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2268 içωa∆ãéεEü∆Euα₂éãκ₂aδEm₂éãζδα∆üãεbEiEjδüéïEzéωüéwSE2018QEYQE][UR]]V 40
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2267 iEvαωé₂Ewβζαεé∆εαδEïαδEzaβüçEléζéãζüα∆EαïElüïé∆αãα∆azα₂éE†εü∆ñEuα₂éãκ₂aδ₂yEq₃βδü∆ζéçExα₂y₃éδεSE
2018QEV_QEaY[[RaY]U 5

2266 }δüññéδü∆ñEm∆çαñé∆ακεEkaδçüaãEzéβaüδEa∆çEzéñé∆éδaζüα∆EωüaEmxζδaãé₂₂κ₂aδE‘éεüã₂éRuéçüaζéçE
kα₃₃κ∆üãaζüα∆SE2018QEaQEVYa] 21

2265 wβζü₃a₂Eβαεüζüα∆ü∆ñEαïEεζαδañéEεyεζé₃εEü∆E₃üãδαñδüçεEáaεéçEα∆Eãα₃β₂éxE∆éζwαδkεEãé∆ζδa₂üζyE
₃éaεκδéεSEScientificsReportsQE2018QE_QEV[[Z_ 4.9 7

2264 péaçEa∆çE∆éãkEãa∆ãéδEαδña∆αüçεEéεζaá₂üεöéçEáyE₃αçüïüãaζüα∆EαïEζöéEk}w{E₃éζöαçEãa∆EáéEκεéçEζαE
βδéçüãζEü∆EωüωαEçδκñEεé∆εüζüωüζySE2018QE_]QEYaRZ] 59

2263 †∆εκβéδωüεéçEãa₂üáδaζüα∆EïαδE∆α∆ü∆ωaεüωéEñ₂κãαεéR₃α∆üζαδü∆ñEçéωüãéεEκεü∆ñE₃üçRü∆ïδaδéçE
εβéãζδαεãαβySE2018QEVVQEV_ZUUX_ 6

2262 jüαεκδïaãζa∆ζEβδαçκãζüα∆EáyEïκ∆ñüEaεEaEεκεζaü∆aá₂éEa₂ζéδ∆aζüωéSE2018QE_ZQE 15

2261 ‘qwtiRiEuκ₂ζüRxκδβαεéEa∆çE’éáRjaεéçE‘üεκa₂üzaζüα∆E}αα₂EïαδEvéκδα∆a₂RvéζwαδkE{ü₃κ₂aζüα∆E
wκζβκζSE2018QEVWQE]Z 7

2260 }üζa∆üaRjaεéçEpyáδüçEuaζéδüa₂εEwüζöE–∆wQE–δwâ��Ea∆çEuα{â��bEiEzéωüéwSE2018QEVVQE 38

2259 iEáaδαã₂ü∆üãEãαaεζa₂EζδaββéçEwaωéEéωé∆ζEü∆EζöéEoκ₂ïEαïEvaβ₂éεEM}yδδöé∆üa∆E{éaNSE2018QE[_QEV[_XRV[aY 12

2258 q∆ζéδβéδεα∆a₂E‘aδüaζüα∆εEü∆EoκζEuüãδαáüαζaExδαïü₂éεE{κβéδεéçéεEζöéEmïïéãζεEαïElüïïéδü∆ñEnéãa₂E
{ζαδañéEkα∆çüζüα∆εSEScientificsReportsQE2018QE_QEV]X[] 4.9 28

2257 {ζκçyEα∆Ekα₃βaãζüα∆EköaδaãζéδüεζüãεEa∆çEkα∆εζδκãζüα∆Ekα∆ζδα₂EαïEuüxζκδéεEαïEzéçEk₂ayEa∆çEoδaωé₂SE
2018QEWUV_QEVR_ 0

2256 uüãδαRva∆αE{ãa₂éE{κδïaãéEkαaζü∆ñEïαδEvκã₂éaζéEjαü₂ü∆ñEpéaζE}δa∆εïéδbEiEkδüζüãa₂EzéωüéwSE2018QEVVQEXV_a 38

2255 XlEβδü∆ζü∆ñEïαδEãöé₃üãa₂QEβöaδ₃aãéκζüãa₂Ea∆çEáüα₂αñüãa₂Eaββ₂üãaζüα∆εSE2018QEWQEYWWRYX[ 128

2254 myéEζδaãkü∆ñEζéãö∆α₂αñyEü∆EεβαδζεRδé₂aζéçEãα∆ãκεεüα∆bEaEεyεζé₃aζüãEδéωüéwEa∆çE₃éζaRa∆a₂yεüεSE2018QE
XaQEVW}zUV 30

2253 léζéδ₃ü∆ü∆ñE₃ü∆ü₃a₂EακζβκζEεéζεEζöaζEé∆εκδéEεζδκãζκδa₂Eüçé∆ζüïüaáü₂üζySE2018QEVXQEéUWU]XXY 5

2252 köaδaãζéδüzaζüα∆EαïEjaãü₂₂κεEζöκδü∆ñüé∆εüεEüεα₂aζéεEáyEζöéüδEü∆εéãζüãüça₂EaãζüωüζyEa∆çEζöéüδEβδαçκãζüα∆E
αïEkδyEa∆çE‘üβXEβδαζéü∆εSE2018QEVXQEéUWU[_VX 11

2251 }öéEmïïéãζεEαïEaEkα₃áü∆aζüα∆EαïEqα∆Eköa∆∆é₂Eq∆öüáüζαδεEü∆Ené₃a₂éEzaζεEnα₂₂αwü∆ñEzéβéaζéçEuü₂çE
}δaκ₃aζüãEjδaü∆Eq∆jκδySE2018QEVaQE 11

2250 q∆εüñöζEü∆ζαE₃üãδαRãδaãkü∆ñEü∆EXlRβδü∆ζéçEnéRáaεéçEjuoεEáyEεé₂éãζüωéE₂aεéδE₃é₂ζü∆ñSE2018QEVUXQEVUVRVU[ 15
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2249 ‘éδεaζü₂üζyEαïEãé₂₂Rβé∆éζδaζü∆ñEβéβζüçéεEïαδEü∆ζδaãé₂₂κ₂aδEçé₂üωéδyEαïEεüzviSE2018QEWZQEVaa[RWUU[ 33

2248 —pyβéδζé∆εüα∆Rδé₂aζéçEãαñ∆üζüωéEü₃βaüδ₃é∆ζbEvαζEaεEéaεyEaεEüζE₂ααkεE₂üké SE2018QEXZQEVYaRVZV

2247 zαáκεζ∆éεεEαïEζöéEδéβδαçκãζüωéE∆κ₃áéδEéεζü₃aζéεEü∆EωéãζαδRáαδ∆éEçüεéaεéEεyεζé₃εSE2018QEVWQEéUUU[aaa 2

2246 va∆αεζδκãζκδéεEαïEçüa₃α∆çQEñδaβöé∆éEαxüçéEa∆çEñδaβöüζéEü∆öüáüζEk”xViWQEk”xWl[Ea∆çEk”xXiYE
é∆zy₃éεEa∆çEçαw∆δéñκ₂aζéEζöéüδEñé∆éεEü∆E₂üωéδEãé₂₂εSE2018QEVXQE_Z[VR_Z]Z 8

2245 o{ntw’â��ozi{{EωVSUSUbEoq{Ré∆aá₂éçEöyçδα₂αñüãE₃αçé₂ü∆ñEαïEãακβ₂éçEñδακ∆çwaζéδâ��εκδïaãéRwaζéδE
εyεζé₃εSE2018QEVVQEY]ZZRY]]] 13

2244 †βãα∆ωéδεüα∆EαïE₂αwRé∆éδñyEβöαζα∆εEü∆Eεé₃üãα∆çκãζαδE∆a∆αεζδκãζκδéεEïαδEεα₂aδEé∆éδñyEöaδωéεζü∆ñSE
2018QEZQEV 9

2243 }öéαδéζüãa₂EεζκçyEαïEεα₃éEεζδκãζκδéεEαïEζüζa∆üκ₃Mq‘NEãα₃β₂éxéεEçéδüωéçEïδα₃EWRQEXREa∆çE
YRöyçδαxy₂Ráé∆zαüãEaãüçεSE2018QEXWQEZ]V 1

2242 iExéδεβéãζüωéE{ζκçyEαïEuéãöa∆üãa₂Eköaδaãζéδüεaζüα∆EαïEoδaβöé∆éEïαδExαζé∆ζüa₂Eiββ₂üãaζüα∆εEü∆E
}öéδ₃a₂Eua∆añé₃é∆ζEαïEuüãδαεyεζé₃εSE2018QE

2241 zéçκãü∆ñEζöéEmïïéãζEαïE{βκδüακεExöaεéE‘aδüaζüα∆εEü∆Evéκδa₂Ewεãü₂₂aζαδyE{üñ∆a₂εSE2018QEVWQE_W 3

2240 yκa∆ζüïyü∆ñEεüζéRεβéãüïüãEãöδα₃aζü∆E₃éãöa∆üãεEa∆çElviEça₃añéEδéεβα∆εéSEScientificsReportsQE2018QE
_QEV_U_Y 4.9 9

2239 XRlE{κβéδRzéεα₂κζüα∆E†₂ζδaεακ∆çEq₃añü∆ñE†εü∆ñEaEWRlE{βaδεéEiδδayEwüζöEpüñöE‘α₂κ₃éζδüãEq₃añü∆ñE
zaζéSE2018QE 1

2238 iEãα₃βκζaζüα∆a₂Eü∆ζé₂₂üñé∆ãéRáaεéçEïü₂ζéδEïαδE₂κ∆ñEεακ∆çEεéβaδaζüα∆SE2018QE

2237 xöaδ₃aãα₂αñüãa₂EmïïéãζEαïEyκéδãéζü∆Eü∆Epyβéδζé∆εüα∆Ea∆çEqζεExαζé∆ζüa₂Eiββ₂üãaζüα∆Eü∆E
xδéñ∆a∆ãyRq∆çκãéçEpyβéδζé∆εüα∆bEzéωüéwEαïEQEQEa∆çEk₂ü∆üãa₂E{ζκçüéεSE2018QEWUV_QE]YWVY_a 23

2236 iββ₂üãaζüα∆εEαïEza₃a∆EεβéãζδαεãαβyEü∆Eãa∆ãéδEçüañ∆αεüεSE2018QEX]QE[aVR]V] 93

2235 }öéE₃a∆yEïaãéεEαïE₃aζöé₃aζüãa₂E₃αçé₂₂ü∆ñEü∆Eα∆ãα₂αñySE2019QEaWQEWUV_U_Z[ 3

2234 {ãaïïα₂çεEïαδEköα∆çδαñé∆üãEké₂₂εEkκ₂ζüωaζüα∆ExδéβaδéçEïδα₃Ejaãζéδüa₂Eké₂₂κ₂αεéEwüζöEzé₂axéçEnüáéδεE
{ζδκãζκδéEq∆çκãéçEoé∆éζüãa₂₂ySE2018QE_QE 17

2233 †εéEαïEβyδδα₂αáé∆zαçüazéβü∆éεEa∆çEδé₂aζéçEãαωa₂é∆ζRáü∆çü∆ñElviRü∆ζéδaãζüωéE₃α₂éãκ₂éεEaεEilkE
βay₂αaçεbEqεE₃éãöa∆üε₃Eδé₂aζéçEζαEεyεζé₃üãEζαxüãüζygSE2018QEXUQE]VR_X 16

2232 ty₃βöaζüãE}üεεκéEm∆ñü∆ééδü∆ñEa∆çEzéñé∆éδaζüα∆SE2018QEVWQEXW 32
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2231 mβüçéδ₃a₂Eéβüçé₃üãbEκ∆δaωé₂₂ü∆ñEζöéEβaζöαñé∆éεüεEαïEãöyζδüçüα₃yãαεüεSE2019QEWWWQE 5

2230 nκ∆ãζüα∆a₂Eiεεéεε₃é∆ζEαïExaζüé∆ζRléδüωéçEzéζü∆a₂Exüñ₃é∆ζEmβüζöé₂üa₂Eké₂₂εEmçüζéçEáyEkzq{xzTkaεaSE
2018QEVaQE 12

2229 uaãδαãöé₂éεEεβéãüéεEMiãaδübEuaãδαãöé₂üçaéNEaεεαãüaζéçEwüζöEöκ₃a∆EãαδβεéεEü∆EmκδαβéSE2018QE][QEYZXRY]V 12

2228 uü₃üãkü∆ñEmβüζöé₂üa₂E}üεεκéεEü∆E}öδééRlü₃é∆εüα∆a₂Eké₂₂Ekκ₂ζκδéEuαçé₂εSE2018QE[QEVa] 41

2227 {éaE{βδayEiéδαεα₂bE’öéδéEuaδü∆éEjüα₂αñyEuééζεEiζ₃αεβöéδüãEköé₃üεζδySE2018QEYQEV[V]RV[WX 21

2226 ka∆Elayζü₃éEvaββü∆ñEiεεüεζEζöéExδαãéεεEαïE{kü₂₂εEiãγκüεüζüα∆EiïζéδE{ζδαkégSE2018QEaQEVUUW 4

2225 mïïéãζεEαïEk}Enw‘Eçüεβ₂aãé₃é∆ζEa∆çEaãγκüεüζüα∆Eβaδa₃éζéδεEωaδüaζüα∆Eα∆EζéxζκδéEa∆a₂yεüεEïéaζκδéεSE
2018QE[XQEWXZUWV 4

2224 iEçüεãα∆ζü∆κακεEoa₂éδkü∆E₃αçé₂EïαδEï₂καδéεãé∆ãéE₂αεεEü∆Eβöαζαá₂éaãöü∆ñEαïEü∆ζδaãé₂₂κ₂aδE
βα₂yñ₂κζa₃ü∆éEβδαζéü∆EaññδéñaζéεSE2018QEVVQE] 0

2223 m∆ñü∆ééδü∆ñEαïEζöéEãé₂₂κ₂aδEζδa∆ε₂aζüα∆a₂E₃aãöü∆éδyEa∆çE∆α∆Rãαçü∆ñEzviεEζαEé∆öa∆ãéEkpwEãé₂₂E
ñδαwζöQEδéãα₃áü∆a∆ζEβδαçκãζEyüé₂çεEa∆çEγκa₂üζySE2018QEWWQEVaaRWU_ 3

2222 –ükaE‘üδκεEmβüçé₃üãEü∆Ejδazü₂SEqqSExαεζRuαδζé₃Ei∆a₂yεéεEαïEvéα∆aζéεEwüζöEuüãδαãéβöa₂yQE{ζü₂₂áüδζöεQE
a∆çEuüεãaδδüañéSE2018QE]QE 15

2221 mïïüãüé∆ζEü₃₃κ∆αaïïü∆üζyEãöδα₃aζαñδaβöyEαïE₂y₃βöαãyζéεEçüδéãζ₂yEïδα₃Ewöα₂éEá₂ααçSEScientifics
ReportsQE2018QE_QEV[]XV 4.9 9

2220 pαwEβκβü₂Eδéεβα∆εéεEζδaãkEωa₂κéRáaεéçEçéãüεüα∆R₃akü∆ñEçκδü∆ñEa∆çEaïζéδEδéü∆ïαδãé₃é∆ζE₂éaδ∆ü∆ñSE
2018QEVYQEéVUU[[XW 24

2219 uéζöy₂Eáé∆zαaζéEéxöüáüζεEü∆εéãζüãüça₂Ea∆çEδéβé₂₂é∆ζEaãζüωüζüéεEañaü∆εζEjé₃üεüaEζaáaãüEMoé∆∆açüκεNE
Mpé₃üβζéδabEi₂éyδαçüçaéNSE2018QEVXQEéUWU_ZZW 12

2218 uüãδαï₂κüçüãEléωüãéεEïαδElδκñEiεεayεSE2018QE]QE 30

2217 zé₃αζéE{é∆εü∆ñEqεEköa∆ñü∆ñEwκδE‘üéwEαïEζöéEkαaεζbEq∆εüñöζεEïδα₃EYUE”éaδεEαïEuα∆üζαδü∆ñEaζE
vaδδaáéé∆Rkα₂₂aδαyQEiκεζδa₂üaSE2018QEVUQEV]YY 53

2216 lδañEmïïéãζEαïE’aζéδEkα∆εκ₃βζüα∆Eα∆E†δáa∆üzaζüα∆â��iEkaεéE{ζκçyEαïEζöéE”a∆ñζzéEzüωéδEmãα∆α₃üãE
jé₂ζEïδα₃EWUUUEζαEWUVZSE2018QEVUQEVVVZ 12

2215 xδéçüãζü∆ñEζöéEjü∆çü∆ñEαïEnaζζyEiãüçEi₃üçéEpyçδα₂aεéEq∆öüáüζαδεEáyEnδééEm∆éδñyExéδζκδáaζüα∆SE2018QE
VYQEZ_VZRZ_WW 8

2214 köδα∆üãEq∆ζδaãαδζüãa₂Ezéãαδçü∆ñEa∆çEm₂éãζδαãöé₃üãa₂E{ζaáü₂üζyEαïE}öüα₂Ré∆éTiãδy₂aζéE{öaβéEué₃αδyE
xα₂y₃éδEm₂éãζδαçéEiδδayεSE2018QEaQE 31
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2213 }αwaδçEpüñöéδE{é∆εüζüωüζyEü∆Eyκa∆ζüζaζüωéEuitlqEq₃añü∆ñEuaεεE{βéãζδα₃éζδyEαïEkv{ElδκñεE†εü∆ñEaE
vα∆βα₂aδEuaζδüxSE2018QEaUQEVWZaWRVW[UU 12

2212 xδü₃aζéεEü∆Eβéδü₂bEζöéEεüñ∆üïüãa∆ãéEαïEjδazü₂QEuaçañaεãaδQEq∆çα∆éεüaEa∆çEζöéElé₃αãδaζüãEzéβκá₂üãEαïE
ζöéEkα∆ñαEïαδEñ₂αáa₂Eβδü₃aζéEãα∆εéδωaζüα∆SE2018QE[QEéY_[a 67

2211 uüãδα₃a∆añü∆ñEq₃₃κ∆üζyEü∆EζöéEuκδü∆éEpαεζEωεSEζöéEuαεγκüζαE‘éãζαδbEuüãδαáüαζaRléβé∆çé∆ζE
q₃₃κ∆éEzéεβα∆εéεEζαEq∆ζéεζü∆a₂ExaδaεüζéεSE2018QE_QEXU_ 7

2210 kαδa₂EδééïEçéñδaçaζüα∆EaïïéãζεEζöéEβαζé∆ζüa₂EïαδEδééïEδéãαωéδyEaïζéδEçüεζκδáa∆ãéSE2018QEVYWQEY_RZ_ 23

2209 jδüñöζExδαεβéãζεEïαδEiδãζüãE{éaEqãéExδéçüãζüα∆Eα∆E{κáεéaεα∆a₂E}ü₃éE{ãa₂éεSE2018QEYZQEa]XVRa]X_ 38

2208 q₃βδαωéçEβδαçκãζüα∆EαïEβα₂yεaããöaδüçéεEü∆Eoa∆αçéδ₃aE₂ü∆ñzöüE₃yãé₂üaEáyEβ₂aε₃aE₃κζañé∆éεüεEa∆çE
δaβüçEεãδéé∆ü∆ñEαïE₃κζaζéçEεζδaü∆εEζöδακñöEü∆ïδaδéçEεβéãζδαεãαβySE2018QEVXQEéUWUYW[[ 12

2207 {y∆ζöéεüεEαïEãαββéδR₂αaçéçEaãζüωaζéçEãaδáα∆EïαδEé∆öa∆ãü∆ñEζöéEβöαζαãaζa₂yζüãEδé₃αωa₂EαïE
₃éζöy₂é∆éEá₂κéSE2018QEW]WQEXZXRX[U 4

2206 }öéζaEjκδεζεExδéãéçéQEa∆çE{βü∆ç₂éεEnα₂₂αwQEkαδζüãa₂Ea∆çE}öa₂a₃üãElαw∆εζaζéεEü∆Epκ₃a∆EvzmuE
{₂ééβSE2018QEX_QEaa_aRVUUUV 19

2205 oδaβöé∆éEaéδαñé₂EáaεéçEδαα₃Eζé₃βéδaζκδéEãöé₃üδéεüεζüωéEçéζéãζüα∆EαïEöyçδαñé∆EβéδαxüçébEiEkéyE
éxβ₂αεüωéEü∆ñδéçüé∆ζSE2018QEW_WQEa]RVVX 6

2204 zaβüçEéyéE₃αωé₃é∆ζEçé∆εüζyEçκδü∆ñEzmuEε₂ééβEü∆EçαñεEMka∆üεEïa₃ü₂üaδüεNSE2018QEY[QEZZYRZ[U 5

2203 za₃a∆EεβéãζδαεãαβyEaεEaE∆αωé₂Eζαα₂EïαδEïaεζEãöaδaãζéδüzaζüα∆EαïEζöéEãöé₃üãa₂Eãα₃βαεüζüα∆EαïE
βéδüωaεãκ₂aδEaçüβαεéEζüεεκéSE2018QEVYXQEZaaaR[UUZ 9

2202 kα∆ζδα₂₂ü∆ñEζöéE’éζζü∆ñExδαβéδζüéεEαïE{κβéδöyçδαβöαáüãE}üζa∆üκ₃E{κδïaãéEnaáδüãaζéçEáyE†‘E
va∆αεéãα∆çRxκ₂εéçEtaεéδEa∆çEpéaζE}δéaζ₃é∆ζSE2018QE_QE 21

2201 iEãα₃βaδaζüωéEδéωüéwEαïEδéãé∆ζEáüαü∆ïαδ₃aζüãεEζαα₂εEïαδEü∆ïéδδü∆ñEñé∆éEδéñκ₂aζαδyE∆éζwαδkεEκεü∆ñE
ζü₃éRεéδüéεEéxβδéεεüα∆EçaζaSE2018QEWUQEXWU 3

2200 m∆öa∆ãéçEãα∆ζδaεζEü∆E“RδayE₃üãδαζα₃αñδaβöüãEü₃añéεEαïEζöéE₃é₃áδa∆ακεE₂aáyδü∆ζöEκεü∆ñEçüïïéδé∆ζE
“RδayEεακδãéεEa∆çEεãa∆∆ü∆ñE₃αçéεSE2018QEWXXQE]]UR]_W 3

2199 }öüñöRléδüωéçEq∆éδζüa₂E{é∆εαδEuéζδüãεEζαEiεεéεεEζöéE{üζRζαR{ζa∆çEa∆çE{ζa∆çRζαR{üζE}δa∆εüζüα∆εEü∆EζöéE
}ü₃éçE†βEa∆çEoαEM}†oNE}aεkEïαδEyκa∆ζüïyü∆ñEuαáü₂üζyEq₃βaüδ₃é∆ζEü∆Euκ₂ζüβ₂éE{ã₂éδαεüεSE2018QEaQE[_Y 17

2198 va∆αRζaδñéζéçEδé₂axü∆Eü₃βaüδεEïüáδαεüεEa∆çEζκ₃αδEñδαwζöEü∆Eβa∆ãδéaζüãEãa∆ãéδEa∆çEü₃βδαωéεEζöéE
éïïüãaãyEαïEñé₃ãüζaáü∆éEü∆EωüωαSE2018QEWaUQEVRVU 52

2197
vα∆öαδ₃α∆a₂Eεé₂éãζüωéEéεζδαñé∆EδéãéβζαδE₃αçκ₂aζαδEVRMWR—YR{MXzQY{NR]RuéζöαxyRWQE
WRçü₃éζöy₂RXRβöé∆y₂Rãöδα₃a∆RYy₂}βöé∆αxy éζöy₂Nβyδδα₂üçü∆éEöyçδαãö₂αδüçéEMαδ₃é₂αxüïé∆éE
öyçδαãö₂αδüçéNEïαδEζöéEζδéaζ₃é∆ζEαïEáδéaεζEãa∆ãéδSE2018QE]aQEW]ZRW_[

4

2196 q∆ï₂κé∆ãéEαïEεé₂ïRaεεé₃á₂yEα∆EζöéEβéδïαδ₃a∆ãéEαïEa∆ζü₃üãδαáüa₂EβéβζüçéεSE2018QEX_QEZ[R]a 24
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2195 m∆çαãa∆∆aáü∆αüçE‘üδαçöa₃ü∆éEqεEa∆Em∆çαñé∆ακεEq∆öüáüζαδEαïEpκ₃a∆Ekaδçüαωaεãκ₂aδEk”xWrWE
mβαxyñé∆aεéSE2018QEZ]QE[Y_aR[Yaa 11

2194 kZaEa∆aβöy₂aζαxü∆Ea∆çEüζεEδα₂éEü∆Eãδüζüãa₂Eü₂₂∆éεεRü∆çκãéçEαδña∆Eçyεïκ∆ãζüα∆SE2018QEY_QEéVXUW_ 18

2193 uα₂xöaδ₃Tkij{EWUV_SE2018QEVXQEVVRZY

2192 ta∆çE{κüζaáü₂üζyEa∆çEq∆εκδa∆ãéExδé₃üκ₃εbEiEoq{RáaεéçEuκ₂ζüãδüζéδüaEi∆a₂yεüεEiββδαaãöEïαδE
{κεζaü∆aá₂éEzüãéExδαçκãζüα∆SE2018QEVUQEV]Za 17

2191 nééçáaãkEαïEaãζüα∆Eακζãα₃éEδéζδαεβéãζüωé₂yEü∆ï₂κé∆ãéεEεé∆εéEαïEañé∆ãyEü∆EaEãα∆ζü∆κακεEaãζüα∆EζaεkSE
2018QEVXQEéUWUW[aU 4

2190 mïïéãζEαïEm₂éãζδαçéE{öaβéEa∆çEn₂αwEkα∆çüζüα∆εEα∆EζöéEm₂éãζδαãöé₃üãa₂Eléζéãζüα∆EwüζöEja∆çE
uüãδαé₂éãζδαçéεSE2018QEV_QE 5

2189 mxãöa∆ñéEεζüïï∆éεεEü∆ï₂κé∆ãéEα∆E}éδïé∆α₂RlE₃añ∆éζüãEεζaζéεSE2018QEVQEUVYUUV 2

2188 }öéEkκδδé∆ζE{ζaζκεEa∆çEléωé₂αβ₃é∆ζEαïEq∆εéãζRzéεüεζa∆ζEoé∆éζüãa₂₂yEm∆ñü∆ééδéçExαβ₂aδEü∆Eköü∆aSE
2018QEaQEVYU_ 17

2187 zéñüα∆a₂Eta∆çε₂üçéEqçé∆ζüïüãaζüα∆EjaεéçEα∆E{κεãéβζüáü₂üζyEi∆a₂yεüεEa∆çEköa∆ñéEléζéãζüα∆SE2018QE]QEXaY 9

2186 köé₃üãa₂R₃éçüaζéçEãακ∆ζéδEçéïé∆εébEaζζδaãζüα∆EαïEζwαEβaδaεüζαüçEεβéãüéεEζαEζöéEçéïé∆εüωéE
εéãδéζüα∆EαïEöαεζE₂aδωaéSE2018QEW_QEVZXRV[W 1

2185 q∆jéãζaá₂éE₂α∆ñRaãζü∆ñEöκ₃a∆Eü₃₃κ∆αçéïüãüé∆ãyEωüδκεEa∆ζüδéζδαωüδa₂EβδαçδκñεEwüζöEü₃βδαωéçE
βöaδ₃aãαkü∆éζüãEβδαïü₂éεSE2018QEZZWQEX]VRX]] 5

2184 uα₂éãκ₂aδEδéãαñ∆üζüα∆EαïEζöéEáéζaRñ₂κãa∆εE₂a₃ü∆aδü∆Ea∆çEβκεζκ₂a∆EáyEaE{κεlR₂ükéEñ₂yãa∆Ráü∆çü∆ñE
βδαζéü∆EαïEaE₃aδü∆éEjaãζéδαüçéζéεSE2018QEW_ZQEYY[ZRYY_V 7

2183 {κεζaü∆éçEzé₂éaεéEïδα₃Eqα∆üãRoδaçüé∆ζEtüβαεα₃éεE{üñ∆üïüãa∆ζ₂yEléãδéaεéεEm}qlwkiqvmE
kyζαζαxüãüζySE2018QEXZQEWWa 6

2182 }öéδ₃αRçüïïκεüα∆Ea∆çE∆α∆Rκ∆üïαδ₃EöéaζEεακδãéTεü∆kEéïïéãζεEα∆Eöyçδα₃añ∆éζüãEï₂αwEαïEkκEa∆çE}üwWE
waζéδEREáaεéçE∆a∆αï₂κüçEβaδζüa₂₂yEïü₂₂éçEwüζöEaEβαδακεE₃éçüκ₃SE2018QEVXQEZVR[V 11

2181 k₂ü₃aζéRzé₂aζéçEtü₃üζaζüα∆εEα∆Exöαζαεy∆ζöéεüεEa∆çElδακñöζRzéεüεζa∆ãéE{ζδaζéñüéεEαïE–üzüβöκεE
εβü∆aRãöδüεζüSE2018QEVQE 8

2180
néaεüáü₂üζyEαïEaE}öδééRlü₃é∆εüα∆a₂ExαδακεE†∆ãa₂ãü∆éçEa∆çE†∆εü∆ζéδéçE
pyçδαxyaβaζüζéTβα₂yRçT₂R₂aãζüçéEkα₃βαεüζéEaεEaEzéñé∆éδaζüωéEjüα₃aζéδüa₂Eü∆Euaxü₂₂αïaãüa₂E{κδñéδySE
2018QEVVQE

8

2179 uα∆αãyζéεEü∆Eδöéκ₃aζαüçEaδζöδüζüεbEküδãκ₂aζü∆ñEβδéãκδεαδεEαïE₃aãδαβöañéεEa∆çEαεζéαã₂aεζεEa∆çQE
ζöéüδEöéζéδαñé∆éüζyEa∆çEβ₂aεζüãüζyEδα₂éEü∆EziEβaζöαñé∆éεüεSE2018QE[ZQEXY_RXZa 85

2178 véζwαδkEvéκδαεãüé∆ãéEzéωéa₂εElüεζü∆ãζEvéκδα₃aδkéδεEαïEn₂αwElκδü∆ñEuéçüaE†εéSE2018QE[_QE_]WR_aZ 15
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2177 mεζδαñé∆Ea₂βöaEδéãéβζαδEa∆ζañα∆üεζεEïαδEζöéEζδéaζ₃é∆ζEαïEáδéaεζEãa∆ãéδbEaEδéωüéwSE2018QEVWQEVU] 37

2176 véκδa₂E₃éaεκδéεEαïEζöéEãaκεa₂Eδα₂éEαïEαáεéδωéδεLEïaãüa₂E₃ü₃üãδyEα∆Eωüεκa₂Ewαδkü∆ñE₃é₃αδyEïαδEïaãüa₂E
éxβδéεεüα∆εSE2018QEVXQEVW_VRVWaV 13

2175 jαçyRδé₂aζüωéEöαδüzα∆ζa₂Rωéδζüãa₂Ea∆üεαζδαβyEü∆Eöκ₃a∆Eδéβδéεé∆ζaζüα∆εEαïEζδaωé₂éçEçüεζa∆ãéεSE2018QE
WX[QEW_VVRW_W] 7

2174 {ü∆ñ₂éRké₂₂E}δa∆εãδüβζα₃üãεSE2018QEVRWW

2173 mïïéãζεEαïE’aζéδEkα₂κ₃∆Euüxü∆ñEa∆çE{ζδaζüïüãaζüα∆Eα∆Ex₂a∆kζα∆üãExδü₃aδyExδαçκãζüα∆Ea∆çElü∆üζδαñé∆E
nüxaζüα∆Eα∆EaEvαδζöéδ∆EzéçE{éaEkαδa₂EzééïSE2018QEaQEWXZV 7

2172 iEβα₂y₃αδβöüε₃Eü∆EζöéEïaζζyEaãüçEçéεaζκδaεéRWEñé∆éEüεEaεεαãüaζéçEwüζöEζöéEaδaãöüçα∆üãEaãüçE
₃éζaáα₂üε₃Eü∆EβüñεSEScientificsReportsQE2018QE_QEVYXX[ 4.9 24

2171 iExéδεα∆a₂üzéçExαü∆ζRαïRkaδéEx₂aζïαδ₃EïαδEzéa₂R}ü₃éEmkoEuα∆üζαδü∆ñSE2018QE[YQEYZWRY[U 11

2170 uαçκ₂aζüα∆EαïEñé∆éEéxβδéεεüα∆Eü∆EδaζE₃κεã₂éEãé₂₂εEïα₂₂αwü∆ñEζδéaζ₃é∆ζEwüζöE∆a∆αãéδüaEü∆Eçüïïéδé∆ζE
ñδaωüζyEδéñü₃éεSE2018QEVXQEW_WVRW_XX 9

2169 –∆wRβpmuiEva∆αãα₃βαεüζéεbEi∆Emãαïδüé∆ç₂yEa∆çEzéκεaá₂éEuaζéδüa₂EïαδE’aζéδEzé₃éçüaζüα∆SE2018QE
VUQEYUVUURYUVVU 30

2168 içaβζüωéEuaζãöü∆ñE}δa∆ε₃üζζéδE’üζöElκa₂Rja∆çEi∆ζé∆∆aEïαδEq∆ζδaαδa₂E}α∆ñκéElδüωéE{yεζé₃SE2018QE
VWQEVW]aRVW__ 12

2167 q₃βaüδéçE₃yαñé∆üãEçéωé₂αβ₃é∆ζQEçüïïéδé∆ζüaζüα∆Ea∆çEïκ∆ãζüα∆Eü∆Eöm{kRçéδüωéçE{uiE₃yαá₂aεζεEa∆çE
₃yαζκáéεSE2018QEVXQEéUWUZZ_a 12

2166 {αü₂Eáκ₂áE₃üζéεEaεEζδaãéEéωüçé∆ãéEïαδEζöéE₂αãaζüα∆EαïEáκδüéçE₃α∆éySE2018QEWaWQEéWZRéXU 3

2165 mïïéãζεEαïEβα₂y₃éζöy₂₃éζöaãδy₂aζéE∆a∆αβ₂aεζüãεEα∆Elüãé∆ζδaδãöκεE₂aáδaxSE2018QEVVUQEYXZRYYV 80

2164 iElééβEmaεζéδ∆Emγκaζαδüa₂ExaãüïüãE}öéδ₃αã₂ü∆éElκδü∆ñEζöéEtaεζEo₂aãüa₂Euaxü₃κ₃SE2018QEYZQEVVQ_U[ 9

2163 va∆α₃éçüãü∆éεEïαδEua₂aδüaEköé₃αζöéδaβybEm∆ãaβεκ₂aζüα∆EωεSExα₂y₃éδE}öéδaβéκζüãεSE2018QEXZQEWX] 12

2162 mωa₂κaζüα∆EαïEjδééçEa∆çExaδüζyEwδçéδEmïïéãζεEα∆EζöéEtüβüçEkα₃βαεüζüα∆EαïExαδãü∆éEkα₂αεζδκ₃SE2018QE
[[QEVWaVVRVWaWU 8

2161 {öαwãaεü∆ñEζöéEδα₂éEαïEεéawaζéδEü∆EáaãζéδüaEδéãδκüζ₃é∆ζEa∆çE₃üãδαáüα₃éEεζaáü₂üζyEü∆Eεβα∆ñéεSE
ScientificsReportsQE2018QE_QEVZWUV 4.9 25

2160 q₃βδαωü∆ñEm₂éãζδα∆Emxζδaãζüα∆Eiáü₂üζyEa∆çEléωüãéE{ζaáü₂üζyEαïExéδαωεküζéE{α₂aδEké₂₂εE†εü∆ñEaE
kα₃βaζüá₂éExkjuTi–wEm₂éãζδα∆E}δa∆εβαδζü∆ñEjü₂ayéδSE2018QE_QE 23
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2159 {ζδκãζκδa₂Ea∆a₂yεüεEαïE₃añ∆éζüãE∆a∆αãα₃βαεüζéεEáaεéçEα∆Eãöüζαεa∆SE2018QE]WQEWUWRWVX 17

2158 kα∆ãéβζεEïαδEléωé₂αβü∆ñExöyεüãa₂Eoé₂εEαïEköüζαεa∆Ea∆çEαïEköüζαεa∆EléδüωaζüωéεSE2018QEYQE 50

2157 {ζδα∆ñEtüñöζâ��uaζζéδEq∆ζéδaãζüα∆Eü∆EtüζöαñδaβöyRnδééEx₂a∆aδEuéζa₃aζéδüa₂ExéδïéãζEiáεαδáéδεSE2018QE
ZQEYWUXRYWWV 65

2156 }δa∆εãδüβζα₃éEa∆a₂yεüεEαïEéxζé∆çéçRεβéãζδκ₃E˛†R₂aãζa₃aεéRβδαçκãü∆ñEmεãöéδüãöüaEãα₂üEa∆çE
₃éζöüãü₂₂ü∆Rδéεüεζa∆ζE{ζaβöy₂αãαããκεEaκδéκεEéxβαεéçEζαEãéïαζaxü₃éSEScientificsReportsQE2018QE_QEV[U][ 4.9 4

2155 }δaü∆ü∆ñExαβκ₂aζüα∆Ewβζü₃üzaζüα∆EïαδExδéçüãζüα∆EαïEkaεεaωaEjδαw∆E{ζδéakElüεéaεéEzéεüεζa∆ãéEü∆E
’éεζEiïδüãa∆Ek₂α∆éεSE2018QE_QEXaUXRXaVX 17

2154 ka∆çüçaEa₂áüãa∆εEü∆ζéδçüñüζa₂EïααζEü∆ïéãζüα∆bEiEãaεéEδéβαδζEöüñö₂üñöζü∆ñEζöéEü₃βαδζa∆ãéEαïEa∆ζüïκ∆ña₂E
εκεãéβζüáü₂üζyEζéεζü∆ñSE2018QEVWQE__aR_a[ 0

2153 köé₃üãa₂Ezé₃αωa₂EαïExöαεβöαδκεEïδα₃E{wü∆éEmïï₂κé∆ζbEζöéEq₃βaãζEαïExδéωüακεEmïï₂κé∆ζE}δéaζ₃é∆ζE
}éãö∆α₂αñüéεEα∆ExδαãéεεEmïïüãüé∆ãySE2018QEWWaQEV 10

2152 q₃añéEεéñ₃é∆ζaζüα∆EïαδEwöα₂éEζα₃aζαEβ₂a∆ζEδéãαñ∆üζüα∆EaζE∆üñöζSE2018QEVZYQEYXYRYYW 14

2151 }δüaζα₃ü∆éEnaκ∆aEa∆çEzéãé∆ζEmβüçé₃üα₂αñüãa₂Ely∆a₃üãεEαïEköañaεElüεéaεéEü∆Ea∆Em∆çé₃üãEiδéaEαïE
vαδζöéaεζEjδazü₂SE2018QEWUV_QE]UWUZYV 4

2150 }aδñéζü∆ñEζöéEjaãζéδüa₂ExδαζéãζüωéEiδ₃ακδcEköa₂₂é∆ñéεEa∆çEvαωé₂E{ζδaζéñüéεEü∆EζöéE}δéaζ₃é∆ζEαïE
uüãδαáüa₂Ejüαïü₂₃SE2018QEVVQE 20

2149 –ükaE‘üδκεE‘aããü∆éεbEköa₂₂é∆ñéεEa∆çExéδεβéãζüωéεSE2018QE[QE 14

2148 {yεζé₃aζüãEi∆a₂yεüεEαïEoé∆éEmxβδéεεüα∆Exδαïü₂éεEkα∆ζδα₂₂éçEáyEö∆zvxEyEa∆çEö∆zvxEzQE}wαEk₂αεé₂yE
zé₂aζéçEpκ₃a∆EzviEjü∆çü∆ñExδαζéü∆εEq₃β₂üãaζéçEü∆E₃zviExδαãéεεü∆ñEuéãöa∆üε₃εSE2018QEZQE]a 7

2147 taãkEαïEü₃βδαωé₃é∆ζEü∆E₃κ₂ζüβ₂üãaζüα∆EüεEaεεαãüaζéçEwüζöEδéωéδζü∆ñEïδα₃Eωéδáa₂Eδéζδüéωa₂EζαE
∆κ₃éδüãa₂Eαβéδaζüα∆εSE2018QEV_XQE_ZaR_]V 6

2146 {é₂éãζüωéEεéδαζα∆ü∆EδéκβζakéEü∆öüáüζαδεEaïïéãζEεζδκãζκδéQEïκ∆ãζüα∆Ea∆çE₃éζaáα₂üε₃EαïEεké₂éζa₂E
₃κεã₂ébEiEεyεζé₃aζüãEδéωüéwSE2018QEVX[QEVaYRWUY 5

2145 }éεζü∆ñEζöéEζδa∆εïéδaáü₂üζyEαïEζδaãkRáaεéçEöaáüζaζE₃αçé₂εEïαδEεακ∆çE₃aδü∆éEεβaζüa₂Eβ₂a∆∆ü∆ñSE2018QE
WYQEV]]WRV]_] 10

2144 mïïéãζEαïEçüïïéδé∆ζEwaζéδEaββ₂üãaζüα∆EδaζéεEa∆çE∆üζδαñé∆Eïéδζü₂üεaζüα∆Eα∆EñδαwζöEa∆çEéεεé∆ζüa₂Eαü₂EαïE
ã₂αωéEáaεü₂EMwãü₃κ₃Eñδaζüεεü₃κ₃EtSNSE2018QEVWZQEV_[RVa] 14

