reusable� water� bottles,�
ERWK� IRU� KHDOWK� DQG� WKH� HQYLURQPHQW�� :DQJ�
DQG� +XDQJ� ������� GLVFXVV� DGYDQFHPHQWV� LQ� 89�
GLVLQIHFWLRQ� IRU� ZDWHU� WUHDWPHQW�� DGYRFDWLQJ� IRU�
LWV�EURDGHU�DGRSWLRQ��.LP�DQG�/HH� �������SURSRVH�
LQQRYDWLYH�VROXWLRQV� IRU� VXVWDLQDEOH�ERWWOHG�ZDWHU�
FRQVXPSWLRQ�� VXFK� DV� VPDUW� ERWWOH� WHFKQRORJLHV�
WKDW� PRQLWRU� ZDWHU� TXDOLW�� DQG� FRQVXPSWLRQ��
%DQHUMHH� DQG� .KDQ� ������� IXUWKHU� HPSKDVL]H� WKH�
LPSRUWDQFH�RI�WUDGLWLRQDO�PHWKRGV�DQG�PDWHULDOV�LQ�
IRRG�DQG�ZDWHU�FRQVXPSWLRQ��VXJJHVWLQJ�D� UHWXUQ�
WR�VXVWDLQDEOH�SUDFWLFHV�

�RO�F�� ��G� �H��O�W�R��� (IIHFWLYH� SROLF�� DQG�
UHJXODWLRQ� DUH� FUXFLDO� IRU� PLWLJDWLQJ� WKH� QHJDWLYH�
LPSDFWV�RI�ERWWOHG�ZDWHU�FRQVXPSWLRQ��:LOVRQ�DQG�
*UDKDP� ������� UHYLHZ� JOREDO� SROLFLHV� UHJXODWLQJ�
ERWWOHG� ZDWHU�� LGHQWLI�LQJ� EHVW� SUDFWLFHV� IRU�
SURPRWLQJ� VXVWDLQDELOLW��� 9LFNHUV� DQG� +ROODQG�
�������GLVFXVV�SROLF��UHVSRQVHV�WR�SODVWLF�SROOXWLRQ�
LQ� WKH� ERWWOHG� ZDWHU� LQGXVWU��� UHFRPPHQGLQJ�
PHDVXUHV� VXFK� DV� ERWWOH� GHSRVLW� UHWXUQ� VFKHPHV�
DQG� EDQV� RQ� VLQJOH�XVH� SODVWLFV�� �KPHG� DQG�

'HEGLS�.KDQ��6XGDWWD�%DQHUMHH��%RWWOHG�8S��7KH�+HDOWK�DQG�(QYLURQPHQWDO�3ULFH�RI�&RQYHQLHQFH
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��'HEGLS�.KDQ��6XGDWWD�%DQHUMHH��%RWWOHG�8S��7KH�+HDOWK�DQG�(QYLURQPHQWDO�3ULFH�RI�&RQYHQLHQFH

&DUYHU� ������� HYDOXDWH� WKH� HIIHFWLYHQHVV�RI� SODVWLF�
ERWWOH�EDQV��VXJJHVWLQJ�WKDW�FRPSUHKHQVLYH�SROLF��
frameworks� are� needed� to� achieve� signi�cant�
UHGXFWLRQV� LQ� SODVWLF� ZDVWH�� 5RVHU�5HQRXI� DQG�
0DLEDFK� ������� H[SORUH� WKH� UROH� RI� SROLF�� LQ�
SURPRWLQJ� VXVWDLQDELOLW��� ZKLOH�&ODUNH� DQG�'DYLV�
�������DVVHVV�WKH�LPSDFW�RI�ERWWOHG�ZDWHU�UHJXODWLRQ�
RQ� SXEOLF� KHDOWK� DQG� WKH� HQYLURQPHQW�� 7XUQHU�
DQG� 1HLOO� ������� SURYLGH� HYLGHQFH� RI� WKH� VXFFHVV�
RI� ERWWOH� GHSRVLW� UHWXUQ� VFKHPHV� LQ� UHGXFLQJ�
SODVWLF�ZDVWH�� %DQHUMHH� DQG�.KDQ� ������� KLJKOLJKW�
WKH� LPSRUWDQFH� RI� VXVWDLQDEOH� WRXULVP� DQG� LWV�
UHJXODWRU��LPSOLFDWLRQV��ZKLFK�FDQ�EH�SDUDOOHOHG�LQ�
PDQDJLQJ�ERWWOHG�ZDWHU�FRQVXPSWLRQ�

�R���PH�� �H����R���� 8QGHUVWDQGLQJ�
FRQVXPHU� EHKDYLRXU� LV� HVVHQWLDO� IRU� GHVLJQLQJ�
HIIHFWLYH� LQWHUYHQWLRQV� WR� UHGXFH� ERWWOHG� ZDWHU�
FRQVXPSWLRQ��&DUWHU�DQG�0F'RQDOG��������LGHQWLI��
factors� in�uencing� consumer� choice� of� bottled�
ZDWHU�� LQFOXGLQJ� SHUFHSWLRQV� RI� VDIHW��� WDVWH�� DQG�
FRQYHQLHQFH��7UDQ�DQG�1JX�HQ��������H[DPLQH�WKH�
VKLIW�IURP�ERWWOHG�WR�WDS�ZDWHU��DQDO�]LQJ�FRQVXPHU�
EHKDYLRXU� FKDQJHV�� -RKQVRQ� DQG� 6PLWK� �������
FRPSDUH� FRQVXPHU� SHUFHSWLRQV� RI� ZDWHU� TXDOLW��
EHWZHHQ� ERWWOHG� DQG� WDS� ZDWHU�� KLJKOLJKWLQJ� WKH�
UROH�RI�SXEOLF�HGXFDWLRQ�LQ�FKDQJLQJ�FRQVXPSWLRQ�
SDWWHUQV�� -DPLHVRQ� DQG� :KLWH� ������� LQYHVWLJDWH�
FRQVXPHU�SUHIHUHQFHV�IRU�ERWWOHG�YHUVXV�WDS�ZDWHU�
through� �eld� studies,� providing� insights� into�
PRWLYDWLRQV� EHKLQG� ERWWOHG� ZDWHU� FRQVXPSWLRQ��
:DQJ� DQG� +XDQJ� ������� UHYLHZ� GHWHUPLQDQWV� RI�
FRQVXPHU� EHKDYLRXU� LQ� WKH�ERWWOHG�ZDWHU�PDUNHW��
ZKLOH� .LP� DQG� 3DUN� ������� H[SORUH� FRQVXPHU�
ZLOOLQJQHVV� WR� SD�� IRU� VXVWDLQDEOH� ERWWOHG� ZDWHU�
VROXWLRQV��.KDQ�DQG�%DQHUMHH��������DOVR�FRQWULEXWH�
WR� XQGHUVWDQGLQJ� FRQVXPHU� SUHIHUHQFHV� WKURXJK�
WKHLU� VWXG�� RQ� VXVWDLQDEOH� WRXULVP�� ZKLFK� FDQ�
SURYLGH� SDUDOOHOV� WR� FRQVXPHU� EHKDYLRXU� LQ� WKH�
ERWWOHG�ZDWHU�PDUNHW�

�HF��ROR��F�O� ���R��W�R���� 7HFKQRORJLFDO�
LQQRYDWLRQV� DUH� NH�� WR� LPSURYLQJ� ZDWHU�
puri�cation� and� reducing� reliance� on� bottled�
ZDWHU�� /RSH]� DQG� .LP� ������� UHYLHZ� HPHUJLQJ�
water� puri�cation� technologies,� suggesting�
DOWHUQDWLYHV� WR� UHYHUVH� RVPRVLV� WKDW� UHWDLQ�
HVVHQWLDO�PLQHUDOV��6LQJK�DQG�*XSWD��������GLVFXVV�
advances�in�nano�ltration�and�UV�water�treatment�
WHFKQRORJLHV�� KLJKOLJKWLQJ� WKHLU� SRWHQWLDO� IRU�
EURDGHU�DSSOLFDWLRQ��=KDR�DQG�/LX��������H[SORUH�
WUHQGV� LQ� PHPEUDQH� WHFKQRORJLHV� IRU� ZDWHU�
puri�cation,�advocating� for� their� integration� into�
PXQLFLSDO�ZDWHU� V�VWHPV�� )DQJ� DQG� &KHQ� �������
UHYLHZ�QRYHO�FRPSRVLWH�PHPEUDQHV��HPSKDVL]LQJ�
their�ef�ciency�and�sustainability.�Ali�and�Khalid�

������� DQG� *XSWD� DQG� 6LQJK� ������� GLVFXVV� WKH�
XVH� RI� JUDSKHQH�EDVHG� PDWHULDOV� DQG� FDUERQ�
QDQRWXEH�PHPEUDQHV�� UHVSHFWLYHO���IRU�DGYDQFHG�
water�puri�cation,�underscoring�their�potential�to�
UHSODFH�FRQYHQWLRQDO�PHWKRGV�

�H�H��F����S

'HVSLWH� VXEVWDQWLDO� UHVHDUFK� RQ� WKH� KHDOWK�
DQG� HQYLURQPHQWDO� LPSDFWV� RI� ERWWOHG� ZDWHU��
JDSVUHPDLQ��7KHUH�LV�D�QHHG�IRU�PRUH�FRPSUHKHQVLYH�
VWXGLHV� RQ� WKH� ORQJ�WHUP� KHDOWK� HIIHFWV� RI�
FRQVXPLQJ�GHPLQHUDOL]HG�ZDWHU�DQG�PLFURSODVWLFV��
�GGLWLRQDOO���WKH�HFRQRPLF�LPSOLFDWLRQV�RI�ERWWOHG�
ZDWHU�FRQVXPSWLRQ�RQ�SXEOLF�LQIUDVWUXFWXUH�UHTXLUH�
IXUWKHU� H[SORUDWLRQ�� (IIHFWLYH� SXEOLF� DZDUHQHVV�
FDPSDLJQV� WR� UHGXFH� ERWWOHG� ZDWHU� FRQVXPSWLRQ�
DQG� SURPRWH� VXVWDLQDEOH� DOWHUQDWLYHV� DOVR� QHHG�
PRUH�LQYHVWLJDWLRQ�

�EMHF�LYH�

7KLV�UHVHDUFK�DLPV�WR�

‡� �VVHVV� WKH� KHDOWK� LPSDFWV� RI� FRQVXPLQJ�
ERWWOHG� ZDWHU�� IRFXVLQJ� RQ� PLQHUDO�
de�ciencies�and�microplastic�contamination.

‡� (YDOXDWH� WKH� HQYLURQPHQWDO� FRQVHTXHQFHV�
RI�SODVWLF�ERWWOHG�ZDWHU��LQFOXGLQJ�SROOXWLRQ�
DQG�ZDVWH�JHQHUDWLRQ�

‡� �QDO�VH� WKH� HFRQRPLF� LPSDFW� RI� ERWWOHG�
ZDWHU�FRQVXPSWLRQ�RQ�FRQVXPHUV�DQG�SXEOLF�
LQIUDVWUXFWXUH�

‡� Explore�social�and�cultural�factors�in�uencing�
ERWWOHG�ZDWHU�FRQVXPSWLRQ�

‡� 3URYLGH� UHFRPPHQGDWLRQV� IRU� SURPRWLQJ�
VXVWDLQDEOH�ZDWHU�FRQVXPSWLRQ�SUDFWLFHV�

�H��RGROR��

�R�FHSW��O� )��PH�R�N�� �� FRPSUHKHQVLYH�
FRQFHSWXDO� IUDPHZRUN� ZDV� GHYHORSHG� WR�
GHOLQHDWH� UHODWLRQVKLSV� EHWZHHQ� YDULDEOHV� VXFK�
DV�ZDWHU� FRQVXPSWLRQ� SDWWHUQV�� KHDOWK� RXWFRPHV��
HQYLURQPHQWDO� IDFWRUV�� DQG� VRFLR�HFRQRPLF�
LQGLFDWRUV�� +HUH�� ZH� KDYH� GHYHORSHG� D� VLPSOH�
PDWKHPDWLFDO� PRGHO� WR� FDOFXODWHKHDOWK� LPSDFWV�
DVVRFLDWHG�ZLWK�ERWWOHG�ZDWHU� FRQVXPSWLRQ�EDVHG�
RQ� VRPH� NH�� YDULDEOHV�� IDFWRUV� VXFK� DV� %RWWOHG�
ZDWHU�FRQVXPSWLRQ�UDWHV��0LQHUDO�FRQWHQW�LQ�ZDWHU��
0LFURSODVWLF�FRQWDPLQDWLRQ�OHYHOV��+HDOWK� LPSDFWV�
(e.g.,� mineral� de�ciencies),� Economic� costs� (e.g.,�
SXEOLF�KHDOWK�H[SHQVHV��DQG�(QYLURQPHQWDO�LPSDFWV�
�H�J���SODVWLF�ZDVWH�JHQHUDWLRQ��HWF�
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0RGHO�(TXDWLRQ�

�L�� H�=�β0���β1C�+�β2M�+�β3P�+�β
�

�LL�� E�=�β�0�+�β�1CN�+�β
�

ZKHUH�

+�� 5HSUHVHQWV� KHDOWK� LPSDFWV� DVVRFLDWHG� ZLWK�
ERWWOHG�ZDWHU�FRQVXPSWLRQ��7KLV� FRXOG� EH�D� VFRUH�
re�ecting�various�health�issues�or�a�speci�c�health�
marker�(e.g.,�mineral�de�ciency�level).

(��5HSUHVHQWV�HQYLURQPHQWDO�LPSDFWV�DVVRFLDWHG�
ZLWK� ERWWOHG�ZDWHU� FRQVXPSWLRQ��7KLV� FRXOG� EH� D�
score� re�ecting�various�health� issues� or� a� speci�c�
health�marker�(e.g.,�mineral�de�ciency�level).

