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Abstract
7KH� XVDJH� RI� DႇRUGDEOH� DQG� HQYLURQPHQWDOO\� IULHQGO\� DGVRUEHQWV� LV� EHFRPLQJ� PRUH� DQG� PRUH� QHFHVVDU\� LQ�

ZDVWHZDWHU� WUHDWPHQW� DSSOLFDWLRQV�� ,W� KDV� EHHQ� WKRURXJKO\� H[DPLQHG� DQG� UHYLHZHG� ERWK� FRQYHQWLRQDO� DGVRUEHQWV�
DQG� ELRVRUEHQWV� GHULYHG� IURP� YDULRXV� QDWXUDO� LRVRU�SRWHQWLDO�DV�ELRVRUEHQWV�IRU� WKH�HOLPLQDWLRQ�RI�YDULRXV�KD]DUGRXV�SROOXWDQWV��:KLOH�GLVFXVVLQJ�WKH�YDULDEOHV�
DႇHFWLQJ�ELRVRUSWLRQ�� VRXUFHV�DQG�XVHV�RI� YDULRXV�ELRVRUEHQWV�DUH�SURYLGHG��$� UHYLHZ�RI�HTXLOLEULXP��NLQHWLFV��DQG�
ELRVRUSWLRQ�PHFKDQLVPV�LV�DOVR�SURYLGHG��(YHQ�WKRXJK�WKHVH�ELRVRUEHQWV�DUH�ZLGHO\�XVHG�WR�UHPHGLDWH�KHDY\�PHWDOV�
DQG�G\HV��DGGLWLRQDO�VWXG\�LV�VWLOO�QHHGHG�RQ�RWKHU�W\SHV�RI�FRQWDPLQDQWV��7KH�SURFHVV
V�DELOLW\�WR�EH�VFDOHG�XS�DQG�LWV�
HFRQRPLF�YLDELOLW\�VKRXOG�DOVR�EH�VWXGLHG�IXUWKHU��(QKDQFLQJ�WKH�ELRVRUEHQW
V�PHFKDQLFDO�VWUHQJWK��VWDELOLW\��OLIH�VSDQ��
DQG�UHSHDWDELOLW\�VKRXOG�UHFHLYH�PRUH�IRFXV��%\�SURYLGLQJ�ZRUNDEOH�RSWLRQV�IRU�SROOXWDQW�LPPRELOLVDWLRQ�RU�ELRVRUEHQW�
UHJHQHUDWLRQ��HQYLURQPHQWDO�FRQFHUQV�UHJDUGLQJ�WKH�GLVSRVDO�RI�XVHG�ELRVRUEHQWV�VKRXOG�EH�DGGUHVVHG�

)RRG�SURGXFHUV��SURFHVVRUV��UHWDLOHUV��DQG�FXVWRPHUV�KDYH�DOO�H[SUHVVHG�D�VWURQJ� LQWHUHVW� LQ� WKH� LVVXH�RI� IRRG�
ZDVWH��6LQFH� LW� LPPHGLDWHO\�DႇHFWV� WKH�SUR¿WDELOLW\�RI� WKH�HQWLUH� IRRG�VXSSO\�FKDLQ�� IRRG�ZDVWH� LV�VHHQ�DV�ERWK�DQ�
HFRQRPLF�SUREOHP�DQG�D�VXVWDLQDELOLW\�LVVXH�UHODWHG�WR�IRRG�VHFXULW\��&RQVXPHUV�LQ�LQGXVWULDOLVHG�QDWLRQV�DUH�RQH�RI�
WKH�ELJJHVW�FDXVHV�RI�IRRG�ZDVWH�DQG�DUH�XOWLPDWHO\�UHVSRQVLEOH�IRU�DOO�ZDVWHV�JHQHUDWHG�DORQJ�WKH�HQWLUH�IRRG�VXSSO\�
FKDLQ�� 8QGHUVWDQGLQJ� DOO� RI� WKH� PDQ\� IRRG� ZDVWH� VRXUFHV� SUHVHQW� WKURXJKRXW� WKH� IRRG� VXSSO\� FKDLQ� LV� FUXFLDO� IRU�
HQVXULQJ�IRRG�VHFXULW\�DQG�UHGXFLQJ�IRRG�ZDVWH��7KH�FXUUHQW�UHYLHZ�DQDO\VHV�VHYHUDO�SXEOLFDWLRQV�WKDW�DUH�FXUUHQWO\�
DYDLODEOH� LQ� WKH� OLWHUDWXUH�� TXDQWL¿HV�ZDVWH� OHYHOV�� DQG� ORRNV�DW� WUHQGV� LQ� IRRG�ZDVWH� IRU�D� YDULHW\�RI� IRRG�VHFWRUV��
LQFOXGLQJ�JUDLQV��¿VKHULHV��PHDW�DQG�SRXOWU\��JUDLQV��IUXLWV�DQG�YHJHWDEOHV��DQG�¿VK��/DUJH�VFDOH�IRRG�ZDVWH�SURFHVVLQJ�
LV�KDPSHUHG�E\�D�QXPEHU�RI�IDFWRUV��LQFOXGLQJ�WKRVH�WKDW�FRQWULEXWH�WR�IRRG�ZDVWH��HႈFLHQW��FRVW�EHQH¿W�PHWKRGV�RI�
XWLOLVLQJ�IRRG�ZDVWH��VXVWDLQDELOLW\�DQG�HQYLURQPHQWDO�FRQFHUQV��DQG�SXEOLF�DFFHSWDQFH��6R��LQ�RUGHU�IRU�JRYHUQPHQW�
UHJXODWRUV�DQG�VWDNHKROGHUV�LQ�WKH�IRRG�VXSSO\�FKDLQ�WR�DFWLYHO\�HVWDEOLVK�HႇHFWLYH�ZDVWH�XWLOLVDWLRQ�SROLFLHV��ZH�VWUHVV�
WKH�QHHG�IRU�DGGLWLRQDO�UHVHDUFK�WR�LGHQWLI\�DQG�UHSRUW�IRRG�ZDVWH�
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Introduction 
Water contamination and the resulting scarcity of fresh and 

clean water resources for both the present and future generations are 
two of the most difficult environmental issues caused by increased 
industrial activity. Heavy metals, organics, and dyes are just a few of 
the toxic substances found in industrial effluent that could be harmful 
to aquatic life and humans. The World Health Organization (WHO) 
suggested upper limits for these chemicals in water streams. Due to 
their complex aromatic structure, which makes them difficult to 
degrade biologically, dyes are one of the most polluting categories [1]. 
They are manufactured in vast quantities across a variety of businesses, 
including those that generate food, cosmetics, pharmaceuticals, 
paper, textiles, and leather. Recently, it was revealed that global dye 
production had surpassed 700,000 tonnes annually. Anionic, cationic, 
acid and reactive, and nonionic dyes are the different categories for 
dyes. The health of humans could be harmed by phenols and other 
phenolic chemicals, which are extremely poisonous [2]. If present in 
drinking water, phenols can have a noticeable odour and flavour even 
at extremely low concentrations. The primary producers of phenols 
include numerous businesses, including those that deal with iron and 
steel, petroleum, paint, paper and pulp, and pharmaceuticals. The most 
dangerous phenolic chemicals are thought to be nitrophenols and 
chlorophenols. Another risky class of contaminants are heavy metals. 
Examples of the most harmful and carcinogenic substances that may be 
present in industrial effluents are lead, mercury, cadmium, chromium, 
copper, and arsenic. Because metal ions are nonbiodegradable, they 
build up and their concentrations rise along the food chain [3]. The 
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metal plating and finishing, automotive, semiconductor, textile, and 
steel industries are the primary industrial sources of the majority of 
these metals.
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stage, food waste can be extremely large in affluent nations. Produce 
sizing and aesthetic standards, produce quality laws, production 
surpluses, and economic variables, among others, can all contribute 
to food waste. For instance, an estimated 17.7 million tonnes of 
agricultural produce from Italy was left in the ground in 2009, which 
is equivalent to about 3.25% of all produce production. Surprisingly, 
some studies have suggested that the waste generated by the agro-food 
industry may account for up to 40% of the entire production value. the 
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