2143 lακá₂éRεβ₂üζE₂aáyδü∆ζöEδéεα∆aζαδEwüζöEçéïéãζüωéEñδακ∆çEεyεζé₃EïαδEwüçéRáa∆çEáa∆çRεζαβEïü₂ζéδE
aββ₂üãaζüα∆SE2018QE_QEU_ZVW] 1

2142 péζéδαñé∆éακεEwδña∆αãaζa₂yεζεEjaεéçEα∆EaE}δüazü∆éR}δüazα₂éE{ü₂a∆éEtüña∆çSE2018QEWUV_QEYWU[RYWVY 8
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2141 {ζκçyEα∆Eöéa₂ü∆ñEζéãö∆üγκéEïαδEwéakEü∆ζéδ₂ayéδEa∆çEδé₂aζéçE₃éãöa∆üãa₂EβδαβéδζüéεEáaεéçEα∆E
₃üãδαáüa₂₂yRü∆çκãéçEãa₂ãüκ₃Eãaδáα∆aζéEβδéãüβüζaζüα∆SE2018QEVXQEéUWUX_XY 4

2140 i∆ü₃a₂Euαçé₂εEαïEζöéEq₃βaãζEαïE{αãüa₂E{ζδéεεEα∆Ekαãaü∆éE†εéElüεαδçéδεSE2018QEVYUQEVXVRV[a 11

2139 }αwaδçεEζöéE₃ü∆ü₃κ₃RãαεζEãα∆ζδα₂EαïEζaδñéζE∆αçéεEü∆EçüδéãζéçE∆éζwαδkεEwüζöE₂ü∆éaδEçy∆a₃üãεSE2018
QEXZZQE_VYVR_VZ] 3

2138 ’öüζéï₂yRζδa∆ε₃üζζéçEωüδκεéεEζöδéaζé∆ü∆ñEãaεεaωaEβδαçκãζüα∆Eü∆EiïδüãaSE2018QEXXQEV[]RV][ 21

2137 uüãδαáüa₂Eé∆ζéδαζyβéεEü∆Eβéδεα∆a₂üzéçE∆κζδüζüα∆Ea∆çEαáéεüζyE₃a∆añé₃é∆ζSE2018QEVU_QE[YZR[ZV 78

2136 jδyαzαa∆Eïδa₃éwαδkEãα₃βαεüζüα∆Eü∆EζöéEαçç₂yEεöaβéçEδééïεEïδα₃Eiáδα₂öαεEja∆kQEjδazü₂QE
εακζöwéεζéδ∆Eiζ₂a∆ζüãbEζaxα∆α₃yEa∆çEéãα₂αñySE2018QEYY_XQEVZZRV_[ 7

2135 uañ∆éζαRwβζüãa₂EséδδEmïïéãζElδüωé∆EáyE{βü∆Eiããκ₃κ₂aζüα∆Eα∆EkκQEiκQEa∆çExζSE2018QE_QEVX]_ 1

2134 }aδñéζü∆ñEjδéaεζEka∆ãéδE{ζé₃Eké₂₂εEζαEwωéδãα₃éE}δéaζ₃é∆ζEzéεüεζa∆ãéSE2018QEWXQE 67

2133 tüγκüçEñaζéçE–∆wE∆a∆αδαçEnm}Eεé∆εαδEïαδEκ₂ζδaεé∆εüζüωéEçéζéãζüα∆EαïEpéβaζüζüεEjEεκδïaãéEa∆ζüñé∆E
wüζöEωéδζüãa₂Eé₂éãζδαçéEãα∆ïüñκδaζüα∆SE2018QEVWWQEZ_R[] 15

2132 oé∆α₃éEmçüζü∆ñEü∆EzüãébEzéãé∆ζEiçωa∆ãéεQEköa₂₂é∆ñéεQEa∆çEnκζκδéEq₃β₂üãaζüα∆εSE2018QEaQEVX[V 90

2131 q∆EαωαEéxβαεκδéEζαEζδüã₂αεa∆Ea₂ζéδεEζöéEöéβaζüãEβδαζéα₃éEü∆Eãöüãké∆Eé₃áδyαεSE2018QEV[ZQEYaZRZUY 8

2130 zéεéaδãöEα∆Eβöαζα∆üãEñé∆éδaζüα∆EαïEγκaçδκβ₂ü∆ñEζδüa∆ñκ₂aδRεöaβéçEwaωéïαδ₃Eκεü∆ñEéxζéδ∆a₂E
₃αçκ₂aζüα∆SE2018QEYZQEXZWRXZ_ 5

2129 néδδαé₂éãζδüãEuaζéδüa₂εbEiEvαωé₂ExaζöwayEïαδEmïïüãüé∆ζE{α₂aδE’aζéδE{β₂üζζü∆ñSE2018QE_QEVZW[ 14

2128 zéü∆ωé∆ζü∆ñEa∆Ewδña∆é₂₂ébE}öéEzéçκãéçEuüζαãöα∆çδüα∆Eü∆ExaδaεüζüãExδαζüεζεSE2018QEXYQEVUX_RVUZZ 33

2127 }é₃βéδaζκδéEçéβé∆çé∆ãéEαïEβüézαREa∆çEïéδδαé₂éãζδüãüζyEü∆Eκ₂ζδaζöü∆ExM‘lnR}δnmNEïü₂₃εSSE2018QE_QEWaV[YRWaV]V 6

2126 }öéEκζü₂üζyEa∆çEaββ₂üãaζüα∆EαïEé₂éãζδαβöyεüα₂αñüãa₂E₃éζöαçεEü∆EζöéEεζκçyEαïEωüεκa₂Eöa₂₂κãü∆aζüα∆εSE
2018QEVWaQEWX[VRWX]V 6

2125 i∆ζü₃üãδαáüa₂Exöαζαçy∆a₃üãEq∆aãζüωaζüα∆EuéçüaζéçEáyEzαεéEjé∆ña₂Ea∆çEmδyζöδαεü∆éEqεEmïïéãζüωéEü∆E
ζöéEkα∆ζδα₂EαïEnααçRzé₂aζéçEjaãζéδüaEü∆Ex₂a∆kζα∆üãEa∆çEjüαïü₂₃E{ζaζéεSE2018QEWXQE 26

2124 jüαkü∆éζüãεEαïE₃üãδαáüa₂Eãα∆εαδζüaEκεü∆ñEáüαñé∆üãEεκ₂ïκδEaεEaE∆αωé₂Eé₂éãζδα∆Eçα∆αδEïαδEεκεζaü∆aá₂éE
çé∆üζδüïüãaζüα∆SE2018QEW]UQEXZaRX[] 42
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2123 pα₃éRáaεéçEζδaü∆ü∆ñEαïEδöyζö₃üãEεkü₂₂εEwüζöEaEεéδüακεEña₃éEü∆Exaδkü∆εα∆LεEçüεéaεébE†εaáü₂üζyEa∆çE
aããéβζaáü₂üζySE2018QE[VQEX_URX_Z 19

2122 köüζαεa∆QEñé₂aζü∆Ea∆çE₃éζöy₂ãé₂₂κ₂αεéEïü₂₃εEü∆ãαδβαδaζéçEwüζöEζa∆∆üãEaãüçEïαδEïααçEβaãkañü∆ñSE2018QE
VWUQEVVVaRVVW[ 56

2121 mïïéãζEαïEaãζüωaζéçEãaδáα∆Eα∆E₃üãδαáüa₂Rü∆çκãéçEãa₂ãüκ₃Eãaδáα∆aζéEβδéãüβüζaζüα∆EαïEεa∆çSE2018QE]]QEV 7

2120 q∆ï₂κé∆zaEâ��EiE∆éwEβaζöαñé∆EéωéδyEyéaδSE2018QEVWQEVWRWV 3

2119
k₂aεεüïüãaζüα∆EαïExaδüεEεβéãüéεEaããαδçü∆ñEζαEáαζa∆üãa₂Ea∆çEñéαñδaβöüãa₂Eαδüñü∆εEáaεéçEα∆E
εβéãζδαεãαβüãQEãöδα₃aζαñδaβöüãQEãα∆ωé∆ζüα∆a₂Eãöé₃α₃éζδüãEa∆a₂yεüεEa∆çEçaζaEïκεüα∆EεζδaζéñySE2018
QEVYXQEX[]RX]_

16

2118 zé₂aζüα∆εöüβEjéζwéé∆Ei₃y₂αüçR˛†ExαεüζüωüζyEa∆çExδαñδéεεüα∆EζαEuü₂çEkαñ∆üζüωéEq₃βaüδ₃é∆ζEαδE
lé₃é∆ζüaEαωéδE_E”éaδεEü∆Ekαñ∆üζüωé₂yEvαδ₃a₂Ew₂çéδEiçκ₂ζεSE2018QE[ZQEVXVXRVXWZ 14

2117 w∆EζöéEuαáü₂éEkα₃₃κ∆üãaζüα∆Ezéγκüδé₃é∆ζεEïαδEζöéElé₃a∆çR{üçéEua∆añé₃é∆ζEαïEm₂éãζδüãE
‘éöüã₂éεSE2018QEVVQEVWWU 35

2116 vκζδüé∆ζEδéãαωéδyEζéãö∆α₂αñüéεEü∆ζéñδaζéçEwüζöEé∆éδñyEδéãαωéδyEáyEwaεζéEáüα₃aεεEa∆aéδαáüãE
çüñéεζüα∆SE2018QEW[aQEZWURZXV 102

2115 köé₃αζaxα∆α₃üãEβαζé∆ζüa₂EαïEéxαãδü∆éEa₂ky₂EéεζéδεEü∆Ejκ₂üçE₃ü₂₂üβéçéεEMlüβ₂αβαçabErκ₂üçaébE
ky₂ü∆çδαüκ₂ü∆üNSE2018QE_VQEVRVV 1

2114 }öéδ₃a₂Eζκ∆ü∆ñEαïEñδaβöé∆éRé₃áéççéçEwaωéñκüçéEïü₂ζéδεEáaεéçEα∆EζöéEβα₂y₃éδRεü₂üãaEöyáδüçE
εζδκãζκδéSSE2018QE_QEXU]ZZRXU][U 2

2113 iκζα₃aζéçEaββδαaãöEïαδEü∆çüδéãζEü₃₃κ∆αï₂καδéεãé∆ãéEü₃añéεEã₂aεεüïüãaζüα∆EáaεéçEα∆Eκ∆εκβéδωüεéçE
ã₂κεζéδü∆ñE₃éζöαçSE2018QEVWQEa_aRaaZ 8

2112 }öéEoé∆κεEkαδy∆éáaãζéδüκ₃Eü∆EζöéEoé∆α₃üãEmδaSE2018QE 0

2111 zα₂éEαïE{α₂üçRoaεEq∆ζéδïaãéEαïEva∆αáκáá₂éεEïαδE}öéδaβéκζüãEiββ₂üãaζüα∆εSE2018QEXZQEY[aRYaY 15

2110 kα₃β₂éxE₃üãδαáüa₂Eεyεζé₃εEaãδαεεEçüïïéδé∆ζE₂éωé₂εEαïEçéεãδüβζüα∆SE2018QEVZQEUZVUUW 2

2109 péζéδαñé∆éακεEβöαζαãaζa₂yεüεEa∆çEüζεEβαζé∆ζüa₂Eaββ₂üãaζüα∆εEü∆EwaζéδEa∆çEwaεζéwaζéδEζδéaζ₃é∆ζbEaE
δéωüéwSE2018QEWaQEXYWUUV 244

2108 kαεζEmïïéãζüωéQEoδéé∆E{y∆ζöéεüεEαïEkαββéδEwxüçéEva∆αβaδζüã₂éεE†εü∆ñEnδκüζEmxζδaãζEαïE{yzyñüκ₃E
a₂ζéδ∆üïα₂üκ₃EM’ζSNE’a₂βSQEköaδaãζéδüzaζüα∆Ea∆çEmωa₂κaζüα∆EαïEi∆ζüωüδa₂EiãζüωüζySE2018QEWaQE]YXR]ZZ 41

2107 w∆waδçEa∆çEκβwaδçbEwβζü₃üzü∆ñE₃αζαδEβéδïαδ₃a∆ãéSE2018QE[UQEVU]RVVY 24

2106 }δüáα∆κã₂éaζüα∆bEiEvéwEuéãöa∆üε₃EïαδEoé∆éδaζü∆ñEζöéE{αçaEoéyεéδSE2018QEaZQEVXYZRVXYa 3
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2105 vaεöEmγκü₂üáδüκ₃RjaεéçEiεy₃βζαζüãE{ζaáü₂üζyEi∆a₂yεüεEαïEuκ₂ζüRoδακβEiεy₃₃éζδüãEmωα₂κζüα∆aδyE
oa₃éεEü∆E}yβüãa₂E{ãé∆aδüαEαïEm₂éãζδüãüζyEuaδkéζSE2018QE[QEXWU[YRXWU_[ 33

2104 jαaζE∆αüεéEü∆Ea∆Eéεζκaδü∆éEεακ∆çεãaβéEREiEβαζé∆ζüa₂EδüεkEα∆EζöéEaãακεζüãEãα₃₃κ∆üãaζüα∆Ea∆çE
δéβδαçκãζüα∆EαïEεα∆üïéδακεEïüεöEü∆EζöéEuayEzüωéδQE{ακζöEkaδα₂ü∆aSE2018QEVXXQEWY[RW[U 17

2103 iE₃κ₂ζüRáa∆çEεwüζãöaá₂éEa∆ζé∆∆aEïαδE’üRnüQEXoEiçωa∆ãéçQE’üui“QEa∆çE’tivEwüδé₂éεεEaββ₂üãaζüα∆εSE
2018QEVUQEaaVRaa] 15

2102 i∆ζüáaãζéδüa₂Eéïïéãζüωé∆éεεE₃ééζεEü₃βδαωéçE₃éãöa∆üãa₂EβδαβéδζüéεbEua∆κkaEöα∆éyTñé₂₂a∆Eñκ₃E
ãα₃βαεüζéEöyçδαñé₂εEïαδEãaδζü₂añéEδéβaüδSE2018QEVa_QEY[WRY]W 40

2101 {y∆ζöéεüεEαïE∆α∆RζαxüãQEáüαãα₃βaζüá₂éQEa∆çEãα₂₂αüça₂Eεζaá₂éEεü₂ωéδE∆a∆αβaδζüã₂éEκεü∆ñEéññRwöüζéE
βδαζéü∆EaεEãaββü∆ñEa∆çEδéçκãü∆ñEañé∆ζεEïαδEεκεζaü∆aá₂éEa∆ζüáaãζéδüa₂Eaββ₂üãaζüα∆SSE2018QE_QEWXWVXRWXWWa 34

2100 uééζü∆ñEδéβαδζEREqvlmx}pEküãkRαïïE₃ééζü∆ñSE2018QEVXVQE 4

2099 }öéE†∆ζaββéçExöaδ₃aãαβéüãExαζé∆ζüa₂EαïEpé₂₃ü∆ζöεSE2018QEXYQE_W_R_YW 26

2098 iãζü∆αβ₂a∆éεEçéεéδζüEεβSE∆αωSQEüεα₂aζéçEïδα₃EaEçéεéδζEεαü₂Eεa₃β₂éSE2018QEVVVQEWXUXRWXVU 5

2097 mïïéãζεEαïE∆a∆αβ₂aεζüãεEα∆Euyζü₂κεEña₂₂αβδαωü∆ãüa₂üεEaïζéδEü∆çüωüçκa₂Ea∆çEãα₃áü∆éçEéxβαεκδéEwüζöE
ãaδáa₃azéβü∆éSE2018QE[YXQE]]ZR]_Y 173

2096 uéζaáα₂üãE₃éãöa∆üε₃εEκ∆çéδβü∆∆ü∆ñEωéñéζaζüωéEáκçEçαδ₃a∆ãyEδé₂éaεéEa∆çEεöααζEçéωé₂αβ₃é∆ζEü∆E
εwééζEãöéδδySE2018QEVZZQEVRVV 22

2095 oδaβöé∆éRq∆ãαδβαδaζéçEjüαβα₂y₃éδüãEuüxéçRuaζδüxEué₃áδa∆éEïαδEm∆öa∆ãéçEkwE{éβaδaζüα∆EáyE
zéñκ₂aζü∆ñEζöéE{κββαδζExαδéEnü₂₂ü∆ñSE2018QEVUQEW]_VURW]_WU 26

2094 mïïéãζEαïEζδüã₂αεa∆RãαaζéçEεκζκδéεEα∆Eεκδñüãa₂EεüζéEü∆ïéãζüα∆εEü∆Eβü₂α∆üça₂EçüεéaεébEβδαεβéãζüωéE
δa∆çα₃üzéçEεζκçySE2018QEXXQEVYYZRVYZW 7

2093 p{x]UEaεEaEjüα₃aδkéδbEa∆Emxãé₂₂é∆ζE}αα₂Eü∆Em∆ωüδα∆₃é∆ζa₂Ekα∆ζa₃ü∆aζüα∆Ei∆a₂yεüεâ��aEzéωüéwSE2018QE
WWaQEV 10

2092 {ü₂üãα∆Eζδa∆εãδüβζüα∆a₂₂yEδéñκ₂aζéεEεκ₂ïκδEa∆çEijiE₃éζaáα₂üε₃Ea∆çEçé₂ayεE₂éaïEεé∆éεãé∆ãéEü∆Eáaδ₂éyE
κ∆çéδEãα₃áü∆éçEεκ₂ïκδEçéïüãüé∆ãyEa∆çEαε₃αζüãEεζδéεεSE2018QEVZZQEXaYRYVU 32

2091 †βRδéñκ₂aζéçEzxtzEéïïéãζαδEñé∆éεEαïEx₂aε₃αβaδaEωüζüãα₂aEü∆Eεy∆ãöδα∆üzéçEöαεζRïδééEεζañéεEa∆çE
ü∆ïéãζéçE₂éaωéεEαïEöαεζεEwüζöEçüïïéδé∆ζEεκεãéβζüáü₂üζySE2018QEVWWQEVVWZRVVXX 6

2090 vα∆₂ü∆éaδEçy∆a₃üãεEαïEεα₂üζaδyEa∆çEαβζüãa₂₂yEü∆jéãζéçEζwαRé₂é₃é∆ζE₂aεéδEaδδayεEwüζöEïακδEçüïïéδé∆ζE
waωéñκüçéEεζδκãζκδéεbEaE∆κ₃éδüãa₂EεζκçySEOpticssExpressQE2018QEW[QEY]ZVRY][Z 3.3 9

2089 uaββü∆ñEáüïκδãaζüα∆EεζδκãζκδéEa∆çEβaδa₃éζéδEçéβé∆çé∆ãéEü∆Eγκa∆ζκ₃EçαζEεβü∆R‘k{mtεSEOpticss
ExpressQE2018QEW[QEVY[X[RVY[Ya 3.3 12

2088 uκ₂ζü₃αça₂EXlElé∆εévéζEïαδEqlpEoé∆αζyβéExδéçüãζüα∆Eü∆Eo₂üα₃aεSE2018QEaQE 64
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2087 {öa₂éEséδαñé∆bEpyçδaκ₂üãEnδaãζκδü∆ñEn₂κüçEq∆ζéδaãζüα∆εEa∆çEkα∆ζa₃ü∆a∆ζEzé₂éaεéSE2018QEXWQE_a[[R_a]] 26

2086 ’ü∆ñEζwüεζü∆ñEáyEé₂aεζüãEü∆εζaáü₂üζybEiEβκδé₂yEβaεεüωéEaββδαaãöSE2018QEWU[QE]ZUR][V 2

2085 w∆éEβαζEδéï₂κxEεy∆ζöéεüεEαïEδéçκãéçEñδaβöé∆éEαxüçéEçéãαδaζéçEwüζöEεü₂ωéδTãαáa₂ζEαxüçébEiE∆αωé₂E
∆a∆αEãα₃βαεüζéE₃aζéδüa₂EïαδEöüñöEãaβaãüζa∆ãéEaββ₂üãaζüα∆εSE2018QEYYQEWUZWYRWUZXU 16

2084 iββ₂üãaζüα∆EαïE∆κã₂éaδEζéãö∆üγκéεEζαEé∆ωüδα∆₃é∆ζa₂Eβ₂aεζüãεEδéεéaδãöSE2018QEVaWQEX[_RX]Z 21

2083 }δü∆üζyEαïE}öδééRlü₃é∆εüα∆a₂EMXlNE{ãaïïα₂çQE‘üáδaζüα∆QEa∆çEXlExδü∆ζü∆ñEα∆Eké₂₂Ekκ₂ζκδéEiββ₂üãaζüα∆bEiE
{yεζé₃aζüãEzéωüéwEa∆çEq∆çüãaζü∆ñEnκζκδéElüδéãζüα∆SE2018QEZQE 25

2082 {y∆éδñüε₃EαïE∆üζδαñé∆Ea∆çEδéçκãéçEñδaβöé∆éEü∆EζöéEé₂éãζδαãaζa₂yζüãEáéöaωüαδEαïEδéεαδãü∆α₂ERE
nαδ₃a₂çéöyçéEáaεéçEãaδáα∆Eaéδαñé₂εSE2018QEVXaQE_]WR_]a 20

2081 tüγκüçEjüαβεyEü∆Ewδa₂Eka∆ãéδSE2018QEVaQE 44

2080 {ζδκãζκδa₂Ea∆çEïκ∆ãζüα∆a₂Eãöaδaãζéδüzaζüα∆EαïEaE∆αωé₂E₂üβα₂yζüãEé∆zy₃éEïδα₃EaEjδazü₂üa∆EkéδδaçαEεαü₂E
₃éζañé∆α₃üãE₂üáδaδySE2018QEYUQEVXaZRVYU[ 6

2079 nκ∆ãζüα∆a₂Eãöa∆ñéεEü∆EδééïEεyεζé₃εEü∆Ewaδ₃éδEεéaεbEiεy₃₃éζδüãa₂EéïïéãζεEαïEa₂ζéδéçEñδazü∆ñEáyEaE
wüçéεβδéaçEãδκεζaãéa∆E₃éεαñδazéδSE2018QE[YYQEa][Ra_V 2

2078
uuRxj{iEa∆çEβéδRδéεüçκéEçéãα₃βαεüζüα∆Eé∆éδñyEεζκçüéεEα∆E]Rxöé∆y₂Rü₃üçazαγκü∆α₂ü∆RYMZpNRα∆éE
çéδüωaζüωéεbEqçé∆ζüïüãaζüα∆EαïEãδκãüa₂EεüζéEβαü∆ζεEaζE₃üãδαεα₃a₂Eβδαεζañ₂a∆çü∆EmEεy∆ζöaεéRVEM₃xom{RVNE
aãζüωéEεüζéSE2018QEVVaQEXZWRXZa

17

2077 i∆Eé∆ωüδα∆₃é∆ζa₂ElviEεa₃β₂ü∆ñE₃éζöαçEïαδEayéRayéεEïδα₃EζöéüδEïééçü∆ñEζδaãéεSE2018QE_QEaWWaRaWYU 13

2076
kα₃βaδaζüωéEa∆a₂yεüεEαïEöκ₃αδa₂Eü₃₃κ∆éEδéεβα∆εéεEa∆çEβaζöα₂αñüéεEαïEjitjTãEa∆çEkZ]jtT[E
wü₂çζyβéE₃üãéEéxβéδü₃é∆ζa₂₂yEü∆ïéãζéçEwüζöEaEöüñö₂yEωüδκ₂é∆ζEzαçé∆ζüáaãζéδEβ∆éκ₃αζδαβüãκεE
Mxaεζéκδé₂₂aEβ∆éκ₃αζδαβüãaNEεζδaü∆SE2018QEV_QEYZ

22

2075 püñöEkwWE†∆çéδEvκζδüé∆ζEnéδζü₂üzaζüα∆Eq∆ãδéaεéεExδü₃aδyExδαçκãζüα∆Ea∆çEjüα₃aεεEü∆E{κáζδαβüãa₂E
xöyζαβ₂a∆kζα∆Ekα₃₃κ∆üζüéεbEiEuéεαãαε₃EiββδαaãöSE2018QEZQE 12

2074 }öéEzα₂éEαïElüεεα₂ωéçEwxyñé∆Etéωé₂εEα∆Epκ₃a∆Euéεé∆ãöy₃a₂E{ζé₃Eké₂₂Ekκ₂ζκδéE{κããéεεQE
zéñκ₂aζαδyEkα₃β₂üa∆ãéQEa∆çE}öéδaβéκζüãExαζé∆ζüa₂SE2018QEW]QEVXUXRVXWV 14

2073 kαñ∆üζüωéEjüaεEü∆E–ααEi∆ü₃a₂εbEi∆Ewβζü₃üεζüãEwκζ₂ααkEïαδE’é₂ïaδéEiεεéεε₃é∆ζSE2018QE_QE 15

2072 zéωüéwEαïExaδa₃éζéδEléζéδ₃ü∆aζüα∆EïαδE}öéδ₃a₂Euαçé₂ü∆ñEαïEtüζöüκ₃Eqα∆EjaζζéδüéεSE2018QEYQEWU 19

2071 ké∆ζκδüéεRw₂çElviEïδα₃Ea∆Emxζü∆ãζExαβκ₂aζüα∆EαïEiéεãκ₂aβüa∆E{∆akéEM–a₃é∆üεE₂α∆ñüεεü₃κεNEwïïéδεE
véwExöy₂αñéαñδaβöüãEq∆εüñöζSE2018QEVUQEVY 4

2070 i∆Eiáεζδaãζüα∆Rzéïü∆é₃é∆ζEuéζöαçα₂αñyïαδEzéaεα∆ü∆ñEaáακζEvéζwαδkEoa₃éεâ� SE2018QEaQEXa 1
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2069
}öéExδéεé∆ζEa∆çEnκζκδéEαïE’öα₂éEoé∆α₃éE{éγκé∆ãü∆ñEM’o{NEa∆çE’öα₂éEuéζañé∆α₃éE{éγκé∆ãü∆ñE
M’u{NEïαδE{κδωéü₂₂a∆ãéEαïEi∆ζü₃üãδαáüa₂Ezéεüεζa∆ζEuüãδααδña∆üε₃εEa∆çEi∆ζü₃üãδαáüa₂Ezéεüεζa∆ãéE
oé∆éεEaãδαεεEζöéEnααçEköaü∆SE2018QEaQE

59

2068 köaδaãζéδüzaζüα∆EαïEεüãk∆éεεEáéöaωüαδEü∆EzéáδaïüεöSE2018QE]XQEZa[R[UW 23

2067 uαçé₂₂ü∆ñEpyçδαçy∆a₃üãEq₃βaãζεEαïE{éaRtéωé₂EzüεéEα∆E’aωéRlα₃ü∆aζéçEiκεζδa₂üa∆EmεζκaδüéεEwüζöE
lüïïéδü∆ñEoéα₃αδβöα₂αñySE2018QE[QE[[ 11

2066 {βaδéçEkiVEβyδa₃üça₂E∆éκδα∆Eïκ∆ãζüα∆Ea∆çEöüββαãa₃βa₂Eβéδïαδ₃a∆ãéEïα₂₂αwü∆ñEa∆ζüεé∆εéE
k∆αãkçαw∆EαïE₃üãδαzviRVXYSE2018QEZaQEVZV_RVZW[ 12

2065 q₃βaãζEαïEa∆Eq∆xoaVâ��xiεEkaββü∆ñEtayéδEü∆Eq₃βéçü∆ñEq∆çüκ₃Eléεαδβζüα∆Eïδα₃E‘éδζüãa₂₂yEkακβ₂éçE
q∆iεToaiεEyκa∆ζκ₃ElαζEq∆ζéδïaãéεSE2018QEVQEYXV]RYXXV 8

2064 uüãδαwaωéEiεεüεζéçEpyçδαζöéδ₃a₂Ekaδáα∆üzaζüα∆Ea∆çE{α₂üçE{ζaζéExαεζ₃αçüïüãaζüα∆EαïEkaδáα∆üzéçE
xα₂yβδαβy₂é∆éSE2018QE[QEVVVUZRVVVVY 23

2063 iEpéaδζyElαεéEαïEvα∆ãαçü∆ñEzviεbE}öéEq₃βδü∆ζéçEtαãκεEü∆EkaδçüaãEléωé₂αβ₃é∆ζEa∆çElüεéaεéSE2018QE
ZQE 15

2062 püñöEβéδïαδ₃a∆ãéEöyáδüçEεκβéδãaβaãüζαδεEwüζöEtüvüVTXu∆VTXkαVTXwWTaãζüωaζéçEãaδáα∆EãaζöαçéE
a∆çEaãζüωaζéçEãaδáα∆Ea∆αçéSE2018QEYXQEVZX[ZRVZX[a 8

2061 vaVSYElqR{YEβéδüαçüãEβaδa₂yεüεE₃κζaζüα∆EzWWW’Eé∆öa∆ãéεEü∆aãζüωaζüα∆Ea∆çEβδα₃αζéεE₂éakEãκδδé∆ζEζαE
aζζé∆κaζéEaãζüα∆Eβαζé∆ζüa₂εEa∆çEçéβα₂aδüzéE₃κεã₂éEïüáéδεSEScientificsReportsQE2018QE_QEVUX]W 4.9 9

2060 }öéEα₂üñαεaããöaδüçéεE[LRεüa₂y₂₂aãζαεéQEWLRïκãαεy₂₂aãζαεéEαδEña₂aãζαα₂üñαεaããöaδüçéεEçαE∆αζEçüδéãζ₂yE
₃αçκ₂aζéEöκ₃a∆Eçé∆çδüζüãEãé₂₂Eçüïïéδé∆ζüaζüα∆EαδE₃aζκδaζüα∆SE2018QEVXQEéUWUUXZ[ 10

2059 mxβ₂αδü∆ñEζöéEβöyεüα₂αñüãa₂Eü∆ïαδ₃aζüα∆EαïE{κ∆Rü∆çκãéçEãö₂αδαβöy₂₂Eï₂καδéεãé∆ãéEζöδακñöEδaçüaζüωéE
ζδa∆εïéδE₃αçé₂Eü∆ωéδεüα∆SE2018QEWVZQEa]RVU_ 26

2058 wβζüãa₂₂yRuα∆üζαδéçEva∆αβαδéEnaáδüãaζüα∆E†εü∆ñEaEnαãκεéçEtaεéδEjéa₃SEScientificsReportsQE2018QE_QEa][Z4.9 37

2057 mïïéãζEαïEζöéEãα₃áü∆aζüα∆EαïEkκEa∆çEkç}éEβ₂aε₃aεEα∆EζöéEεζδκãζκδa₂Ea∆çEαβζüãa₂EβδαβéδζüéεEαïE
kç}ébkκEζöü∆Eïü₂₃εEçéβαεüζéçEáyE₂aεéδEaá₂aζüα∆SE2018QE_]QE]RVW 5

2056 {κããéεεïκ₂Eζδéaζ₃é∆ζEαïEöéβaζüãEñaεEña∆ñδé∆éEáyEαβé∆Eçδaü∆añébEiEãaεéEδéβαδζEa∆çEδéωüéwEαïEζöéE
raβa∆éεéE₂üζéδaζκδéSE2018QEYaQEVWVRVWZ 2

2055
kα∆ζδα₂₂ü∆ñEζöéEβδαβéδζüéεEαïEδaçüaζüα∆Rεy∆ζöéεüzéçEζöéδ₃αδéεβα∆εüωéEα₂üñαéζöéδE₃éζöaãδy₂aζéE
öyçδαñé₂εEáyEωaδyü∆ñEζöéE₃α∆α₃éδEεüçéRãöaü∆E₂é∆ñζöcEεé₂ïRãα₃βαεüζéE∆éζwαδkEãα∆ζaü∆ü∆ñEãδyεζa₂₂ü∆éE
βöaεéSE2018QEVZUQEW]ZRW__

10

2054 zéβδéεé∆ζaζüα∆EαïEuκ₂ζüçéãaça₂E{aöé₂Ezaü∆ïa₂₂E‘aδüaáü₂üζyEü∆EWUζöEké∆ζκδyEzéa∆a₂yεéεSEScientifics
ReportsQE2018QE_QEVUaX] 4.9 11

2053 }öéδ₃a₂EεβükéεEïδα₃EζöéEκδáa∆EöéaζEüε₂a∆çEü∆ãδéaεéE₃αδζa₂üζyEa∆çEa₂ζéδEβöyεüα₂αñyEαïE₂üzaδçE
é₃áδyαεSE2018QEWWVQE 34

2052 xéδïαδ₃a∆ãéEm∆öa∆ãé₃é∆ζEαïEi₂WwXTpRlüa₃α∆çEuw{nm}εE†ζü₂üzü∆ñE‘aãκκ₃Ei∆∆éa₂ü∆ñEa∆çE‘WwZE
aεEaE{κδïaãéEm₂éãζδα∆EiããéβζαδSE2018QEXaQEVXZYRVXZ] 14
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2051 †∆çéδεζa∆çü∆ñEa∆çEléεüñ∆ü∆ñEζöéE{ζδaζéñüéεEïαδEζöéEuüãδαáéRuéçüaζéçEzé₃éçüaζüα∆EαïE
m∆ωüδα∆₃é∆ζa₂Ekα∆ζa₃ü∆a∆ζεE†εü∆ñEw₃üãεEiββδαaãöéεSE2018QEaQEVVXW 144

2050 rκωé∆ü₂éEεκδωüωa₂QEãα₃βéζü∆ñEδüεkεQEa∆çEεβaζüa₂Eωaδüaζüα∆Eü∆E₃αδζa₂üζyEδüεkEαïEaE₃aδü∆éEaβéxEβδéçaζαδSE
2018QEZZQEW___RW_a] 19

2049 m∆ñü∆ééδü∆ñEζöéδ₃αδéεβα∆εüωéEβöaεéEεéβaδaζéçEωéεüã₂éεEïαδ₃éçEé₃κ₂εüα∆EβöaεéEζδa∆εïéδEaεEaE
ãα∆ζé∆ζRδé₂éaεéEβ₂aζïαδ₃SE2018QEaQEY_ZVRY_Z_ 24

2048 püñö₂yEmïïüãüé∆ζEwβζüãa₂Ejéa₃E{ζééδü∆ñE†εü∆ñEa∆Eq∆RnüáéδElüïïδaãζüα∆Eoδaζü∆ñEïαδEnκ₂₂Elκβ₂éxEq∆çααδE
wβζüãa₂E’üδé₂éεεEkα₃₃κ∆üãaζüα∆SE2018QEX[QEY[V_RY[WZ 30

2047 iEγκüãkEζéεζEαïEãαñ∆üζüωéEεβééçEü∆Eα₂çéδEaçκ₂ζεEwüζöEi₂zöéü₃éδLεEçüεéaεéEa∆çE₃ü₂çEãαñ∆üζüωéE
ü₃βaüδ₃é∆ζbEiEβδé₂ü₃ü∆aδyEáéöaωüαδa₂Ea∆çEáδaü∆Eü₃añü∆ñEεζκçySE2018QEW_UQEXURX_ 4

2046 }öéEïκ∆ãζüα∆a₂Eδα₂éEαïEεαçüκ₃Eζaκδαãöα₂aζéEãαζδa∆εβαδζü∆ñEβα₂yβéβζüçéEv}kxEü∆EζöéE₂üïéEãyã₂éEαïE
öéβaζüζüεEjQEkEa∆çElEωüδκεéεSE2018QE]ZQEX_aZRXaUZ 11

2045 pyáδüçEãé₂₂EδéaãζαδEεyεζé₃Eïδα₃EmεãöéδüãöüaEãα₂üEβδαζαβ₂aεζEãé₂₂εEa∆çEaδδayéçE₂üβüçEáü₂ayéδEãöa₃áéδE
çéωüãéSEScientificsReportsQE2018QE_QEVV]Z] 4.9 5

2044 uκ₂ζüRδéεüçκéEa∆a₂yεüεEαïEãöüδa₂Ea∆çEaãöüδa₂EζδaãéEαδña∆üãEãα∆ζa₃ü∆a∆ζεEü∆Eεαü₂EáyEaããé₂éδaζéçEεα₂ωé∆ζE
éxζδaãζüα∆Ea∆çEé∆a∆ζüαεé₂éãζüωéE₂üγκüçEãöδα₃aζαñδaβöyEζa∆çé₃R₃aεεEεβéãζδα₃éζδySE2018QEVZ]WQE[WR]V 19

2043 léωé₂αβ₃é∆ζEa∆çE‘a₂üçaζüα∆EαïEζöéEkα₃βκζéδüεéçEiçaβζüωéEjéaζEi₂üñ∆₃é∆ζE}éεζEMkiRji}NSE
ScientificsReportsQE2018QE_QEVWXaZ 4.9 15

2042 ’éakEβδαaãζüωéEãαñ∆üζüωéT₃αζαδEáδaü∆Eãα∆ζδα₂Eaããακ∆ζεEïαδEβααδEãöü₂çδé∆LεEáéöaωüαδa₂Eβéδïαδ₃a∆ãéE
ü∆EεβééçéçEçüεãδü₃ü∆aζüα∆EζaεkεSE2018QEVX_QEWVVRWWW 6

2041 pyçδαçy∆a₃üãεEü∆EaEεöa₂₂αwEεéaεα∆a₂₂yE₂αwRü∆ï₂αwEéεζκaδyEïα₂₂αwü∆ñEéé₂ñδaεεEãα₂₂aβεéSE2018QEWVXQEV[URV]Z 5

2040 taãkEαïEoa₂éãζü∆RXElüεδκβζεE}öy₃κεEpα₃éαεζaεüεEü∆Eiεεαãüaζüα∆EζαEq∆ãδéaεéEαïEtαãa₂Ea∆çE{yεζé₃üãE
o₂κãαãαδζüãαüçEtéωé₂εEa∆çE{ζéδαüçαñé∆üãEuaãöü∆éδySE2018QEaQEX[Z 7

2039 ly∆a₃üãEβδαãéεεEãα∆∆éãζüωüζyEéxβ₂aü∆εEéãαöyçδα₂αñüãEδéεβα∆εéεEζαEδaü∆ïa₂₂Eβκ₂εéεEa∆çEçδακñöζSE
2018QEVVZQEm_[UYRm_[VX 21

2038 oé∆éζüãEi∆a₂yεüεEαïEaEkα₃₃éδãüa₂EmññEtayü∆ñEtü∆éEköa₂₂é∆ñéçE’üζöEvéwãaεζ₂éElüεéaεéE‘üδκεSE2018QE
aQEXW[ 14

2037
naãü₂éEεy∆ζöéεüεEαïEãaδáα∆RãαaζéçE₂ayéδéçEçακá₂éEöyçδαxüçéEa∆çEüζεEãα₃βaδaζüωéEãöaδaãζéδüεaζüα∆E
wüζöE–∆Ri₂EtlpbEaββ₂üãaζüα∆Eα∆Eãδyεζa₂Eωüα₂éζEa∆çE₃a₂aãöüζéEñδéé∆EçyéEaçεαδβζüα∆Rüεαζöéδ₃QEkü∆éζüãεE
a∆çEjαxRjéö∆ké∆Eçéεüñ∆SEEnvironmentalsSciencesandsPollutionsResearchQE2018QEWZQEXUWX[RXUWZY

5.1 42

2036 iεεéεεü∆ñE₃αçéδ∆EδüωéδEεéçü₃é∆ζEçüεãöaδñéEζαEζöéEαãéa∆Eκεü∆ñEεaζé₂₂üζéEñδaωü₃éζδySE2018QEaQEXX_Y 26

2035 jδéakü∆ñEζöéEïδα∆ζüéδεEαïEãαε₃éζα₂αñyEwüζöEa∆ζü₃üãδαáüa₂EβéβζüçéεSE2018QEX[QEWUVaRWUXV 15

2034 q∆ãδéaεü∆ñEáéζaRa₃y₂αüçEçéβαεüζüα∆Eü∆Eãαñ∆üζüωé₂yEöéa₂ζöyEañü∆ñEβδéçüãζεE∆α∆₂ü∆éaδEãöa∆ñéEü∆EjwtlE
₃αçκ₂aζüα∆EζαEçüïïüãκ₂ζySE2018QEV_XQEVYWRVYa 6
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2033 oé∆αζyβéRεβéãüïüãEδéεβα∆εéEαïEwü∆ζéδEwöéaζEM}δüζüãκ₃Eaéεζüωκ₃EtSNEζαEüδδüñaζüα∆Ea∆çEü∆αãκ₂aζüα∆E
wüζöEikkEçéa₃ü∆aεéEáaãζéδüaSE2018QE_QEVR] 7

2032 iββ₂üãaζüα∆εEαïEζκ₃αδEãöüβEζéãö∆α₂αñySE2018QEV_QEW_aXRWaVW 58

2031 léωé₂αβ₃é∆ζEαïEδαáκεζQEïaεζEa∆çEéïïüãüé∆ζEyz{Eãα₃β₂éxEçéζéãζαδbEaE₃éζöαçα₂αñüãa₂EδéωüéwSE2018QE
YVQEZ_VR[UU 21

2030 lκζyRãyã₂éEãöaδaãζéδüεaζüα∆EαïE₂aδñéRïαδ₃aζEaκζα₃αζüωéE₂üζöüκ₃Eüα∆EβακãöEãé₂₂εEïαδEöüñöE
βéδïαδ₃a∆ãéEωéöüã₂éEaββ₂üãaζüα∆εSE2018QEVaQEV]URV_Y 6

2029 iEεy∆ζöéεüεEαïEéãα₂αñüãa₂Ea∆çEéωα₂κζüα∆aδyEçéζéδ₃ü∆a∆ζεEαïEáaζEçüωéδεüζyEaãδαεεEεβaζüa₂Eεãa₂éεSE2018QE
V_QEV_ 21

2028 véwYUiδTXaiδEçaζü∆ñEαïEζöéEi∆ζδü₃Ex₂aζéaκE‘α₂ãa∆üãεQEiκεζδa₂üabEã₂aδüïyü∆ñEa∆EañéEïαδEζöéEéδκβζüωéE
βöaεéEαïEζöéEsa₂kaδü∆çjüEãα∆ζü∆é∆ζa₂Eï₂ααçEáaεa₂ζEβδαωü∆ãéSE2018QEV]ZQEa]YRa_Z 4