&��5HSUHVHQWV�ERWWOHG�ZDWHU�FRQVXPSWLRQ�UDWHV��
7KLV�FRXOG�EH�PHDVXUHG� LQ�YROXPH�FRQVXPHG�SHU�
GD��RU�ZHHN�

0��5HSUHVHQWV�PLQHUDO�FRQWHQW�LQ�WKH�ZDWHU��7KLV�
could�be�a� single�value�or�an� index� re�ecting� the�
overall�mineral�pro�le.

3�� 5HSUHVHQWV� PLFURSODVWLF� OHYHOV� LQ� WKH� ZDWHU��
7KLV�FRXOG�EH�PHDVXUHG�LQ�SDUWLFOH�FRXQW�SHU�OLWHU�

1��5HSUHVHQW�SRSXODWLRQ�VL]H�FRQVXPLQJ�%RWWOHG�
ZDWHU�

β0�� β1,� β2,� β3:� These� are� coef�cients� estimated�
WKURXJK� VWDWLVWLFDO� DQDO�VLV�� 7KH�� UHSUHVHQW� WKH�
strength�and�direction�of�the�in�uence�each�variable�
�&��0��3��KDV�RQ�KHDOWK�LPSDFWV��+�

β�0,�β�1,:�These�are�coef�cients�estimated�through�
VWDWLVWLFDO�DQDO�VLV��7KH��UHSUHVHQW�WKH�VWUHQJWK�DQG�
direction�of�the� in�uence�each�variable�(C,�N)�has�
RQ�HQYLURQPHQWDO�LPSDFWV��(�

β
�
��5HSUHVHQWV� WKH�HUURU� WHUP��7KLV�DFFRXQWV� IRU�

DQ�� XQH[SODLQHG� YDULDWLRQ� LQ� KHDOWK� LPSDFWV� WKDW�
WKH�PRGHO�GRHVQ�W�FDSWXUH�

β
�
�� 5HSUHVHQWV� WKH� HUURU� WHUP�� 7KLV� DFFRXQWV�

IRU� DQ�� XQH[SODLQHG� YDULDWLRQ� LQ� KHQYLURQPHQWDO�
LPSDFWV�WKDW�WKH�PRGHO�GRHVQ�W�FDSWXUH�

β1� LQGLFDWHV� KRZ� FKDQJHV� LQ� ERWWOHG� ZDWHU�
FRQVXPSWLRQ�UDWH� �&��DIIHFW�KHDOWK� LPSDFWV� �+�����
SRVLWLYH� β1� VXJJHVWV� WKDW� KLJKHU� FRQVXPSWLRQ� LV�
associated�with�poorer�health�outcomes.�β2�re�ects�
WKH� LPSDFW� RI�PLQHUDO� FRQWHQW� �0�� RQ� KHDOWK� �+���
A�positive�β2�VXJJHVWV�WKDW�KLJKHU�PLQHUDO�FRQWHQW�
leads� to� better�health�outcomes.� β3� LQGLFDWHV�KRZ�
PLFURSODVWLF�OHYHOV��3��DIIHFW�KHDOWK��+�����SRVLWLYH�
β3� VXJJHVWV� WKDW� KLJKHU� PLFURSODVWLF� OHYHOV� DUH�
OLQNHG�WR�SRRUHU�KHDOWK�RXWFRPHV�β�1�LQGLFDWHV�KRZ�
FKDQJHV� LQ� ERWWOHG� ZDWHU� FRQVXPSWLRQ� UDWH� �&��
DIIHFW�(QYLURQPHQWDO�LPSDFWV��(���

This� model� is� a� simpli�ed� representation� of�
D� FRPSOH[� V�VWHP�� %�� EXLOGLQJ� DQG� DQDO�]LQJ�

WKHVH� PRGHOV�� UHVHDUFKHUV� FDQ� JDLQ� D� GHHSHU�
XQGHUVWDQGLQJ� RI� WKH� PXOWLIDFHWHG� FRQVHTXHQFHV�
RI� ERWWOHG� ZDWHU� FRQVXPSWLRQ� DQG� LQIRUP� WKH�
GHYHORSPHQW� RI� VXVWDLQDEOH� ZDWHU� PDQDJHPHQW�
SUDFWLFHV�

%RWWOHG� ZDWHU� WUHDWHG� ZLWK� 52� RIWHQ� ODFNV�
HVVHQWLDO�PLQHUDOV��)RU�H[DPSOH��WKH�DYHUDJH�PLQHUDO�
content� in� bottled� water� was� signi�cantly� lower�
than� tap�water,� increasing� the�risk�of�de�ciencies.
0LFURSODVWLF�FRQWDPLQDWLRQ�OHYHOV�LQ�ERWWOHG�ZDWHU�
ZHUH� IRXQG� WR� EH� KLJKHU� WKDQ� LQ� WDS�ZDWHU�� 7KLV�
aligns�with��ndings�from�Mason�H��DO����������UDLVLQJ�
FRQFHUQV�DERXW�ORQJ�WHUP�KHDOWK�HIIHFWV�

The�environmental�analysis�showed�a�signi�cant�
FRQWULEXWLRQ�RI�SODVWLF�ERWWOHV�WR�ZDVWH��)RU�LQVWDQFH��
WKH� OLIHF�FOH�DQDO�VLV�E��3DWHO�DQG�:LOOLDPV��������
LQGLFDWHG�WKDW�SODVWLF�ERWWOHV�KDYH�D�KLJKHU�FDUERQ�
IRRWSULQW�FRPSDUHG�WR�RWKHU�SDFNDJLQJ�PDWHULDOV�

7KH� HFRQRPLF� DQDO�VLV� KLJKOLJKWHG� WKH� KLJKHU�
FRVW� RI� ERWWOHG� ZDWHU� FRPSDUHG� WR� WDS� ZDWHU��
Zhang�and�Li�(2023)�quanti�ed�public�health�costs�
DVVRFLDWHG�ZLWK�SODVWLF�ERWWOHG�ZDWHU�FRQVXPSWLRQ��
HPSKDVL]LQJ�WKH�QHHG�IRU�FRVW�HIIHFWLYH�DOWHUQDWLYHV�

&RQVXPHU� EHKDYLRXU� DQDO�VLV� LQGLFDWHG� WKDW�
SHUFHSWLRQV�RI�VDIHW��DQG�FRQYHQLHQFH�GULYH�ERWWOHG�
ZDWHU� FRQVXPSWLRQ�� &DUWHU� DQG�0F'RQDOG� �������
identi�ed�that�effective�public�education�could�shift�
FRQVXPSWLRQ� SDWWHUQV� WRZDUGV� PRUH� VXVWDLQDEOH�
SUDFWLFHV�

)��G�����RI����OOH��H��

This�research�underscores�the�signi�cant�health,�
HQYLURQPHQWDO�� DQG� HFRQRPLF� LPSDFWV� RI� ERWWOHG�
ZDWHU�FRQVXPSWLRQ��UHYHDOLQJ�D�FRPSOH[�LQWHUSOD��
EHWZHHQ�FRQYHQLHQFH��SXEOLF�KHDOWK��HQYLURQPHQWDO�
VXVWDLQDELOLW��� DQG� HFRQRPLF� FRQVLGHUDWLRQV��
7KH� ZLGHVSUHDG� XVH� RI� ERWWOHG� ZDWHU�� GULYHQ� E��
SHUFHSWLRQV� RI� VDIHW�� DQG� FRQYHQLHQFH�� SRVHV�
QXPHURXV�FKDOOHQJHV�WKDW�QHFHVVLWDWH�D�PXOWLIDFHWHG�
DSSURDFK�WR�PLWLJDWLRQ�

Health�Impacts:�One�of�the�most�critical��ndings�
RI� WKLV� VWXG�� LV� WKH�KHDOWK� LPSOLFDWLRQV� DVVRFLDWHG�
ZLWK� ERWWOHG� ZDWHU�� %RWWOHG� ZDWHU�� RIWHQ� WUHDWHG�
WKURXJK� UHYHUVH� RVPRVLV�� ODFNV� HVVHQWLDO� PLQHUDOV�
VXFK� DV� VRGLXP�� SRWDVVLXP�� DQG� OLWKLXP�� 7KHVH�
PLQHUDOV� DUH� FUXFLDO� IRU� PDLQWDLQLQJ� YDULRXV�
bodily� functions,� including� �uid� balance,� muscle�
FRQWUDFWLRQV�� DQG� QHXURORJLFDO� IXQFWLRQV�� 7KH�
absence�of�these�minerals�can�lead�to�de�ciencies,�
SRWHQWLDOO�� UHVXOWLQJ� LQ� KHDOWK� LVVXHV� VXFK� DV�
HOHFWURO�WH� LPEDODQFHV�� FDUGLRYDVFXODU� SUREOHPV��
DQG�HYHQ�PRRG�GLVRUGHUV��0RUHRYHU��WKH�SUHVHQFH�
RI� PLFURSODVWLFV� LQ� ERWWOHG� ZDWHU�� DV� KLJKOLJKWHG�

'HEGLS�.KDQ��6XGDWWD�%DQHUMHH��%RWWOHG�8S��7KH�+HDOWK�DQG�(QYLURQPHQWDO�3ULFH�RI�&RQYHQLHQFH
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��'HEGLS�.KDQ��6XGDWWD�%DQHUMHH��%RWWOHG�8S��7KH�+HDOWK�DQG�(QYLURQPHQWDO�3ULFH�RI�&RQYHQLHQFH

by� numerous� studies,� raises� signi�cant� health�
FRQFHUQV�� 7KHVH� WLQ�� SODVWLF� SDUWLFOHV�� ZKLFK� FDQ�
OHDFK�IURP�WKH�SODVWLF�ERWWOHV��PD��SRVH�ORQJ�WHUP�
KHDOWK� ULVNV�� LQFOXGLQJ� HQGRFULQH� GLVUXSWLRQ� DQG�
chronic�in�ammation.