2027 }δa∆εãδüβζα₃éE{éγκé∆ãü∆ñEiββδαaãöéεEζαEm₂κãüçaζéEpαεζRuüãδαáéEq∆ζéδaãζüα∆εEü∆Ewββαδζκ∆üεζüãE
pκ₃a∆Enκ∆ña₂Exaζöαñé∆εSE2019QEYWWQEVaXRWXZ 5
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ãα₃βaδaζüωéQEa∆çEβöy₂αñé∆éζüãEa∆a₂yεéεSE2019QEWUQE_XX 20
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1541 jüαïü₂₃Enαδ₃aζüα∆EáyEk₂ü∆üãa₂Eqεα₂aζéεEüεElüïïéδé∆ζüa₂₂yEiïïéãζéçEáyEo₂κãαεéEa∆çE{αçüκ₃Ekö₂αδüçéE
{κββ₂é₃é∆ζéçEkκ₂ζκδéEuéçüaSE2019QE_QE 22

1540 va∆αãα₃βαεüζéεEαïE–∆wEïαδE’aζéδEzé₃éçüaζüα∆SE2019QEV]aRWXX 3

1539 i∆ζüRü∆ï₂a₃₃aζαδyEaãζüωüζyEαïEβα₂ya₃üçéEçé∆çδü₃éδεEáéaδü∆ñEáü₂éEaãüçEζéδ₃ü∆üEεy∆ζöéεüzéçEωüaE
{xiikSE2019QEWVQEV 7
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1534 va∆αöyçδαxyaβaζüζéEzéü∆ïαδãéçEköüζαεa∆Ekα₃βαεüζéEpyçδαñé₂EwüζöE}κ∆aá₂éEuéãöa∆üãa₂Ea∆çE
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1533 köüãké∆Eζα₂₂R₂ükéEδéãéβζαδεEa∆çEζöéüδEεüñ∆üïüãa∆ãéEü∆Eü₃₃κ∆éEδéεβα∆εéEa∆çEçüεéaεéEδéεüεζa∆ãéSE2019QE
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1525 i∆Eiεεéεε₃é∆ζEαïEkα₃βκζéδRoé∆éδaζéçE{ζü₃κ₂üEïαδE†εéEü∆E{ζκçüéεEαïEjαçyE{üzéEmεζü₃aζüα∆Ea∆çEjüaεSE
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1524 {üwWhi₂WwXEãαδéRεöé₂₂E∆a∆αβaδζüã₂éεEáaεéçE₃α₂ζé∆Eεa₂ζεE∆a∆αï₂κüçεEïαδEζöéδ₃a₂Eé∆éδñyEεζαδañéE
aββ₂üãaζüα∆εSE2019QEW[QEVUVUXX 20

1523 léãακβ₂ü∆ñEkaζa₂yεζEléwéζζü∆ñQEoaεEléãα₃βαεüζüα∆QEa∆çE{κδïaãéEzéaãζüα∆εEü∆Ekaδáα∆Eva∆αζκáéE
nαδéεζEoδαwζöEzéωéa₂εEléβé∆çé∆ãéEαïElé∆εüζyEα∆Evκã₂éaζüα∆E}é₃βéδaζκδéSE2019QEVWXQEW_]W[RW_]X_ 12

1522 lééβEwδüñü∆EαïEζöéElα₃éR{öaβéçEpyá₂éa∆Ex₂aζéaκQE{ακζöéaεζéδ∆E{üãü₂ybEiEvéwE}éãζα∆αRuañ₃aζüãE
uαçé₂SE2019QEX_QEYY__RYZVZ 5

1521 oé∆éζüãEuaδkéδεEïαδE{βéãüéεEkα∆εéδωaζüα∆Ea∆çE}ü₃áéδE}δaãkü∆ñbEléωé₂αβ₃é∆ζEαïEuüãδαεaζé₂₂üζéE
xδü₃éδεEïαδEζöéE}δαβüãa₂Eiïδüãa∆E}δééE{βéãüéεExδüαδüaEáa₂εa₃üïéδaEa∆çExδüαδüaEαxyβöy₂₂aSE2019QEVUQEVUX] 2

1520 nδééR{βaãéRwβζüãa₂Eyκa∆ζκ₃EséyElüεζδüáκζüα∆E{yεζé₃εbEköa₂₂é∆ñéεEa∆çE}δé∆çεSE2019QE 1

1519 mωüçé∆ãéEïαδEü∆ãé∆ζüωéEεa₂üé∆ãéEεé∆εüζüzaζüα∆EaεEaEβaζöwayEζαEa₂ãαöα₂EκεéEçüεαδçéδSE2019QEVU]QE_a]RaW[ 26

1518 jéöaωüακδa₂Eβ₂aεζüãüζyEa∆çEζöéEζδa∆εüζüα∆EζαEαδçéδEü∆EjaãkçawEï₂αãkεSE2019QEVUQEZV]Y 28

1517 {α₂κζüα∆Eá₂αw∆Eβα₂y₃éδTáüαwaεζéEçéδüωéçEãaδáα∆Eβaδζüã₂éεE∆a∆αïüáéδεbEi∆Eαβζü₃üzaζüα∆EεζκçyEa∆çE
é∆éδñyEεζαδañéEaββ₂üãaζüα∆εSE2019QEW[QEVUUa[W 5

1516 vα∆Roaκεεüa∆E₃αçé₂εEαïEçüïïκεüα∆EwéüñöζéçEü₃añü∆ñEïαδEçéζéãζüα∆Ea∆çEãöaδaãζéδüzaζüα∆EαïEβδαεζaζéE
ãa∆ãéδbEaEεyεζé₃aζüãEδéωüéwEa∆çE₃éζaRa∆a₂yεüεSEScientificsReportsQE2019QEaQEV[_X] 4.9 7

1515 i∆Eκ∆κεκa₂EáüδçEM}öéδαβαçaQEiωüa₂aéNEïδα₃EζöéEmaδ₂yEkδéζaãéακεEαïEraβa∆EεκññéεζεEãα₃β₂éxE
éωα₂κζüα∆aδyEöüεζαδyEαïEáaεa₂EáüδçεSE2019QEWQEXaa 5

1514 iEãα∆εéδωéçE₃üzviRV_XEã₂κεζéδEδéñκ₂aζéεEζöéEü∆∆aζéEa∆ζüωüδa₂Eδéεβα∆εéSE2019QEWaYQEVa]_ZRVa]aY 11

1513 ivq{mmlEWUVabEYlEéxβ₂αδaζüα∆EαïEñé∆éζüãEçaζaEïαδEa∆Eéxζé∆çéçEδa∆ñéEαïEζκ∆üãaζéεSE2020QEY_QEl[[_Rl[]Z 16

1512 }öy₃üãa₂₂yRçéδüωéçEnαxβXPEδéñκ₂aζαδyE}Eãé₂₂εEaδéEζöéEβδü₃aδyEδéñκ₂aζαδεEαïEζyβéEVEçüaáéζéεEü∆EζöéE
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1511 ‘α₂ζañéRoaζéçEka₂ãüκ₃Eköa∆∆é₂εEa∆çE˛–R{y∆κã₂éü∆bEq₃β₂üãaζüα∆εEü∆Exaδkü∆εα∆LεElüεéaεéSE2019QEVWQEWX] 15

1510 iEvéwEiçaβζüωéEq₃añéEq∆ζéδβα₂aζüα∆EuéζöαçEζαEléïü∆éEζöéE{öαδé₂ü∆éEaζE{κáRxüxé₂Etéωé₂SE2019QEVVQEV__U 9

1509 iEuκ₂ζü₂ayéδEuüãδαï₂κüçüãEx₂aζïαδ₃EïαδEζöéEkα∆çκãζüα∆EαïExδα₂α∆ñéçEké₂₂RnδééEoé∆éEmxβδéεεüα∆SE
2019QE 4

1508 iδζüïüãüa₂Exöαζαεy∆ζöéεüεSE2019QEW]VRXUa 2

1507 iEδa∆ñéRwüçéE₃αçé₂EαïEãα∆ζé₃βαδaδyQEα₃∆üçüδéãζüα∆a₂Eãα∆∆éãζüωüζyEïαδEζöéEζöδéaζé∆éçEuαjaωéE
çéεéδζEζαδζαüεéSE2019QEVUQEéUW_Y] 6

1506 iEδéωüéwEαïEε₃aδζβöα∆éEβαü∆ζRαïRãaδéEaçaβζéδEçéεüñ∆SE2019QEVQEéVWUXa 17

1505 x₂aε₃aRaãζüωaζéçE₃éζöa∆éEβaδζüa₂Eαxüçaζüα∆Eδéaãζüα∆EζαEαxyñé∆aζéEβ₂aζïαδ₃Eãöé₃üãa₂εEαωéδEnéQEuαQE
xçEa∆çEzéα₂üζéEãaζa₂yεζεSE2019QEYXQE_U_Z 6

1504 vüζδüãEαxüçéEκβδéñκ₂aζéεE₃üãδαñ₂üaEβöañαãyζαεüεEa∆çEü∆ãδéaεéεEζδa∆εüé∆ζEδéãéβζαδEβαζé∆ζüa₂Eωa∆ü₂₂αüçE
ζyβéEWEãöa∆∆é₂Eéxβδéεεüα∆Eα∆EζöéEβ₂aε₃aE₃é₃áδa∆éSE2019QE[]QEWWaYRWXVV 14

1503 lδαεαβöü₂aEk₂kRaEüεEδéγκüδéçEü∆Eñ₂üaEαïEζöéEεζé₃Eãé₂₂E∆üãöéEïαδEβδαβéδE∆éκδαñé∆éεüεEa∆çEwüδü∆ñEαïE
∆éκδa₂EãüδãκüζεSE2019QE[]QEWX]YRWXa_ 8

1502 }éãö∆üãa₂EvαζébE‘üδζκa₂Eβöa∆ζα₃Ea∆a₂yεéεEïαδEβδéβδαãéεεü∆ñEéωa₂κaζüα∆Ea∆çEçéζéãζüα∆EαïEaEδαáκεζE
ïéaζκδéEεéζEïαδEuzqRδaçüα₃üãεEαïEζöéEáδaü∆SE2019QEY[QEZVV[RZVWX 22

1501 i∆aéδαáüãEçüñéεζüα∆SE2019QEaVQEVWZXRVW]V 27

1500 {é₂éãζéçE∆κã₂éαεMζNüçéRáaεéçEβδéεãδüáéçEçδκñεEa∆çEζöéüδE₃κ₂ζüRζaδñéζEaãζüωüζySE2019QE_[ZQEV]W]Y] 18

1499 xöαζαεy∆ζöéεüεEa∆çE₂üñöζRçéβé∆çé∆ζEβδαζα∆Eβκ₃βεEü∆ãδéaεéEáακ∆çaδyE₂ayéδEβpEü∆Eζδαβüãa₂E
₃aãδαa₂ñaébEiEβδαβαεéçE₃éãöa∆üε₃EζαEεκεζaü∆Eãa₂ãüïüãaζüα∆Eκ∆çéδEαãéa∆Eaãüçüïüãaζüα∆SE2019QEZWVQEVZVWU_ 13

1498 vκã₂éüãEaãüçEa₃β₂üïüãaζüα∆RáaεéçEpmzWq[ZZ‘E₃α₂éãκ₂aδEçéζéãζüα∆EïαδEáδéaεζEãa∆ãéδSE2019QEZQEXVRYV

1497 jüαçéñδaçaáü₂üζyEαïEöyçδαζöéδ₃a₂₂yEa₂ζéδéçEçééβRεéaEçüεεα₂ωéçEαδña∆üãE₃aζζéδSE2019QEWV]QEVUX]U[ 5

1496 {ζδκãζκδa₂Ea∆çEïκ∆ãζüα∆a₂EaεβéãζεEαïE₃a∆∆κδα∆üãEaãüçRεβéãüïüãExt[Ea₂ñü∆aζéE₂yaεéEïδα₃EζöéEöκ₃a∆E
ñκζE₃üãδαáéSE2019QEWaYQEV]aVZRV]aXU 21

1495 ’öaζElαéεEaEpαδñακεEtααkEtükégEvα∆εé∆εéE’αδçεEm₂üãüζEuéa∆ü∆ñïκ₂Elδawü∆ñεSE2019QEYXQEéVW]aV 4

1494 léζéδ₃ü∆aζüα∆EαïEãδéaζü∆ü∆éE₂éωé₂Eü∆Eβaζüé∆ζEá₂ααçEεa₃β₂éεEáyEnακδüéδEvqzEεβéãζδαεãαβyEa∆çE
₃κ₂ζüωaδüaζéEa∆a₂yεüεEü∆Eãα₃βaδüεα∆EwüζöEáüαãöé₃üãa₂EaεεaySE2019QEVWQEVaZUUVZ 3
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1493 xδéçüãζüα∆Eü∆Eñαa₂RçüδéãζéçEaãζüα∆SE2019QEVaQEVU 21

1492 }öéEü∆ï₂κé∆ãéEαïEïééçεζαãkEãöaδaãζéδüεζüãεEα∆Eé∆zy₃éEβδαçκãζüα∆Eü∆EbEaEδéωüéwEα∆EβδαçκãζüωüζyQEñé∆éE
δéñκ₂aζüα∆Ea∆çEεéãδéζüα∆Eβδαïü₂éεSE2019QEVWQEWX_ 37

1491 kδαεεζa₂kEjéζwéé∆E{üñ∆a₂ü∆ñExaζöwayεEq∆ωα₂ωéçEü∆EζöéEzéñκ₂aζüα∆EαïEiüδwayE{₃ααζöEuκεã₂éEké₂₂E
pyβéδβ₂aεüaSE2019QEVUQEVVY_ 10

1490 pa₂ïRké∆ζκδyEköa∆ñéεEü∆Et†tkEa∆çEnüδéEü∆E}wαEqáéδüa∆Eq∆∆éδEuακ∆ζaü∆EiδéaεSE2019QEWQEYZ 2

1489 nδα₃E{ãüé∆ãéEζαExδaãζüãébEiEzéωüéwEαïEtaζéδa₂üζyEzéεéaδãöEα∆E†∆ñκ₂aζéEtüωéεζαãkSE2019QEVVQEVVZ] 8
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ãα₃βaδüεα∆εEκεü∆ñEζöéEuéãöa∆üε₃EαïEq∆ζéδ₃éçüaζéEãα₃β₂éxüζyEïαδEuαçé₂₂ü∆ñEqδα∆EMuquqEωVSUNSE2019QE
VWQEX_XZRX_[W

18
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1485 pyçδαβöαáüãa₂₂yEaεεαãüaζü∆ñEβα₂y₃éδεEïαδEé∆öa∆ãéçEαü₂EδéãαωéδyEâ��ExaδζEjbEiEδéωüéwEαïE₃αçé₂₂ü∆ñE
aββδαaãöEζαEï₂αwEü∆EβαδακεE₃éçüaSE2019QEWaXQEVVVYaZ 14

1484 xöαζα∆üãEãδyεζa₂EïαδEñδaβöé∆éEβ₂aε₃α∆εSE2019QEVUQEY]_U 30

1483 jüαβδαãéεεü∆ñEαïEãα₃₃α∆Eβκ₂εéεEãöa∆ñéçEεééçE₃üãδαεζδκãζκδéεQEa∆çEü₃βδαωéçEçüβéβζüçy₂E
βéβζüçaεéRq‘Ea∆çE˛–Rñ₂κãαεüçaεéEü∆öüáüζαδyEaãζüωüζüéεSEScientificsReportsQE2019QEaQEVZXU_ 4.9 20
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}aü₂αδéçEuéεαREa∆çEuüãδαεζδκãζκδéεSE2019QEVVQEYXZUaRYXZVa 3

1463 taδñéE{κ₃₃éδEkα∆ζδüáκζüα∆EαïEwδña∆üãEjüαñé∆üãEiéδαεα₂εEζαEiδãζüãEk₂ακçEkα∆çé∆εaζüα∆Evκã₂éüSE
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naçü∆ñRnδééEtα∆ñRzéaãöEuu’αnSE2019QEX]QEXX__RXYUU 9
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1097 xδéωé∆ζü∆ñEïκ∆ña₂EñδαwζöEα∆EöéδüζañéEβaβéδEwüζöEa∆ζüïκ∆ña₂Ea∆çEãé₂₂κ₂aεéEü∆öüáüζü∆ñE₃añ∆éεüκ₃E
αxüçéE∆a∆αβaδζüã₂éεSE2019QE]QE[YVWR[YVa 11

1096 iEvαωé₂E{éxRléβé∆çé∆ζE}aδñéζEïαδEζöéE}δéaζ₃é∆ζEαïExαεζαβéδaζüωéExaü∆bE}öéEvtzxXE
q∆ï₂a₃₃aεα₃éSE2019QEVUQE[WW 19

1095 {κáεy∆aβζüãElα₃aü∆εEü∆E{κβéδRzéεα₂κζüα∆EuüãδαεãαβybE}öéE}δéaãöéδyEαïEq₃añéεSE2019QEVWQEV[V 13

1094 mïïéãζEαïE{tuEjκü₂çExaδa₃éζéδεEα∆EζöéEkα₃βδéεεüωéExδαβéδζüéεEαïEXUYtE{ζaü∆₂éεεE{ζéé₂SE2019QEXQEYX 5

1093 }αwaδçεEã₂ü∆üãa₂Eaββ₂üãaζüα∆EαïEü₃añéE₃ü∆ü∆ñbEaEεyεζé₃aζüãEδéωüéwEα∆Eaδζüïüãüa₂Eü∆ζé₂₂üñé∆ãéEa∆çE
δaçüα₃üãεSE2019QEY[QEW[Z[RW[]W 93

1092 xαζé∆ζüa₂EαïE{α₂a∆κ₃Eωüaδκ₃Elκ∆a₂Eü∆EκεéEïαδEβöyζαδé₃éçüaζüα∆EαïEöéaωyE₃éζa₂εEζαE₃ü∆ü∆ñEaδéaεQE
εακζöéδ∆Ejδazü₂SEEnvironmentalsSciencesandsPollutionsResearchQE2019QEW[QEWYVXWRWYVYW 5.1 13

1091 {κδïaãéEuαδβöα₂αñüéεEü∆E†₂ζδaRεöαδζExκ₂εéçEtaεéδExδαãéεεü∆ñEαïE{ζaü∆₂éεεR{ζéé₂EaζEpüñöEzéβéζüζüα∆E
zaζéSE2019QEWUQEVY[ZRVY]Y 3

1090 oa₂éãζü∆RXEüεEaεεαãüaζéçEwüζöEñ₂α₃éδκ₂aδEïü₂ζδaζüα∆EδaζéEa∆çEακζãα₃éEü∆Eβaζüé∆ζεEwüζöEεζaá₂éE
çéãα₃βé∆εaζéçEãüδδöαεüεSE2019QEZVQEV[aWRV[a] 3

1089 }öéEα∆ãαñé∆üãEδα₂éEαïEöéβaζüζüεEçé₂ζaEωüδκεEü∆Eöéβaζαãé₂₂κ₂aδEãaδãü∆α₃aSE2019QEVQEVWURVXU 19

1088 vκã₂éaδE₃añ∆éζüãEδéεα∆a∆ãéEεãδéé∆ü∆ñEαïEãöa∆ñéεEü∆EïaζζyEaãüçEa∆çEãöα₂éεζéδα₂Eãα∆ζé∆ζEαïEαωü∆éE
₃ü₂kEü∆çκãéçEáyEé∆εü₂éçEα₂üωéEãakéEü∆ã₂κεüα∆Eü∆EköüαεEεöééβEçüéζεSE2019QEV]]QEVVVRVV[ 12

1087 m₂éãζδαεβκ∆EpyáδüçExéδαωεküζéEnüáéδεRn₂éxüá₂éEvéζwαδkεEαïEw∆éRlü₃é∆εüα∆a₂E{é₃üãα∆çκãζαδεEïαδE
tüñöζRpaδωéεζü∆ñEiββ₂üãaζüα∆εSE2019QEVVQEWZV[XRWZV[a 7

1086 iãζü∆αáaãζéδüaEa∆çEkya∆αáaãζéδüaElüωéδεüζyEü∆E}éδδéεζδüa₂Ei∆ζaδãζüãEuüãδαé∆ωüδα∆₃é∆ζεEmωa₂κaζéçE
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xéδ₃éaáü₂üζyQExαδαεüζyQEa∆çEiçεαδβζüα∆EkaβaãüζySE2019QEZWQEYXUVRYXV] 22
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mκXPEβöαεβöαδεEïαδEwöüζéEtmlεSE2019QEVaQEVUZWRVU[V 12
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1018 uüãδαwaωéRaεεüεζéçEεy∆ζöéεüεEαïEãaδáα∆EçαζεEa∆çEζöéüδEaββ₂üãaζüα∆εSE2019QE]QE]V]ZR]VaZ 132
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εα∆αãöé₃üεζδyEïα₂₂αwéçEáyEöyçδαζöéδ₃a₂Eãα∆ωé∆ζüα∆a₂E₃éζöαçSE2019QEZ_QEVUY[WU 22

1003 {éãα∆çEñé∆éδaζüα∆EαïEβéβü∆αE₃αεaüãEωüδκεEωéãζαδεbEü₃βδαωéçEεζaáü₂üζyEü∆Eζα₃aζαEa∆çEaEwüçéEδa∆ñéEαïE
δéβαδζéδEñé∆éεSE2019QEVZQEZ_ 6

1002 yκa∆ζκ₃EçαζEζöéδaβéκζüãεbEaE∆éwEã₂aεεEαïEδaçüãa₂EζöéδaβüéεSE2019QEVXQEY_ 15

1001 w₃éñaEXRlpiEa∆çElé₂ζaR}αãαζδüé∆α₂Euαçκ₂aζéEtüβüçElδαβ₂éζEjüαñé∆éεüεEa∆çEtüβαβöañyEü∆EjδéaεζE
ka∆ãéδEké₂₂εbEζöéEq₃βaãζEü∆Eka∆ãéδEiññδéεεüωé∆éεεSE2019QEVVQE 11

1000 iκζα₃aζéçE₃éζδα₂αñyEa∆çEñéα₃éζδüãEa∆a₂yεüεEαïEaççüζüωé₂yE₃a∆κïaãζκδéçE₂aζζüãéEεζδκãζκδéεSE2019QE
W_QEZXZRZYZ 19

999 q∆ï₂κé∆ãéEαïEa∆∆éa₂ü∆ñEα∆EβδαβéδζüéεEαïE{qtizEçéβαεüζéçE∆üãké₂EαxüçéEïü₂₃εSE2019QEV[]QEV_aRVaY 20

998 –α∆éEïα₂çü∆ñEü∆çκãéçEζκ∆aá₂éEζαβα₂αñüãa₂Eü∆ζéδïaãéEεζaζéεEü∆Eα∆éRçü₃é∆εüα∆a₂Eβöα∆α∆üãEãδyεζa₂E
β₂aζéεSE2019QEX_XQEW]a]RW_UV 14

997 mxβ₂αδü∆ñEáüα₃aδkéδεEü∆EζöéEαωéδaãζüωéEá₂aççéδbEi₂ζéδaζüα∆εEü∆E₃üzviE₂éωé₂εEαïEaEβa∆é₂EαïEñé∆éεEü∆E
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996 tüβüçEé∆öa∆ãé₃é∆ζEζöδακñöE∆κζδüé∆ζEεζaδωaζüα∆Eü∆Ekö₂αδé₂₂aEεβSEa∆çEüζεEïaζζyEaãüçEβδαïü₂ü∆ñEïαδE
aββδαβδüaζéEáüαé∆éδñyEïééçεζαãkSE2019QEWUQEVUVV]a 31

995 }ü₃éEãακδεéEü₃añéεEαïEãé₂₂κ₂aδEü∆jκδyEa∆çEδéãαωéδyEü∆E₃κδü∆éEáδaü∆EwüζöEöüñöRδéεα₂κζüα∆EozqvE₂é∆εE
εyεζé₃SEScientificsReportsQE2019QEaQE]aY[ 4.9 10

994 tα∆ñRδa∆ñéEçéβζöEü₃añü∆ñEκεü∆ñEaEεü∆ñ₂éRβöαζα∆EçéζéãζαδEaδδayEa∆çE∆α∆R₂αãa₂EçaζaEïκεüα∆SEScientifics
ReportsQE2019QEaQE_U]Z 4.9 26

993 lééβE₂éaδ∆ü∆ñRáaεéçEé₂éãζδαé∆ãéβöa₂αñδaβöyEa∆a₂yεüεbEaEεyεζé₃aζüãEδéωüéwSE2019QEV[QEUZVUUV 339

992 }akü∆ñEaE{ζaáEaζEyκa∆ζüïyü∆ñEζöéEm∆éδñéζüãεEαïEjüα₂αñüãa₂Exκ∆ãζκδéSE2019QEZaQEVZ_[RVZa[ 6

991 pκ₃a∆εEiδéEi∆ü₃a₂εQE}ααbEkδüζüãa₂Ekα₃₃α∆a₂üζüéεEa∆çElüïïéδé∆ãéεEjéζwéé∆Epκ₃a∆Ea∆çE’ü₂ç₂üïéE
nαδé∆εüãEoé∆éζüãεSE2019QE[YQEV[UXRV[WV 12

990 jüαãöé₃üãa₂Eïκ∆ãζüα∆a₂üζyEαïE₃añ∆éζüãEβaδζüã₂éεEaεE∆a∆αεé∆εαδεbEöαwEïaδEawayEaδéEwéEζαEü₃β₂é₃é∆ζE
ζöé₃Eü∆ζαEã₂ü∆üãa₂EβδaãζüãégSE2019QEV]QE]X 14
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989 iδζöδαεãαβüãa₂₂yEaεεüεζéçEδéçκãζüα∆Ea∆çEü∆ζéδ∆a₂Eïüxaζüα∆EMizqnNEωéδεκεEαβé∆Eδéçκãζüα∆Ea∆çEü∆ζéδ∆a₂E
ïüxaζüα∆EMwzqnNEïαδE₂aζéδa₂Eζüáüa₂Eβ₂aζéaκEïδaãζκδéεbEaEãα₃βaδaζüωéEδéζδαεβéãζüωéEεζκçySE2019QEVYQEVZZ 16

988 iββ₂üãaζüα∆EαïEoδaβöE}öéαδyEïαδEqçé∆ζüïyü∆ñEkα∆∆éãζüωüζyExaζζéδ∆εEü∆Epκ₃a∆Ejδaü∆EvéζwαδkεbEiE
{yεζé₃aζüãEzéωüéwSE2019QEVXQEZ_Z 150

987 wããκδδé∆ãéEαïEa∆çEδaçüαa∆a₂yζüãa₂E₃éζöαçεEκεéçEζαEçéζéδ₃ü∆éE₃éçüãa₂Eδaçüα∆κã₂üçéεEü∆E
é∆ωüδα∆₃é∆ζa₂Ea∆çEáüα₂αñüãa₂Eεa₃β₂éεSEiEδéωüéwSE2019QEWU]QEX]RZW 5

986 {ζκçyü∆ñEoxkzEãα∆ïαδ₃aζüα∆a₂Eçy∆a₃üãεEáyEεü∆ñ₂éE₃α₂éãκ₂éEï₂καδéεãé∆ãéSE2019QEYaXQEVVUY[a 9

985 iE∆αωé₂EçéïéãζEñδακ∆çEεζδκãζκδéEïαδEçéãακβ₂ü∆ñEã₂αεé₂yEεβaãéçEmRβ₂a∆éE₃üãδαεζδüβEa∆ζé∆∆aEaδδaySE
2019QEVVQEVU[aRVU]Y 4

984 uéζöαçEïαδEçüañ∆αεü∆ñE∆éαβ₂aεζüãE₂éεüα∆εEáyEγκa∆ζüζaζüωéEï₂καδéεãé∆ãéEωa₂κéSEScientificsReportsQE
2019QEaQE]_XX 4.9 6

983 q₃βaãζEαïEζöéE{ζaãkü∆ñEwδçéδEαïEpïwxEa∆çEi₂wxElüé₂éãζδüãEnü₂₃εEα∆EzziuE{wüζãöü∆ñEuéãöa∆üε₃εEζαE
jéöaωéElüñüζa₂EzéεüεζüωéE{wüζãöü∆ñEa∆çE{y∆aβζüãEköaδaãζéδüεζüãεSE2019QEVRV 20

982 }öéEδé₂aζüα∆εöüβEáéζwéé∆E₃κ₂ζüçü₃é∆εüα∆a₂Eéãα∆α₃üãEwé₂₂Ráéü∆ñEa∆çEãöü₂çδé∆LεE₃é∆ζa₂Eöéa₂ζöQE
βöyεüãa₂Eöéa₂ζöQEa∆çEéxéãκζüωéEïκ∆ãζüα∆Eçéωé₂αβ₃é∆ζEü∆E{ακζöEiïδüãaSE2019QEWWQEéVW_Y[ 4

981 vüãöéE₃αçé₂εEçαE∆αζEβδéçüãζEéxβéδü₃é∆ζa₂Eçé₃αñδaβöyEáκζEáαζöEεκññéεζEçüεβéδεa₂E₂ü₃üζaζüα∆E
aãδαεεEζöéE∆αδζöéδ∆Eδa∆ñéE₂ü₃üζEαïEζöéEεãaδ₂éζE₃α∆kéyï₂αwéδEMmδyζöδa∆ζöéEãaδçü∆a₂üεNSE2019QEY[QEVXV[ 10

980 {αü₂Eué₃αδybE}öéαδéζüãa₂EjaεüãεEαïEζöéEkα∆ãéβζQEqζεEkκδδé∆ζE{ζaζéQEa∆çExδαεβéãζεEïαδEléωé₂αβ₃é∆ζSE
2019QEZWQEWWaRWYX 16

979 zéεκ₂ζεEïδα₃EaEãδαεεRεéãζüα∆a₂Eεéxκa₂Ea∆çEδéβδαçκãζüωéEöéa₂ζöEεζκçyEa₃α∆ñEεãöαα₂Eñüδ₂εEü∆E}a∆za∆üabE
öüñöEβδéωa₂é∆ãéEαïEáaãζéδüa₂Eωañü∆αεüεSE2019QEaZQEWVaRWW] 9

978 †₂ζδaRζöü∆E{kü∆Em₂éãζδα∆üãεEïαδEpüñöEyκa₂üζyEa∆çEkα∆ζü∆κακεE{kü∆R{é∆εαδR{ü₂üãα∆Eq∆ζéδïaãü∆ñSE2019QE 2

977 zα₂éEa∆çEéxβ₂αüζaζüα∆EαïEκ∆çéδñδακ∆çEãöé₃üãa₂Eεüñ∆a₂ü∆ñEü∆Eβ₂a∆ζεSE2019QE]ZQEWYZZRWY[X 10

976 {ζκçyEαïEζöéEñδéé∆Eεy∆ζöéεüεEαïEεü₂ωéδE∆a∆αβaδζüã₂éεEκεü∆ñEaE∆aζκδa₂EéxζδaãζEαïEçaδkEαδEwöüζéE{a₂ωüaE
öüεβa∆üãaEtSEεééçεEa∆çEζöéüδEa∆ζüáaãζéδüa₂Eaββ₂üãaζüα∆SE2019QEY_aQEaZWRa[V 52

975 léωé₂αβ₃é∆ζEαïE}öéδañ∆αεζüãE}αα₂E†εü∆ñEvqzEn₂καδéεãé∆ãéExδαáéE}aδñéζü∆ñEuüζαãöα∆çδüaEü∆Eo₂üα₃aE
ké₂₂εSE2019QEXUQEV[YWRV[Y_ 2

974 ’é₂₂Rãα∆ζδα₂₂éçEïαa₃RáaεéçEεα₂üçEãαaζü∆ñεSE2019QEVZQEZU_YRZUaX 2

973 }öéEöéζéδαñé∆ακεEçüεζδüáκζüα∆EαïEwöüζéEéζãöü∆ñE₃aζζéδEM’muNEaδακ∆çEεκáεκδïaãéEãδaãkεEü∆Eáéaδü∆ñE
εζéé₂εSE2019QEV]YQEXUURXUa 17

972 iεεéεε₃é∆ζEαïEεãαδü∆ñEïκ∆ãζüα∆εEa∆çEü∆Eεü₂üãαEβaδa₃éζéδεEïαδEikömR₂üña∆çEü∆ζéδaãζüα∆εEaεEaEζαα₂EïαδE
βδéçüãζü∆ñEü∆öüáüζüα∆Eβαζé∆ãySE2019QEXU_QEWV[RWWX 17
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971 q∆ζéδaãζüα∆E₃éãöa∆üε₃Eáéζwéé∆E{₃â��kαE₃añ∆éζεEa∆çEñ₂aεεEãαaζü∆ñεEçαβéçEwüζöE₃üxéçEaçöéδé∆ζE
αxüçéεSE2019QEYZQEV_WaVRV_Wa] 1

970 lwaδïEéé₂ñδaεεEM–αεζéδaE∆α₂ζüüNE₂éaïEïaζζyEaãüçEβδαïü₂éEçκδü∆ñEaE∆aζκδa₂Eδéεζαδaζüα∆EβδαãéεεbE
xöyεüα₂αñüãa₂Ea∆çEéãα₂αñüãa₂Eü₃β₂üãaζüα∆εSE2019QEVU[QEVUZYZW 6

969 léωé₂αβ₃é∆ζEa∆çEãaζa₂yζüãEãöaδaãζéδüzaζüα∆EαïEtRaεβaδañü∆aεéE∆a∆αRáüαãα∆jκñaζéεSE2019QEVXZQEVVYWRVVZU 26

968 }öéE₃κ₂ζüRa₂₂é₂üãEixzzWEñé∆éEüεEaεεαãüaζéçEwüζöEïδκüζEβüñ₃é∆ζEaããκ₃κ₂aζüα∆Eü∆E₃é₂α∆Ea∆çE
waζéδ₃é₂α∆SE2019QE]UQEX]_VRX]aY 33

967 uκεã₂éEãöa∆ñéεEwüζöEöüñöRü∆ζé∆εüζyEaéδαáüãEζδaü∆ü∆ñEü∆Ea∆Ea∆ü₃a₂E₃αçé₂EαïEδé∆a₂EçüεéaεéSE2019QEXYQEéWUVaUUZUX 2

966 uα₂éãκ₂aδEãöaδaãζéδüzaζüα∆EαïEa∆ζü₃üãδαáüa₂Rδéεüεζa∆ζEm∆ζéδαãαããκεEïaéãa₂üεEa∆çEm∆ζéδαãαããκεE
ïaéãüκ₃Eüεα₂aζéçEïδα₃E₂ayéδEβaδé∆ζEεζαãkSE2019QEa_QEZ_aWRZ_aa 14

965 uα₂éãκ₂aδEi∆a₂yεüεEαïExδαζéü∆Rxδαζéü∆Eq∆ζéδaãζüα∆εEü∆EζöéEmζöy₂é∆éExaζöwayEü∆EζöéElüïïéδé∆ζE
mζöy₂é∆éEzéãéβζαδE{κáïa₃ü₂üéεSE2019QEVUQE]W[ 10

964 laü₃α∆lvibEiEβαδζaá₂éQE₂αwRãαεζE₂ααβR₃éçüaζéçEüεαζöéδ₃a₂Ea₃β₂üïüãaζüα∆Eβ₂aζïαδ₃EïαδE∆akéçRéyéE
çéζéãζüα∆EαïEñé∆éζüãa₂₂yE₃αçüïüéçEαδña∆üε₃εEü∆EδéεακδãéR₂ü₃üζéçEεéζζü∆ñεSE2019QEVYVQEVVVYUa 8

963 iβöüãüça₂EaãζüωüζyEαïEjaãü₂₂κεEa₃y₂α₂üγκéïaãüé∆εEεζδaü∆εEü∆EζöéEβéaãöRβαζaζαEaβöüçEMuyzκεEβéδεüãaéNSE
2019QEWW[QEYVRY] 4

962 léïαδ₃aζüα∆Ea∆çEa∆∆éa₂ü∆ñEáéöaωüακδEαïEaE₂αwEãaδáα∆EöüñöEu∆E}’qxEεζéé₂E₃üãδαa₂₂αyéçEwüζöE}üSE
2019QEaaQEWY_]RWZV[ 1

961 {κβδa₃α₂éãκ₂aδEléζéãζüα∆EαïEaEvéδωéEiñé∆ζE{ü₃κ₂a∆ζEáyEn₂καδéεãé∆ζE–∆R{a₂é∆Ew₂üñα₃éδEzéãéβζαδεSE
2019QEWYQE 14

960 vαEεüζζü∆ñEα∆EζöéEïé∆ãébEβδαζéãζü∆ñEwéζ₂a∆çεEïδα₃Eïéδa₂EβüñEça₃añéEáyEéxã₂κεüα∆Eïé∆ãéεEδéγκüδéεE
éïïéãζüωéEïé∆ãéE₃aü∆ζé∆a∆ãéSE2019QEW]QEZ_VRZ_Z 3

959 mïïéãζεEαïE{öαδζR}ü₃éE}é₃βéδü∆ñEα∆Eq₃βaãζE}ακñö∆éεεQE{ζδé∆ñζöQEa∆çExöaεéEmωα₂κζüα∆EαïEYXYUE
{ζéé₂E’üζöü∆EζöéE}é₃βéδéçEuaδζé∆εüζéEm₃áδüζζ₂é₃é∆ζEzéñü₃éSE2019QEZUQEX[ZYRX[[W 9

958 {κββ₂é₃é∆ζaζüα∆EwüζöEβα₂ya₂ãαöα₂εEa∆çEεéγκé∆ζüa₂E₃üxαζδαβöyEçü₂κζüα∆Eβöαζαü∆çκãζüα∆EεζδaζéñyE
áααεζEζöéEaããκ₃κ₂aζüα∆EαïEaεζaxa∆ζöü∆EáyEpaé₃aζαãαããκεEβ₂κωüa₂üεSE2019QEZVVQE]XYWWZ 13

957 xαü∆ζRáaδEáδü∆kEa∆çEãöa∆∆é₂Eζöa₂wéñEζδajéãζαδüéεEçéβüãζü∆ñEü∆ζéδaãζüα∆Eáéζwéé∆Eωéδζüãa₂Ea∆çE₂aζéδa₂E
εöüïζεEαïE₃üãδαζüça₂Eãöa∆∆é₂εEü∆EζöéE‘é∆üãéEtañαα∆EMqζa₂yNSE2019QEXYWQEX]RZU 10

956 {ζü₃κ₂κεEü∆ïαδ₃aζüα∆Eεκββαδζü∆ñEáü₂aζéδa₂Eεy₃₃éζδyEβéδãéβζüα∆SE2019QEV[VQEV_RWY 1

955 iEδaβüçE₃éζöαçEïαδE₃éaεκδü∆ñEεéδκ₃EαxüçüzéçEa₂áκ₃ü∆Eü∆EaEδaζE₃αçé₂EαïEβδαζéü∆κδüaEa∆çE
öyβéδζé∆εüα∆SEScientificsReportsQE2019QEaQE_[WU 4.9 2

954 }αwaδçεEáüαü∆εβüδéçE₃αçé₂εEαïEü∆ζéεζü∆a₂E₃κãκεSSE2019QEaQEVZ__]RVZ_aa 11

Citation Report

78



953 lüεãαωéδyEαïEi₂βöaRoa₂Rkα∆ζaü∆ü∆ñEi∆ζüñé∆εEü∆EvαδζöEi₃éδüãa∆E}üãkE{βéãüéεEjé₂üéωéçEζαEq∆çκãéEzéçE
uéaζEi₂₂éδñySE2019QEVUQEVUZ[ 65

952 uαçé₂ü∆ñEζöéEéïïéãζEαïE₃üãδαεζδκãζκδéEα∆Eé₂aεζüãEwaωéEβδαβañaζüα∆Eü∆Eβ₂aζé₂éζRδéü∆ïαδãéçE
ãα₃βαεüζéεEa∆çEãéδa₃üãεSE2019QEWWYQEVVVVUZ 5

951 xαδακεE–∆‘WwYEva∆αwüδéEïαδE{ζaá₂éEa∆çEpüñöRzaζéEtüζöüκ₃Rqα∆EjaζζéδyEi∆αçéεSE2019QEWQEYWY]RYWZ[ 26

950 iEâ��ζκδ∆Rα∆â��Euüãö₂éδLεEkéζα∆éâ��áé∆zü₃üçazα₂éEï₂καδéεãé∆ζEβδαáéEïαδEεé₂éãζüωéEçéζéãζüα∆EαïEεéδκ₃E
a₂áκ₃ü∆εSE2019QEYXQEVU_ZaRVU_[] 7

949 kα₃βaδaζüωéEa∆çEïκ∆ãζüα∆a₂Ea∆a₂yεüεEαïEζöéEçüñüζa₂E₃κãκεEñ₂a∆çεEa∆çEεéãδéζüα∆εEαïEζδééEïδαñεSE2019QE
V[QEVa 8

948 jδaü∆EεζδκãζκδéEa∆çEãαñ∆üζüωéEaáü₂üζyEü∆Eöéa₂ζöyEañü∆ñbEaEδéωüéwEα∆E₂α∆ñüζκçü∆a₂Eãαδδé₂aζéçEãöa∆ñéSE
2019QEXVQEVRZ] 62

947 {ζéβwüεéEléωé₂αβ₃é∆ζEαïEa∆Ekα∆ζü∆κακεEnéδ₃é∆ζaζüα∆Euαçé₂EïαδEζöéEuκδü∆éEkaéãa₂EuüãδαáüαζaSE
2019QEVUQEVV[[ 12

946 léεüñ∆Ea∆çEq₃β₂é₃é∆ζaζüα∆EαïEa∆E†₂ζδaRtαwEzéεακδãéEm₂éãζδαçéδ₃a₂EiãζüωüζyE{é∆εαδEïαδE’éaδaá₂éE
iββ₂üãaζüα∆εSE2019QEVaQE 10

945 †δü∆aδyEéxαεα₃a₂Eβδαζéü∆εEaεEMβa∆RNãa∆ãéδEáüα₃aδkéδεbEü∆εüñöζεEïδα₃EζöéEβδαζéα₃éSE2019QEZaXQEVZ_URVZa] 27

944 q∆EωüζδαEãyεζEïαδ₃aζüα∆EαïEilxslEãé₂₂εSE2019QEVZXQEaXRVVV 5

943 uüζαãöα∆çδüa₂E{ζδéεεEzéεβα∆εéEü∆Evéκδa₂E{ζé₃Eké₂₂εEmxβαεéçEζαEm₂éãζδα∆üãEküñaδéζζéεSE2019QEV[QEWZURW[a 29

942 nκ∆ãζüα∆a₂Eü₃añü∆ñEαïEδαεζδαãaκça₂Eεβü∆a₂EaãζüωüζyEçκδü∆ñEκββéδE₂ü₃áE₃αζαδEζaεkεSE2019QEWUUQEZaUR[UU 6

941 xαwéδEñé∆éδaζüα∆Ea∆çE₂α∆ñéωüζyEü₃βδαωé₃é∆ζEαïEδé∆éwaá₂éEé∆éδñyEεyεζé₃εEωüaEε₂üββéδyEεκδïaãéεEâ��E
iEδéωüéwSE2019QEVYXQEaWWRaX_ 8

940
köaδaãζéδüzü∆ñEζöéEï₂κãζκaζüα∆εEαïEçy∆a₃üãEδéεζü∆ñRεζaζéEé₂éãζδαβöyεüα₂αñüãa₂Eïκ∆ãζüα∆a₂E
ãα∆∆éãζüωüζybEδéçκãéçE∆éκδα∆a₂Eãακβ₂ü∆ñEωaδüaáü₂üζyEü∆E₃ü₂çEãαñ∆üζüωéEü₃βaüδ₃é∆ζEa∆çEçé₃é∆ζüaEçκéE
ζαEi₂zöéü₃éδLεEçüεéaεéSE2019QEV[QEUZ[UXU

19

939 xöy₂αñé∆éζüãEéωüçé∆ãéEαïEa₂₂αβaζδüãEεβéãüaζüα∆EαïEáδaçyδöüzαáüaE∆αçκ₂aζü∆ñEãαwβéaEM‘üñ∆aE
κ∆ñκüãκ₂aζaEtSEwa₂βNEü∆E{ακζöEiïδüãa∆Ea∆çEuαza₃áüãa∆Eεαü₂εSE2019QEaZQE 6

938 mïïéãζEαïExαwçéδéçEiãζüωaζéçEkaδáα∆EaεEiçωa∆ãéçE{ζéβEü∆E’aεζéwaζéδE}δéaζ₃é∆ζεEα∆Ei∆ζüáüαζüãE
zéεüεζa∆ζEuüãδααδña∆üε₃εSE2019QEWUQE[XR]Z 7

937 uaζéδüa₂Enαδ₃aζüα∆EαïEzéãα₃áü∆a∆ζE{βüçéδE{ü₂kεEζöδακñöEiγκéακεE{α₂ωaζüα∆Eκεü∆ñEpéaζEa∆çE
xδéεεκδéSE2019QE

936 léï₂éãζü∆ñE₃αçéRqEãδaãkεEü∆Ea∆üεαζδαβüãE₃aζéδüa₂εSE2019QEVX[QEVUXU[U 7
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935 wxyζαãü∆bExαζé∆ζüa₂EζαE₃üζüñaζéEãaδçüαωaεãκ₂aδEδüεkSE2019QEVV]QEV]UU_a 10

934 ’öéδéaáακζεEαïEζδκãkéδεbEi∆Eé₃βüδüãa₂EεζκçyEαïEβδéçüãζaáü₂üζySE2019QEVUYQEV_YRVaZ 5

933 m∆öa∆ãéçEzaçüaζüωéEzéãα₃áü∆aζüα∆EαïEmxãüζα∆εEa∆çEnδééEköaδñéεElκéEζαEtαãa₂Eléïαδ₃aζüα∆εEü∆EζöéE
ja∆çE{ζδκãζκδéEαïEuixájδXExéδαωεküζéEkδyεζa₂εSE2019QEVWXQEVXYYYRVXYZU 4

932 {öaβéRiçaβζaá₂éEWlE}üζa∆üκ₃EkaδáüçéEMu“é∆éNEpéaζéδSE2019QEVXQE[_XZR[_YY 99

931 lüεαδçéδεEαïEζöéEtüωéδEmxã₂κçü∆ñEpéβaζüζüεEiQEjQEkQElQEa∆çEmSE2019QEX]RaU

930 wδña∆üãEa∆çEáüαçy∆a₃üãEwü∆éεEγκa₂üζyEa∆çEãöaδaãζéδüεζüãεbEiEδéωüéwSE2019QEWaZQEXXYRXYU 26

929 lüεβéδεüα∆EβδαβéδζyEαïEé₂éãζδα₃añ∆éζüãEwaωéEü∆EVlE₃añ∆éζüzéçEïéδδüζéεEβöαζα∆üãEãδyεζa₂εEïαδE}mE
₃αçéEü∆E₂α∆ñüζκçü∆a₂E₃añ∆éζüzaζüα∆Eãα∆ïüñκδaζüα∆SE2019QEXZQEVUU]U[ 1

928 iEδéωüéwEα∆Eé∆öa∆ãéçEáüαñaεEβδαçκãζüα∆Eïδα₃Ea∆aéδαáüãEçüñéεζüα∆EαïE₂üñ∆αãé₂₂κ₂αεüãEáüα₃aεεEáyE
çüïïéδé∆ζEé∆öa∆ãé₃é∆ζEζéãö∆üγκéεSE2019QE_YQE_VRaU 94

927 uéãöa∆üãa₂ExδαβéδζüéεEαïE†₂ζδaωüα₂éζRiεεüεζéçExaεζéEmxζδκεüα∆Ea∆çExαεζéxζδκεüα∆E†₂ζδaωüα₂éζRkκδü∆ñE
αïE}öδééRlü₃é∆εüα∆a₂Exδü∆ζéçEjüαãα₃βαεüζéεSE2019QE[QEVW]RVX] 9

926 }öéExδéεé∆ãéEa∆çEtαãa₂üzaζüα∆EαïEoRyκaçδκβ₂éxEnαδ₃ü∆ñE{éγκé∆ãéεEü∆EζöéElα₃aü∆EαïEjaãζéδüaSE
2019QEWYQE 39

925 zéãé∆ζEaçωa∆ãéεEü∆Eãα∆εζδκãζéçEwéζ₂a∆çR₃üãδαáüa₂Eïκé₂Eãé₂₂εEïαδEεü₃κ₂ζa∆éακεEáüαé₂éãζδüãüζyE
βδαçκãζüα∆Ea∆çEwaεζéwaζéδEζδéaζ₃é∆ζbEiEδéωüéwSE2019QEYXQEZVU[RZVW] 53

924 wβζüãa₂Eãαöéδé∆ãéEζα₃αñδaβöyEζαEçéζéãζEaãκζéEéεαβöañéa₂Eδaçüaζüα∆Rü∆çκãéçEça₃añéEü∆E₃üãébEiE
ωa₂üçaζüα∆EεζκçySE2019QEVWQEéWUV_UUYYU 3

923 vκζδüñé∆α₃üãεEaεEaEζαα₂EζαEεζκçyEζöéEü₃βaãζEαïEçüéζEα∆Eañü∆ñEa∆çEañéRδé₂aζéçEçüεéaεéεbEζöéE
aββδαaãöSE2019QEVYQEVW 13

922 uééζEwκδEzéñüα∆a₂EmçüζαδSE2019QEVZQEVRX

921 mωa∆éεãé∆ζEaáεαδβζüα∆EáaεéçEï₂καδüçéEïüáéδEεé∆εü∆ñEé∆öa∆ãé₃é∆ζE₂éçEáyEçαβéçEñδaβöé∆éâ��εE
ζöéδ₃αRαβζüãEçüεβéδεüα∆Eü∆EvqzSE2019QEZVQEV 0

920 {ακδãéEζéδ₃Eéεζü₃aζüα∆Eü∆EζöéEβδéεé∆ãéEαïE∆κüεa∆ãéEεüñ∆a₂εSE2019QEWUXQEWWURWWZ 3

919 iββ₂üãaζüα∆εEαïEöüñöRζöδακñöβκζEâ��α₃üãεâ��EçaζaEü∆EζöéEεζκçyEαïEïδaü₂ζySE2019QEXQEYURZV 5

918 vαωé₂EaββδαaãöéεEïαδEáüα₃α₂éãκ₂éEü₃₃αáü₂üzaζüα∆Eü∆E₃üãδαεãa₂éEεyεζé₃εSE2019QEVYYQEXaVWRXaWY 4
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917 tαwEζé₃βéδaζκδéEéβüζaxyEαïEζκ∆ñεζé∆â��ζé₂₂κδüçéEöéζéδαεζδκãζκδéEïü₂₃εSE2019QEWVQEXYUaRXYVY 4

916
zéβδαçκãζüωéEáüα₂αñyEαïEζöü∆Eεöaδβáé₂₂yQE}αxaáδa₃üεEεwü∆öα∆üεEoˆ…∆ζöéδQEV_]XEü∆EaEεöa₂₂αwE₂akéE
Mjüa∆ça∆ζa∆ñEtakéNEa₂α∆ñEζöéE₃üçç₂éEδéaãöEαïEζöéE”a∆ñζzéEzüωéδEáaεü∆EMköü∆aNbEü₃β₂üãaζüα∆εEïαδE
ïüεöéδüéεE₃a∆añé₃é∆ζSE2019QEZZQE_

1

915 uα₂éãκ₂aδEζδa∆εβαδζEζöδακñöEβδü₃aδyEöκ₃a∆Eε₃a₂₂Eü∆ζéεζü∆a₂E₃α∆α₂ayéδεEáyEãκ₂ζκδéEα∆EaEãα₂₂añé∆E
εãaïïα₂çEwüζöEaEñδaçüé∆ζEαïEãöé₃üãa₂EãδαεεR₂ü∆kü∆ñSE2019QEVXQEX[ 15

914 kκδδé∆ζEjüα₃éçüãa₂Eiββ₂üãaζüα∆εEαïEXlExδü∆ζü∆ñEa∆çEiççüζüωéEua∆κïaãζκδü∆ñSE2019QEaQEV]VX 120

913 }δa∆εãδüβζα₃éEi∆a₂yεüεEαïE”a₃a₃éEMNEü∆Evαδ₃a₂Ekα∆çüζüα∆εEaïζéδEpéaζE{ζδéεεSE2019QE_QE 1

912 köa∆ñéεEü∆EζöéEi∆ζéδüαδEta₃ü∆aEkδüáδαεaEuαδβöα₂αñyEwüζöEo₂aκãα₃aE{éωéδüζySEScientificsReportsQE
2019QEaQE[[VW 4.9 10

911 }öéEü₃βαδζa∆ãéEαïEçéζéδ₃ü∆ü∆ñEãüδãaçüa∆Eβaδa₃éζéδεEü∆Eβöaδ₃aãα₂αñüãa₂EεζκçüéεSE2019QEV][QEW_W]RW_Y] 14

910 téaδ∆ü∆ñE{ü∆ñ₂éRké₂₂Elüεζa∆ãéεEïδα₃Ekyζα₃éζδyElaζaSE2019QEaZQE]_WR]aV 3

909 }öéE{yεζé₃εEjüα₂αñyEαïEtaζéδa₂EzααζEnαδ₃aζüα∆bEkα∆∆éãζü∆ñEζöéElαζεSE2019QEVWQE]_YR_UX 19

908 yκa∆ζüïüãaζüα∆EαïEpüççé∆E’öα₂éRnüé₂çE{ζδéεεEq∆εüçéExαδακεEoéα₃aζéδüa₂εE‘üaE}öδééRlü₃é∆εüα∆a₂E
xδü∆ζü∆ñEa∆çExöαζαé₂aεζüãE}éεζü∆ñEuéζöαçεSE2019QEVWYQEZYU_RZYW[ 14

907 çüïïãyζbElüïïéδé∆ζüa₂EçüεãαωéδyEü∆EöüñöRçü₃é∆εüα∆a₂Eãyζα₃éζδyEωüaEöüñöRδéεα₂κζüα∆Eã₂κεζéδü∆ñSE2019QEWQEV_X 78

906 iE{é∆ζü∆é₂RVEáaεéçEöαζRεβαζEa∆a₂yεüεbE₂a∆çε₂üçéE₃aββü∆ñEü∆E∆αδζöRwéεζéδ∆Eqζa₂ySE2019QEYUQE]_a_R]aWV 32

905 wεζδaãαçεEaεEéãα₂αñüãa₂Ea∆çEüεαζαβüãEü∆çüãaζαδεEαïE₂akéEwaζéδEεa₂ü∆üζyEãöa∆ñéεbEζöéEtakéE‘a∆E
éxa₃β₂éSE2019QEV[QEWUaZRWVVY 10

904
kα₃βκζaζüα∆a₂₂yEñκüçéçEεy∆ζöéεüεEαïEMWlTXlTWlNEδowTnéWwXTñRkXvYE∆a∆αεζδκãζκδéEwüζöEü₃βδαωéçE
ãöaδñéEεéβaδaζüα∆Ea∆çEζδa∆εβαδζaζüα∆Eéïïüãüé∆ãyEïαδEçéñδaçaζüα∆EαïEβöaδ₃aãéκζüãa₂E₃α₂éãκ₂éεSE2019
QEWZZQEVV]]Z_

59

903 kαδδαεüα∆EáéöaωüαδEαïE}üRWaváRVX}aRYS[–δEa∆çEãα₃₃éδãüa₂₂yEβκδéE}üEκ∆çéδEεü₃κ₂aζéçEü∆ï₂a₃₃aζαδyE
ãα∆çüζüα∆εEâ��Eãα₃βaδaζüωéEéïïéãζEαïEñδaü∆Eδéïü∆é₃é∆ζEa∆çE∆α∆RζαxüãE˛†EβöaεéEεζaáü₂üzéδεSE2019QEXVWQEX[aRX]a 21

902 kα₂ακδEβ₂aεζüãüζyEü∆EζöéEεöé₂₂εEa∆çEβéaδ₂εEαïEa∆ü₃a₂EñδaïζE₃αçé₂Exü∆ãζaçaE₃aδñaδüζüïéδaEaεεéεεéçEáyE
p{‘Eãα₂ακδEγκa∆ζüïüãaζüα∆SEScientificsReportsQE2019QEaQE]ZWU 4.9 7

901 kaδáα∆Eãα∆ωéδεüα∆Ea∆çEεζaáü₂üεaζüα∆EαïEçaζéEβa₂₃Ea∆çEöüñöEδaζéEa₂ña₂Eβα∆çEM₃üãδαa₂ñaéNEáüα₃aεεE
ζöδακñöEε₂αwEβyδα₂yεüεSE2019QEYXQEYYUXRYYV[ 6

900 iEjδαaçEna₃ü₂yEαïEkaδáα∆Eva∆α₃aζéδüa₂εbEk₂aεεüïüãaζüα∆QExδαβéδζüéεQE{y∆ζöéεüεQEa∆çEm₃éδñü∆ñE
iββ₂üãaζüα∆εSE2019QEVRYU 2
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899 xöyεüα₂αñüãa₂Eβéδïαδ₃a∆ãéEαïEáa₂₂a∆EwδaεεéEMtaáδκεEáéδñy₂ζaNEaζEçüïïéδé∆ζEζé₃βéδaζκδéεEa∆çEüζεE
ü₃β₂üãaζüα∆EïαδEã₂éa∆éδEïüεöEκεañéEü∆Eεa₂₃α∆Eaγκaãκ₂ζκδéSE2019QEVXZQEVV]RVWX 16

898 i∆Eü∆ζéñδaζüωéEωüéwEαïE₃a₃₃a₂üa∆Eεéaεα∆a₂E∆éκδαé∆çαãδü∆α₂αñySE2019QEXVQEéVW]Wa 44

897 kaζãöEεöaδéεEçδüωéEï₂ééζEãα∆εα₂üçaζüα∆Ea∆çEü∆ãδéaεéçEζaδñéζü∆ñEáκζE∆αζEεβaζüa₂EéïïαδζEãα∆ãé∆ζδaζüα∆E
∆αδEãöa∆ñéεEü∆E₂αãaζüα∆EãöαüãéEü∆EaE₃κ₂ζüεβéãüéεEζδaw₂EïüεöéδySE2019QE][QEWX]]RWX_a 3

896 iE∆éκδa₂Eεüñ∆aζκδéEαïE₃éζaáα₂üãEεy∆çδα₃éSE2019QEYUQEXZ]ZRXZ__ 10

895 wδζöαδéxüaE∆éδωαεabEiEδéωüéwEαïEβεyãöαεαãüa₂EδüεkEïaãζαδεSE2019QEVYUQEZUR]Z 86

894 xöaδ₃aãα₂αñüãa₂Ea∆çEζδa∆εãδüβζα₃üãEãöaδaãζéδüzaζüα∆EαïEζöéE∆üζδüãEαxüçéEβaζöwayEü∆EaαδζüãEδü∆ñεE
üεα₂aζéçEïδα₃EζöéEζαδζαüεéEköé₂α∆αüçüεEãaδáα∆aδüaSE2019QEWWWQE_WR_a 6

893 mxβa∆çü∆ñEζöéEaββ₂üãaζüα∆εEαïE₃üãδα∆ééç₂éεEü∆Eçéδ₃aζα₂αñySE2019QEVYUQEVWVRVYU 38

892 i∆Eéïïüãüé∆ζE₃αçé₂Eζδa∆εïéδEaββδαaãöEζαEεκββδéεεEáüα₂αñüãa₂Eωaδüaζüα∆Eü∆Eé₂aεζüãE₃αçκ₂κεEa∆çE
ïüδ₃∆éεεEδéñδéεεüα∆E₃αçé₂εEκεü∆ñEöyβéδεβéãζδa₂EçaζaSE2019QEaaQEVYURVZV 2

891 nαδ₃aζüα∆EαïEñδaβöé∆éEαxüçéEïδα₃Eãaδáα∆EδαçεEαïEzü∆ãRãaδáα∆EáaζζéδyEwaεζéεEáyEaκçüαεα∆üãE
εα∆üãaζüα∆EaεεüεζéçEáyEãα₃₃éδãüa₂Eçéζéδñé∆ζSE2019QEWQE_aRaY 6

890 züεkEaεεéεε₃é∆ζEαïEβ₂aεζüãEβα₂₂κζüα∆Eα∆E₃aδü∆éEçüωéδεüζyEü∆EζöéEuéçüζéδδa∆éa∆E{éaSE2019QE[]_QEV__RVa[ 58

889 i∆Eiκζα∆α₃ακεEuüãδαï₂κüçüãEléωüãéEïαδEoé∆éδaζü∆ñE‘α₂κ₃éRléïü∆éçElδüéçEx₂aε₃aE{βαζεSE2019QEaVQE]VWZR]VXU 9

888 i∆Emxα∆κã₂éaεéEqRiεεüεζéçE{ü₂ωéδRuéζa₂₂üzéçEm₂éãζδαãöé₃üãa₂Eiβζaεé∆εαδEïαδEwãöδaζαxü∆EiE
léζéãζüα∆SE2019QEYQEVZ[URVZ[_ 33

887 jü₂ayéδEu{éEMu´ eE–δQEpïNEaεEβδα₃üεü∆ñEζwαRçü₃é∆εüα∆a₂Eζöéδ₃αé₂éãζδüãE₃aζéδüa₂εbEaEïüδεζRβδü∆ãüβ₂éεE
εζκçySSE2019QEaQEVWXaYRVWYUX 14

886 xδé∆aζa₂E₂üωéδEεζδα₃a₂Eãé₂₂εbEnaωαδaá₂éEïééçéδEãé₂₂εEïαδE₂α∆ñRζéδ₃Eãκ₂ζκδéEαïEöéβaζüãEβδαñé∆üζαδEãé₂₂εSE
2019QEVWUQEV[[WYRV[[XX 3

885 naãü₂éEçéβαεüζüα∆Ea∆çEãöaδaãζéδüzaζüα∆EαïE₂aδñéEaδéaEöüñö₂yEãα∆çκãζü∆ñEa∆çEζδa∆εβaδé∆ζE{áRçαβéçE
{∆wWEζöü∆Eïü₂₃SE2019QEY_]QEVX_ZRVXaX 31

884 {ζaδïüεöR₂ükéEkTkαvüwWEöéζéδαεζδκãζκδéEçéδüωéçEïδα₃E–qnR[]EwüζöEζκ∆aá₂éE₃üãδαwaωéEaáεαδβζüα∆E
βδαβéδζüéεSE2019QEX]XQEVWWRVXU 85

883 iEXlEü₃añü∆ñEζéxζκδa₂Eãöaδaãζéδüzaζüα∆EαïEβyδαã₂aεζüãEβδαçκãζεEïδα₃EζöéEVZX_EilEuα∆ζéEvκαωαE
éδκβζüα∆EMka₃βüEn₂éñδéüQEqζa₂yNSE2019QEXYURXYVQEXV[RXXV 12

882 ka∆ãéδEa∆çEãa∆ãéδEεκδωüωa₂E₃αçκ₂aζéεEáδaü∆Ea∆çEáéöaωüαδEü∆EaEζü₃éRαïRçayRçéβé∆çé∆ζE₃a∆∆éδEü∆E
₃üãéSEScientificsReportsQE2019QEaQE[Ya] 4.9 7
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881 }éεζü∆ñEδé₂aζüα∆εöüβEδéãαñ∆üζüα∆Eü∆Ewü₂çEjaãkçawεEMkαδωκεE₃α∆éçκ₂aNSEScientificsReportsQE2019QEaQE[]VU 4.9 4

880 †∆çéδεζa∆çü∆ñEa∆çEua∆añü∆ñE{αãüa₂â��mãα₂αñüãa₂E}üββü∆ñExαü∆ζεEü∆Exδü₃aδyEq∆çκεζδüéεSE2019QE[aQEXXZRXY] 12

879 pyçδαñé∆Rjα∆çE{ζδκãζκδéEa∆çEly∆a₃üãεEαïE}illwtEiεy₃₃éζδüãEwδña∆αãaζa₂yεζεEkαδδé₂aζéEwüζöE
kaζa₂yζüãEiãζüωüζySE2019QEWZQEaa_YRaaaU 2

878 †∆ωéü₂ü∆ñEζöéEuéãöa∆üε₃εEαïEiγκañ₂yãéδαβαδü∆RXE’aζéδEa∆çEo₂yãéδα₂Exéδ₃éaζüα∆EáyEuéζaçy∆a₃üãεSE
2019QEWZQE_]VXR_]V_ 9

877 }éãö∆üãa₂Eaββ₂üãaζüα∆εEαïEβ₂aε₃aEζδéaζ₃é∆ζεbEãκδδé∆ζEεζaζéEa∆çEβéδεβéãζüωéεSE2019QEVUXQEZVV]RZVWa 52

876 léεüδéçEεαyEεaκãéEãöaδaãζéδüεζüãεEa∆çEaκζα₂yεüεEαïEü∆çκãéçEáyE₂αwEζé₃βéδaζκδéEãα∆çüζüα∆εEçκδü∆ñE
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2021QEWVQEYWVRYXW 4

816 iδéEwéEδéaçyEζαEζδaãkEã₂ü₃aζéRçδüωé∆EεöüïζεEü∆E₃aδü∆éEεβéãüéεEaãδαεεEü∆ζéδ∆aζüα∆a₂Eáακ∆çaδüéεgEREiE
ñ₂αáa₂EεκδωéyEαïEεãüé∆ζüïüãEáαζζα₃Eζδaw₂EçaζaSE2021QEW]QEWWURWX[ 19

815 kα₃βaδaζüωéEa∆a₂yεüεEa∆çEa∆ζüáaãζéδüa₂EβδαβéδζüéεEαïEζöéδ₃a₂₂yEεü∆ζéδéçEaβaζüζéεEwüζöEωaδüéçE
βδαãéεεü∆ñEãα∆çüζüα∆εSE2021QEVUYQEVUWXRVUXa 2

814 i₂ζéδéçEçy∆a₃üãεEαïE₂üβüçE₃éζaáα₂üε₃Eü∆E₃κεã₂éEãé₂₂εEïδα₃Eβaζüé∆ζεEwüζöEüçüαβaζöüãEü∆ï₂a₃₃aζαδyE
₃yαβaζöyEüεEa₃é₂üαδaζéçEáyE[´ ₃α∆ζöεEαïEζδaü∆ü∆ñSE2021QEZaaQEWU]RWWa 2

813 iluiEMaεy₃₃éζδüãEçü₃éζöy₂aδñü∆ü∆éNEa∆çEa∆ñüαñé∆üãEβαζé∆ζüa₂Eü∆Eβaζüé∆ζεEwüζöEζyβéEWEçüaáéζéεEa∆çE
βδéçüaáéζéεSE2021QEWY[QEVZXRV[W 1

812 kaδçüαωaεãκ₂aδEXlExδü∆ζü∆ñSE2021QE 0

811 q₃βδαωü∆ñE₃é₃αδyEβéδïαδ₃a∆ãéEαïEx‘ib–∆wE∆a∆αãα₃βαεüζébE}öéEéxβéδü₃é∆ζa₂Ea∆çEζöéαδéζüãa₂E
aββδαaãöéεSE2021QEZX]QEVY_UUU 2

810 zé₃αζéEéεζü₃aζüα∆EαïEβκ₂εéEwaωéEïéaζκδéεEδé₂aζéçEζαEaδζéδüa₂Eεζüïï∆éεεEa∆çEá₂ααçEβδéεεκδéEκεü∆ñEaE
ãa₃éδaSE2021QE[YQEVUWWYW 9
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809 n₂κβyδaçüïκδα∆éEδéçκãéεE∆éãζaδEãα∆εκ₃βζüα∆Ea∆çEïαδañü∆ñEáκζEçαéεE∆αζEa₂ζéδEöα∆éyEáééE
δéãδκüζ₃é∆ζEça∆ãü∆ñSE2021QEWU]QEVVVW[_ 8

808 lviE₃éζaRáaδãαçü∆ñEδéωéa₂éçEζöaζEεükaEçééδEïαδañü∆ñEεζδaζéñüéεEωaδyEwüζöEεéaεα∆Eü∆EaEïαδéεζEwüζöE
çéñδaçéçEκ∆çéδεζαδyEωéñéζaζüα∆SE2021QEY_YQEVV_[X] 6

807 uαçé₂₂ü∆ñEζöéEéïïéãζεEαïEζwü∆∆ü∆ñEa∆çEçüε₂αãaζüα∆Eü∆çκãéçEεζδé∆ñζöé∆ü∆ñEü∆Eαδζöαñα∆a₂E₃üãδαEa∆çE
₃aãδαEãκζζü∆ñEαïEãα₃₃éδãüa₂₂yEβκδéEζüζa∆üκ₃SE2021QEVaUQEVU[UYZ 7

806 iElκa₂RuαçéEuüãδαwaωéEzéεα∆aζαδEïαδEtüγκüçEköδα₃aζαñδaβöyEiββ₂üãaζüα∆εSE2021QEWVQEVWWWRVWW_ 2

805 lαw∆yE₃ü₂çéwEδéεüεζa∆ãéEüεEñé∆éζüãa₂₂yE₃éçüaζéçEáyEβδαβöy₂aãζüãEβδαçκãζüα∆EαïEβöé∆y₂βδαβa∆αüçεE
ü∆EöαβSE2021QEYYQEXWXRXX_ 4

804 iEδéωüéwEαïEζöéEδα₂éEαïEñé∆éζüãEïaãζαδεEü∆Eoκü₂₂aü∆Rjaδδˆ'Eεy∆çδα₃éSE2021QE]VQEaUWRaWU 8

803 xöαεβöαδκεElüïïκεüα∆Ea∆çEiñδα∆α₃üãEmïïüãüé∆ãyEαïEköüãké∆EtüζζéδEwδña∆α₃ü∆éδa₂Enéδζü₂üzéδεE
q₃βδαωéçEwüζöEjü∆çéδEuaζéδüa₂εSE2021QEVWQEX][ZRX]]W 1

802 {y∆ζöéεüεEαïEζöéδ₃αñé₂E₃αçüïüéçEwüζöEáüα₃aζéδüa₂εEaεEãaδδüéδEïαδEö†{{kεEçüïïéδé∆ζüaζüα∆Eü∆ζαEãaδçüaãE
ãé₂₂εbExöyεüãα₃éãöa∆üãa₂Ea∆çEáüα₂αñüãa₂Eaεεéεε₃é∆ζSE2021QEVVaQEVVVZV] 2

801 oé∆éζüãa₂₂yEuαçüïüéçEkδαβεSE2021QE 0

800 {ζκçyEαïEζöéEéïïéãζEαïEζöéEçüïïéδé∆ζEβaδζεEαïEuαδü∆çaEãüζδüïα₂üaEtSEM∆α∆üNEα∆EζöéEñδéé∆Eεy∆ζöéεüεEαïE
εü₂ωéδE∆a∆αβaδζüã₂éεEa∆çEζöéüδEa∆ζüáaãζéδüa₂EaãζüωüζySE2021QEZX]QEVY]_ZZ 22

799 nδaü₂ζyEεy∆çδα₃éEa∆çEδüεkEαïEãaδçüαωaεãκ₂aδEçüεéaεébEi∆a₂yεüεEïδα₃EζöéEq∆ζéδ∆aζüα∆a₂Euαáü₂üζyEü∆E
iñü∆ñE{ζκçySE2021QEaWQEVUYW]a 4

798 iEãα₃βδéöé∆εüωéEδéωüéwEαïEζöéEéïïéãζEαïEçüïïéδé∆ζEkü∆éζüãEβδα₃αζéδεEα∆E₃éζöa∆éEöyçδaζéE
ïαδ₃aζüα∆SE2021QEXWQEVRV[ 3

797 uüãδαï₂κüçüãEïaáδüãaζüα∆EαïEáéδáéδü∆éR₂αaçéçE∆a∆αβaδζüã₂éεEïαδEãa∆ãéδEζδéaζ₃é∆ζEaββ₂üãaζüα∆εSE2021QE
[VQEVUWVXY 5

796 jüαãöaδEaββ₂üãaζüα∆εEãα₃áü∆éçEwüζöEβaççyRκβ₂a∆çEδαζaζüα∆Eãδαββü∆ñEεyεζé₃εEáé∆éïüζEζöéEεaïéEκεéE
αïExipRãα∆ζa₃ü∆aζéçEεαü₂εbEnδα₃EδüεkEaεεéεε₃é∆ζEζαE₃üãδαáüa₂Eéãα₂αñySE2021QEYUYQEVWYVWX 7

795 pαwEï₂καδü∆éE₃ü∆ü₃üzéεEçé∆εüζyEï₂κãζκaζüα∆εEαïEεü₂üãaEñ₂aεεbEuα₂éãκ₂aδEçy∆a₃üãεEεζκçyEwüζöE
₃aãöü∆éR₂éaδ∆ü∆ñEaεεüεζéçEïαδãéR₃aζãöü∆ñEβαζé∆ζüa₂SE2021QEVa]QEVUaWVU 6

794 vα∆Rδöyζö₃üãEζé₃βαδa₂Eβδéçüãζüα∆Eü∆ωα₂ωéεEβöaεéEδéεéζεEαïE₂αwRïδéγκé∆ãyEçé₂ζaEαεãü₂₂aζüα∆εSE2021QE
WWYQEVV]X][ 7

793 lüéζaδyE₃α∆αεαçüκ₃Eñ₂κζa₃aζéEεκββ₂é₃é∆ζaζüα∆Eçκδü∆ñEζöéEïééçEζδaü∆ü∆ñEαïEβaãa₃ˆ£EME
tαβöüαεü₂κδκεEa₂éxa∆çδüENbEoδαwζöEβéδïαδ₃a∆ãéEa∆çEü∆ζéεζü∆a₂Eöüεζα₃αδβöα₃éζδySE2021QEZWQEXZ[RX[X 0

792 iE∆αωé₂Eçüεβ₂aãé₃é∆ζEβδéçüãζüα∆E₃éζöαçEκεü∆ñEñaζéçEδéãκδδé∆ζEκ∆üζE₃αçé₂EwüζöEζü₃éEεéδüéεEa∆a₂yεüεE
ü∆EζöéEmδçaαöéE₂a∆çε₂üçéSE2021QEVUZQE]_XR_VX 74
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791 kαδα∆aδyEãα₃βκζéçEζα₃αñδaβöyEa∆ñüαñδaβöyEωéδεκεEü∆ωaεüωéEãαδα∆aδyEa∆ñüαñδaβöybE₃éçüãa₂EεζaïïE
βéδãéβζüα∆εEa∆çEçüañ∆αεζüãEü∆ζéδéεζEü∆EoazaRxa₂éεζü∆éSE2021QEVaUQEZ[]RZ]Z 1

790 iãζü∆E∆éζwαδkεEδéñκ₂aζéEζöéEãé₂₂E₃é₃áδa∆éEβéδ₃éaáü₂üζyEçκδü∆ñEé₂éãζδαβαδaζüα∆SE2021QEV_[XQEV_XY[_ 13

789 tαãa₂üzaζüα∆EαïEβδαεζañ₂a∆çü∆EmWEεy∆ζöaεéεEa∆çEmRβδαεζa∆αüçEδéãéβζαδεEü∆EζöéEεβü∆a₂EãαδçEü∆EaEδaζE
₃αçé₂EαïE∆éκδαβaζöüãEβaü∆SE2021QEV]ZUQEVY]VZX 1

788 jü₃éζa₂₂üãEãöa₂ãαñé∆üçéE∆a∆αãδyεζa₂₂üζéεEaεEéïïüãüé∆ζEé₂éãζδαãaζa₂yεζEïαδEαωéδa₂₂EwaζéδEεβ₂üζζü∆ñSE2021
QE_ZWQEVZ[]X[ 8

787 –éδαRωa₂é∆ζEβa₂₂açüκ₃Eçüεεα₂κζüα∆Eκεü∆ñEvak₂Tkκk₂Eεα₂κζüα∆εSE2021QEYUYQEVWYV_Y 2

786 s∆αwü∆ñEwöaζEyακE∆ééçEζαEk∆αwEü∆Eaçωa∆ãébE}öéE∆éκδa₂EβδαãéεεéεEκ∆çéδβü∆∆ü∆ñEï₂éxüá₂éEεé₃a∆ζüãE
δéζδüéωa₂EαïEζöé₃aζüãEa∆çEζaxα∆α₃üãEδé₂aζüα∆εSE2021QEWWYQEVV]YUZ 8

785 kαδζüãαRεβü∆a₂Eü₃añü∆ñEζαEεζκçyEβaü∆SE2021QEWWYQEVV]YXa 8

784 uaδü∆éE₃üãδααδña∆üε₃εEaεEa∆Eκ∆ζaββéçEεακδãéEαïEáüαaãζüωéEãα₃βακ∆çεSE2021QEW_QEWWYRWXV 25

783 {yεζé₃aζüãEüçé∆ζüïüãaζüα∆EαïEεaïéEöaδáαδEδéñüα∆εEü∆EζöéEkpwEñé∆α₃éEζöδακñöEaEãα₃βδéöé∆εüωéE
éβüñé∆α₃éEa∆a₂yεüεSE2021QEVV_QE[ZaR[]Z 5

782 i₂ka₂αüçεEçéδüωéçEïδα₃EζöéEñé∆κεElaβö∆üβöy₂₂κ₃SE2021QEXUQEVRVY 2

781 iEεyεζé₃aζüãEéωa₂κaζüα∆EαïEáüα₃éζöa∆éEβδαçκãζüα∆Eïδα₃Eεκñaδãa∆éEζδaεöEβδéζδéaζéçEáyEçüïïéδé∆ζE
₃éζöαçεSE2021QEXVaQEVWYVX] 3

780 i∆EαωéδωüéwEαïEáé∆éïüãüaδyEaεβéãζεEαïEzü∆ãEαxüçéE∆a∆αβaδζüã₂éεEα∆Eβéδïαδ₃a∆ãéEαïEãé₃é∆ζE
ãα₃βαεüζéεSE2021QEYXQE_aWR_a_ 7

779 lüεεéãζü∆ñEi₂zöéü₃éδLεEçüεéaεéEβaζöαñé∆éεüεEü∆Eöκ₃a∆EWlEa∆çEXlE₃αçé₂εSE2021QEVVUQEVUXZ[_ 10

778 xα₂yçαβa₃ü∆éE∆a∆αβaδζüã₂éεRaεεüεζéçEü₃βéçü₃éζδüãEεé∆εαδEζαwaδçεE₂aáé₂RïδééE₂κ∆ñEãa∆ãéδEãé₂₂E
çéζéãζüα∆SE2021QEVVaQEVVVZYa 7

777 uαçé₂ü∆ñEζöéEεβδéaçEαïE₃κ₂ζüβ₂éEãα∆ζañüα∆εEα∆E₃κ₂ζü₂ayéδE∆éζwαδkεSE2021QEZ[XQEVWZYVU 1

776 kaδçüaãEãα₃βκζaζüα∆a₂E₃αçé₂₂ü∆ñSE2021QE]YQE[ZR]V 1

775 {ãδéé∆ü∆ñEïαδE‘üδκεéεEa∆çEté₃κδRiεεαãüaζéçEnü₂aδaEü∆E’ü₂çRkaκñöζEuαεγκüζαéεEnδα₃EuaçañaεãaδSE
2021QEZ_QEa_XRa_a 1

774 xöy₂αñé∆α₃üãεEαïExüδa∆öaεEa∆çExaãκεEM{éδδaεa₂₃üçaéNE†∆ãαωéδεEpαwElüéζaδyEkα∆ωéδñé∆ãéEa∆çE
xaδa₂₂é₂üε₃EwáïκεãaζéE}δaçüζüα∆a₂Euαδβöα₂αñüãa₂E}axα∆α₃ySE2021QE]UQEZ][RZaW 10
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773 k₂ü∆üãa₂Ewδa₂ElüεαδçéδεEü∆Eiçκ₂ζεE{ãδéé∆ü∆ñExδαζαãα₂EMkwliR{xNEïδα₃EζöéEWUVaE‘a∆ãακωéδEqilzE
kα∆εé∆εκεE{y₃βαεüκ₃SE2021QEX_QEZRV[

772 nκ∆ãζüα∆a₂Eãöaδaãζéδüzaζüα∆Ea∆çEéxβδéεεüα∆Eβδαïü₂ü∆ñEαïEñ₂yαxa₂aεéEqqqEñé∆éεEü∆EçaζéEβa₂₃Eñδαw∆E
κ∆çéδEaáüαζüãEεζδéεεéεSE2021QEV]WQE]_UR]aY 3

771 m∆εé₃á₂éEãαçü∆ñEαïEãδαwçEεβééçEκεü∆ñEáüα₂αñüãa₂E₃αζüα∆SE2021QE_XQEVUVYRVUXZ 0

770 q₃βaãζEαïEζöéEuaδãöEiδãζüãEwεãü₂₂aζüα∆Eα∆EζöéE{ακζöEköü∆aE{éaEεκ₃₃éδE₃α∆εαα∆Eα∆εéζSE2021QEYVQEmXWXa 6

769 xαζé∆ζüa₂Eδα₂éEαïEωüδa₂E₃éζañé∆α₃üãεEaεEaEεκδωéü₂₂a∆ãéEζαα₂EïαδEζöéEéaδ₂yEçéζéãζüα∆EαïEé₃éδñü∆ñE
∆αωé₂Eβaζöαñé∆εSE2021QEWUXQE_[ZR_]W 3

768 iãζüωaζéçEãaδáα∆E₂αaçéçEwüζöEvüRkαR{E∆a∆αβaδζüã₂éEïαδEεκβéδüαδEaçεαδβζüα∆EãaβaãüζyEαïEa∆ζüáüαζüãεE
a∆çEçyéEïδα₃EwaεζéwaζéδbEsü∆éζüãεEa∆çEüεαζöéδ₃εSE2021QE[VVQEVWZ_[_ 23

767 kαδéRεöé₂₂Eãaç₃üκ₃Eεκ₂βöüçéEhEεü₂ωéδEεκ₂βöüçéE∆a∆αwüδéεEεκδïaãéEaδãöüζéãζκδébEléεüñ∆EζαwaδçεE
βöαζαé₂éãζδαãöé₃üãa₂Eεα₂aδEãé₂₂εSE2021QEZ_]QE]VZR]W[ 15

766 pαwEöα∆éyEáééεEçüβE∆éãζaδbEly∆a₃üãEεβaãü∆ñEαïEζα∆ñκéEöaüδεEïaãü₂üζaζéεEζαEãα₂₂éãζE∆éãζaδEαïEωaδüακεE
ωüεãαεüζüéεSE2021QEZVWQEVVUZX_ 1

765
†∆δaωé₂ü∆ñEεa₂ζEδéεβα∆εüωéE₃éζaáα₂üζéεEa∆çE₃éζaáα₂üãEβaζöwayεEκεü∆ñE∆α∆RζaδñéζéçE₃éζaáα₂α₃üãεE
aββδαaãöEa∆çEé₂κãüçaζüα∆EαïEεa₂ζEζα₂éδa∆ãéE₃éãöa∆üε₃εEü∆EζöéExéδαRöa₂αβöyζéEpa₂αxy₂α∆E
εa₂üãαδ∆üãκ₃SE2021QEVZ_QEW_YRWa[