(����R�PH�W�O� �PS�FW��� 7KH� HQYLURQPHQWDO�
UHSHUFXVVLRQV� RI� ERWWOHG� ZDWHU� FRQVXPSWLRQ� DUH�
SURIRXQG��3ODVWLF�ZDVWH�JHQHUDWHG� IURP�GLVFDUGHG�
bottles� contributes� signi�cantly� to� pollution,�
SDUWLFXODUO�� LQ� PDULQH� HQYLURQPHQWV�� 3ODVWLF�
ERWWOHV�� EHLQJ� QRQ�ELRGHJUDGDEOH�� SHUVLVW� LQ� WKH�
HQYLURQPHQW�IRU�KXQGUHGV�RI��HDUV��EUHDNLQJ�GRZQ�
into� microplastics� that� in�ltrate� ecosystems� and�
IRRG� FKDLQV�� 7KH� SURGXFWLRQ� DQG� WUDQVSRUWDWLRQ�
RI� ERWWOHG� ZDWHU� DOVR� FRQWULEXWH� WR� JUHHQKRXVH�
JDV� HPLVVLRQV�� H[DFHUEDWLQJ� FOLPDWH� FKDQJH�� 7KH�
OLIHF�FOH�DQDO�VLV�RI�SODVWLF�ERWWOHV�LQGLFDWHV�D�KLJKHU�
FDUERQ� IRRWSULQW� FRPSDUHG� WR� RWKHU� SDFNDJLQJ�
PDWHULDOV�� KLJKOLJKWLQJ� WKH� QHHG� IRU� VXVWDLQDEOH�
DOWHUQDWLYHV�

(FR�RP�F� �PSO�F�W�R���� )URP� DQ� HFRQRPLF�
SHUVSHFWLYH�� ERWWOHG� ZDWHU� SUHVHQWV� ERWK� GLUHFW�
DQG� LQGLUHFW� FRVWV�� 7KH� GLUHFW� FRVWV� WR� FRQVXPHUV�
are� signi�cantly� higher� compared� to� tap� water,�
ZLWK� ERWWOHG� ZDWHU� EHLQJ� XS� WR� ����� WLPHV� PRUH�
H[SHQVLYH�� ,QGLUHFW� FRVWV� LQFOXGH� SXEOLF� KHDOWK�
H[SHQVHV� DVVRFLDWHG� ZLWK� WKH� DGYHUVH� KHDOWK�
effects� of� microplastics� and� mineral� de�ciencies.�
)XUWKHUPRUH�� WKH� HQYLURQPHQWDO� GHJUDGDWLRQ�
FDXVHG� E�� SODVWLF� ZDVWH� LPSRVHV� DGGLWLRQDO�
HFRQRPLF�EXUGHQV�RQ�ZDVWH�PDQDJHPHQW�V�VWHPV�
DQG�HQYLURQPHQWDO�FOHDQXS�HIIRUWV��7KHVH�FRVWV�DUH�
often�externalized,�meaning�they�are�not� re�ected�
LQ� WKH�SULFH� RI� ERWWOHG�ZDWHU�EXW�ERUQH�E�� VRFLHW��
DW�ODUJH�

�RF��O���G���OW���O�)�FWR����6RFLDO�DQG�FXOWXUDO�
factors�play� a� signi�cant� role� in� the� consumption�
SDWWHUQV� RI� ERWWOHG� ZDWHU�� 3HUFHSWLRQV� RI� VDIHW���
FRQYHQLHQFH�� DQG� WDVWH� RIWHQ� GULYH� FRQVXPHU�
SUHIHUHQFH�IRU�ERWWOHG�ZDWHU�RYHU�WDS�ZDWHU��(IIHFWLYH�
SXEOLF� HGXFDWLRQ� FDPSDLJQV� DUH� FUXFLDO� WR� VKLIW�
these�perceptions�and�promote� the�bene�ts�of� tap�
ZDWHU�DQG�VXVWDLQDEOH�DOWHUQDWLYHV��8QGHUVWDQGLQJ�
FRQVXPHU� EHKDYLRXU� LV� HVVHQWLDO� IRU� GHVLJQLQJ�
LQWHUYHQWLRQV� WKDW� HQFRXUDJH� WKH� DGRSWLRQ� RI�
UHXVDEOH�ERWWOHV�DQG�RWKHU�HQYLURQPHQWDOO��IULHQGO��
SUDFWLFHV�

����H�W�R�����G��HFRPPH�G�W�R���

7R� DGGUHVV� WKHVH� PXOWLIDFHWHG� FKDOOHQJHV�� WKH�
IROORZLQJ�NH��UHFRPPHQGDWLRQV�DUH�SURSRVHG�

3URPRWLQJ� 89� )LOWUDWLRQ�� 8QOLNH� UHYHUVH�
osmosis,� UV� �ltration� preserves� essential�

PLQHUDOV�ZKLOH�HIIHFWLYHO��GLVLQIHFWLQJ�ZDWHU��7KLV�
DSSURDFK� HQVXUHV� WKDW� FRQVXPHUV� UHFHLYH� VDIH�
drinking�water�without�sacri�cing�vital�nutrients.�
Promoting�the�use�of�UV��ltration�systems�in�both�
PXQLFLSDO� ZDWHU� VXSSOLHV� DQG� KRXVHKROG� VHWXSV�
can� signi�cantly� reduce� the� reliance� on� bottled�
ZDWHU�

(�FR�������� �H���EOH� 1R���O��W�F� �RWWOH���
7UDQVLWLRQLQJ� IURP� VLQJOH�XVH� SODVWLF� ERWWOHV� WR�
UHXVDEOH�QRQ�SODVWLF�DOWHUQDWLYHV�� VXFK�DV�VWDLQOHVV�
VWHHO�RU�JODVV�ERWWOHV��FDQ�GUDVWLFDOO��UHGXFH�SODVWLF�
ZDVWH��3XEOLF�DZDUHQHVV�FDPSDLJQV�DQG�LQFHQWLYHV��
VXFK� DV� GLVFRXQWV� IRU� XVLQJ� UHXVDEOH� ERWWOHV�� FDQ�
PRWLYDWH�FRQVXPHUV�WR�PDNH�WKLV�VZLWFK�

�PSOHPH�W���� �RO�F�� 0H����H��� *RYHUQPHQWV�
DQG�UHJXODWRU��ERGLHV�SOD��D�FUXFLDO�UROH�LQ�GULYLQJ�
FKDQJH��3ROLF��PHDVXUHV�VXFK�DV�SODVWLF�EDQV��ERWWOH�
GHSRVLW� UHWXUQ� VFKHPHV�� DQG� H[WHQGHG� SURGXFHU�
responsibility� (EPR)� can� signi�cantly� reduce�
SODVWLF� SROOXWLRQ�� )RU� LQVWDQFH�� ERWWOH� GHSRVLW�
UHWXUQ� VFKHPHV�� ZKLFK� LQFHQWLYL]H� WKH� UHWXUQ� RI�
XVHG�ERWWOHV�IRU�UHF�FOLQJ��KDYH�SURYHQ�HIIHFWLYH�LQ�
VHYHUDO�UHJLRQV�

��EO�F�(G�F�W�R����G�����H�H����(GXFDWLQJ�WKH�
SXEOLF�DERXW�WKH�HQYLURQPHQWDO�DQG�KHDOWK�LPSDFWV�
RI�ERWWOHG�ZDWHU�LV�HVVHQWLDO���ZDUHQHVV�FDPSDLJQV�
should� emphasize� the� safety� and� bene�ts� of� tap�
ZDWHU�� WKH� LPSRUWDQFH� RI� PDLQWDLQLQJ� K�GUDWLRQ�
ZLWK� PLQHUDO�ULFK� ZDWHU�� DQG� WKH� HQYLURQPHQWDO�
FRVWV�RI�SODVWLF�ZDVWH�

�R�FO��LR�

�GRSWLQJ� WKHVH�PHDVXUHV� LV� FUXFLDO� WR�PLWLJDWH�
WKH� DGYHUVH� HIIHFWV� RI� ERWWOHG�ZDWHU� DQG� SURPRWH�
VXVWDLQDEOH� ZDWHU� FRQVXPSWLRQ� SUDFWLFHV�� 7KH�
WUDQVLWLRQ�WR�VXVWDLQDEOH�ZDWHU�FRQVXPSWLRQ�LQYROYHV�
D�FROOHFWLYH�HIIRUW�IURP�FRQVXPHUV�� LQGXVWULHV��DQG�
JRYHUQPHQWV��%��SULRULWL]LQJ�KHDOWK��HQYLURQPHQWDO�
sustainability,� and� economic� ef�ciency,� we� can�
HQVXUH�DFFHVV�WR�VDIH�DQG�DIIRUGDEOH�GULQNLQJ�ZDWHU�
ZKLOH�SUHVHUYLQJ�WKH�SODQHW�IRU�IXWXUH�JHQHUDWLRQV��
7KH� XUJHQF�� RI� WKLV� LVVXH� GHPDQGV� LPPHGLDWH�
DFWLRQ� DQG� D� FRPPLWPHQW� WR� ORQJ�WHUP� VROXWLRQV�
WKDW� DGGUHVV� WKH� URRW� FDXVHV� RI� ERWWOHG� ZDWHU�
UHOLDQFH�� (PEUDFLQJ� WKHVH� UHFRPPHQGDWLRQV� ZLOO�
SDYH�WKH�ZD��IRU�D�KHDOWKLHU�SRSXODWLRQ�DQG�D�PRUH�
VXVWDLQDEOH�HQYLURQPHQW�

�HIHUH�FH�

��� �KPHG�� ���� �� &DUYHU�� 6�� �������� (YDOXDWLQJ� WKH�
HIIHFWLYHQHVV� RI� SODVWLF� ERWWOH� EDQV�� -RXUQDO� RI�
(QYLURQPHQWDO�3ROLF������������������
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��� �OL�� 0��� �� .KDOLG�� 5�� �������� *UDSKHQH�EDVHG�
PDWHULDOV� IRU� DGYDQFHG� ZDWHU� SXULILFDWLRQ��
(QYLURQPHQWDO� 6FLHQFH� �� 7HFKQRORJ��� �������
��������

��� %DQHUMHH�6���.KDQ�'�� ��������5HYLWDOL]LQJ� DQFLHQW�
,QGLDQ� FOD�� XWHQVLOV� DQG� LWV� LPSDFW� RQ� KHDOWK��
,QWHUQDWLRQDO� -RXUQDO� RI� �OO� 5HVHDUFK� (GXFDWLRQ�
DQG�6FLHQWLILF�0HWKRGV�����������������

��� %DQHUMHH�� 6���� .KDQ�� '�� �������� 0DVV� WRXULVP��
LWV� FKDOOHQJHV� DQG� VXVWDLQDELOLW��� �� VWXG�� RQ�
6DQWLQLNHWDQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� �GYDQFH�
5HVHDUFK�DQG�,QQRYDWLYH�,GHDV�LQ�(GXFDWLRQ��������
���������

��� %DQHUMHH��6����.KDQ��'����������3DVW�DQG�SUHVHQW�RI�
%HQJDOL�V�NLWFKHQ�WKURXJK�WKH�DJHV�RI�+LVWRU��DQG�
LWV�FRPSDWLELOLW��ZLWK�KHDOWK��,QWHUQDWLRQDO�-RXUQDO�
RI�&UHDWLYH�5HVHDUFK�7KRXJKWV��������M����M����

��� %DQHUMHH�� 6��� �.KDQ�� '��������� )RRG� IRU� OLIH� RU�
PLDVPD���D�VWXG��RQ�KRW�IRRG�LQ�SODVWLF�FRQWDLQHU��
,QWHUQDWLRQDO� 5HVHDUFK� -RXUQDO� RI� 0RGHUQL]DWLRQ�
LQ�(QJLQHHULQJ�7HFKQRORJ��DQG�6FLHQFH������������
�����

��� %URZQ�� 7��� �� /DUVRQ�� .�� �������� 7KH� EHQHILWV� RI�
DGRSWLQJ� UHXVDEOH� ZDWHU� ERWWOHV�� 6XVWDLQDEOH�
/LYLQJ�5HYLHZ����������������

��� &DUWHU�� 5��� �� 0F'RQDOG�� 6�� �������� )DFWRUV�
LQIOXHQFLQJ� FRQVXPHU� FKRLFH� RI� ERWWOHG� ZDWHU��
&RQVXPHU�6WXGLHV�4XDUWHUO�����������������

��� &KHQ�� -��� �� <HR�� /�� �������� &RPSDULQJ� UHYHUVH�
RVPRVLV� DQG� 89� ILOWUDWLRQ� WHFKQRORJLHV�� :DWHU�
3XULILFDWLRQ�-RXUQDO�����������������

����&ODUNH�� -��� �� 'DYLV�� 0�� �������� %RWWOHG� ZDWHU�
UHJXODWLRQ�� 3XEOLF� KHDOWK� DQG� HQYLURQPHQWDO�
LPSDFWV�� 3ROLF�� DQG� (QYLURQPHQW� -RXUQDO�� �������
������

����&RKHQ�� 5��� H�� DO�� �������� 0LFURSODVWLFV� LQ� ERWWOHG�
ZDWHU��(QYLURQPHQWDO�3ROOXWLRQ���������������

����'DQRSRXORV�� (��� H�� DO�� �������� 6�QWKHWLF� SRO�PHU�
FRQWDPLQDWLRQ�LQ�ERWWOHG�ZDWHU��6FLHQWLILF�5HSRUWV��
����������

����(ULNVHQ�� 0��� H�� DO�� �������� *OREDO� WUHQGV� LQ�
HQYLURQPHQWDO� UHJXODWLRQV� DQG� VXVWDLQDELOLW���
(QYLURQPHQWDO�3ROLF��5HYLHZ�����������������

����)DQJ�� <��� �� &KHQ�� =�� �������� 1RYHO� FRPSRVLWH�
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