14

764 ka∆EεöüïζεEü∆E₃éζaáα₂üãEεãa₂ü∆ñEβδéçüãζEãαéωα₂κζüα∆Eáéζwéé∆EçüéζEγκa₂üζyEa∆çEáαçyEεüzégSE2021QE]ZQEVYVRVY_ 1

763 jδaü∆E₃üãδαRωaεãκ₂aζκδéEü₃añü∆ñbEi∆Eκ∆εκβéδωüεéçEçééβE₂éaδ∆ü∆ñEa₂ñαδüζö₃EïαδEεéñ₃é∆ζü∆ñE₃ακεéE
áδaü∆Eωα₂κ₃éEβδαáéçEáyEöüñöRδéεα₂κζüα∆EβöaεéRãα∆ζδaεζE“RδayEζα₃αñδaβöySE2021QEXVQEVWVVRVWWU 0

762 m₃éδñü∆ñEãé₂₂κ₂aδEa∆çE₃α₂éãκ₂aδEçéζéδ₃ü∆a∆ζεEαïEüçüαβaζöüãEβκ₂₃α∆aδyEïüáδαεüεSE2021QE]_QEWUXVRWUZ] 40

761 uwnεRjaεéçEvüζδüãEwxüçéE}öéδaβyEïαδE}é∆çα∆Ezéñé∆éδaζüα∆SE2020QEVXQEWX 8

760 {éδκ₃Eβöαεβöα₂üβüçα₃üãεEδéωéa₂εEa₂ζéδéçE₂üβüçEβδαïü₂éEa∆çEβδα₃üεü∆ñEáüα₃aδkéδεEü∆E₃κ₂ζüβ₂éE
εã₂éδαεüεSE2021QE[a]QEVU_[]W 9

759 taκδüãEaãüçEa₃é₂üαδaζéεE₂üβαβα₂yεaããöaδüçéEMtx{NRü∆çκãéçE₂üωéδEü∆ï₂a₃₃aζüα∆EáyE₃éçüaζü∆ñE
}tzYTuyl__EβaζöwayEü∆E{βδañκéElaw₂éyEM{lNEδaζεSE2021QEW[ZQEVV_]ZU 6

758 sδˆ…ββé₂R₂ükéEïaãζαδE[Eβδα₃αζéεEαçα∆ζαá₂aεζüãEçüïïéδé∆ζüaζüα∆EζöδακñöEδéñκ₂aζü∆ñEζöéEéxβδéεεüα∆EαïE
çé∆ζü∆éEεüa₂αβöαεβöαβδαζéü∆Ea∆çEçé∆ζü∆éE₃aζδüxEβδαζéü∆EVEñé∆éεSE2021QEZYQEZ]WRZ_Y 2

757 tüζζ₂éEβaδa₂₂é₂üε₃Eü∆Eñé∆α₃üãEεüñ∆aζκδéεEαïE₂αãa₂Eaçaβζaζüα∆Eü∆EζwαEεy₃βaζδüãQEãδyβζüãEεüεζéδEεβéãüéεSE
2021QEXYQEaX]RaZW 1

756 iEδα₂éEïαδEãa₂ãüκ₃Rçéβé∆çé∆ζEβδαζéü∆Ekü∆aεéεEü∆Eçüïïéδé∆ζüa₂EkwEREa∆çEijiRãα∆ζδα₂₂éçEεζα₃aζa₂E
ã₂αεü∆ñEa∆çE₂αwEkwERü∆çκãéçEεζα₃aζa₂Eαβé∆ü∆ñEü∆EiδaáüçαβεüεSE2021QEWWaQEW][ZRW]]a 7
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755 kzq{xzRáaεéçEé∆δüãö₃é∆ζEεζδaζéñüéεEïαδEζaδñéζéçEεéγκé∆ãü∆ñSE2021QEY[QEVU][]W 5

754 mxζδκεüα∆Eáüαβδü∆ζü∆ñbEzéãé∆ζEβδαñδéεεQEãöa₂₂é∆ñéεQEa∆çEïκζκδéEαββαδζκ∆üζüéεSE2021QEWVQEéUUVV[ 15

753 va∆αãα₃βαεüζéEβαwçéδεEαïEöyçδαxyaβaζüζéRñδaβöé∆éEαxüçéEïαδEáüα₂αñüãa₂Eaββ₂üãaζüα∆εSE2021QEY]QE][ZXR][[Z 6

752 mεζü₃aζü∆ñEãöaδñéRζδa∆εβαδζEβδαβéδζüéεEαïEïκé₂Rãé₂₂Ea∆çEé₂éãζδα₂yzéδEãaζa₂yεζE₂ayéδεEωüaE
é₂éãζδαãöé₃üãa₂Eü₃βéça∆ãéEεβéãζδαεãαβySE2021QEX[]QEVX]ZWV 9

751 }öéEéïïéãζEαïEaãζüωaζéçEãaδáα∆EaççüζüωéεEα∆E₂éaçEεκ₂βöüçéEζöü∆Eïü₂₃EïαδEεα₂aδEãé₂₂Eaββ₂üãaζüα∆εSE2021QE
_[YQEVZ_VV] 1

750 zéωüéwEαïEaγκaζüãEζαxüãüζyEαïEβöaδ₃aãéκζüãa₂εEa∆çEβéδεα∆a₂EãaδéEβδαçκãζεEζαEa₂ñaéSE2021QEYVUQEVWY[Va 18

749 uaεεEεβéãζδα₃éζδüãEεζκçüéεEα∆EζöéEβéβζüçéEü∆ζéñδüζyEαïEεκáεζa∆ãéExEa∆çEδé₂aζéçEöκ₃a∆Eζaãöykü∆ü∆εE
ü∆Eöκ₃a∆Eáüαï₂κüçεSE2021QEVX[QEV]UYZ_

748 i₃é₂üαδaζüωéEδα₂éEαïEjaãü₂₂κεEεκáζü₂üεEnjtRVUEa∆çEεü₂üãα∆Eañaü∆εζE₂éaçEü∆çκãéçEεζδéεεEü∆E{α₂a∆κ₃E
₃é₂α∆ñé∆aSE2021QEVZ_QEY_[RYa[ 12

747
}é₃βαδa₂₂yElüεζü∆ãζEzα₂éεEïαδEζöéE–ü∆ãEnü∆ñéδE}δa∆εãδüβζüα∆EnaãζαδE{β_Eü∆EζöéEoé∆éδaζüα∆Ea∆çE
uüñδaζüα∆EαïElαδεa₂Etaζéδa₂Eoa∆ñ₂üα∆üãEm₃ü∆é∆ãéEMçtomNRléδüωéçEvéκδα∆a₂E{κáζyβéεEü∆EζöéEuακεéSE
2021QEXVQEV]YYRV][W

1

746 lüεãδü₃ü∆aζü∆ñE₂ü∆éañéεEαïEjaζδaãöαãöyζδüκ₃Eçé∆çδαáaζüçüεEκεü∆ñEγκa∆ζüζaζüωéExkzSE2021QEWVQEVYZWRVYZa 1

745 kα₃βaδaζüωéEéïïéãζεEαïEaεãαáü∆Ea∆çEñ₂κζaζöüα∆éEα∆EãαββéδEöα₃éαεζaεüεEa∆çEαxüçaζüωéEεζδéεεE
₃éζaáα₂üε₃Eü∆E₃üζüñaζüα∆EαïEãαββéδEζαxüãüζyEü∆EδüãéSE2021QEWXE{κββ₂EVQEV[WRV[a 5

744 }öéE}öéδaβéκζüãExαζé∆ζüa₂EαïEzéñκ₂aζαδyE}Eké₂₂εbEköa₂₂é∆ñéεEa∆çEwββαδζκ∆üζüéεSE2020QEVVQEZ_Z_Va 5

743 kxi{bEζöéE†sLεE∆aζüα∆a₂E₃aãöü∆éE₂éaδ∆ü∆ñRáaεéçEöαεβüζa₂EãaβaãüζyEβ₂a∆∆ü∆ñEεyεζé₃EïαδEkw‘qlRVaSE
2020QEVVUQEVRWV 10

742 jüαεy∆ζöéζüãQEáüα₃ü₃éζüãQEa∆çEεé₂ïRaεεé₃á₂éçEωaεãκ₂aδüzéçEwδña∆Rα∆RaRköüβEεyεζé₃εSE2021QEW[_QEVWUZZ[ 9

741 }öéEζδa∆εãδüβζα₃üãEδéεβα∆εéEαïEaçκ₂ζEεa₂₃α∆E₂üãéEMtéβéαβöζöéüδκεEεa₂₃α∆üεNEζαEδéçκãéçEεa₂ü∆üζySE
2021QEX]QEVUU]]_ 2

740 vκ₃éδüãa₂Ea∆a₂yεüεEαïEζöéEβκ₂εaζü∆ñEöéaζEεακδãéEéïïéãζεEü∆EaEζκ₃αδEζüεεκéSE2021QEWUUQEVUZ__] 7

739 uα∆üζαδü∆ñEζöéEγκa₂üζyEαïEöα∆éybE{ακζöEiïδüãa∆EãaεéEεζκçySE2021QEXYXQEVW_ZW] 5

738 m₂aεζüãEnακ∆çaζüα∆Eq∆çκãéçE’üçéEja∆çñaβεEïαδEiãζüωé₂yRζκ∆éçE}αβα₂αñüãa₂₂yExδαζéãζéçE’aωéE
xδαβañaζüα∆Eü∆Exöα∆α∆üãEkδyεζa₂Ejéa₃εSE2021QEVaYQEVU[WVZ 15
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737 ké₂₂Eaññδéñaζüα∆Eα∆E∆a∆αδακñöEεκδïaãéεSE2021QEVVZQEVVUVXY 3

736 va∆αεãa₂éEαβζüãa₂Eωα₂ζañéEεé∆εü∆ñEü∆Eáüα₂αñüãa₂Eεyεζé₃εSE2021QEWXUQEVV]]Va 3

735 mωüçé∆ãéEαïEδéãé∆ζEï₂ααçEçéβαεüζεEwüζöü∆EaEçüεζa₂Eεöé₂ïEçéβαãé∆ζéδEa∆çEü₃β₂üãaζüα∆εEïαδEζéδδéεζδüa₂E
ãaδáα∆Eβδéεéδωaζüα∆Eü∆E∆α∆Rçé₂ζaüãEεöé₂ïEεéζζü∆ñεSE2021QEYXVQEVU[X][ 1

734 }öδééRçü₃é∆εüα∆a₂Eãöδα₃aζü∆Eαδña∆üzaζüα∆Eü∆EãaδçüaãEçéωé₂αβ₃é∆ζEa∆çEçüεéaεéSE2021QEVZVQE_aRVUZ 4

733 †∆üγκéEñé∆α₃üãEζδaüζεEïαδEãα₂çEaçaβζaζüα∆Eü∆Evaña∆üεöüaEωüεö∆üaãüüQEaEβα₂yéxζδé₃αβöü₂éEyéaεζE
üεα₂aζéçEïδα₃Ei∆ζaδãζüãaSE2021QEWVQE 3

732 n₂κãζκaζüα∆εEü∆Eβé₂añüãEïüεöEçé∆εüζyE₂ü∆kéçEζαEa₃áüé∆ζEãα∆çüζüα∆εSE2021QEa_QE]Z[R][]

731 }öéEm∆ζ∆éδRlακçαδαïïExaζöwayEqεEa∆Emεεé∆ζüa₂Euéζaáα₂üãEzακζéEïαδEuéζöy₂αζκωü₃üãδαáüκ₃E
áκδyaζé∆εéEZojVkSE2021QE_]QE 3

730 iEεü∆ñ₂éEïéçEwüçéáa∆çE₃αçéRδéãα∆ïüñκδaá₂éEwiuE₃éζaεκδïaãéEkxEa∆ζé∆∆aEaδδayEwüζöEεü₃β₂éE
ïééçü∆ñEεãöé₃éSE2021QEXVQEéWWYaa 4

729 kα₃βaδüεα∆EαïEü∆EωüωαEa∆çEü∆EεüζκEçéζéãζüα∆EαïEöüββαãa₃βa₂E₃éζaáα₂üζéεEü∆E₃ακεéEáδaü∆Eκεü∆ñE
pRuz{SE2021QEXYQEéYYZV 3

728 {κδïaãéEβδéβaδaζüα∆EïαδEVUJEéïïüãüé∆ζEk–}{éEεα₂aδEãé₂₂εSE2021QEWaQEV__RVaa 3

727 q∆ζéδïéδα∆Rü∆çκãéδEa∆ζüωüδa₂εbExαζé∆ζüa₂Eãa∆çüçaζéεEζαEãα₃áaζEkw‘qlRVaSE2021QEaVQEVU]WYZ 17

726 xaδé∆ζa₂EzviEü∆ζéδïéδé∆ãéEaεEaEζαα₂EζαEεζκçyEñé∆éεEü∆ωα₂ωéçEü∆Eδαεζδκ₃Eçéωé₂αβ₃é∆ζEü∆EζöéE
véαζδαβüãa₂Eáδαw∆Eεζü∆kEáκñQEmκεãöüεζκεEöéδαεSE2021QEVW_QEVUYV[V 3

725 uü∆çEζöéEñaβbEiE₃éãöa∆αáüα₂αñüãa₂EöyβαζöéεüεEïαδEζöéEδα₂éEαïEñaβEjκ∆ãζüα∆εEü∆EζöéE₃éãöa∆üãa₂E
βδαβéδζüéεEαïEü∆jκδéçEáδaü∆EζüεεκéSE2021QEVVZQEVUYWYU 0

724 xü∆∆aE∆αáü₂üεEü∆Eεκáαβζü₃a₂Eé∆ωüδα∆₃é∆ζεEaδéE₃αδéEζα₂éδa∆ζEζαEçüεéaεéEáκζE₃αδéEωκ₂∆éδaá₂éEζαE
εéωéδéEwéaζöéδEβöé∆α₃é∆aSE2021QEV[XQEVUZWWU 10

723 xaζöαβöyεüα₂αñüãa₂Eü₃β₂üãaζüα∆εEαïE∆éκδαü∆ï₂a₃₃aζüα∆E₃éçüaζéçEpxiEaxüεEçyεδéñκ₂aζüα∆Eü∆EζöéE
βδαñ∆αεüεEαïEãa∆ãéδEa∆çEçéβδéεεüα∆SE2021QEZWUQEVVVUaX 12

722 va∆α₃aζéδüa₂εEïαδExaδkü∆εα∆EçüεéaεébEzéãé∆ζEβδαñδéεεSE2021QEVWXVQEVWa[a_ 12

721 †∆ωéü₂ü∆ñEnακδüéδExζyãöαñδaβöyEωüaEnüεöéδEq∆ïαδ₃aζüα∆SE2021QEY_XQEVW[[YW 1

720 }αwaδçEãα₃β₂éζéEδaζüα∆a₂Eãα∆ζδα₂EαωéδEβδαζéü∆EεζδκãζκδéEa∆çEïκ∆ãζüα∆EζöδακñöEãα₃βκζaζüα∆a₂E
çéεüñ∆SE2021QE[[QEV]URV]] 5
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719 yκa∆ζüζaζüωéEβδαζéα₃üãEa∆a₂yεüεEαïEulksEãé₂₂Eaçöéεüα∆SE2021QEV]QEVWVRVWa 3

718 q∆ãδéaεéçEáκδ∆ü∆ñEü∆EaEwaδ₃ü∆ñEã₂ü₃aζéEδéçκãéεEãaδáα∆EκβζakéEü∆EζöéEoδéaζéδE”é₂₂αwεζα∆éE
mãαεyεζé₃EçéεβüζéEβδαçκãζüωüζyEñaü∆εSE2021QEVUaQEVVY_RVV[a 2

717 uαçé₂EaçéγκaãyEζéεζεEïαδEβδαáaáü₂üεζüãE₃αçé₂εEαïEãöδα₃αεα₃éR∆κ₃áéδEéωα₂κζüα∆SE2021QEWWaQEX[UWRX[VX 4

716 pαwElαéεEnéaδïκ₂Em₃αζüα∆EiïïéãζE‘üεκa₂Eiζζé∆ζüα∆gSE2020QEVVQEZ_YYVW 1

715 naáδüãaζüα∆EαïEzéα₂üζüãEü₃üçazα₂aζéEïδa₃éwαδkεEáaεéçE₃üxéçE₃aζδüxE₃é₃áδa∆éεEa∆çE₃aεεEζδa∆εïéδE
βδαβéδζüéεEαïEkYp[Ea∆çEvWEü∆E₃é₃áδa∆éEεéβaδaζüα∆SE2021QE[]QEéV]VVY 1

714 q₃βaãζEαïE}añκãöüEçéεüñ∆EζαEβδéβaδéEwαα₂Eãα₃βαεüζéEεyεζé₃EáaεéçEα∆Ek{TxmoT{üwWvxεEζαEβδα₃αζéE
wαα₂Eçyéaáü₂üζyEαïEaãüçEçyéü∆ñSE2021QEWaQEVUaaRVVVV

713 k₂κεζéδü∆ñRáaεéçEa∆α₃a₂yEçéζéãζüα∆Eü∆E₃κ₂ζüωaδüaζéEζü₃éEεéδüéεEçaζaSE2021QEVUUQEVU[aVa 21

712 iïïü∆üζyRζδüññéδéçEöyçδαñé₂εbEléωé₂αβ₃é∆ζεEa∆çEβδαεβéãζεEü∆Eáüα₃aζéδüa₂εEεãüé∆ãéSE2021QEW[_QEVWUZ[X 1

711 q∆öüáüζüα∆EαïE₃aãδαβöañéE₃üñδaζüα∆Eü∆EzéáδaïüεöE₂aδωaéEçé₃α∆εζδaζéεEü∆EωüωαEéïïüãaãyEαïEöκ₃a∆E
kkzWEü∆öüáüζαδεSE2021QEVV[QEVUXaXW 1

710
zéãé∆ζEaçωa∆ãéεEïαδEaεεéεε₃é∆ζEαïEζöéEãα∆çé∆εéçEβöaεéEöéaζEαïEïαδ₃aζüα∆EαïEöüñöRé∆éδñyEãα∆ζé∆ζE
αδña∆üãEãα₃βακ∆çεEa∆çEüα∆üãE₂üγκüçεEMαδEεa₂ζεNEζαEü∆ζδαçκãéEaE∆éwEãα₃βκζéδEãαçéEïαδEçéεüñ∆EαïE
çéεüδaá₂éEãα₃βακ∆çεSE2021QEZXXQEVVWaVX

1

709 uκ₂ζüβaδa₃éζδüãEmmoEa∆a₂yεüεEαïEáδaü∆E∆éζwαδkEçy∆a₃üãεEçκδü∆ñE∆éα∆aζa₂EεéüzκδéεSE2021QEXY_QEVUaUUX 8

708 pκ₃a∆Eaζζaãö₃é∆ζεEεöaβéEü∆ζéδáδaü∆Eεy∆ãöδα∆yEζαwaδçEéïïüãüé∆ζEβéδïαδ₃a∆ãéEαïEεαãüa₂Eñαa₂εSE2021QE
WW[QEVV][UU 16

707 }öéEβδéïδα∆ζa₂EãαδζéxEaεEaEζaδñéζEïαδEaζyβüãa₂Ea∆ζüβεyãöαζüãεEü∆Eεãöüzαβöδé∆üaQE₂éεεα∆εEαïE
∆éκδαçéωé₂αβ₃é∆ζa₂Ea∆ü₃a₂E₃αçé₂εSE2021QEVaaQEVUVa[] 8

706 lüañ∆αεζüãEaββδαaãöéεEïαδEζöéEδaβüçEçéζéãζüα∆EαïE–ükaEωüδκεâ��iEδéωüéwSE2021QEVUVQEVZ[RV[_ 9

705 kw‘qlRVaE₂αãkçαw∆Eü₃βaãζEα∆Eãαñ∆üζüα∆εEa∆çEé₃αζüα∆εEéxβéδüé∆ãéçEçκδü∆ñEεéxκa₂Eü∆ζéδãακδεéSE
2021QEXUQEéaRéWV 5

704
uü₂ç₂yEaãüçüãEβpEa∆çEδαα₃Eζé₃βéδaζκδéEζδüññéδéçEβéδαxüçaεéR₃ü₃üãεEαïEδowâ��kκXMwpNWMuαwYNWE
ãκáαüça₂E∆a∆αεζδκãζκδéεbEa∆EéïïéãζüωéEãα₂αδü₃éζδüãEçéζéãζüα∆EαïE∆éκδαζδa∆ε₃üζζéδEçαβa₃ü∆éEü∆E
á₂ααçEεéδκ₃Ea∆çEκδü∆éEεa₃β₂éεSE2021QEWXQEZaaR[V[

8

703 lδyü∆ñE₃éζöαçεEa∆çEεζδκãζκδéRaãζüωüζyEδé₂aζüα∆εöüβεEαïEöyçδαxyãü∆∆a₃üãEaãüçEçéδüωaζüωéεEü∆Euaxü₃SE
téaωéεSE2021QEVWQEV[ZVRV[[V 1

702 iEβδα₃üεü∆ñEζéãö∆α₂αñyEïαδEwακ∆çEöéa₂ü∆ñcEa∆çEéωa₂κaζüα∆EαïEãöüζαεa∆E∆a∆αRáüαãα₃βαεüζéEïü₂₃εE
ãα∆ζaü∆ü∆ñEñé∆ζa₃üãü∆SE2021QEX_QEVUURVU] 4
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701 uéεαãδyεζa₂Eaññδéñaζüα∆EαïEáüα₂αñüãa₂EaβaζüζéE∆a∆αãδyεζa₂εSE2021QEYQEéVUVZZ 0

700 ’öüεβéδü∆ñRña₂₂éδyE₃αçéEδéεα∆a∆ãéRaεεüεζéçEβ₂aε₃α∆üãEεé∆εü∆ñEa∆çEεwüζãöü∆ñEü∆Eεκáwaωé₂é∆ñζöE
∆a∆αεζδκãζκδéεSE2021QEZ[QEY]V[RY]W[ 1

699 }αwaδçEaεy∆ãöδα∆ακεEmmoRáaεéçEjkqbEléζéãζü∆ñEü₃añü∆éçEwαδçεEεéñ₃é∆ζεEü∆Eãα∆ζü∆κακεEmmoE
εüñ∆a₂εSE2021QE[ZQEVUWXZV 3

698 {ζκçüéεEζαwaδçEζöéEãα₃βδéöé∆εüα∆EαïEïκ∆ña₂R₃aãδαa₂ñaéEü∆ζéδaãζüα∆Eü∆Eãα₂çE₃aδü∆éEδéñüα∆εEïδα₃EaE
áüαζéãö∆α₂αñüãa₂EβéδεβéãζüωéSE2021QEVWZQEWV_RWXU 6

697 }öéEδα₂éEαïEζöéEãöδα₃αεα₃a₂Eδéaδδa∆ñé₃é∆ζεEü∆EζöéEéωα₂κζüα∆Ea∆çEεβéãüaζüα∆EαïEm₂αβüïαδ₃éεEïüεöéεE
M}é₂éαεζéücEm₂αβα₃αδβöaNSE2021QEWaUQEYURY_ 1

696 iEεζaζéRαïRζöéRaδζEδéωüéwEα∆EζöéEaββ₂üãaζüα∆EαïE∆aζκδa₂Eεκδïaãζa∆ζεEü∆Eé∆öa∆ãéçEαü₂EδéãαωéδySE2021QE
XWVQEVVY___ 21

695 uéãöa∆αεé∆εaζüα∆Eü∆Eζδaκ₃aζüãEáδaü∆Eü∆jκδySE2021QEVY_QEVUZWVU 13

694 lκεζE₃üζüñaζüα∆EáyEδα₂₂ü∆ñEwaζéδEçδαβ₂éζεEïδα₃EöyçδαβöαáüãEεκδïaãéεSE2021QEWWQEVUU_WZ 3

693 tüβαβδαζéü∆EtüβaεéEa∆çEqζεEzéñκ₂aζαδεbEi∆E†∆ïα₂çü∆ñE{ζαδySE2021QEXWQEY_R[V 21

692 }öéEña₂₂αy₂E₃αüéζyEé∆öa∆ãéεEζöéEü∆öüáüζαδyEaãζüωüζyEαïEãaζéãöü∆εEa∆çEζöéaï₂aωü∆εEañaü∆εζE
˛–Rñ₂κãαεüçaεéEáyEü∆ãδéaεü∆ñEζöéEβα₂yβöé∆α₂Ré∆zy₃éEáü∆çü∆ñEü∆ζéδaãζüα∆εSE2021QEVWQEWVZRWWa 11

691 jé∆éïüãüa₂EáaãζéδüaEaεεαãüaζéçEwüζöEuü₃αεaEβκçüãaEa∆çEβαζé∆ζüa₂EζαEεκεζaü∆Eβ₂a∆ζEñδαwζöRβδα₃αζü∆ñE
ζδaüζεEκ∆çéδEöéaωyE₃éζa₂εEεζδéεεSE2021QEWZQEVRWV 4

690 {iz{Rkα‘RWEωaδüa∆ζεEéωα₂ωéçEçκδü∆ñEζöéEéaδ₂yEεζañéEαïEζöéEβa∆çé₃üãEa∆çEéïïéãζεEαïE₃κζaζüα∆εEα∆E
açaβζaζüα∆Eü∆E’κöa∆Eβαβκ₂aζüα∆εSE2021QEV]QEa]RVU[ 22

689 xαü∆ζRαïRkaδéExaζöαñé∆Eléζéãζüα∆EwüζöEkzq{xzRáaεéçExδαñδa₃₃aá₂éEvκã₂éüãEiãüçEjü∆çü∆ñExδαζéü∆εSE
2021QEV[QEVZ[[RVZ]Z 2

688 {βaζüa₂Rζé₃βαδa₂Eçüεζδüáκζüα∆EαïEã₂ü₃aζéEεκüζaáü₂üζyEαïEwü∆ζéδEwöéaζEü∆EvαδζöEköü∆aEx₂aü∆EïαδEãκδδé∆ζE
a∆çEïκζκδéEã₂ü₃aζéEεãé∆aδüαεSE2021QEVYXQEaVZRaXU 0

687 {ü₂ωéδE∆a∆αwüδéR∆éζwαδkRïü₂₃RãαaζéçEεαïζEεκáεζδaζéεEwüζöEwδü∆k₂éçEεκδïaãéεEïαδEκεéEaεEεζδéζãöaá₂éE
εκδïaãéEé∆öa∆ãéçEza₃a∆Eεãaζζéδü∆ñEεé∆εαδεSE2021QE_ZaQEVZ]_[W 8

686 †∆üωéδεa₂Eεé∆εü∆ñEαïEa₃₃α∆üaEñaεEáyEïa₃ü₂yEαïE₂éaçEöa₂üçéEβéδαωεküζéεEáaεéçEα∆EβaβéδEεé∆εαδεbE
mxβéδü₃é∆ζEa∆çE₃α₂éãκ₂aδEçy∆a₃üãεSE2021QEVX[QEVVVVYW 10

685 †εéEαïEá₂aãkEεα₂çüéδEï₂yEa∆çEöακεéEï₂yEü∆EïééçEζαEβδα₃αζéEεκεζaü∆aá₂éEβακ₂ζδyEβδαçκãζüα∆SE2021QE]QE][VR]_U 24

684 kδαβEjδééçü∆ñSE2021QE 0
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683 ué₂aζα∆ü∆E₂éωé₂εEa∆çE₃üãδαzviEM₃üzviNEδé₂aζüωéEéxβδéεεüα∆Eβδαïü₂éEü∆EζöéEïα₂₂üãκ₂aδEa₃áüé∆ζE
₃üãδαé∆ωüδα∆₃é∆ζEü∆Eβaζüé∆ζεEκ∆çéδñαü∆ñEü∆EωüζδαEïéδζü₂üzaζüα∆EβδαãéεεSE2021QEX_QEYYXRYZa 5

682 uéζöαçεE₃aζζéδbEi∆Eéxa₃ü∆aζüα∆EαïEïaãζαδεEζöaζE₃αçéδaζéEβδéçüãζüα∆εEαïEζöéEãaβaáü₂üζyE₃αçé₂E
ãα∆ãéδ∆ü∆ñEζöéEδé₂aζüα∆εöüβEαïEïδα∆ζa₂Eaεy₃₃éζδyEζαEζδaüζE₃éaεκδéεSE2021QEVZ_QEVU]aaX 5

681 i₂₂é₂üãEçüωéδεüζyEa∆çEïαδé∆εüãEéεζü₃aζüα∆εEαïEζöéEjéüjü∆ñEpa∆εbEkα₃βaδaζüωéEçaζaEα∆Eεéγκé∆ãéRáaεéçE
a∆çE₂é∆ñζöRáaεéçE{}zεSE2021QEZVQEVUWYWY 4

680 uαδβöα₂αñüãa₂₂yEé∆ñü∆ééδéçE₃éζa₂EαxüçéεEïαδEζöéEé∆öa∆ãéçEδé₃αωa₂EαïE₃κ₂ζüβ₂éEβα₂₂κζa∆ζεEïδα₃E
waζéδEwüζöEçéñδaçaζüα∆E₃éãöa∆üε₃SE2021QEaQEVUY_ZW 6

679 w∆EζöéEεζaáü₂üζyEαïEδαζaζü∆ñEβüβéεEãα∆ωéyü∆ñEï₂κüçEü∆Ea∆∆κ₂aδE₂üγκüçE₃éçüκ₃SE2021QEYaYQEVVZ_aV 7

678 oéα₃éζa₂₂κδñyEαïEãαáa₂ζEαδéεbEiEδéωüéwSE2021QEV[UQEVU[[Z[ 31

677 {ζδκãζκδéRïκ∆ãζüα∆Eãακβ₂ü∆ñEü∆EζöéEöκ₃a∆Eãα∆∆éãζα₃ébEiE₃aãöü∆éE₂éaδ∆ü∆ñEaββδαaãöSE2021QEWW[QEVV][Ua 18

676 zéεéaδãöEβδαñδéεεEαïE∆a∆αβ₂aεζüãεEü∆EïδéεöwaζéδSE2021QE]Z]QEVYX]aV 15

675 i∆ü₃a₂REïδééEεkü∆Eβéδ₃éaζüα∆Ea∆a₂yεüεEκεü∆ñE₃aεεEεβéãζδα₃éζδyEü₃añü∆ñSE2021QE]VQEVUZU[W 0

674 †‘Rzéεα∆a∆ζEi₂Eva∆αãδyεζa₂εbE{y∆ζöéεüεQE{ü₂üãaEkαaζü∆ñQEa∆çEjδαaçáa∆çExöαζαζöéδ₃a₂Ezéεβα∆εéSE
2021QEWVQEZX[RZYW 10

673 }öéEöα₂éEζδa∆εβαδζü∆ñEáéöaωüακδEαïEkκWiñq∆{YEa∆çEkκWiñq∆{éYEïαδEaEãaδáα∆Eé₂éãζδαçéRáaεéçE
βéδαωεküζéEεα₂aδEãé₂₂SE2021QEYZQEYWXRYXU 5

672 jaãζéδüαβöañéεEïαδEm{sixmbEδα₂éEü∆Eβaζöαñé∆üãüζyEa∆çE₃éaεκδéεEαïEãα∆ζδα₂SE2021QEVaQE_YZR_[Z 5

671
mωa₂κaζü∆ñEζöéEa∆ζüãa∆ãéδEβδαβéδζüéεEa∆çEδéa₂Rζü₃éEé₂éãζδαãöé₃üãa₂Eéxζδaãé₂₂κ₂aδEáüαRεβéãüaζüα∆EαïE
áüεEMVQVURβöé∆a∆ζöδα₂ü∆éNEεü₂ωéδEMqNEaãéζaζéE₃α∆αöyçδaζéEü∆EζöéEβδéεé∆ãéEαïEiZYaE₂κ∆ñEãa∆ãéδEãé₂₂εSE
2021QEV]ZQEVVW_][

3

670 {κδïaãéEωé₂αãüζyEïüé₂çεEαïEaãζüωéEδαãkEñ₂aãüéδεEa∆çEüãéRçéáδüεEãα₃β₂éxéεEü∆EζöéEké∆ζδa₂Ei∆çéεEαïE
iδñé∆ζü∆aSE2021QEY[QEZUYRZWW 5

669 }öéEδα₂éEαïEãaωéα₂ü∆RVEü∆EζöéEáüαïaζéEa∆çEéïïüãaãyEαïEa∆ζüRζκ₃αδEçδκñεEa∆çEζöéüδE∆a∆αRçδκñEçé₂üωéδyE
εyεζé₃εSE2021QEVVQEa[VRa]] 7

668 {y∆ζöéεüεQEçéεüñ∆QEa∆çEaεεéεε₃é∆ζEαïE∆αωé₂E₃αδβöα₂ü∆éRçéδüωéçEua∆∆üãöEáaεéεEaεE₃κ₂ζüïκ∆ãζüα∆a₂E
añé∆ζεEïαδEζöéEβαζé∆ζüa₂Eé∆zy₃éEü∆öüáüζαδyEβδαβéδζüéεEü∆ã₂κçü∆ñEçαãkü∆ñEεζκçySE2021QEVU]QEVUYZWY 5

667 zéaãζüωéEïκ∆ña₂Ewéaδaá₂éSE2021QEVaaQEVUYXUY 15

666 kα₃βκζaζüα∆a₂EεζκçyEαïEé₂aεζüãQEεζδκãζκδa₂Eεζaáü₂üζyEa∆çEçy∆a₃üãεEβδαβéδζüéεEαïEβé∆ζaRñδaβöé∆éE
₃é₃áδa∆éSE2021QEZYWQEVVVUZW 9
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665 }öéEü₃βaãζEαïEãöü₃éδüε₃Eα∆ElviRáaεéçEöκ₃a∆Eüçé∆ζüïüãaζüα∆Eïδα₃Eεkü∆EεκδïaãéEãé₂₂εEαïE
βαεζRa₂₂αñé∆üãEöé₃aζαβαüéζüãEεζé₃Eãé₂₂Eζδa∆εβ₂a∆ζaζüα∆EMpk{}NEβaζüé∆ζεSE2021QEXV_QEVVU[X[

664 –∆wRi₂WwXR{üwWEñ₂aεεEãéδa₃üãεbEq∆ï₂κé∆ãéEαïEãα₃βαεüζüα∆Eα∆Eãδyεζa₂EβöaεéεQEãδyεζa₂₂üζéEεüzéEa∆çE
aββéaδa∆ãéSE2021QEZZXQEVWUY_V 5

663 }aδñéζü∆ñEkα∆εéδωaζüα∆Eiãζüα∆εEaζE{βéãüéεE}öδéaζEzéεβα∆εéE}öδéεöα₂çεSE2021QEX[QEWV[RWW[ 1

662
q∆EεüζκEa∆αçüãEçüεεα₂κζüα∆â��ãaζöαçüãEçéβαεüζüα∆EδακζéEïαδEβδéβaδaζüα∆EαïEζöéE
xζâ��{ü’VVkαT{ü’VVkαâ��kvxTokEé₂éãζδαçébEaββ₂üãaζüα∆EaεEa∆Eéïïüãüé∆ζEé₂éãζδαçéEïαδEζöéEöyçδαñé∆E
éωα₂κζüα∆Eδéaãζüα∆SE2021QEVVQEVUa_RVVUa

1

661 uzoxz“WEaãζüωaζüα∆Eü∆E₃aεζEãé₂₂εEáyE∆éκδα₃κεãκ₂aδEá₂αãkü∆ñEañé∆ζεEa∆çEαζöéδEañα∆üεζεbE
uαçκ₂aζüα∆EáyEεκña₃₃açéxSE2021QEZVQE[_ZR[aZ 11

660 mωüçé∆ãéEαïE∆αEöαδüzα∆ζa₂EαδEωéδζüãa₂Eζδa∆ε₃üεεüα∆EαïEζα₃aζαEεéωéδéEδκñαεéEωüδκεEáyEjé₃üεüaEζaáaãüE
umiuVSE2021QE]UQEa_]RaaX

659 wε₃αδéñκ₂aζüα∆Ea∆çEüζεEaãζüα∆εEçκδü∆ñEζöéEçδακñöζEεζδéεεEü∆Eβ₂a∆ζεSE2021QEV]WQEVXWVRVXXZ 40

658 {ζδκãζκδéEαïEζöéEjaãζéδüa₂Eké₂₂κ₂αεéEzüááα∆Ea∆çEqζεEiεεé₃á₂yRoκüçü∆ñEkyζαεké₂éζα∆EáyEm₂éãζδα∆E
kδyαζα₃αñδaβöySE2021QEWUXQE 9

657 uα₂éãκ₂aδEü∆εüñöζεEü∆ζαEεy₃áüαεüεR₃aββü∆ñEεζéδα₂εEü∆EaE₃aδü∆éEï₂aζwαδ₃Ra₂ñaéRεyεζé₃Eκεü∆ñEöüñöE
εβaζüa₂Eδéεα₂κζüα∆EuitlqRWRu{Eü₃añü∆ñEwüζöEüα∆E₃αáü₂üζyEεéβaδaζüα∆SE2021QEYVXQEW][]RW]]] 10

656 zéãé∆ζEβδαñδéεεEα∆Eζδa∆εüζüα∆E₃éζa₂EαxüçéεEa∆çEãaδáα∆RεκββαδζéçEζδa∆εüζüα∆E₃éζa₂EαxüçéεEaεE
ãaζa₂yεζεEïαδEζöéδ₃a₂Eçéãα₃βαεüζüα∆EαïEa₃₃α∆üκ₃Eβéδãö₂αδaζéSE2021QEV]QEVY]VRVY_Z 10

655 oκζE₃üãδαáüαζaE₃αçκ₂aζüα∆EáyEáαζöEtaãζαáaãü₂₂κεEïéδ₃é∆ζκ₃Eu{sEYU_Ea∆çEkéζαñé∆üãEçüéζEü∆EaE
₃κδü∆éE₃αçé₂EαïEβé∆ζy₂é∆éζéζδazα₂éRü∆çκãéçEaãκζéEεéüzκδéSE2021QEV[aQEVU[ZU[ 10

654 jüαïü₂₃Eïαδ₃aζüα∆Eα∆EãaζEã₂awεEáyE{βαδαζöδüxEεβéãüéεbEi∆EéxEωüωαE₃αçé₂SE2021QEVZUQEVUY[]U 2

653 mxζé∆çéçEδéñαδaïé∆üáEζδéaζ₃é∆ζEãa∆EáéE₂ü∆kéçEwüζöE₃üζαãöα∆çδüa₂Eça₃añéE₂éaçü∆ñEζαE
ãaδçüαζαxüãüζySE2021QEXX[QEXaRYa 8

652 xaζζéδ∆Eδéãαñ∆üζüα∆bEi∆EéïïéãζüωéEζαα₂EïαδEγκa₂üζyEaεεéεε₃é∆ζEαïEöéδáa₂E₃éçüãü∆éEáaεéçEα∆Eãöé₃üãa₂E
ü∆ïαδ₃aζüα∆SE2021QEXZQEéXXUZ 1

651 xöyεüãa₂EéxéδãüεéEεζü₃κ₂aζéεEöüββαãa₃βa₂E₃}wzkVEa∆çEnvlkZTüδüεü∆Eεüñ∆a₂ü∆ñEβaζöwayEü∆E₃üãébE
xαεεüá₂éEü₃β₂üãaζüα∆EïαδEüζεEa∆ζüçéβδéεεa∆ζEéïïéãζSE2021QEYUUQEVVXUYU 4

650 jüαεαδβζüα∆EαïEüδα∆Eüα∆εEζöδακñöE₃üãδαa₂ñaéEïδα₃EwaεζéwaζéδEa∆çEεαü₂bEwβζü₃üzaζüα∆Ea∆çE
ãα₃βaδaζüωéEεζκçySE2021QEW[ZQEVWaV]W 2

649 m∆ñü∆ééδü∆ñEaββδαaãöéεEïαδEéïïéãζüωéEζöéδaβéκζüãEaββ₂üãaζüα∆εEáaεéçEα∆Eéxζδaãé₂₂κ₂aδEωéεüã₂éεSE2021
QEXXUQEVZRXU 19

648 {γκéézü∆ñEζöδακñöEζöéE₃üãδαãüδãκ₂aζüα∆bEεκδωüωa₂Eaçaβζaζüα∆εEαïEãüδãκ₂aζü∆ñEζκ₃ακδEãé₂₂εEζαEεééçE
₃éζaεζaεüεSE2021QEVWYQEZ_R[Z 9
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647 zéωüεüζü∆ñEñé∆éEçé₂üωéδyEζαEζöéEáδaü∆bEεü₂é∆ãü∆ñEa∆çEéçüζü∆ñSE2021QEaQEVU[ZRVU_] 5

646 lüéζaδyEζδüáκζyδü∆E₃αçüïüéεEü∆ζéεζü∆a₂Eïκ∆ãζüα∆EáyEa₂ζéδü∆ñE₃αδβöα₂αñyQEñé∆éEéxβδéεεüα∆Ea∆çE
₃üãδαáüαζaEβδαïü₂éEü∆Eãα₃₃α∆EãaδβEMkyβδü∆κεEãaδβüαNEïéçEa₂₂Rβ₂a∆ζEçüéζεSE2021QEW]QEYXaRYZX 7

645 xα₂aδüzaζüα∆Eü∆εé∆εüζüωéE₃κ₂ζü₂ayéδéçEáδαaçáa∆çEaáεαδáéδEïαδEtEa∆çE{Eáa∆çεEαïEζöéEδaçaδEεβéãζδκ₃SE
2021QE[XQEVWWaRVWXZ 3

644 }δaãkü∆ñEéxαñé∆ακεEü∆ζδaãé₂₂κ₂aδEãaεβRXEκεü∆ñEεβ₂üζEonxSE2021QEXUQEX[[RX_U 3

643 xéδü∆aζa₂Ekw‘qlRVabEδéωüéwEαïEãκδδé∆ζEéωüçé∆ãéEa∆çEβδaãζüãa₂EaββδαaãöEζαwaδçεEβδéωé∆ζüα∆Ea∆çE
₃a∆añé₃é∆ζSE2021QEV_UQEVUUaRVUXV 18

642 mïïéãζEαïEζδéaζ₃é∆ζεEα∆EεééçEçαδ₃a∆ãyEáδéakü∆ñQEεééç₂ü∆ñEñδαwζöQEa∆çEεééç₂ü∆ñEa∆ζüαxüça∆ζE
βαζé∆ζüa₂EαïEiñδü₃α∆üaEéκβaζαδüaEtSSE2021QEWUQEVUUW_W 4

641 vüζδαñé∆Rïüxü∆ñEζδééεEü∆E₃üxéçEïαδéεζEεyεζé₃εEδéñκ₂aζéEζöéEéãα₂αñyEαïEïκ∆ña₂Eãα₃₃κ∆üζyEa∆çE
βöαεβöαδκεEãyã₂ü∆ñSE2021QE]Z_QEVYX]VV 7

640 püñö₂yEa∆ζüïακ₂ü∆ñEa∆çEãö₂αδü∆éEδéεüεζa∆ãéEβα₂ya₃üçéEδéωéδεéEαε₃αεüεE₃é₃áδa∆éεEwüζöEñRkXvYE
∆a∆αεöééζεEaεE∆a∆αïü₂₂éδSE2021QEWZ_QEVV]a_U 14

639 m₃éδñü∆ñEζöéδaβéκζüãEζaδñéζεEïαδEεãöüzαβöδé∆üabEaEïδa₃éwαδkEïαδE∆αωé₂Eζδéaζ₃é∆ζEεζδaζéñüéεEïαδE
βεyãöαεüεSE2021QEWZQEVZRW[ 4

638 i∆E{Rδüáα∆κã₂éaεéEáü∆çü∆ñEβδαζéü∆Emj{VEa∆çEáδaεεü∆α₂üçéEεüñ∆a₂ü∆ñEaδéEεβéãüïüãa₂₂yEδéγκüδéçEïαδE
iδaáüçαβεüεEζα₂éδa∆ãéEζαEáüãaδáα∆aζéSE2021QE]WQEVYYaRVYZa 4

637 oé∆éζüãEβδéçüεβαεüζüα∆EζαEζöéEçéωé₂αβ₃é∆ζEαïEãα∆ñé∆üζa₂EöéaδζEçüεéaεéεbEzα₂éEαïExé∆αáüαζüãE
áüαζδa∆εïαδ₃aζüα∆Eñé∆éεSE2021QEVVXQEZ]aRZ__ 1

636 o{lumEa∆çEüζεEδα₂éEü∆Eãa∆ãéδbEnδα₃Eáéöü∆çEζöéEεãé∆éεEζαEζöéEïδα∆ζEαïEζöéEεζañéSE2021QEVY_QEW_]WRW__X 16

635 lé₂ayéçEκδéaEçüïïéδé∆ζüa₂Eé∆öa∆ãé₃é∆ζEkm{}EMçκçékm{}NRuzqEwüζöE}Eãαδδéãζüα∆EïαδE₃α∆üζαδü∆ñE
δé∆a₂EκδéaEöa∆ç₂ü∆ñSE2021QE_ZQEW]aVRW_UY 0

634 zéçκãéçEoδaβöé∆éEwxüçéE}öü∆Enü₂₃EwüζöE{ζδα∆ñEwβζüãa₂Evα∆₂ü∆éaδüζySE2021QEWZ_QEWUUUXa] 3

633 q∆ωéεζüñaζüα∆εEα∆Eü∆ζéδaãζüα∆εEáéζwéé∆EωαδζéxEï₂αwEa∆çEζöéEü∆çκãéçEεζδü∆ñEãaωüζaζüα∆EãöaδaãζéδüεζüãεE
ü∆Eδéa₂RεüzéEçüéεé₂EζaβéδéçRöα₂éE∆αzz₂éεSE2021QEW_]QEVVaZXZ 3

632 iççüζüωéE₃a∆κïaãζκδü∆ñEαïEöüñöEé∆ζδαβyEa₂₂αyεbEiEβδaãζüãa₂EδéωüéwSE2021QE]]QEVXVRV[W 69

631 ’üçéεβδéaçEαããκδδé∆ãéEαïE₃éζöa∆éEεééβεEü∆EçééβRwaζéδEδéñüα∆εEαïEsδüεö∆aRoαçaωaδüEáaεü∆QEjayEαïE
jé∆ña₂SE2021QEVWYQEVUY]_X 8

630 tü∆kü∆ñEkαñ∆üζüωéEq₃βaüδ₃é∆ζEζαEvéκδαü∆ï₂a₃₃aζüα∆Eü∆Euκ₂ζüβ₂éE{ã₂éδαεüεEκεü∆ñE∆éκδαü₃añü∆ñEζαα₂εSE
2021QEY]QEVUW[WW 1
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629 xαδακεEáüαaãζüωéEñ₂aεεE₃üãδαREa∆çE∆a∆αεβöéδéεEwüζöEãα∆ζδα₂₂éçE₃αδβöα₂αñybEçéωé₂αβ₃é∆ζεQE
βδαβéδζüéεEa∆çEé₃éδñü∆ñEáüα₃éçüãa₂Eaββ₂üãaζüα∆εSE2021QE_QEXUURXXZ 21

628 m∆öa∆ãü∆ñEçκãζü₂üζyEa∆çEïaζüñκéEεζδé∆ñζöEαïEaççüζüωé₂yE₃a∆κïaãζκδéçE₃éζa₂₂üãE₃aζéδüa₂εEáyE
βδéöéaζü∆ñEζöéEáκü₂çEβ₂aζïαδ₃SE2021QEYYQEWZ]RW]U 6

627 {ζδκãζκδa₂Ea∆çEnκ∆ãζüα∆a₂ElüωéδεüζyEαïEzéεüεζa∆ãéRvαçκ₂aζüα∆Rké₂₂Elüωüεüα∆E}δa∆εβαδζéδεSE2021QEVWVQEZX]_RZYV[ 16

626 uaãδαβöañéE₃éζaáα₂üãEδéβδαñδa₃₃ü∆ñEçκδü∆ñEãöδα∆üãE₂κ∆ñEçüεéaεéSE2021QEVYQEW_WRWaZ 28

625 jéyα∆çEζöéE∆éκδa₂Eãαδδé₂aζéεEαïEãα∆εãüακε∆éεεbEκεü∆ñEáδaü∆Eεζü₃κ₂aζüα∆EζαEé₂κãüçaζéEãaκεa₂E
₃éãöa∆üε₃εEκ∆çéδ₂yü∆ñEãα∆εãüακεEεζaζéεEa∆çEãα∆ζé∆ζεSE2021QEZVQEVYXRV]U 0

624 wδña∆RεβéãüïüãEζαxüãüζyEαïE₃añ∆éζüãEüδα∆EαxüçéRáaεéçE∆a∆αβaδζüã₂éεSE2021QEVZQEV[]RWUY 12

623 }öéEü∆ζéδβ₂ayEáéζwéé∆EéxéãκζüωéEãα∆ζδα₂QEáéöaωüακδa₂Eωaδüaáü₂üζyEa∆çE₃ü∆çEwa∆çéδü∆ñbEq∆εüñöζεEïδα₃E
aEöüñöRçéïü∆üζüα∆Eζδa∆εãδa∆üa₂EçüδéãζRãκδδé∆ζEεζü₃κ₂aζüα∆EεζκçySE2021QEZXQEVYa_RVZV[ 1

622 iκζα₃aζüãEãακ∆ζü∆ñE₃éζöαçεEü∆Eaγκaãκ₂ζκδébEiEδéωüéwSE2021QEZWQEW[aRW_X 8

621 içωa∆ãéεEa∆çEã₂ü∆üãa₂Eãöa₂₂é∆ñéεEïαδEζδa∆ε₂aζü∆ñE∆éδωéEãα∆çκüζEζéãö∆α₂αñyEïδα₃Eáé∆ãöEζαEáéçEεüçéE
ïαδEβéδüβöéδa₂E∆éδωéEδéβaüδSE2021QEX_XQE[V]R[YY 15

620 vα∆RεβükéEζü₃ü∆ñRçéβé∆çé∆ζEβ₂aεζüãüζyE₂éaδ∆ü∆ñE₃éãöa∆üε₃EïαδE₃é₃δüεζüωéE∆éκδa₂E∆éζwαδkεSE2021QE
ZVQEX[_YRX[aZ 4

619 uéζöa∆éEa∆çE∆üζδακεEαxüçéEé₃üεεüα∆EãöaδaãζéδüεζüãεEαïEöüñöRyüé₂çü∆ñEδüãéEïüé₂çSEEnvironmentals
SciencesandsPollutionsResearchQE2021QEW_QEVZUWVRVZUXV 5.1 0

618
paé₃aζα₂αñüãa₂QEáüαãöé₃üãa₂Ea∆çEü₃₃κ∆α₂αñüãa₂Eáüα₃aδkéδεQEa∆ζüáaãζéδüa₂EaãζüωüζyQEa∆çEεκδωüωa₂Eü∆E
vü₂éEζü₂aβüaEwδéαãöδα₃üεE∆ü₂αζüãκεEaïζéδEζδéaζ₃é∆ζEκεü∆ñEa∆ζü₃üãδαáüa₂EβéβζüçéEttRX]Eañaü∆εζE
{ζδéβζαãαããκεEaña₂aãζüaéSE2021QEZXXQE]X[V_V

8

617 xδαñδéεεEü∆E₂ayéδéçEãaζöαçéEa∆çEa∆αçéE∆a∆αaδãöüζéãζκδéεEïαδEãöaδñéEεζαδañéEçéωüãéεbEköa₂₂é∆ñéεE
a∆çEïκζκδéEβéδεβéãζüωéSE2021QEXZQEYYXRY[a 18

616 zα₂éEαïEéxζδé₃éEwéaζöéδEéωé∆ζεEa∆çEm₂Evüˆ–αE{ακζöéδ∆Ewεãü₂₂aζüα∆Eα∆Eü∆ãüçé∆ãéEαïEm∆ζéδüãEnéωéδEü∆E
iö₃éçaáaçEa∆çE{κδaζQEoκjaδaζQEq∆çüaSE2021QEVa[QEVVUYV] 2

615
mxζé∆çéçRεβéãζδκ₃EáéζaR₂aãζa₃aεéRβδαçκãü∆ñEmεãöéδüãöüaEãα₂üEa∆çEa∆ζü₃üãδαáüa₂Eδéεüεζa∆ãéEü∆E
₃κ∆üãüβa₂Ea∆çEöαεβüζa₂EwaεζéwaζéδεEü∆EkzéãöEzéβκá₂üãbEkκ₂ζκδéRáaεéçEa∆çE₃éζañé∆α₃üãE
aββδαaãöéεSE2021QEVaXQEVVUY_]

6

614
lαxyãyã₂ü∆éEδéωéδεéεEãαñ∆üζüωéEü₃βaüδ₃é∆ζQE∆éκδαü∆ï₂a₃₃aζüα∆Ea∆çEαxüçaζüωéEü₃áa₂a∆ãéEü∆çκãéçEáyE
lRa₃βöéζa₃ü∆éE₃a∆üaE₃αçé₂Eü∆E₃üãébEiEβδα₃üεü∆ñEçδκñEδéβκδβαεü∆ñEïαδEáüβα₂aδEçüεαδçéδE
ζδéaζ₃é∆ζgSE2021QEYWQEZ]R]Y

2

613 la₃añéEαδEáé∆éïüζgEpαwEïκζκδéEεãé∆aδüαεEαïEã₂ü₃aζéEãöa∆ñéE₃ayEaïïéãζEζöéEçüεζδüáκζüα∆EαïEε₃a₂₂E
βé₂añüãEïüεöéεEü∆EζöéEãαaεζa₂EεéaεEαïEζöéEi₃éδüãaεSE2021QEWXYQEVUZ_VZ 2

612 }öéδ₃αãöδα∆α₂αñyEαïE{ακζöEi₃éδüãaEβaεεüωéE₃aδñü∆Eáéζwéé∆E†δκñκayEa∆çEεακζöéδ∆Ejδazü₂bEiE
₂é∆ñζöyEa∆çEãα₃β₂éxEãαα₂ü∆ñEöüεζαδyEáaεéçEα∆EM†â��}öNTpéEa∆çEïüεεüα∆EζδaãkεSE2021QEVU[QEVUXUVa 0
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611 tαãa₂üzaζüα∆EαïE₃κ₂ζüβ₂éEçüïïκεüα∆EεακδãéεEáaεéçEα∆Eαωéδ₂aββü∆ñEãα₃₃κ∆üζyEçéζéãζüα∆SE2021QEWW[QEVU[[VX 1

610 iEδéωüéwEα∆Eδéãé∆ζE∆éaδEü∆ïδaδéçEεβéãζδαεãαβüãE₃éaεκδé₃é∆ζEεéζκβεEa∆çEζöéüδEãöa₂₂é∆ñéεSE2021QE
V]VQEVU_]XW 3

609 }κ∆aá₂éEãα∆ζδα₂EαïEé₂éãζδα₃añ∆éζüãa₂₂yEü∆çκãéçEζδa∆εβaδé∆ãyEéïïéãζEü∆EaEçακá₂éEε₂αζEζéδaöéδζzE
waωéñκüçéSE2021QEY_XQEVW[[XW 3

608 iExα₂aδEακζ₂ααkbExαζé∆ζüa₂Eü∆ζéδaãζüα∆εEαïE₃üãδαREa∆çE∆a∆αRβ₂aεζüãEwüζöEαζöéδEa∆ζöδαβαñé∆üãE
εζδéεεαδεSE2021QE]ZYQEVYWX]a 11

607 zéωüεüζü∆ñEζöéEδα₂éEαïEïaãζαδEpEü∆EañéRδé₂aζéçE₃aãκ₂aδEçéñé∆éδaζüα∆bEq∆εüñöζεEïδα₃E
ãα₃β₂é₃é∆ζR₃éçüaζéçEδé∆a₂EçüεéaεéEa∆çEδaδéEñé∆éζüãEωaδüa∆ζεSE2021QE[[QEX]_RYUV 7

606 q∆ï₂κé∆ãéEαïEü∆ζéδïéδé∆ãéEéïïéãζεEα∆EζöéEεβéãζδa₂Eγκa₂üζyEa∆çEöüεζα₂αñüãa₂Eã₂aεεüïüãaζüα∆EáyEn}RqzE
ü₃añü∆ñEü∆Eζδa∆εï₂éãζüα∆Eñéα₃éζδySE2021QEVY[QE[Y[R[ZY 2

605 }öéEïκ∆ña₂Ea∆çEaδãöaéa₂Eãα₃₃κ∆üζyEwüζöü∆Eβ₂a∆ζEδöüzαεβöéδébEaEδéωüéwEα∆EζöéüδEãα∆ζδüáκζüα∆EζαEãδαβE
εaïéζySE2021QEYYQE[UUR[V_ 6

604 kαδδαεüα∆EáéöaωüακδεEαïEaδãRεβδayéçEi₂{üRáaεéçEa₃αδβöακεT∆a∆αãδyεζa₂₂ü∆éEãαaζü∆ñSE2021QEX]QE[U[R[V] 3

603 q₃βaãζεEαïEωaδüaá₂éE∆κζδüé∆ζEεζαüãöüα₃éζδyEMvQE{üEa∆çExNEα∆EaEãαaεζa₂Eβöyζαβ₂a∆kζα∆Eãα₃₃κ∆üζyEïδα₃E
ζöéE{’EjayEαïEjé∆ña₂QEq∆çüaSE2021QEZ[QEW]XRW__ 1

602 xöaεéEβ₂aζéεEü∆EζöéEζδa∆ε₃üεεüα∆Eé₂éãζδα∆E₃üãδαεãαβébEαβéδaζü∆ñEβδü∆ãüβ₂éεEa∆çEaββ₂üãaζüα∆εSE2021QE
]UQE]ZRVVZ 8

601
}öéEa₃é₂üαδaζüωéEéïïéãζεEαïEtaãζαáaãü₂₂κεEãαañκ₂a∆εEa∆çEtaãζαáaãü₂₂κεEãaεéüEβδαáüαζüãεEα∆E
kk₂YRü∆çκãéçEζéεζüãκ₂aδEζαxüãüζyEáaεéçEα∆Eáüαãöé₃üãa₂QEöüεζα₂αñüãa₂Ea∆çE₃α₂éãκ₂aδEa∆a₂yεéεEü∆EδaζSE
2021QEZXQEéVXaU_

6

600 zijZiEüεEaεεαãüaζéçEwüζöEñé∆éεEü∆ωα₂ωéçEü∆Eéxαεα₃éEεéãδéζüα∆bEq∆ζéñδaζüα∆EαïEáüαü∆ïαδ₃aζüãεE
a∆a₂yεüεEa∆çEéxβéδü₃é∆ζa₂Eωa₂üçaζüα∆SE2021QEVWWQEYWZRYYV 7

599 mωα₂κζüα∆aδyEεζκçyEαïEkw‘qlRVaQEεéωéδéEaãκζéEδéεβüδaζαδyEεy∆çδα₃éEãαδα∆aωüδκεEWEM{iz{Rkα‘RWNEaεE
a∆Eé₃éδñü∆ñEãαδα∆aωüδκεbExöy₂αñé∆éζüãEa∆a₂yεüεEa∆çE₂üζéδaζκδéEδéωüéwSE2021QE]QEZZaRZ]V 9

598 zα₂éEαïEmxαεα₃éεEü∆Ejüα₂αñüãa₂Ekα₃₃κ∆üãaζüα∆E{yεζé₃εSE2021QE 2

597 }δé∆çεEa∆çEωaδüaáü₂üζyEαïEαãéa∆EwaωéεEκ∆çéδEzkx_SZEé₃üεεüα∆Eεãé∆aδüαEü∆EζöéEuéçüζéδδa∆éa∆E{éaSE
2021QE]VQEa]RVV] 12

596 iEβöαζαRãδαεε₂ü∆kaá₂éEãaδζü₂añéRçéδüωéçEéxζδaãé₂₂κ₂aδE₃aζδüxEáüαü∆kEïαδEaκδüãκ₂aδEãaδζü₂añéEζüεεκéE
é∆ñü∆ééδü∆ñSE2021QEVWVQEVaXRWUX 27

595 {κδïaãéEãα₃βαεüζéEé∆ñü∆ééδü∆ñEαïEβα₂yü₃üçéEζαEãδéaζéEa₃ü∆éEïκ∆ãζüα∆a₂üζüéεEïαδEaκζαãaζa₂yζüãE
₃éζa₂₂üzaζüα∆SE2021QEZYVQEVY_ZUU 3

594 †₂ζδaεé∆εüζüωéEçéζéãζüα∆EαïEü∆ζéδ₂éκkü∆EV˛–Eκεü∆ñEXRβöαεβöα∆αβδαβüα∆üãEaãüçE₃αçüïüéçEn}wEεκδïaãéE
aεEa∆EéïïéãζüωéEβ₂aζïαδ₃EïαδEçüεβαεaá₂éEáüαεé∆εαδEïaáδüãaζüα∆SE2021QEVX_QEVU][a_ 3
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593 ué₃áδa∆éEζé∆εüα∆E₃ayEçéïü∆éEζöéEçéaç₂üéεζEωüδκεEü∆ïéãζüα∆SE2021QEYUQEVUUXX_ 1

592 }öéEü₃βaãζEαïEβδéREa∆çEβαεζRü₃añéEβδαãéεεü∆ñEζéãö∆üγκéεEα∆EçééβE₂éaδ∆ü∆ñEïδa₃éwαδkεbEiE
ãα₃βδéöé∆εüωéEδéωüéwEïαδEçüñüζa₂Eβaζöα₂αñyEü₃añéEa∆a₂yεüεSE2021QEVW_QEVUYVWa 37

591 iEδéωüéwEαïEζöéEü₃βaãζEαïExé∆αáüαζüãεEïδα₃EçüéζaδyEεακδãéεEα∆Eü∆ïa∆ζEöéa₂ζöbEmaδ₂yE₂üïéEéxβαεκδéεE
a∆çEζöéEδα₂éEαïEζöéE₃üãδαáüαζaSE2021QEW[aQEVVZaaY 4

590 jaãζéδüãüça₂E₃aζéδüa₂εEβδéβaδéçEωüaEãα∆jκñaζüα∆EαïEδéεβα∆εüωéEβα₂y₃éδεEζαEãyεζéü∆éSEMaterialssTodays
CommunicationsQE2021QEW[QEVUV_VX 2.5 2

589 k₂ü₃aζéEãöa∆ñéEωéδεκεE₂a∆çRκεéEãöa∆ñéR’öaζEaïïéãζεEζöéEéãαεyεζé₃EεéδωüãéεE₃αδéEü∆EζöéE
ïαδéεζRεζéββéEéãαζα∆égSE2021QE]ZaQEVYXZWZ 20

588 xöaεéEéωα₂κζüα∆Eü∆E∆αωé₂E”WwXEçüεβéδεéçEkδkκnévü–∆E∆a∆αãδyεζa₂₂ü∆éE₃κ₂ζüãα₃βα∆é∆ζEa₂₂αyE
βδéβaδéçEáyE₃éãöa∆üãa₂Ea₂₂αyü∆ñSE2021QEV_YQEVUa_UW 2

587 köδα∆üãE˛–VRvaTsRi}xaεéEü∆öüáüζüα∆EδéωéδεéεEζöéEé₂α∆ñaζüα∆EαïEζöéEaxα∆Eü∆üζüa₂Eεéñ₃é∆ζEαïEζöéE
öüββαãa₃βa₂EkiVEβyδa₃üça₂E∆éκδα∆εEü∆Ei∆ñé₂₃a∆Eεy∆çδα₃éE₃αçé₂E₃üãéSE2021QEY[QE[ZYR[[Y 2

586 iEãα₃βaδaζüωéEεζκçyEαïEa∆ζü₃üãδαáüa₂EaãζüωüζyEαïEçüïïéδé∆ζ₂yRεy∆ζöéεüzéçEãöüζαεa∆E∆a∆αβaδζüã₂éεE
añaü∆εζEáαωü∆éE₃aεζüζüεEβaζöαñé∆εSE2021QEV]QE[aYR]UX 3

585 xδαβαδζüα∆Eαβζü₃üzaζüα∆EαïEñδακζü∆ñE₃aζéδüa₂εEïαδEδαaçwayεEwüζöEεαïζEεκδδακ∆çü∆ñE₃aεεSE2021QEV_QEWUXRWV_ 2

584 köaδaãζéδüεaζüα∆EαïEεβéδ₃EβüzviεEa∆çEζöéüδEãαδδé₂aζüα∆EwüζöEεé₃é∆Eγκa₂üζyEζδaüζεEü∆Eεwü∆éSE2021QEZWQEVVYRVWU 4

583 püñöEδéεβα∆εüωé∆éεεEαïEaκçüζαδyE∆éκδα∆εEζαEεβéãüïüãEãα₃áü∆aζüα∆EαïEaãακεζüãEïéaζκδéεEü∆Eïé₃a₂éE
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524 uéζaáα₂üãEçéεüñ∆EïαδEεé₂éãζüωéEβδαçκãζüα∆EαïE∆üãαζü∆a₃üçéE₃α∆α∆κã₂éαζüçéEïδα₃Eñ₂κãαεéEa∆çE
∆üãαζü∆a₃üçéSE2021QE[ZQEV[]RV]] 8

523 lüωéδεüïüãaζüα∆EαïEnκ∆ña₂Eköüζü∆aεéεEa∆çE}öéüδEnκ∆ãζüα∆a₂Elüïïéδé∆ζüaζüα∆Eü∆Epüεζαβ₂aε₃aE
ãaβεκ₂aζκ₃SE2021QEX_QEVXXaRVXZZ 3

522 }öy₃α₂RtαaçéçEjüαñé∆üãE{ü₂üãaEva∆αβaδζüã₂éεEü∆Ea∆EiγκaζüãEm∆ωüδα∆₃é∆ζbE}öéEq₃βaãζEαïExaδζüã₂éE
iññδéñaζüα∆Eα∆EmãαζαxüãüζySE2021QEYUQEXXXRXYV 0
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521 {ü₂ωéδE∆a∆αβaδζüã₂éεEü₃βδαωéçEζöéEβ₂a∆ζEñδαwζöEa∆çEδéçκãéçEζöéEεαçüκ₃Ea∆çEãö₂αδü∆éEaããκ₃κ₂aζüα∆E
ü∆Eβéaδ₂E₃ü₂₂éζbEaE₂üïéEãyã₂éEεζκçySEEnvironmentalsSciencesandsPollutionsResearchQE2021QEW_QEVX]VWRVX]WY 5.1 17

520 }öéEq∆ζéδβ₂ayEjéζwéé∆Eiçα₂éεãé∆ζEnδüé∆çεöüβEyκa₂üζyEa∆çEzéεü₂üé∆ζEnκ∆ãζüα∆ü∆ñEnα₂₂αwü∆ñE
köü₂çöααçEa∆çEiçα₂éεãé∆ζEiçωéδεüζySE2021QEWQEX]RZU 5

519 m₂éãζδαεβκ∆Exo{TxktQExttiTxktQExtoiTxktEa∆çEβκδéExktEεãaïïα₂çεEïαδEδéζü∆a₂Eβδαñé∆üζαδEãé₂₂E
ãκ₂ζüωaζüα∆SE2021QEV[[QEVU]_Y[ 12

518 kaδáαxy₃éζöy₂Eãé₂₂κ₂αεéE∆a∆αãα₃βαεüζéEáéaçεEaεEεκβéδRéïïüãüé∆ζEãaζa₂yεζEïαδEζöéEδéçκãζüα∆EαïE
αδña∆üãEa∆çEü∆αδña∆üãEβα₂₂κζa∆ζεSE2021QEV[]QEVUVRVV[ 15

517 }öéEmaδζöLεE₃añ∆éζüãEïüé₂çEαïEζöéE₂aεζEãé∆ζκδüéεEïδα₃EζöéEβéδεβéãζüωéEαïEζöéEréγκüζü∆öα∆öaEa∆çE
uκãκδüEδüωéδEωa₂₂éyεbEiE∆aζκδa₂EαáεéδωaζαδyEαïEζöéE{ακζöEiζ₂a∆ζüãEi∆α₃a₂yEü∆Ejδazü₂SE2021QEVU_QEVUWa_Y 0

516 wδña∆αüçεEa∆çEαδña∆EãöüβεEü∆Eαβöζöa₂₃α₂αñySE2021QEVaQEVRVZ 16

515 mïïéãζEαïEεζéa₃Eωé₂αãüζyEçκδü∆ñEçδαβwüεéEãα∆çé∆εaζüα∆SE2021QEV[ZQEVWU[WY 6

514 }öéEzα₂éEαïEζöéEmεζaá₂üεö₃é∆ζEαïEkaκεa₂Ekα∆∆éãζüα∆εEa∆çEζöéEuαça₂üζyEαïExδéεé∆ζaζüα∆EαïE
lüεãακδεéEü∆EζöéEoé∆éδaζüα∆EαïEm₃αζüα∆Eq∆ïéδé∆ãéεEáyEiδñé∆ζü∆éEkα₂₂éñéE{ζκçé∆ζεSE2021QEYWQEWWRYV 1

513 wβζü₃a₂E}aδñéζEkα∆ζδα₂EαïEkα₃β₂éxEvéζwαδkεE’üζöE{é₂éãζaá₂éEq∆βκζεSE2021QE_QEWVWRWWV 2

512 o₂aεεbE}öéEãaδδüéδEαïE₂üñöζâ��xaδζEqqâ��iEáδüéïE₂ααkEü∆ζαEζöéEïκζκδéEαïEαβζüãa₂EïüáéδSE2021QEVWQEXRWY 5

511 xαβκ₂aζüα∆Eñé∆α₃üãεEïαδEwü₂ç₂üïéEãα∆εéδωaζüα∆Ea∆çE₃a∆añé₃é∆ζSE2021QEXUQE[WR_W 51

510 }öéEGãöééδ₂éaçéδEéïïéãζGEü∆Eïaãüa₂Ea∆çEáαçü₂yEaζζδaãζüωé∆éεεbEiEδéεκ₂ζEαïE₃é₃αδyEáüaεEa∆çE∆αζE
βéδãéβζκa₂Eé∆ãαçü∆ñSE2021QE]YQEa]WRa_U 2

509 naãζαδεEü∆ï₂κé∆ãü∆ñEζöéEaãγκüεüζüα∆Ea∆çEéδaçüãaζüα∆EαïEéaδ₂yExεéκçα₃α∆aεEaéδκñü∆αεaEü∆ïéãζüα∆Eü∆E
ãyεζüãEïüáδαεüεSE2021QEWUQE_RV[ 7

508 uü₂çEa∆çE₂aδñéRεãa₂éEεy∆ζöéεüεEαïE∆a∆αεãa₂éE₃éζa₂Rαδña∆üãEïδa₃éwαδkEκεéçEaεEaEβαζé∆ζüa₂E
açé∆ü∆éRáaεéçEçδκñE∆a∆αãaδδüéδSE2021QE[VQEVUWVXZ 7

507 kα₃βaδüεα∆EαïEçüïïéδé∆ζEuyαζα∆xzwEβδαáéεEïαδEεkü∆Eεζüïï∆éεεEéωa₂κaζüα∆Eü∆Eyακ∆ñEwα₃é∆SE2021QE
W]QEXXWRXXa 1

506 {κδïaãéEδéãéβζαδR₃éçüaζéçEζaδñéζéçEçδκñEçé₂üωéδyEεyεζé₃εEïαδEé∆öa∆ãéçEãa∆ãéδEζδéaζ₃é∆ζbEiE
εζaζéRαïRζöéRaδζEδéωüéwSE2021QE_WQEXUaRXYU 14

505 iεεéεε₃é∆ζEαïEβκ₂₃α∆aδyEζαxüãüζyEαïEβαζé∆ζüa₂Ea∆ζüαxüça∆ζEçδκñExmoy₂aζéçE∆a∆αãéδüaEaïζéδE
ü∆ζδaζδaãöéa₂Eü∆εζü₂₂aζüα∆Eü∆EδaζεSE2021QEYVQEaYVRaZW 2

504 kκδδé∆ζE}δé∆çεEü∆Euüãδαáüa₂Ejüαζéãö∆α₂αñyEïαδEiñδüãκ₂ζκδa₂E{κεζaü∆aáü₂üζybEkα∆ã₂κεüα∆Ea∆çEnκζκδéE
köa₂₂é∆ñéεSE2021QEZZZRZ]W 34
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503 zaζüα∆a₂Eçéεüñ∆EαïE∆αωé₂Ekδ–δwxEãaζa₂yεζεEïαδEéïïüãüé∆ζE₂αwEζé₃βéδaζκδéE{kzEαïEvwxSE2021QEYVXQEVW]ZZY 7

502 iEçaζaEεãüé∆ãéEaββδαaãöEïαδEaçωa∆ãéçEεα₂üçEβα₂y₃éδEé₂éãζδα₂yζéEçéεüñ∆SE2021QEV_]QEVVUVU_ 2

501 q₃βδαωéçEñδéé∆Eáüαεy∆ζöéεüεEαïEãöüζαεa∆EçéãαδaζéçEiñREa∆çEkαwR∆a∆αβaδζüã₂éεbEiEδé₂aζüα∆εöüβE
áéζwéé∆EεκδïaãéE₃αδβöα₂αñyQEβöαζαãaζa₂yζüãEa∆çEáüα₃éçüãa₂Eaββ₂üãaζüα∆εSE2021QEXWQEVUWXXV 14

500 i∆EκβçaζéEα∆EζöéEaεεαãüaζüα∆Eáéζwéé∆Eζδaκ₃aζüãEáδaü∆Eü∆jκδyEa∆çEi₂zöéü₃éδLεEçüεéaεébEnαãκεEα∆E}aκE
βaζöα₂αñyEa∆çEεy∆aβζüãEçyεïκ∆ãζüα∆SE2021QEVWUQEX]WRX_[ 7

499 }öéEuκεaεöüEβδαζéü∆εEu{qVEa∆çEu{qWEaδéEδéγκüδéçEïαδEβöαζαδéãéβζαδE₃αδβöαñé∆éεüεEa∆çEωüεüα∆Eü∆E
₃üãéSE2021QEWa[QEVUUUY_ 6

498 }δa∆εãδüβζüα∆EïaãζαδεEaεEkéyE₃α₂éãκ₂aδEζaδñéζEζαEεζδé∆ñζöé∆EζöéEçδακñöζEεζδéεεEζα₂éδa∆ãéEü∆Eβ₂a∆ζεSE
2021QEV]WQE_Y]R_[_ 26

497 iEεyεζé₃aζüãEδéωüéwEαïEζöéE₂aáé₂EaããκδaãyEαïEãa∆∆aáü∆αüçRáaεéçEβδαçκãζεEü∆Eδéñκ₂aζéçE₃aδkéζεbEüεE
wöaζLεEα∆EζöéE₂aáé₂EwöaζLεEü∆EζöéEβδαçκãζgSE2021QEWaQE__Ra[ 1

496 †∆∆aζκδa₂Eζδé∆çEαïEñ₂αáa₂E₂a∆çE₂α∆ñRζéδ₃EεκδïaãéEaüδEζé₃βéδaζκδéEãöa∆ñéSE2021QEYVQEWXXURWXYV 2

495
†εéEαïEa₂ζéδ∆aζüωéEβδαζéü∆EεακδãéεEïαδEïüεö₃éa₂Eδéβ₂aãé₃é∆ζEü∆EζöéEçüéζEαïE₂aδñé₃ακζöEáaεεE
MuüãδαβζéδκεEεa₂₃αüçéεNSExaδζEqbEéïïéãζεEαïEβακ₂ζδyEáyRβδαçκãζE₃éa₂Ea∆çEεαyáéa∆E₃éa₂Eα∆EñδαwζöQE
ïééçEκζü₂üzaζüα∆QEa∆çEöéa₂ζöSE2021QEZXQEXXRY]

18

494 }öéEζδa∆εãδüβζα₃éEαïEa∆ζéδüαδEδéñé∆éδaζüα∆Eü∆Eéaδζöwαδ₃Emκçδü₂κεEéκñé∆üaéSE2021QEY_QEWZaRW_X 2

493 †₂ζδaRéïïüãüé∆ζEδéãα∆εζδκãζüα∆EαïEXlE₃üãδαεζδκãζκδéEa∆çEçüεζδüáκζüα∆EαïEβδαβéδζüéεEαïEδa∆çα₃E
öéζéδαñé∆éακεE₃aζéδüa₂εEãα∆ζaü∆ü∆ñE₃κ₂ζüβ₂éEβöaεéεSE2021QEWUYQEVV[ZW[ 12

492 lééβE₂éaδ∆ü∆ñE₃αçé₂EïαδEβδéçüãζü∆ñEβöaεéEçüañδa₃εEαïEá₂αãkEãαβα₂y₃éδεSE2021QEV__QEVVUWWY 11

491 oé∆éEéxβδéεεüα∆Eβδαïü₂ü∆ñEαïEãαδα∆aEωüδκεE₃üãδαaδδayEçaζaεéζεEζαEüçé∆ζüïyEãδκãüa₂EζaδñéζεEü∆E
kw‘qlRVaEβaζüé∆ζεSE2021QEWWQEVUUa_U 6

490 lδαβ₂éζEεζδéζãöü∆ñEáéζwéé∆EöyçδαβöαáüãEa∆çEöyçδαβöü₂üãEβ₂aζéεbElδαβ₂éζEï₂κüçEöéaζü∆ñSE2021QEVWUQEVUZUVU

489
léãüβöéδü∆ñEü∆çüñé∆ακεEáaãζéδüaEü∆Eãα₃βaãζéçEáé∆ζα∆üζéEζöδακñöEaE∆αωé₂Ea∆çEéïïüãüé∆ζElviE
éxζδaãζüα∆E₃éζöαçbEq∆εüñöζεEü∆ζαEáüαñéαãöé₃üãa₂EβδαãéεεéεEwüζöü∆EζöéElééβEoéα₂αñüãa₂Elüεβαεa₂EαïE
∆κã₂éaδEwaεζéEãα∆ãéβζSE2021QEYU_QEVWY[UU

6

488 i∆Eü∆´ ωüζδαEü∆ωéεζüñaζüα∆Eü∆ζαEζöéEδé₂éaεéEαïEïκñüζüωéE₃éçüãa₂Eaéδαεα₂εEü∆ζαEζöéEé∆ωüδα∆₃é∆ζEçκδü∆ñE
₃a∆κa₂Eωé∆ζü₂aζüα∆SE2021QEVU_QEVXZRVYV 2

487 i∆ζüïκ∆ña₂Eü₃₃κ∆éEδéεβα∆εéεEü∆E₃αεγκüζαéεEMlüβζéδabEkκ₂üãüçaéNbEiEδéωüéwSE2021QEV]_QEVU]ZUZ 5

486 vnR˛”jR₃éçüaζéçEéïïéãζεEα∆EáéöaωüαδEa∆çEãaδζü₂añéEβaζöα₂αñyEü∆EaE∆α∆Rü∆ωaεüωéE₂αaçü∆ñE₃αçé₂EαïE
βαεζRζδaκ₃aζüãEαεζéαaδζöδüζüεSE2021QEWaQEWY_RWZ[ 7
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485 m∆öa∆ãéçEβδéãüβüζaζüα∆Eεζδé∆ñζöé∆ü∆ñEαïE₃κ₂ζüRβδü∆ãüβa₂Eé₂é₃é∆ζEa₂₂αyεEáyE˛”REa∆çEjWRβöaεéεSE2021QE
Va_QEVUaXVZ 4

484 wεζéαñé∆üãEçüïïéδé∆ζüaζüα∆EãκéεEαïEζöéEáα∆éE₃αδβöαñé∆éζüãEβδαζéü∆RaEMjuxRaNEa∆çEüζεEδéãé∆ζE
açωa∆ãéεEü∆Eáα∆éEζüεεκéEδéñé∆éδaζüα∆SE2021QEVWUQEVVV]Y_ 9

483
{ü₃κ₂ζa∆éακεEçαxαδκáüãü∆Eé∆ãaβεκ₂aζüα∆Ea∆çEü∆RεüζκE₃üãδαï₂κüçüãE₃üãé₂₂üzaζüα∆EαïEáüαRζaδñéζéçE
βα₂y₃éδüãE∆a∆αöyáδüçεEκεü∆ñEçüãöa₂ãαñé∆üçéE₃α∆α₂ayéδεbEiE₃α₂éãκ₂aδEü∆Rεü₂üãαEεζκçySEMaterialss
TodaysCommunicationsQE2021QEW[QEVUVaY_

2.5 12

482 véκδa₂Ea∆çEβöé∆αζyβüãEδéβδéεé∆ζaζüα∆Eκ∆çéδEζöéEïδééRé∆éδñyEβδü∆ãüβ₂éSE2021QEVWUQEVUaRVWW 4

481 lüεεαãüaá₂éE∆éκδa₂Eü∆çüãéεEïαδEζü₃éEa∆çEεβaãéEéεζü₃aζéεEçκδü∆ñEωüδζκa₂Eçüεζa∆ãéEδéβδαçκãζüα∆SE2021QE
WW[QEVV][U] 3

480 }δa∆εñ₂κζa₃ü∆aεéEWEaεEaE∆αωé₂EζaδñéζEü∆Eãöδα∆üãEküç∆éyEçüεéaεéEREuéζöαçεQE₃éãöa∆üε₃εEa∆çE
βöaδ₃aãα₂αñüãa₂Eü∆öüáüζüα∆SE2021QEWWWQEVU]]_] 3

479 }öéEéïïéãζεEαïEãöδα₃üκ₃Eεκββ₂é₃é∆ζaζüα∆Eα∆E₂üβüçβδαïü₂éEü∆Eöκ₃a∆εbEiEεyεζé₃aζüãEδéωüéwEa∆çE
₃éζaRa∆a₂yεüεEαïδa∆çα₃üzéçEãα∆ζδα₂₂éçEζδüa₂εSE2021QEV[YQEVUZXU_ 1

478 kzq{xzTkaεEñé∆α₃éEéçüζü∆ñEζαEαβζü₃üzéEβöaδ₃aãα₂αñüãa₂₂yEaãζüωéEβ₂a∆ζE∆aζκδa₂EβδαçκãζεSE2021QEV[YQEVUZXZa 8

477 uéaεκδü∆ñEεa₂üωaδyE₃aδkéδεEαïEü∆ï₂a₃₃aζüα∆Eü∆Eöéa₂ζöEδéεéaδãöbEiEδéωüéwEαïE₃éζöαçα₂αñüãa₂E
ãα∆εüçéδaζüα∆εEa∆çEáéεζEβδaãζüãéεSE2021QEVWYQEVUZU[a 9

476 mãζαβaδaεüζéεEδéçκãéEεãαβéEïαδEñδαwζöEü∆EaEδαãkyRεöαδéE₃κεεé₂EMxéδ∆aEβéδ∆aNEáyEδaüεü∆ñE
₃aü∆ζé∆a∆ãéEãαεζεSE2021QE]ZXQEVYWUWU 4

475 i∆EαωéδωüéwEαïE₃éζöαçεEαïEïü∆éEa∆çEκ₂ζδaïü∆éEβaδζüã₂éEãα₂₂éãζüα∆EïαδEβöyεüãαãöé₃üãa₂E
ãöaδaãζéδüεaζüα∆Ea∆çEζαxüãüζyEaεεéεε₃é∆ζεSE2021QE]Z[QEVYXZZX 15

474 }öéEéïïéãζεEαïE₂a∆çEκεéEα∆Eεβaζüa₂Eβaζζéδ∆EαïEκδáa∆Eñδéé∆EεβaãéεEa∆çEζöéüδEãαα₂ü∆ñEaáü₂üζySE2021QEXZQEVUU]YX 18

473 lδαβEεγκéézü∆ñEáéζwéé∆EaδáüζδaδyEε₃ααζöEαáεζaã₂éεSE2021QEaU_QE 2

472 wxyñé∆EqεαζαβüãE{üñ∆aζκδéεEαïEuajαδEk₂ü₃aζéEuαçéεEa∆çEq₃β₂üãaζüα∆εEïαδEléζéãζaáü₂üζyEü∆E
{βé₂éαζöé₃εSE2021QEY_QE 4

471 zé₂aζüα∆εöüβEjéζwéé∆EkEYEjüα₃aεεEa∆çEkEYEiñδüãκ₂ζκδéElκδü∆ñEζöéEpα₂αãé∆éEa∆çEüζεEq₃β₂üãaζüα∆εEïαδE
uü₂₂éζElα₃éεζüãaζüα∆Eü∆EvαδζöéaεζEköü∆aSE2021QEY_QE 1

470 }a∆çé₃Eεα₂aδEãé₂₂εEéïïüãüé∆ãyEβδéçüãζüα∆Ea∆çEαβζü₃üzaζüα∆EçééβE₂éaδ∆ü∆ñSEPhysicalsChemistrys
ChemicalsPhysicsQE2021QEWXQEWaaVRWaa_ 3.6 2

469 xαwéδRçéβé∆çé∆ζEκβãα∆ωéδεüα∆E₂κ₃ü∆éεãé∆ãéEβδαβéδζüéεEαïEεé₂ïRεé∆εüζüzéçEmδ’wEβöαεβöαδSE2021QE
ZUQEWWaRWXa 9

468 {κδïaãéE₃αçüïüãaζüα∆εEαïEãaδáα∆E∆a∆αçαζεEδéωéa₂EζöéEãöé₃üãa₂EεακδãéEαïEζöéüδEáδüñöζEï₂καδéεãé∆ãéSE
2021QEXQE]V[R]WY 7
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467 mxEωüωαEáü∆çü∆ñEεζκçüéεEαïEζöéEa∆ζüRãa∆ãéδEçδκñE∆αεãaβü∆éEwüζöEöκ₃a∆Eöé₃αñ₂αáü∆bEaEεβéãζδαεãαβüãE
a∆çE₃α₂éãκ₂aδEçαãkü∆ñEεζκçySE2021QEYZQEVZWZRVZXY 1

466 nκ∆ñüEa∆çEζöéüδEεéãα∆çaδyE₃éζaáα₂üζéεEü∆EwaζéδRça₃añéçEü∆çααδεEaïζéδEaE₃ajαδEï₂ααçEéωé∆ζEü∆E
éaεζéδ∆EkδαaζüaSE2021QEXVQE]XUR]YY 5

465 mωüçé∆ãéRáaεéçEβαü∆ζRαïRãaδéEζéãö∆α₂αñyEçéωé₂αβ₃é∆ζEçκδü∆ñEζöéEkw‘qlRVaEβa∆çé₃üãSE2021QE]UQEZ_R[] 6

464 züçñéRïκδδαwEδaü∆ïa₂₂Eöaδωéεζü∆ñEβ₂a∆ζü∆ñEa∆çEüζεEéïïéãζEα∆Eεαü₂Eéδαεüα∆Ea∆çEεαü₂Eγκa₂üζyEü∆Eε₂αβü∆ñE
ïaδ₃₂a∆çSE2021QEVVXQE_[XR_]] 2

463 iκζα₃aζéçEβ₂a∆kζα∆Eã₂aεεüïüãaζüα∆Eïδα₃Eöα₂αñδaβöüãEü₃añéδyEwüζöEçééβEãα∆ωα₂κζüα∆a₂E∆éκδa₂E
∆éζwαδkεSE2021QEVaQEWVRX[ 9

462 zα₂éEαïElüéζaδyEuüãδα∆κζδüé∆ζεEα∆EoκζEuüãδαáüa₂ElyεáüαεüεEa∆çEuαçκ₂aζüα∆Eü∆Eq∆ï₂a₃₃aζαδyEjαwé₂E
lüεéaεéSE2021QE[ZQEVaUVW]V 3

461
léωé₂αβ₃é∆ζEαïEζé₃βéδaζκδéRaεεüεζéçEεα₂üçüïüãaζüα∆EαïEï₂αaζü∆ñEαδña∆üãEçδαβ₂éζRáaεéçEçüεβéδεüωéE
₂üγκüçâ��₂üγκüçE₃üãδαéxζδaãζüα∆Eβéδïαδ₃éçEçκδü∆ñEãé∆ζδüïκñaζüα∆EïαδEéxζδaãζüα∆EαïEαδña∆αãö₂αδü∆éE
βéεζüãüçéEδéεüçκéεEü∆EãαãαaEβαwçéδEβδüαδEζαEokRmklSEChemicalsPapersQE2021QE]ZQEV[aVRV]UU

1.9 2

460 mãα∆α₃üãE₂αεεEçκéEζαEçüεéaεéεEü∆Eq∆çüa∆Eεöδü₃βEïaδ₃ü∆ñEwüζöEεβéãüa₂Eδéïéδé∆ãéEζαEm∆ζéδαãyζαzαα∆E
öéβaζαβé∆aéüEMmpxNEa∆çEwöüζéEεβαζEεy∆çδα₃éEωüδκεEM’{{‘NSE2021QEZXXQE]X[WXV 20

459 i₂ζéδE₃aãδαβöañéEaçöéεüα∆Ea∆çE₃αçκ₂aζéEζöéüδEδéεβα∆εéEα∆Eöyçδαβöαáüãa₂₂yE₃αçüïüéçEöyçδαñé₂εSE
2021QEV[ZQEVU]_WV 5

458 oaζéçEζé₃βαδa₂Eãα∆ωα₂κζüα∆a₂E∆éκδa₂E∆éζwαδkEa∆çEéxβéδζEïéaζκδéεEïαδEçüañ∆αεü∆ñEa∆çEéxβ₂aü∆ü∆ñE
βöyεüα₂αñüãa₂Eζü₃éEεéδüéεbEiEãaεéEεζκçyEα∆EöéaδζEδaζéεSE2021QEWUUQEVUZ_Y] 3

457 kα₃βaδüεα∆EαïEεéñ₃é∆ζaζüα∆Ea₂ñαδüζö₃εEïαδEnqjR{muEζα₃αñδaβöyEαïEβαδακεEβα₂y₃éδεbEq₃βαδζa∆ãéE
αïEü₃añéEãα∆ζδaεζEïαδE₃aãöü∆éE₂éaδ∆ü∆ñEεéñ₃é∆ζaζüα∆SE2021QEV]VQEVVU_U[ 1

456 iE₃κ₂ζüεãa₂éE₃αçé₂ü∆ñEαïEça₃añéEaããκ₃κ₂aζüα∆Ea∆çEβéδ₃éaáü₂üζyEωaδüaζüα∆Eü∆Eεöa₂éEδαãkεEκ∆çéδE
₃éãöa∆üãa₂E₂αaçü∆ñSE2021QEVa_QEVU_VWX 3

455 wããκδδé∆ãéQEβδéçüãζαδεEa∆çEöazaδçεEαïEé₂éωaζéçEñδακ∆çwaζéδEaδεé∆üãEaãδαεεEq∆çüaEζöδακñöEïüé₂çE
αáεéδωaζüα∆εEa∆çEδéñüα∆a₂Rεãa₂éEiqRáaεéçE₃αçé₂ü∆ñSE2021QE]ZaQEVYXZVV 26

454 ’éaδaá₂éEa∆çEjüαçéñδaçaá₂éE{é∆εαδεEïαδEk₂ü∆üãa₂Ea∆çEm∆ωüδα∆₃é∆ζa₂Eiββ₂üãaζüα∆εSE2021QEXQE[_RVUU 20

453 mïïéãζEαïEiκδüãκ₂aδüaEaκδüãκ₂aEïéδ₃é∆ζaζüα∆EáδαζöEα∆EζöéE₂üωéδEa∆çEεζα₃aãöEαïE₃üãéEwüζöEaãκζéE
a₂ãαöα₂üε₃SE2021QEVWQEVaVRWUW 4

452 va∆αβaδζüã₂éR₃éçüaζéçEñé∆éEζöéδaβyEεζδaζéñüéεEïαδE₃üζüñaζü∆ñEü∆ï₂a₃₃aζαδyEáαwé₂EçüεéaεéSE2021QE
aQEVY_VRVZUW 5

451 –ü∆ñüáéδEzéδκ₃áéζEtSEéεεé∆ζüa₂Eαü₂RáaεéçEãöüζαεa∆E∆a∆αé₃κ₂εüα∆EaεEa∆Eéïïüãüé∆ζEñδéé∆EβδéεéδωaζüωéE
añaü∆εζEïκ∆ñüEa∆çEaï₂aζαxü∆EjEãα∆ζa₃ü∆aζüα∆SE2021QE_[QEVYaRV[U 7

450 ‘aδüaζüα∆Eü∆EζöéE₃a∆añé₃é∆ζEαïEsawaεaküEçüεéaεéEü∆Eiκεζδa₂üaEa∆çEvéwE–éa₂a∆çbEiEεκδωéyEαïE
βaéçüaζδüãüa∆εSE2021QEZ]QE[Y[R[ZW
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449 }öéEzéδαRεöéaδRδaζéE₂ü₃üζü∆ñEδöéα₂αñüãa₂EáéöaωüαδεEαïEüçéa₂₂yEãα∆çκãζüωéEβaδζüã₂éεEεκεβé∆çéçEü∆E
ãα∆ãé∆ζδaζéçEçüεβéδεüα∆εEκ∆çéδEa∆Eé₂éãζδüãEïüé₂çSE2021QE[ZQEVXRW[ 1

448 }öéEmïïéãζεEαïE{αü₂EléβζöEα∆EζöéE{ζδκãζκδéEαïEuüãδαáüa₂Ekα₃₃κ∆üζüéεEü∆Eiñδüãκ₂ζκδa₂E{αü₂εEü∆EqαwaQE
†{iSE2020QE 16

447 i∆aéδαáüãEwaεζéwaζéδEζδéaζ₃é∆ζEa∆çEδéκεéEé∆aá₂éçEáyEζöéδ₃αβöü₂üãEáüαβδαãéεεü∆ñEü∆ζéñδaζéçEwüζöE
aEáüαé₂éãζδαãöé₃üãa₂Tκ₂ζδaïü₂ζδaζüα∆E₃αçκ₂éSE2021QEXWVQEVWYYU[ 6

446 taδñéE{é∆εüζüωüζyEαïE{ü₃κ₂aζéçEq∆çüa∆E{κ₃₃éδEuα∆εαα∆Ezaü∆ïa₂₂EMq{uzNEζαEo₂αáa₂E’aδ₃ü∆ñbE
q₃β₂üãaζüα∆εEαïEq{uzExδαjéãζüα∆εSE2021QEVW[QE 3

445 {κδïaãéEãα∆ζaãζεEεζδα∆ñ₂yEü∆ï₂κé∆ãéEζöéEé₂aεζüãüζyEa∆çEζöéδ₃a₂Eãα∆çκãζüωüζyEαïEεü₂üãaE∆a∆αβaδζüã₂éE
ïüáéδεSEPhysicalsChemistrysChemicalsPhysicsQE2021QEWXQEX]U]RX]VZ 3.6 2

444 ué∆ζa₂Eöéa₂ζöEãα∆εéγκé∆ãéεEαïEü∆ïéãζüα∆εEáyEãαδα∆aωüδκεéεEü∆ã₂κçü∆ñEεéωéδéEaãκζéEδéεβüδaζαδyE
εy∆çδα₃éEãαδα∆aωüδκεEWEM{iz{Rkα‘RWNSE2021QEVVQEéUVaUV 6

443 lüïïκεüα∆Rxmx}qlmbElüεζαδζüα∆REa∆çEá₂κδδü∆ñRïδééEçüïïκεüα∆Eü₃añü∆ñEwüζöEεé₂ïR∆aωüñaζéçE
₃αζüα∆Rãαδδéãζüα∆Ea∆çEδé₂axα₃éζδyEãaβaáü₂üζüéεSE2021QE_ZQEWYV]RWYXX 3

442 }öéEzéεβα∆εéEαïEoδαwζöEa∆çE”üé₂çEαïEka∆α₂aEoé∆αζyβéεEζαEpκ₃üãEiãüçEiββ₂üãaζüα∆Eü∆Elüïïéδé∆ζE
x₂a∆ζElé∆εüζüéεSE2021QE]XQEV]RW] 5

441 pαwE’öéaζExéδüãaδβEi₂ζéδEnκ∆ña₂EoδαwζöEa∆çE}αxüñé∆üãüζyExδαïü₂éεSE2021QEY[QEZWaaRZXU[

440
q₃βδαωéçEεé₂ïRöéa₂ü∆ñEβéδïαδ₃a∆ãéEαïEβα₂y₃éδüãE∆a∆αãα₃βαεüζéεEδéü∆ïαδãéçEwüζöEζa₂ãE
∆a∆αβaδζüã₂éεEM}vxεNEa∆çEκδéaRïαδ₃a₂çéöyçéE₃üãδαãaβεκ₂éεEM†nukεNSEArabiansJournalsofsChemistryQE
2021QEVYQEVUWaW[

5.9 15

439 kδyαñé₂Töyçδαñé₂Eáüα₃aζéδüa₂εEa∆çEaãκβκ∆ãζκδéEãα₃áü∆éçEζαEβδα₃αζéEçüaáéζüãEεkü∆Ewακ∆çEöéa₂ü∆ñE
ζöδακñöEü₃₃κ∆α₃αçκ₂aζüα∆SE2021QEW[aQEVWU[U_ 34

438 m₂éãζδαãöé₃üãa₂Eβéδïαδ₃a∆ãéEαïEβα₂y₃éδRçéδüωéçE{üwkEa∆çE{ü}üwkEãéδa₃üãEé₂éãζδαçéεEïαδEaδζüïüãüa₂E
ãaδçüaãEβaãé₃akéδEaββ₂üãaζüα∆εSE2021QEY]QE]ZaXR][UV 2

437 nαδé∆εüãEζaβöα∆α₃ybEköaδaãζéδüzaζüα∆EαïEζöéEñδaωéεαü₂Eãöé₃üεζδyEκεü∆ñEaE₃κ₂ζüωaδüaζéEaββδαaãöE
ãα₃áü∆ü∆ñEãöé₃üãa₂Ea∆çEωα₂aζü₂éEa∆a₂yεéεSE2021QEXV_QEVVUZ[a 2

436
mxβéδü₃é∆ζa₂Tãα₃βκζaζüα∆a₂Eaεεéεε₃é∆ζεEαïEεζéé₂Eü∆Epk₂E₃éçüκ₃Eãα∆ζaü∆ü∆ñE
a₃ü∆αãaδáα∆üζδü₂éRü∆ãαδβαδaζéçEβα₂yöyçδαxyRïκ∆ãζüα∆a₂üzéçEβyδüçα—WQXRç βyδü₃üçü∆éEaεEaEñδéé∆E
ãαδδαεüα∆Eü∆öüáüζαδSE2021QEXWVQEVVYaUW

6

435 kα₃βδéöé∆εüωéEaεεéεε₃é∆ζEαïEa₃ü∆αEaãüçEεκáεζüζκζüα∆εEü∆EζöéEζδü₃éδüãEzviEβα₂y₃éδaεéEãα₃β₂éxEαïE
ü∆ï₂κé∆zaEiEωüδκεEçéζéãζéçEü∆Eã₂ü∆üãa₂Eζδüa₂εEαïEáa₂αxaωüδE₃aδáαxü₂SE2021QEVZQEX_aRXaZ 11

434 iéδαεα₂RçéβαεüζéçEi₂WwXTx}nmEöyçδαβöαáüãEãαaζü∆ñεEwüζöEaçjκεζaá₂éEζδa∆εβaδé∆ãySE2021QEVUYQEV]V[RV]WZ 3

433 tαεεEαïEiδaáüçαβεüεE₃aζδüxE₃éζa₂₂αβδαζéü∆aεéRZEaïïéãζεEδααζEçéωé₂αβ₃é∆ζEa∆çEδααζEáaãζéδüa₂E
ãα₃₃κ∆üζüéεEçκδü∆ñEçδακñöζEεζδéεεSE2021QEV]WQEVUYZRVUZ_ 2

432 qεEζöéδéEéωüçé∆ãéEζöaζEβéδüαçα∆ζa₂EçüεéaεéεEaδéEδüεkEïaãζαδεEïαδEãαδα∆aδyEaδζéδüa₂EçüεéaεégR{ãαβü∆ñE
δéωüéwSE2021QEYVQE[[R]]
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431 }öéEq₃βaãζEαïEmxβéδü₃é∆ζa₂₂yEq∆çκãéçEtü₃áEqεãöé₃üaEα∆EζöéEzκááéδEpa∆çEq₂₂κεüα∆SE2021QEZUQE__Ra[ 4

430 }öéEzα₂éEαïExaζöαñé∆Ely∆a₃üãεEa∆çEq₃₃κ∆éEoé∆éEmxβδéεεüα∆Eü∆EζöéE{κδωüωa₂EαïEnéδa₂Epα∆éyEjééεSE
2021QE_QE 3

429 }öéEçyεδéñκ₂aζüα∆EαïE₃éζaáα₂üãEβaζöwayεEa∆çEü∆çκãζüα∆EαïEζöéEβé∆ζαεéEβöαεβöaζéEβaζöwayEü∆Eδé∆a₂E
üεãöaé₃üaRδéβéδïκεüα∆Eü∆jκδySE2021QEWZXQEYUYRYVY 5

428 i∆a₂yεüεEαïE₂üβαβα₂yεaããöaδüçéεEáyEãακβ₂ü∆ñE₃üãδαεãa₂éEεα₂üçRβöaεéEéxζδaãζüα∆EwüζöEãaβü₂₂aδyE
é₂éãζδαβöαδéεüεR₂aεéδEü∆çκãéçEï₂καδéεãé∆ãéSE2021QEV[VQEVUZ]]V 4

427 kα₃βaδüεα∆EαïE{öαδζREa∆çEtα∆ñR}éδ₃E}αxüãüζyEαïEuüãδαβ₂aεζüãεEwüζöElüïïéδé∆ζEköé₃üãa₂E
kα∆εζüζκé∆ζεEα∆Ejκζζα∆Exα₂yβεSEMxδαζαβa₂yζöαaEεβSNSE2021QEZQEVWRWW 6

426 xéδαωεküζéEγκa∆ζκ₃EçαζεEü∆ζéñδaζéçEwüζöEωéδζüãa₂₂yEa₂üñ∆éçEñδaβöé∆éEζαwaδçEa₃áüβα₂aδE
₃κ₂ζüïκ∆ãζüα∆a₂EβöαζαçéζéãζαδεSE2021QEaQE[UaR[Va 8

425 xéζδα₂éκ₃EwaεζéEöyçδαãaδáα∆Eδéεü∆EaεEaEãaδáα∆EεακδãéE₃αçüïüéçEα∆EaE{üEãα₃βαεüζéEaεEaEεκβéδüαδE
a∆αçéE₃aζéδüa₂Eü∆E₂üζöüκ₃Eüα∆EáaζζéδüéεSE2021QEWZaQEVWYUVV 7

424 }αwaδçεEaEβαü∆ζRαïRãaδéE{mz{Eεé∆εαδEïαδEáüα₃éçüãa₂Ea∆çEañδüRïααçEa∆a₂yεüεEaββ₂üãaζüα∆εbEaEδéωüéwEαïE
δéãé∆ζEaçωa∆ãé₃é∆ζεSE2021QEVXQEZZXRZ_U 40

423 wδña∆üãEãα₃βαεüζüα∆EαïEζöδééEçüïïéδé∆ζEεüzéEδa∆ñéεEαïEaéδαεα₂Eβaδζüã₂éεEαωéδEζöéE{ακζöéδ∆Ewãéa∆SE
2021QEZZQEW[_RW__ 3

422 xδéçaζαδEβδéïéδé∆ãéεEεöaβéEζöéEçüéζεEαïEaδζöδαβαçüωαδακεEáaζεE₃αδéEζöa∆Eγκa∆ζüζaζüωéE₂αãa₂EβδéyE
aáκ∆ça∆ãéSE2021QEXUQE_ZZR_]X 7

421 iñéRδé₂aζéçEãöa∆ñéεEü∆EñazéEáéöaωüακδEçκδü∆ñEεαãüa₂Eü∆ζéδaãζüα∆bEi∆EéyéRζδaãkü∆ñEεζκçyEwüζöEa∆E
é₃áαçüéçEãα∆ωéδεaζüα∆a₂Eañé∆ζSE2021QE]YQEVVW_RVVXa 0

420 ly∆a₃üãEïκ∆ãζüα∆a₂E∆éζwαδkεEü∆EüçüαβaζöüãE∆αδ₃a₂EβδéεεκδéEöyçδαãéβöa₂κεbEi₂ζéδaζüα∆εEa∆çE
δéωéδεüáü₂üζyEáyEk{nEζaβEζéεζSE2021QEYWQEVY_ZRVZUW 4

419 i∆ζüïκ∆ña₂EβδαβéδζüéεEαïE∆aζκδa₂EβδαçκãζεEïδα₃ExζéδαãaδyaEζα∆kü∆é∆εüεEañaü∆εζEβöyζαβaζöαñé∆üãE
ïκ∆ñüSE2021QE]]QEV_[YRV_]W 3

418 {κáεζδaζéEεζαüãöüα₃éζδyEãöa∆ñéεEçκδü∆ñEβκ₂εéçE₂aεéδEçéβαεüζüα∆bEaEãaεéEεζκçyEα∆E{δ}üwXSE2021QEWUXQEVV[Y[V 9

417 XlEãκ₂ζκδéE₃αçé₂εEζαEεζκçyE{iz{Rkα‘RWEü∆ïéãζüωüζyEa∆çEa∆ζüωüδa₂Eãa∆çüçaζéεbEnδα₃EεβöéδαüçεEζαE
áüαβδü∆ζü∆ñSE2021QEYYQEXVRYW 11

416 mεζü₃aζüα∆EαïE₃üεεü∆ñEωa₂κéεEü∆EaññδéñaζéE₂éωé₂Eεβaζüa₂EçaζaSE2021QEaQEXUYRXUa 2

415 }öéEü₃βaãζEαïEïa₃ü₂yEé∆ωüδα∆₃é∆ζEα∆EζöéE₂üïéEεaζüεïaãζüα∆Ea₃α∆ñEyακ∆ñEaçκ₂ζεEwüζöEβéδεα∆a₂üζyEaεEaE
₃éçüaζαδSE2021QEVWUQEVUZ[ZX 6

414 püñöRζé₃βéδaζκδéEεy∆ζöéεüεEü∆EaãζüωaζéçEβαwçéδE₃üxζκδéεEκ∆çéδEãα∆çüζüα∆εEαïE₂ü∆éaδEöéaζü∆ñbEvüâ��i₂E
εyεζé₃SE2021QEWWXQE__Ra] 6
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413 {ζδéεεEãαδδαεüα∆Eãδaãkü∆ñEáéöaωüαδEαïEεé₂éãζéçEεζaü∆₂éεεEεζéé₂εEü∆EεaζκδaζéçEβαζaεöEáδü∆éEεα₂κζüα∆EaζE
çüïïéδé∆ζEζé₃βéδaζκδéεSE2021QEV]_QEVUaUWZ 3

412 zé₂aζüα∆εöüβEαïEaδεé∆üãEa∆çEãöδα₃üκ₃Eaωaü₂aáü₂üζyEwüζöEãaδáα∆Eïκ∆ãζüα∆a₂EñδακβεQEa₂κ₃ü∆κ₃Ea∆çEüδα∆E
ü∆Etüζζ₂éE’aεöüζaEzüωéδEmxβéδü₃é∆ζa₂E’aζéδεöéçEzéεéδωαüδεQEwk₂aöα₃aQE†{iSE2021QEWU]QEVVVY[_ 1

411 ‘aδüaζüα∆εEü∆Eδüïa₃βüãü∆Ea∆çEüεα∆üazüçEδéεüεζa∆ãéEaεεαãüaζéçEñé∆éζüãE₃κζaζüα∆εEa₃α∆ñEçδκñE∆aˆflωéE
a∆çEδéãκδδé∆ãéEãaεéεEαïEβκ₂₃α∆aδyEζκáéδãκ₂αεüεSE2021QEVUXQEZ[R[V 2

410 iεεéεεü∆ñEζδééEçüωéδεüζyEa∆çEãaδáα∆Eçé∆εüζyEαïEaEδüβaδüa∆Ezα∆éEwüζöü∆EaEβδαζéãζéçEaδéaEü∆Eεακζöéδ∆E
xöü₂üββü∆éεSE2021QEVYQE]_R_[ 0

409 köaδaãζéδüzaζüα∆E₃éζöαçEïαδEãa₂ãκ₂aζü∆ñEçüïïκεüα∆Eãαéïïüãüé∆ζEαïEçδκñEïδα₃Eβα₂y₂aãζüãEaãüçEMxtiNE
₃üãδα∆ééç₂éεEü∆ζαEζöéEεkü∆SE2021QE[VQEVUWVaW 10

408 xéβζüçéRaεεüεζéçEβδéRáα∆çü∆ñEδé₃ü∆éδa₂üzaζüα∆EαïEçé∆ζü∆EζαEü₃βδαωéEáα∆çü∆ñSE2021QEVVXQEVUYVVa 5

407 ‘αüçEεöδü∆kañéEü∆EWVkδXWvüEaκεζé∆üζüãE₃αçé₂Ea₂₂αyEçκδü∆ñEü∆RεüζκEüα∆Eüδδaçüaζüα∆SE2021QEZYXQEVZW[X[ 0

406 }κ₃αδEaεεαãüaζéçEζüεεκéEéαεü∆αβöü₂üaEü∆Eαδa₂Eεγκa₃ακεEãé₂₂Eãaδãü∆α₃abEiEεyεζé₃aζüãEδéωüéwEa∆çE
₃éζaRa∆a₂yεüεSE2021QEVVQEXXRXa 0

405 xδéαβéδaζüωéEáδaü∆EuzqEïéaζκδéεEa∆çEαããκδδé∆ãéEαïEβαεζαβéδaζüωéEçé₂üδüκ₃SE2021QEVYUQEVVUXUV 4

404 xwmu{EMxwt”umzqkEwx}wRmtmk}zwRumkpivqkitE{”{}mu{NEnwzEil‘ivkmlEvm†zitE
qv}mznikm{SE2021QEW_ZQE 3

403 mωa₂κaζüα∆EαïE₃üãδαwaωéEaãüçEáakü∆ñEα∆Eq∆çüa∆EδéçE₃κçEεa₃β₂éSE2021QEV[UQEVU[[_[ 5

402 {α₂κáü₂üεaζüα∆EαïEεa₂üãy₂aζéEü∆EnVW]E₃üãé₂₂éεbEmïïéãζEαïEβpEa∆çEζé₃βéδaζκδéEα∆E₃αδβöα₂αñyEa∆çE
ü∆ζéδaãζüα∆εEwüζöEãyã₂αçéxζδü∆SE2021QEXWWQEVVY_aW 3

401 }öéEãé₂₂κ₂aδEáακ∆çaδyEwüζöEöüñöEçé∆εüζyEαïEçüε₂αãaζüα∆εEñαωéδ∆éçEζöéEεζδé∆ñζöé∆ü∆ñE₃éãöa∆üε₃Eü∆E
εé₂éãζüωéE₂aεéδE₃é₂ζéçEXV[tEεζaü∆₂éεεEεζéé₂SE2021QE]aaQEVYUW]a 23

400 i∆aζαxü∆RaEçéñδaçaζüα∆EáyEκεü∆ñEζüζa∆üκ₃EçüαxüçéSE2021QE]Z[QEVYXZaU 1

399 ’öaζEζöéEçü∆ñαEεayεEaáακζEçαñEçα₃éεζüãaζüα∆SE2021QEXUYQEVaRXU 7

398 mïïéãζεEαïEa∆ζöδαβαñé∆üãEöaáüζaζEçüεζκδáa∆ãéEa∆çEü∆ïéãζüα∆Eα∆EaEεé∆ζü∆é₂EεβéãüéεLEñκζEáaãζéδüaSE2021
QEVVQEYZRZ] 2

397 kα₃βaδü∆ñEé∆ωüδα∆₃é∆ζa₂ElviE₃éζaáaδãαçü∆ñEa∆çEκ∆çéδwaζéδEωüεκa₂Eãé∆εκεEζαE₃α∆üζαδEζδαβüãa₂E
δééïEïüεöéεSE2021QEXQEVYWRVZ[ 16

396 léζéãζü∆ñEïüεöEaεεé₃á₂añéεEwüζöEé∆ωüδα∆₃é∆ζa₂ElvibElαéεEβδαζαãα₂E₃aζζéδgE}éεζü∆ñEélviE
₃éζaáaδãαçü∆ñE₃éζöαçEδαáκεζ∆éεεSE2021QEXQE[VaR[XU 2
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395 taζéδa₂Ea∆çE₂α∆ñüζκçü∆a₂EïüεöEé∆ωüδα∆₃é∆ζa₂ElviEçüεζδüáκζüα∆Eü∆Eçy∆a₃üãEδüωéδü∆éEöaáüζaζεSE2021QEXQEXUZRXV_ 9

394 nüεéζü∆bEi∆Ea∆ζüãa∆ãéδEβéδεβéãζüωéSE2021QEaQEXRV[ 24

393 mxζé∆çéçRa₃yñça₂aEü∆ζδü∆εüãEïκ∆ãζüα∆a₂Eãα∆∆éãζüωüζyE∆éζwαδkεbEiEβαβκ₂aζüα∆EεζκçySE2021QEYWQEVZaYRV[V[ 3

392 ‘üζa₃ü∆ElEa∆çEk₂ü∆üãa₂Eka∆ãéδEwκζãα₃éεbEiEzéωüéwEαïEuéζaRi∆a₂yεéεSE2021QEZQEéVUYWU 10

391 zéεéaδãöEα∆Eü₃βδαωéçEwaωé₂éζEãα∆ωα₂κζüα∆a₂Ewaωé₂éζE∆éκδa₂E∆éζwαδkεSE2021QEZVQEYVU[RYVW[ 9

390 {κáζü₂üεü∆E₂ükéEβδαζéü∆εEü∆EζöéEwaδEáéζwéé∆Eoδaβéωü∆éEa∆çEx₂aε₃αβaδaEωüζüãα₂aEüεα₂aζéεEwüζöE
ãα∆ζδaεζü∆ñEaññδéεεüωé∆éεεSE2021QEVZaQEYXXRYXa 1

389 xaζãöü∆ñEpé₂éR{öawEké₂₂εEζαEq∆ωéεζüñaζéEζöéEn₂αwEaζEtαwEzéy∆α₂çεEvκ₃áéδEü∆EnδaãζκδéEvéζwαδkεSE
2021QEVX[QEVY]RV[X 2

388 lα₃ü∆a∆ζEçδüωéδεEαïEβ₂a∆ζEãα₃₃κ∆üζyEaεεé₃á₂yEωaδyEáyEεαü₂EζyβéEa∆çEζü₃éEü∆Eδéã₂aü₃éçEïαδéεζεSE
2021QEWWWQEVZaRV]V 4

387 mçκãaζαδεEδéï₂éãζü∆ñEα∆Eε₂ééβEa∆çEδéεζEζü₃éEçü₂é₃₃aεEü∆EmkmkbEwöéδéEüεEζöéEâ��ãδüζüãa₂â��Eü∆Eδéï₂éãζüωéE
βδaãζüãéεgSE2021QEY_QE[a]R]Va

386 {y₃áüαζüãEïκ∆ñüEü∆E∆aζκδéEnü∆∆üεöEβéaζE₃αεεEβδα₃αζéEωéñéζaζüωéEñδαwζöEü∆EδaááüζéyéEá₂κéáéδδyE
ãκζζü∆ñεSE2021QE[WQEVaVRVa_ 3

385 q∆E‘üζδαEi∆ζüRçüaáéζüãEiãζüωüζyEαïEnδééEi₃ü∆αEiãüçEa∆çExδαζéü∆Ei₃ü∆αEiãüçEmxζδaãζεEïδα₃EnακδEqδa∆üa∆E
uéçüãü∆a₂Ex₂a∆ζεSE2021QEYZQEYYXRYZY 1

384 jδéakü∆ñEléaç₂αãkεbEzéwaδçExδαáaáü₂üζyEa∆çE{βα∆ζa∆éακεExδéïéδé∆ãéE{öaβéE‘α₂κ∆ζaδyEléãüεüα∆εE
a∆çEm₂éãζδαβöyεüα₂αñüãa₂E{üñ∆a₂εEü∆Epκ₃a∆εSE2021QEYQEVaVRWVW 1

383 {βaζüαRζé₃βαδa₂Eãöa∆ñéεEü∆EwaζéδRδé₂aζéçEéãαεyεζé₃EεéδωüãéεEβδαωüεüα∆Ea∆çEζδaçéRαïïεEwüζöEïααçE
βδαçκãζüα∆SE2021QEW_[QEVWZXV[ 8

382 uüãδα∆ééç₂éεEïαδEβaü∆₂éεεEζδa∆εçéδ₃a₂Eü₃₃κ∆αζöéδaβéκζüãEaββ₂üãaζüα∆εSE2021QEXXUQEV_ZRWV] 64

381 köaδaãζéδüzaζüα∆EαïEiçκ₂ζEa∆çEvéα∆aζa₂Eiδζüãκ₂aδEkaδζü₂añéEnδα₃EζöéEmγκü∆éE{ζüï₂éSE2021QEa[QEVUXWaY

380 {ζaζüãEü∆ζéδaãζüα∆Eáéζwéé∆Eãα₂₂αüça₂Eãaδáα∆E∆a∆αRçαζεEa∆çEa∆ü₂ü∆ébEiE∆αωé₂Eβ₂aζïαδ₃EïαδE
κ₂ζδaεé∆εüζüωéEçéζéãζüα∆EαïEa∆ü₂ü∆éEü∆EaγκéακεE₃éçüaSE2021QEVXYQEVVVVVa 8

379 mïïéãζEαïEδaδéEéaδζöEé₂é₃é∆ζεEα∆Eãαaζü∆ñεEçéωé₂αβéçEáyEζöéδ₃a₂Eεβδayü∆ñEβδαãéεεéεEM}{xNEâ��EiEáδüéïE
δéωüéwSE2021QEYYQEYUZXRYUZ_ 4

378 iEk₂éaδü∆ñöακεéEïαδEoé∆α₃éRmçüζéçEkδαβεEa∆çEnüé₂çE}éεζü∆ñSE2021QEVYQEXRZ 2
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377 ta∆ζöa∆κ₃EçαβéçEçüãa₂ãüκ₃EβöαεβöaζéEáα∆éEãé₃é∆ζεEïαδEβαζé∆ζüa₂EκεéEaεEïü₂₂éδEïαδEáα∆éEçéïéãζεSE
MaterialssTodaysCommunicationsQE2021QEW[QEVUV]]Y 2.5 4

376 i∆Eü∆ζéñδaζéçEεζδaζéñüãEïδa₃éwαδkEïαδE₂aδñéRεãa₂éEãδαβEβ₂a∆∆ü∆ñbEεκεζaü∆aá₂éEã₂ü₃aζéRε₃aδζEãδαβE
β₂a∆∆ü∆ñEa∆çEañδüRïααçEεκββ₂yEãöaü∆E₃a∆añé₃é∆ζSE2021QEW[QE]UaR]XW 7

375 mïïéãζEαïE₃é₂ζü∆ñEζü₃éEα∆Eωα₂aζü₂üζyQEwpEü∆Eñ₂aεεEü∆E₃üãδαwaωéEβδαãéεεü∆ñSE2021QEX[QEYW[RYXY 1

374 wü₂Eïüé₂çE₃üãδααδña∆üε₃εEãaκεéEöüñö₂yE₂αãa₂üzéçEãαδδαεüα∆Eα∆Eãöé₃üãa₂₂yEü∆öüáüζéçEãaδáα∆Eεζéé₂SE2021
QEVYQEV]VRV_Z 5

373 lüδéãζ₂yEãα∆ωéδζéçEaεζδαãyζéεEδéζaü∆EζöéEañéü∆ñEïéaζκδéεEαïEζöéEçα∆αδEïüáδαá₂aεζεEa∆çEé₂κãüçaζéEζöéE
aεζδαãyζüãEãα∆ζδüáκζüα∆EζαEöκ₃a∆Ekv{Eöéa₂ζöEa∆çEçüεéaεéSE2021QEWUQEéVXW_V 10

372 mxβ₂αδü∆ñEωüéwεEα∆Ea₂ãαöα₂Eãα∆εκ₃βζüα∆Ea∆çEçüñüζa₂EεκββαδζEïαδEa₂ãαöα₂Eδéçκãζüα∆Eü∆E†sRáaεéçE
xκ∆jaáüR{üköE₃é∆bEiEζöü∆kEa₂ακçEa∆çEü∆ζéδωüéwEεζκçySE2020QEYUQEWXV 1

371 iεεαãüaζüα∆EαïEáéζaRöyçδαxyáκζyδaζéEwüζöEçéωé₂αβ₃é∆ζEαïEöéaδζEïaü₂κδébE{éxEçüïïéδé∆ãéεEü∆EaElκζãöE
βαβκ₂aζüα∆EãαöαδζSE2021QEZVQEéVXY[_ 8

370 uαçκ₂aζüα∆EαïEáü∆αãκ₂aδEδüωa₂δyEwüζöEδaβüçE₃α∆αãκ₂aδEωüεκa₂Eεζü₃κ₂aζüα∆SE2021QEZXQEVUU_RVUV_

369 o₂αáa₂₂yEãα∆εüεζé∆ζEδééïEεüzéEεβéãζδaEü∆ζéñδaζü∆ñEïüεöéεEa∆çEü∆ωéδζéáδaζéεSE2021QEWYQEZ]WRZ]a 5

368 mωα₂κζüα∆aδyEδéεβα∆εéεEαïE₃aδü∆éEαδña∆üε₃εEζαEκδáa∆üzéçEεéaεãaβéεSE2021QEVYQEWVURWXW 8

367 {κββδéεεü∆ñEéωα₂κζüα∆Eü∆Eñé∆éζüãa₂₂yEé∆ñü∆ééδéçEεyεζé₃εEζöδακñöEδéβéaζéçEεκββ₂é₃é∆ζaζüα∆SE2021QE
VYQEXY_RXZa

366 lα₃ü∆a∆ζEwü∆ζéδζü₃éEεκδïaãéEaüδEζé₃βéδaζκδéE₃αçéεEü∆EζöéEvαδζöéδ∆Epé₃üεβöéδéEéxζδaζδαβüãεSE
2021QEZ[QE[_]R[a_ 2

365 iκçüζαδyEa∆çE‘üεκa₂E}aεkεEq∆ï₂κé∆ãéEζöéE}é₃βαδa₂Ely∆a₃üãεEαïEmmoEuüãδαεζaζéεElκδü∆ñE
xαεζRé∆ãαçü∆ñEzéεζSE2021QEXYQEVaRW_ 4

364 {y∆ζöéεüzéEαβζü₃üzaζüα∆QEãöaδaãζéδüzaζüα∆QEa∆çEaββ₂üãaζüα∆EαïE–qnR_Eaçεαδáé∆ζEïαδEé₂ü₃ü∆aζüα∆EαïE
α₂üωéEαü₂Eïδα₃EaγκéακεEεα₂κζüα∆SEEnvironmentalsSciencesandsPollutionsResearchQE2021QEW_QEVW]WZRVW]Xa 5.1 4

363 uüãδαáüa₂Eq∆aãζüωaζüα∆EáyEvα∆Réγκü₂üáδüκ₃E{öαδζRxκ₂εéçEiζ₃αεβöéδüãExδéεεκδéElüé₂éãζδüãEjaδδüéδE
lüεãöaδñéEMkα₂çEx₂aε₃aNbEvκ₃éδüãa₂Ea∆çEmxβéδü₃é∆ζa₂E{ζκçüéεSE2021QEVXQEVX[RVY] 5

362 †εéEαïEãα₃βαεζEa∆çEβöαεβöaζéRεα₂κáü₂üzü∆ñEáaãζéδüaEaïïéãζEεκñaδãa∆éE₃ü∆éδa₂E∆κζδüζüα∆QEβöαεβöαδκεE
aωaü₂aáü₂üζyQEa∆çEζöéEεαü₂Eáaãζéδüa₂Eãα₃₃κ∆üζySEAppliedsSoilsEcologyQE2021QEVZ]QEVUX][U 5 27

361 iκζα₃aζüãEçüañ∆αεüεEαïEãaδçüαωaεãκ₂aδEçüεαδçéδεEáyEεκáEü₃añéεEαïEζöéEmkoEεüñ∆a₂Eκεü∆ñE
₃κ₂ζüRïéaζκδéEéxζδaãζüα∆E₃éζöαçεEa∆çEδa∆çα₃üzéçE∆éκδa₂E∆éζwαδkSE2021QE[YQEVUWW[U 7

360 tαwEωé₂αãüζyEü₃βaãζEδéεβα∆εéEαïEXlEβδü∆ζéçEεζδκãζκδéεEïαδ₃éçEáyEãé₂₂κ₂aδE₃éζa₃aζéδüa₂εEa∆çE
εζüïïé∆ü∆ñEβ₂aζéεbExtiEωεSExm}ñSE2021QEWZ[QEVVXVW_ 13
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359 }aδñéζü∆ñEiζñYjEïαδEãa∆ãéδEζöéδaβybEköé₃üãa₂E₃éçüaζαδεSE2021QEWUaQEVVWaV] 4

358 ta∆çεãaβéEãα₃βαεüζüα∆EüεE₃αδéEü₃βαδζa∆ζEζöa∆E₂αãa₂Eωéñéζaζüα∆EεζδκãζκδéEïαδEκ∆çéδεζαδyEáüδçεEü∆E
ãαãαaEañδαïαδéεζδyEεyεζé₃εSE2021QEY_VQEVV_]UY 9

357 uαWkE∆a∆αεβöéδéεEa∆ãöαδéçEα∆E∆üãké₂Eïαa₃EaεEεé₂ïRεκββαδζéçEé₂éãζδαçéEïαδEöüñöRβéδïαδ₃a∆ãéE
öyçδαñé∆Eβδαçκãζüα∆SE2021QEWaYQEVWV_WZ 2

356
lüεãαωéδyEαïEζöéExa₂éαãé∆éRmαãé∆éE}öéδ₃a₂Euaxü₃κ₃Eü∆Eεöa₂₂αwR₃aδü∆éEεéçü₃é∆ζεEαïEζöéE“üñazéE
ïαδéaδãEáaεü∆QE}üáéζbEiEδéãαδçEαïEé∆öa∆ãéçEéxζδé₃éEβδéãüβüζaζüα∆Ea∆çEεü₂üãüã₂aεζüãEεéçü₃é∆ζEï₂κxSE
2021QEZ[WQEVVUUaZ

8

355 }öéEçy∆a₃üãE∆aζκδéEαïEζöéEuδéVVRzaçZUElviEáδéakEδéβaüδEãα₃β₂éxSE2021QEV[XQEVYRWW 0

354 k₂ü₃aζéRü∆çκãéçEçé∆κçaζüα∆a₂Eãöa∆ñéεEçκδü∆ñEζöéEtüζζ₂éEqãéEiñéEü∆ïéδδéçEïδα₃EVUjéEM₃éζéαδüãNTajéE
δaζüαbEiEãaεéEεζκçyEïδα₃EζöéEãαδéE₃α∆εαα∆Ezα∆éEαïEq∆çüaSE2021QEZaaR[UUQEVU]RVV[ 5

353 {κáεζa∆ãéExEá₂αãkεE˛†Ra₃ü∆αβδαβüα∆üζδü₂éRü∆çκãéçEaαδζüãEü∆jκδyEζöδακñöE₃αçκ₂aζüα∆EαïEuWE
₃α∆αãyζéRεkéwéçE₃α∆αãyζαβαüéεüεSE2021QEWW_QE][RaX 1

352 küδãκ₂aδExα₂aδüzaζüα∆E{é₂éãζüωéEuéζa₃aζéδüa₂EiáεαδáéδEü∆E}éδaöéδζzEnδéγκé∆ãyEza∆ñéSE2021QEW]QEVR[ 4

351 {₃aδζβöα∆éEαβöζöa₂₃αεãαβybEaEβαζé∆ζüa₂EwayEïαδwaδçEïαδE∆α∆Rαβöζöa₂₃α₂αñyE₃éçüãεEü∆EζöéE
kw‘qlRVaEéδaSE2021QE]QEWX]RWXa 0

350 lδyEβαwçéδEü∆öa₂éδεbEaEãα∆ãüεéEεκ₃₃aδyEαïEζöéEé₂éãζδα∆üãE₃α∆üζαδü∆ñEçéωüãéεSE2021QEVWQEVR[ 8

349 kαωüçRVaEβa∆çé₃üãEü∆EζöéE₂é∆εEαïEïααçEεaïéζyEa∆çEεéãκδüζySE2021QEVaXQEVVUYUZ 24

348 zöüzαδé₃éçüaζüα∆EαïEpéaωyEuéζa₂REa∆çE“é∆αáüαζüãRkα∆ζa₃ü∆aζéçE{αü₂bEi∆EmãαRnδüé∆ç₂yEiββδαaãöSE
2021QEaZRVVX 6

347 xδαçκãζüα∆Ea∆çEãöaδaãζéδüzaζüα∆EαïEáaãζéδüa₂Eãé₂₂κ₂αεéEεãaïïα₂çEa∆çEüζεE₃αçüïüãaζüα∆EwüζöEöya₂κδα∆üãE
aãüçEa∆çEñé₂aζü∆EïαδEñ₂üαá₂aεζα₃aEãé₂₂Eãκ₂ζκδéSE2021QEW_QEVV]RVXW 5

346 xa₂éα₂ü₃∆α₂αñyEü∆EεκββαδζEαïEaδãöéα₂αñybEaEδéωüéwEαïEβaεζEü∆ωéεζüñaζüα∆εEa∆çEaEβδαβαεéçE
ïδa₃éwαδkEïαδEïκζκδéEεζκçyEçéεüñ∆SE2021QE[ZQEVRXW 1

345 xδαζéü∆Em∆δüãö₃é∆ζEαïEkaεεaωaRjaεéçElδüéçElüεζü₂₂éδâ��εEoδaü∆EáyE{α₂üçE{ζaζéEnéδ₃é∆ζaζüα∆E†εü∆ñE
}δüãöαçéδ₃aEpaδzüa∆κ₃Ea∆çE”aδδαwüaEtüβα₂yζüãaEïαδEnééçEq∆ñδéçüé∆ζεSE2021QEVWQEX_]ZRX___ 4

344 zé₃αζé₂yEiãζüωaζéçEva∆αβaδζüã₂éεEïαδEi∆ζüãa∆ãéδE}öéδaβySE2020QEVXQEVV 11

343 iãζüωéEáüα₃aζéδüa₂εEïαδE₃éãöa∆αáüα₂αñySE2021QEW[]QEVWUYa] 28

342 véwEü∆εüñöζεEü∆ζαEζöéEçéñδaçaζüα∆EαïEεy∆ζöéζüãEβα₂₂κζa∆ζεEü∆Eãα∆ζa₃ü∆aζéçEé∆ωüδα∆₃é∆ζεSE2021QE
W[_QEVW__W] 74
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341 {κδïaãéEü∆ζéδaãζüα∆εEwüζöEζöéE₃éζa₂EαxüçéEεκδïaãéEãα∆ζδα₂EzκE∆a∆αβaδζüã₂éEïαδ₃aζüα∆Ea∆çEãaζa₂yζüãE
βéδïαδ₃a∆ãéSE2021QE[VUQEVWZ]WW 3

340 }öéEñκζE₃üãδαáüαζaEü∆Ea∆xüéζyEa∆çEçéβδéεεüα∆EREiEεyεζé₃aζüãEδéωüéwSE2021QE_XQEVUVaYX 81

339 jünéwXR}öüακδéaTkaδáα∆EöéζéδαεζδκãζκδéEáaεéçEεé₂ïRβαwéδéçEwöüζéE₂üñöζEβöαζαçéζéãζαδSE2021QE
W_YQEVW_aU[ 5

338 uαçκ₂aζüα∆EαïE∆α∆₂ü∆éaδEαβζüãa₂EβδαβéδζüéεEü∆Ekç{EáaεéçEãαδéEεöé₂₂E∆a∆αãα₂₂αüçεEïαεζéδéçEáyE₃éζa₂E
∆a∆αβaδζüã₂éεSE2021QEVXYQEVU[[W[ 4

337 z†‘jtVRz†‘jtWEiiiRi}xaεébEaEωéδεaζü₂éEεãaïïα₂çEïαδE₃κ₂ζüβ₂éEãα₃β₂éxéεEa∆çEïκ∆ãζüα∆εSE2021QE[]QE]_R_Z 6

336 }öéEáüïκ∆ãζüα∆a₂Eδα₂éEαïEãαββéδE∆a∆αβaδζüã₂éεEü∆Eζα₃aζαbEmïïéãζüωéEζδéaζ₃é∆ζEïαδEnκεaδüκ₃Ewü₂ζEa∆çE
β₂a∆ζEñδαwζöEβδα₃αζéδSE2021QEW]]QEVUa_VU 19

335 mxζδaãζüα∆EεζδaζéñüéεEïαδEζaãk₂ü∆ñEãα₃β₂éζéEöaüδE₃éζaáα₂α₃éEκεü∆ñEtkRpzu{RáaεéçEa∆a₂yεüεSE2021QE
WWXQEVWV]U_ 4

334 q∆ζéñδaζéçEãαδδéãζüα∆EαïEαβζüãa₂Eçüεζαδζüα∆εEïαδEñ₂αáa₂EpzRmj{lEζéãö∆üγκéεSE2021QEWWVQEVVXVZ_ 8

333 iEδéωüéwEαïEζöéE₃éζöαçεEïαδEεζκçyü∆ñEáüαζüãEü∆ζéδaãζüα∆εEü∆Eβöé∆α₂αñüãa₂Ea∆a₂yεéεSE2021QEVWQEWW]RWYY 2

332 pé₃a∆ñüα₂Eü∆Eü∆ïa∆ζü₂éEöaé₃a∆ñüα₃abEiEβaéçüaζδüãEβαεζR₃aδkéζü∆ñEεκδωéü₂₂a∆ãéEçδκñEεζκçySE2021QE
_]QEVa]URVa_U 2

331 zé₃αωéEαδEδéζaü∆bEéãαεyεζé₃EéïïéãζεEαïEwααçyEé∆ãδαaãö₃é∆ζEa∆çEδé₃αωa₂EaδéE₂ü∆kéçEζαEβ₂a∆ζE
εζδκãζκδa₂Ea∆çEïκ∆ãζüα∆a₂EζδaüζεSE2021QEWWaQEW[X]RW[Y[ 7

330 nαδéãaεζü∆ñE₃α∆ζö₂yEï₂κãζκaζüα∆εEαïE₂akéEεκδïaãéEaδéaεEκεü∆ñEδé₃αζéEεé∆εü∆ñEζéãö∆üγκéεEa∆çE∆αωé₂E
₃aãöü∆éE₂éaδ∆ü∆ñE₃éζöαçεSE2021QEVYXQE]VXR]XZ 8

329 zéεβα∆εéEαïEa₃₃α∆üaRαxüçüzü∆ñEaδãöaéaEa∆çEáaãζéδüaEζαEεκ₂ïaçüazü∆éEa∆çEãαββéδEa∆çEζöéüδE
ü∆ζéδaãζüα∆Eü∆Eá₂aãkEεαü₂εSEEnvironmentalsSciencesandsPollutionsResearchQE2021QEW_QEVVXZ]RVVX[_ 5.1 1

328 }öéδ₃αδéñκ₂aζüα∆Ea∆çEé∆éδñéζüãεSE2021QEWX]RW[U 0

327 köa∆ñéεEü∆Eïü∆éEδααζEçéãα₃βαεüζüα∆EαïEβδü₃aδyExü∆κεEkαδaüé∆εüεEïαδéεζEaïζéδEã₂éaδEãκζζü∆ñEa∆çE
δéεζαδaζüα∆Eεκããéεεüα∆Eü∆ζαEεéãα∆çaδyEáδαaçR₂éaωéçEïαδéεζSEAppliedsSoilsEcologyQE2021QEVZ_QEVUX]_Z 5 6

326 vüαεα₃a₂Eωüδαεα₃éEçéδüωéçEáyEωéεüãκ₂aδEεζα₃aζüζüεEωüδκεEñ₂yãαβδαζéü∆EaεEaE∆éwEñé∆éEãaδδüéδSE2021QE
ZXYQEa_URa_] 7

325 q∆ï₂κé∆ãéEαïEδéçκãéçEñδaβöé∆éEαxüçéEMδowNEα∆EβöaεéEçéωé₂αβ₃é∆ζEa∆çEβαδαεüζyEαïE{üwkTδowE
ãéδa₃üãEãα₃βαεüζéεSE2021QEY]QE[UXUR[UYU 3

324 †∆δaωé₂₂ü∆ñEöüñöRaïïü∆üζyEáü∆çü∆ñEãα₃βακ∆çεEζαwaδçεEζδa∆ε₃é₃áδa∆éEβδαζéaεéEεéδü∆éEWEé∆zy₃éEü∆E
ζδéaζü∆ñE{iz{Rkα‘RWEü∆ïéãζüα∆Eκεü∆ñE₃α₂éãκ₂aδE₃αçé₂₂ü∆ñEa∆çEçαãkü∆ñEεζκçüéεSE2021QE_aUQEV]X[__ 16
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323 mεζü₃aζüα∆EαïE₂aδy∆ñéa₂Eã₂αεκδéEçκδaζüα∆Eçκδü∆ñEεwa₂₂αwü∆ñEwüζöακζEü∆ωaεüωéE“RδayεSE2021QEVVZQE[VUR[V_ 8

322 vüãké₂EçéãαδaζéçEuαwXEεü∆ñ₂éEãδyεζa₂E₃üãδαï₂akéεEwüζöE₃κ₂ζüRεüζéEïκ∆ãζüα∆a₂üζyEïαδEé∆öa∆ãéçE
öyçδαñé∆Eéωα₂κζüα∆Eδéaãζüα∆SE2021QEY[QEVaYZRVaZY 4

321 iE∆αωé₂EöyáδüçEγκa∆ζκ₃Rx{wEa∆çEãδéça₂Eçéãüεüα∆EζδééEé∆εé₃á₂éEïαδEζδαβüãa₂Eãyã₂α∆éEü∆çκãéçEï₂aεöE
ï₂ααçEεκεãéβζüáü₂üζyE₃aββü∆ñEwüζöEñéαεβaζüa₂EçaζaSE2021QEZa[QEVWZ[_W 11

320 {iz{Rkα‘RWEωaδüa∆ζεE₂aãkü∆ñEaEïκ∆ãζüα∆a₂Ewzn_E₃ayEδéçκãéEaããκδaãyEαïEεéδα₂αñüãa₂Eζéεζü∆ñSE2021QE
Y__QEVVWaU[ 10

319 q∆ζéδãé₂₂κ₂aδEkα₃₃κ∆üãaζüα∆Eü∆EζöéEpéaδζbE}öéδaβéκζüãEwββαδζκ∆üζüéεEïαδEkaδçüaãEqεãöé₃üaSE2021QE
W]QEWY_RW[W 18

318 i₂ζéδéçEáéöaωüακδQEçαβa₃ü∆éEa∆çE∆αδéβü∆éβöδü∆éEδéñκ₂aζüα∆Eü∆EεζδéεεéçE₃üãéEöéζéδαzyñακεEü∆E
}xpWEñé∆éSE2021QEVU_QEVVUVZZ 2

317 iββ₂üãaζüα∆EαïE₂aεéδEü∆çκãéçEáδéakçαw∆EεβéãζδαεãαβyEïαδEçüδéãζEa∆çEγκüãkEçéζéδ₃ü∆aζüα∆EαïEïκé₂E
βδαβéδζyEαïEwααçyEáüα₃aεεEβé₂₂éζεSE2021QEV[YQEVWUYRVWVY 2

316 uüãδαáüa₂Eçéãα₃βαεüζüα∆EαïEεαü₂Eαδña∆üãE₃aζζéδEçéζéδ₃ü∆éçEáyEéçaβöüãEãöaδaãζéδüεζüãεEαïE₃a∆ñδαωéE
ïαδéεζεEü∆EmaεζEiεüaSE2021QE][XQEVYWa]W 5

315 léζéãζüα∆EαïE₃üãδαáüa₂Eãα∆ζa₃ü∆aζüα∆EáaεéçEα∆Eκδaãü₂Rεé₂éãζüωéEεy∆ζöéζüãEδéãéβζαδεSE2021QEWWYQEVWV_VX 3

314 uα₂éãκ₂aδEa∆çE₃αδβöα₂αñüãa₂EçüωéδεüζyEü∆EεβéãüéεEαïEsδα∆üãöζöyεEM}é₂éαεζéüQEtαδüãaδüüçaéNEïδα₃E
iζ₂a∆ζüãEãαaεζa₂EδüωéδεEαïEjδazü₂SE2021QEa_QE[[_R[]a 1

313 jaãü₂₂κεEζöκδü∆ñüé∆εüεEkδyViáElα₃aü∆EqqqE˛†RV[EqεEq∆ωα₂ωéçEü∆Ejü∆çü∆ñEζαExδαöüáüζü∆QE’öüãöEkαδδé₂aζéεE
wüζöE}αxüãüζyEañaü∆εζEpé₂üãαωéδβaEaδ₃üñéδaEMtéβüçαβζéδabEvαãζκüçaéNSE2021QE_]QE 1

312 ioYaUEβδαζéãζεEãéδéáδa₂Eüεãöé₃üaTδéβéδïκεüα∆Eü∆jκδyEωüaEü∆öüáüζü∆ñEζöéErisWTXEεüñ∆a₂ü∆ñEβaζöwaySE
2021QEVVQEéUVaVV 2

311 taδñéEãα₂₂αüça₂EβδαáéεEïαδEaζα₃üãEïαδãéE₃üãδαεãαβybEnaáδüãaζüα∆Ea∆çEãa₂üáδaζüα∆EüεεκéεSE2021QEXYQEéW_]a 4

310 néXwYEva∆αβaδζüã₂éεEkaββéçEwüζöExmoEq∆çκãéEiβαβζαεüεEü∆EjδéaεζEka∆ãéδEiurVXEké₂₂εE‘üaE
uüζαãöα∆çδüa₂Ela₃añéEa∆çEzéçκãζüα∆EαïEvnR˛”jE}δa∆ε₂αãaζüα∆SE2021QEXVQEVWYVRVWZa 25

309 iεεéεε₃é∆ζEαïEiéδαεα₂Eαβζüãa₂EçéβζöEκ∆çéδEáaãkñδακ∆çEa∆çEβα₂₂κζéçEãα∆çüζüα∆εEκεü∆ñEimzwvm}E
a∆çE‘qqz{EçaζaεéζεSEAtmosphericsEnvironmentQE2021QEWYZQEVV]aaY 5.3 2

308 w∆EζöéEaεεαãüaζüα∆Eáéζwéé∆EöüñöEακζçααδEζöéδ₃αRöyñδα₃éζδüãEãα₃ïαδζEü∆çéxEa∆çEεéωéδéE
ñδακ∆çR₂éωé₂Eαzα∆ébEiEïüδεζEü∆ωéεζüñaζüα∆SE2021QEVaZQEVVUXU[ 3

307 uüxéçEöa₂üçéEkεxáMjδVRxqxNXE∆a∆αãδyεζa₂εEïαδEñδéé∆QEαδa∆ñéQEa∆çEδéçE₂üñöζRé₃üζζü∆ñEçüαçéεSE2021QE
_Z_QEVZ][YX 2

306
naáδüãaζüα∆EαïE∆a∆αãα₃βαεüζéεE₃éçüaζéçEïδα₃Ea₂κ₃ü∆üκ₃E∆a∆αβaδζüã₂éεTuαδü∆ñaEα₂éüïéδaEñκ₃E
aãζüωaζéçEãaδáα∆EïαδEéïïéãζüωéEβöαζαãaζa₂yζüãEδé₃αωa₂EαïE∆üζδaζéEa∆çEβöαεβöaζéEü∆EaγκéακεE
εα₂κζüα∆SE2021QEW_VQEVWYZZX

18
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305 q∆ωéεζüñaζü∆ñEζöéE}δκéEmïïéãζEαïExεyãöα₂αñüãa₂E‘aδüaá₂éεEuéaεκδéçExδüαδEζαEiδζöδαβ₂aεζüãE{κδñéδyEα∆E
xαεζεκδñüãa₂Ewκζãα₃éεbEiExRkκδωéEi∆a₂yεüεSE2021QEWWQEYUURYVY 0

304 naãü₂éEβδéβaδaζüα∆EαïEaE∆αωé₂Eáüα₃aεεRçéδüωéçEpXxwYEa∆çEu∆Mvwâ��Nâ��EaãζüωaζéçEãaδáα∆Eïδα₃EãüζδκεE
áéδña₃üaEβéé₂εEïαδEöüñöRβéδïαδ₃a∆ãéEεκβéδãaβaãüζαδεSEMaterialssTodaysCommunicationsQE2021QEW[QEVUV]]a2.5 3

303 xöαζαãaζa₂yζüãEζδéaζ₃é∆ζEαïE∆aζκδa₂EwaζéδεSEzéa₂üζyEαδEöyβégE}öéEãaεéEαïEãya∆αζαxü∆εEδé₃éçüaζüα∆SE
2021QEV__QEVV[ZYX 35

302 }öéEδα₂éEαïEζöéEãéδéáé₂₂κ₃Eü∆EãδéaζüωüζyEa∆çEéxβéδζEεζα∆éEk∆aββü∆ñSE2021QEWaQEWV]RWWa 0

301 uκ₂ζüïκ∆ãζüα∆a₂Eεαçüκ₃Ea₂ñü∆aζéEïaáδüãEáaεéçEα∆EδéçκãéçEñδaβöé∆éEαxüçéEa∆çEβα₂yβyδδα₂éEïαδE
wéaδaá₂éEã₂αεéçR₂ααβEβαü∆ζRαïRãaδéEaββ₂üãaζüα∆SE2021QEYU[QEVW[]]_ 12

300 iεεαãüaζüα∆Eáéζwéé∆EçüéζaδyEïaãζαδεEa∆çEáδαw∆EaçüβαεéEζüεεκéEωα₂κ₃éTnRnloEκβζakéEü∆Eyακ∆ñE
açκ₂ζεSE2021QEYUQEVaa]RWUU_ 2

299 vα∆RζaδñéζéçE₃éζaáα₂α₃üãεEδéωéa₂EζöéEü₃βaãζEαïEβöé∆a∆ζöδé∆éEεζδéεεEα∆EδααζEéxκçaζéεEαïEζé∆E
κδáa∆Eñδéé∆ü∆ñEζδééEεβéãüéεSE2021QEVa[QEVVUX]U 6

298 vκ₃éδüãa₂Eü∆ωéεζüñaζüα∆EαïEwüçéáa∆çEtRεöaβéçE₃éζaεκδïaãéEáaεéçEεα₂aδEaáεαδáéδEïαδEωüεüá₂éEa∆çE
κ₂ζδaωüα₂éζEδéñüα∆SE2021QE[UVQEYVWZUX 19

297 jéyα∆çEεy∆ãöδα∆ybEζöéEãaβaãüζyEαïEïuzqEöyβéδεãa∆∆ü∆ñEïαδEζöéEεζκçyEαïEöκ₃a∆Eεαãüa₂Eü∆ζéδaãζüα∆SE
2021QEV[QE_YRaW 16

296 iããκδaζéEwöα₂éR₃ακ∆ζEáα∆éEa∆çEãaδζü₂añéEεζaü∆ü∆ñEδéγκüδéεEaãüçRïδééEãα∆çüζüα∆εSE2021QEXUYQEaZ_Ra[U 0

295 mεζaá₂üεöü∆ñEζöéEa₂₂αεζéδüãE₃éãöa∆üε₃Eü∆Ekzq{xzRkaεaSE2021QEVVQEéVZUX 12

294 m₃β₂αyü∆ñEñéαãöé₃üεζδyEa∆çEñéαãöδα∆α₂αñyEζαEκ∆δaωé₂Eñé∆éεüεEa∆çEζéãζα∆üãEεéζζü∆ñEαïEüδα∆E
αxüçéRaβaζüζéEçéβαεüζεEαïEζöéEjaïγR{añöa∆çE₃éζa₂₂αñé∆üãEáé₂ζQEké∆ζδa₂Eqδa∆SE2021QEVVUQEVW]RV[Y 3
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237 uκ₂ζüεé∆εαδyEaãζüα∆EéïïéãζεEïaãü₂üζaζéEζöéEβéδïαδ₃a∆ãéEαïE₃αζαδEεéγκé∆ãéεSE2021QE_XQEY]ZRY_X 2

236 jüαaéδαεα₂E₃éaεκδé₃é∆ζεEαωéδEaEïaζζé∆ü∆ñEβéδüαçEü∆EaEβüñEáaδ∆EïαãκεéçEα∆EζöéEβδéεé∆ãéEαïE
{ζaβöy₂αãαããκεEεββSSE2021QEX]QEVRVW 2

235 iãζüωéRεãδéé∆Eβ₂aε₃aE₃κ₂ζüRïκ∆ãζüα∆a₂üzaζüα∆EαïEñδaβöé∆éEαxüçéEïαδEεκβéδãaβaãüζαδEaββ₂üãaζüα∆SE
2021QEZ[QEXWa[RXXVV 5

234 mïïéãζεEαïEta∆çE†εéExaζζéδ∆εEα∆EζöéEjaãζéδüa₂Ekα₃₃κ∆üζyE{ζδκãζκδéEa∆çElüωéδεüζyEαïE’éζ₂a∆çE{αü₂εE
ü∆EζöéE{a∆jüa∆ñEx₂aü∆SE2021QEWVQEVRVW 5
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233 qçé∆ζüïyü∆ñEöüñöRβδüαδüζyEãα∆εéδωaζüα∆EaδéaεEïαδEé∆ça∆ñéδéçEwaζéδáüδçεEκεü∆ñEaEï₂añεöüβEεβéãüéεEü∆E
ζöéEsαδéa∆Elu–SE2021QEVZaQEVU[U_U 3

232 wδña∆üãEεκ₂ïα∆éεEü∆EζöéEáδü∆éEαïEtakéE‘üçaQEmaεζEi∆ζaδãζüãaSE2021QEWaWQEYUaRYW[

231 kaδçüαωaεãκ₂aδEü₃añü∆ñE₃αça₂üζüéεEü∆EζöéEçüañ∆αεüεEa∆çE₃a∆añé₃é∆ζEαïEδöéκ₃aζüãEöéaδζEçüεéaεéSE
2021QEXWZQEV][RV_Z 3

230 wβζαé₂éãζδα∆üãEa∆çE₃aζéδüa₂EβδαβéδζüéεEαïEεα₂κζüα∆RβδαãéεεéçEmaδζöRaáκ∆ça∆ζEkκWja{∆M{QE{éNYE
ïü₂₃εEïαδEεα₂aδEãé₂₂Eaββ₂üãaζüα∆εSE2021QE_UQEVUZZZ[ 12

229 }κ₃αδRü∆ïü₂ζδaζü∆ñE₂y₃βöαãyζéεEü∆EζöéEü₃₃κ∆αζöéδaβyEéδaSE2021QEV_QE_YWR_Za 89

228 {₂ééβxαεévéζbEuκ₂ζüR‘üéwEtéaδ∆ü∆ñEïαδE{₂ééβExαεζκδa₂E}δa∆εüζüα∆Ezéãαñ∆üζüα∆E†εü∆ñE†’jSE2021QEWZQEVXUZRVXVY17

227 püñö₂yE{é∆εüζüωéExöaεéE‘aδüaζüα∆E{é∆εαδεEjaεéçEα∆E{ζéβRq₃βéça∆ãéEkαβ₂a∆aδE’aωéñκüçéEMkx’NE
}δa∆ε₃üεεüα∆Etü∆éεSE2021QEWVQEW_[YRW_]W 13

226 iEV[Rköa∆∆é₂Elé∆εéEiδδayEïαδEq∆E‘üωαEi∆ü₃a₂Ekαδζüãa₂EuzqTïuzqEα∆E]}Epκ₃a∆E{ãa∆∆éδεSE2021QE[_QEV[VVRV[V_ 2

225 zéãαωéδyEçüεβaδüζyEáéζwéé∆Eãαδa₂EãαωéδEa∆çEζöéEβöyεüãa₂Eïκ∆ãζüα∆a₂üζyEαïEδééïεEwüζöEü₃βaüδéçEãαδa₂E
aεεé₃á₂añéεSE2021QEW]QE[YUR[ZV 12

224 i∆ζüãαañκ₂aζüα∆Eü∆Eöé₃αçüa₂yεüεbEiE∆aδδaζüωéEδéωüéwSE2021QEXYQEVUXRVVZ 7

223 }öéEδα₂éEαïE∆aβεEü∆E₃é₃αδyEa∆çEéxéãκζüωéEïκ∆ãζüα∆ü∆ñEü∆Eéaδ₂yEãöü₂çöααçSE2021QE[UQEVXaRVZ_ 1

222 q∆ã₂κεüα∆EαïE₂αwEãαεζEaãζüωaζéçEãaδáα∆EïαδEü₃βδαωü∆ñEöyçδαñé∆Eβδαçκãζüα∆Eβéδïαδ₃a∆ãéEαïE}üwWE
∆a∆αβaδζüã₂éεEκ∆çéδE∆aζκδa₂Eεα₂aδE₂üñöζEüδδaçüaζüα∆SE2021QEY]QEVUWV[RVUWWZ 5

221 naεζEYlEé₂aεζüãEñδακβRwüεéEü₃añéEδéñüεζδaζüα∆SEkα∆ωα₂κζüα∆a₂Eü∆ζéδβα₂aζüα∆EδéωüεüζéçSE2021QEWUUQEVUZ_VW 2

220 tüζöüκ₃Eβα₂yaãδy₂aζéEβα₂y₃éδEãαaζü∆ñEé∆öa∆ãéεEζöéEβéδïαδ₃a∆ãéEαïEñδaβöüζéTεü₂üãα∆Tãaδáα∆E
ãα₃βαεüζéEa∆αçéεSE2021QEX[ZQEVX]X_] 3

219 iββ₂üãaζüα∆εEαïEuW–δwWEMuEeEtüQEvaQEsNEãα₃βαεüζéEaεEaEãaζa₂yεζEïαδEáüαçüéεé₂Eβδαçκãζüα∆SE2021QEW_[QEVVaXaW 10

218 iββ₂üãaζüα∆EαïEaE∆éwEáüαRi{xEïαδEé∆öa∆ãé₃é∆ζEαïEαü₂EδéãαωéδybEuéãöa∆üε₃EεζκçyEa∆çEãαδéE
çüεβ₂aãé₃é∆ζEζéεζSE2021QEW_]QEVVaYXW 3

217 m₂éãζδαεβδayü∆ñEaεEaE∆αωé₂E₃éζöαçEαïEβaδζüã₂éEé∆ñü∆ééδü∆ñEïαδEçδκñEçé₂üωéδyEωéöüã₂éεSE2021QEXXUQE_ZVR_[Z 18

216 }öéδaβéκζüãE†₂ζδaεακ∆çEïαδEköé₃αζöéδaβyRzé₂aζéçExaü∆Ea∆çE{é∆εαδyElüεζκδáa∆ãéEü∆EζöéEpa∆çεEa∆çE
nééζEü∆Exaζüé∆ζεE’üζöEkα₂αδéãζa₂Eka∆ãéδbEiExü₂αζEza∆çα₃üzéçEkα∆ζδα₂₂éçE}δüa₂SE2021QE[VQEVVW]RVVX_ 4
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215 uκ₂ζüRzéñδéεεüα∆EáaεéçEεκβéδωüεéçEεa₃β₂éEεé₂éãζüα∆EïαδEβδéçüãζü∆ñEáaáyEãα∆∆éãζα₃éEéωα₂κζüα∆E
ζδajéãζαδyEïδα₃E∆éα∆aζa₂Eζü₃éβαü∆ζSE2021QE[_QEVUV_ZX 4

214 zéωüéwEα∆Euéζa₃aζéδüa₂ExéδïéãζEiáεαδáéδεEa∆çE}öéüδEiββ₂üãaζüα∆εEζαEqα}SE2021QE_QEYVUZRYVXV 15

213 kvvRjaεéçEuκ₂ζüεζañéEoaζéçEiωéδañéEnκεüα∆EMuoinNEïαδEpκ₃a∆Eiãζüα∆Ezéãαñ∆üζüα∆E†εü∆ñEléβζöE
a∆çEq∆éδζüa₂E{é∆εαδεSE2021QEWVQEX[WXRX[XY 6

212 lééβmãöαbEmãöαaãακεζüãEzéãαñ∆üζüα∆EαïEuaζéδüa₂εEκεü∆ñEzéζκδ∆ü∆ñEmãöαéεEwüζöElééβEvéκδa₂E
véζwαδkεSE2021QEVRV 1

211 }öéExδαζéãζüωéEmïïéãζεEαïExéδü∆çαβδü₂Eiñaü∆εζEiãκζéEsüç∆éyEla₃añéEkaκεéçEáyE{éβζüãE{öαãkSE2021QE
YYQEVY_RVZa 3

210 i∆a₂yεüεEαïEãα∆ζü∆κακεE∆éκδα∆a₂EaãζüωüζyEéωαkéçEáyE∆aζκδa₂EεβééãöEwüζöEãα₃βκζaζüα∆a₂EãαδβκεE
₂ü∆ñκüεζüãεE₃éζöαçεSE2021QEX[QEV[]RV_[ 1

209 çRi₃ü∆αEaãüçεEü∆Ea∆ζü₃üãδαáüa₂EβéβζüçéεbEaEβαζé∆ζüa₂EaββδαaãöEζαEζδéaζEa∆çEãα₃áaζEa∆ζü₃üãδαáüa₂E
δéεüεζa∆ãéSE2021QE[]QEVVaRVX] 7

208 xδαçκãζüα∆EαïEβöé∆α₂üãEãα₃βακ∆çεEa∆çEa∆ζüαxüça∆ζEaãζüωüζyEωüaEáüαãα∆ωéδεüα∆EαïEwöéaζEεζδawEáyE
q∆α∆αζκεEαá₂üγκκεEκ∆çéδEεκá₃éδñéçEïéδ₃é∆ζaζüα∆EwüζöEζöéEaüçEαïEaEεκδïaãζa∆ζSE2021QEVUVQEVUWVRVUWa 4

207 pyçδα₂αñüãa₂Eδéñκ₂aζüα∆EαïE‘üáδüαEçy∆a₃üãεEü∆EaEζδαβüãa₂E₃α∆εαα∆a₂EéεζκaδybEaEã₂aεεüïüãaζüα∆Ea∆çE
δéñδéεεüα∆EζδééEaββδαaãöSEEnvironmentalsSciencesandsPollutionsResearchQE2021QEW_QE]WYR]X] 5.1 2

206 SE2021QEWVQEV[XZRV[YX 15

205 iEnκ₂₂Ejayéεüa∆EiββδαaãöEζαE{βaδεéEvéζwαδkEq∆ïéδé∆ãéE†εü∆ñEpéζéδαñé∆éακεElaζaεéζεSE2021QE[[QEXW_WRXW__ 1

204 köδα∆üãE∆üãαζü∆éEü₃βaüδεEεβaδεéE₃αζαδE₂éaδ∆ü∆ñEωüaEεζδüaζa₂EïaεζRεβükü∆ñEβaδωa₂áκ₃ü∆Eü∆ζéδ∆éκδα∆εSE
2021QEW[QEéVWaZ[ 2

203 vαáü₂éζü∆Ea₃é₂üαδaζéεE∆α∆y₂βöé∆α₂Rü∆çκãéçEζéεζüãκ₂aδEça₃añéEáyEü₃βδαωü∆ñEáüαãöé₃üãa₂QE
εζéδαüçαñé∆üãQEöαδ₃α∆a₂QEεβéδ₃aζαñé∆üãQEaβαβζαζüãEa∆çEöüεζα₂αñüãa₂Eβδαïü₂éSE2021QEYUQEYUXRYV[ 8

202 nκζκδéEq∆ζéδüαδEkα∆ãéβζεSE2021QE 0

201 {ζδκãζκδa₂EáaεüεEαïE{iz{Rkα‘RWEεβükéEβδαζéü∆Eü∆çκãéçEáyEikmWSE2021QEX]QEaWaRaX[ 11

200 s∆αw₂éçñéEãδéaζüα∆EβδaãζüãéεEaζEαδña∆üzaζüα∆a₂Eáακ∆çaδüéεbEζöéEδα₂éEαïEqk}Eü∆Eεüãk₂éRãé₂₂EãaδéEïαδE
ζδüáa₂Eãα₃₃κ∆üζüéεSE2021QEWZQEZaZR[V] 3

199 va∆αζéãö∆α₂αñyEa∆çEαεζéαaδζöδüζüεcEβaδζEVbEk₂ü∆üãa₂E₂a∆çεãaβéEa∆çEαββαδζκ∆üζüéεEïαδEaçωa∆ãéçE
çüañ∆αεζüãεSE2021QEXaQEY[ZRY]W 6

198
uüãδαwaωéRüδδaçüaζéçEñδéé∆Eεy∆ζöéεüεEαïE₃éζa₂₂üãEεü₂ωéδEa∆çEãαββéδE∆a∆αβaδζüã₂éεEκεü∆ñEïδéεöEñü∆ñéδE
M–ü∆ñüáéδEαïïüãü∆a₂éNEδöüzα₃éEéxζδaãζEa∆çEéωa₂κaζüα∆EαïEζöéüδEa∆ζüáaãζéδüa₂Eβαζé∆ζüa₂εEa∆çE
ãyζαζαxüãüζySE2021QEZVQE]WWR]XW

7
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197 nκ∆ãζüα∆εEa∆çE₃éãöa∆üε₃εEαïEzviEζaü₂ü∆ñEáyE₃éζazαa∆Eζéδ₃ü∆a₂E∆κã₂éαζüçy₂ζδa∆εïéδaεéεSE2021QEVWQEéV[WW 9

196 o’i{Ei∆a₂yεüεEαïEV]QUVaEsαδéa∆E’α₃é∆Eqçé∆ζüïüéεEζöéE‘aδüa∆ζεEiεεαãüaζéçEwüζöEnaãüa₂Exüñ₃é∆ζéçE
{βαζεSE2021QEVYVQEZZZRZ[W 5

195 {βδayEεα₂κζüα∆EβpEa∆çEεαyáéa∆Eü∆jκδyEaεEü∆ï₂κé∆ãéçEáyEεy∆ζöéζüãEaκxü∆Eïαδ₃κ₂aζüα∆Ea∆çEεβδayE
aççüζüωéεSE2021QEXZQEVVXRVW] 5

194 xα₂₂é∆Ekα₂₂éãζéçEáyE{ζü∆ñ₂éεεEjééεEü∆EaEzéïαδéεζéçE†δáa∆EiδéaEαïEzüαEçéEra∆éüδαEküζySE2021QEa_QEWXRW[ 1

193 †₂ζδaRáδαaçáa∆çEvéaδR†∆üζyEtüñöζEiáεαδβζüα∆EáyElüεjκ∆ãζE{ãaζζéδü∆ñEzéεα∆a∆ãéεEαïElüεαδçéδéçE
va∆ακ∆üζεEkδéaζéçEwüζöEiζα₃üãE{ãa₂éE{öaçαwü∆ñEmïïéãζSE2021QEV[QE_XRaU 1

192 w∆Eïaδ₃Eü∆ζéδωé∆ζüα∆εEζαE₃ü∆ü₃üεéEεββSEãα∆ζa₃ü∆aζüα∆Eü∆Eãöüãké∆SE2021QE[WQEZXR[] 5

191 xéδεβéãζüωébE}öéEzα₂éEαïEpκ₃a∆EjδéaεζRuü₂kEmxζδaãé₂₂κ₂aδE‘éεüã₂éεEü∆Eköü₂çEpéa₂ζöEa∆çElüεéaεéSE2021
QEVWQEZaR]U 9

190 }αwaδçεE₃κ₂ζüRα₃üãεEãöaδaãζéδüzaζüα∆EαïEζκ₃αδEöéζéδαñé∆éüζybEaEãα₃βδéöé∆εüωéEδéωüéwEαïE
εζaζüεζüãa₂Ea∆çE₃aãöü∆éE₂éaδ∆ü∆ñEaββδαaãöéεSE2021QEWWQE 4

189 iExδañ₃aζüãEoκüçéEζαEm∆δüãö₃é∆ζE{ζδaζéñüéεEïαδEuaεεE{βéãζδα₃éζδyRjaεéçEo₂yãαβδαζéα₃üãεSE2020QE
WUQEVUUUWa 44

188 xöy₂αñé∆α₃üãElaζaEzéωéa₂E’üçéεβδéaçEq∆ζδαñδéεεüα∆EiãδαεεEζöéEza∆ñéEαïEa∆Ei₂βü∆éEa∆çEiδãζüãE
{βéãüa₂üεζSE2021QE]UQEZW]RZYV 1

187 iEoδaβöüãa₂R†εéδRq∆ζéδïaãéRjaεéçEizü₃κζöRkα₂₂éãζüα∆EuéζöαçEü∆Eiκζα∆α₃ακεEiκçüζαδyEtαãa₂üzaζüα∆E
αïEzéa₂Ea∆çE‘üδζκa₂E{ακ∆çE{ακδãéεSE2021QEWZQEa__Raa[

186 jayéεüa∆Ewβζü₃üzaζüα∆E’üζöEq₃βδαωéçE{ãa₂aáü₂üζyEa∆çEléδüωaζüωéEq∆ïαδ₃aζüα∆EïαδEmïïüãüé∆ζEléεüñ∆EαïE
va∆αβöαζα∆üãE{ζδκãζκδéεSE2021QEXaQEV[]RV]] 4

185 SE2021QEW]QEVR] 1

184 q∆ï₂κé∆ãéEαïEuα∆ζ₃αδü₂₂α∆üζéEa∆çEk₂ü∆αβζü₂α₂üζéEα∆EζöéExδαβéδζüéεEαïE{ζaδãöTuü∆éδa₂εEjüαãα₃βαεüζéεE
a∆çE}öéüδEmïïéãζEα∆EiγκaζüãEm∆ωüδα∆₃é∆ζεSE2021QEWaQEX_WRXaV 1

183 xαδζδaüζEαïEωüεκa₂Eãαδζüãa₂EãüδãκüζεEïαδEñé∆éδaζü∆ñE∆éκδa₂Eαεãü₂₂aζüα∆Eçy∆a₃üãεSE2021QEVZQEXRV[

182 néaζκδéEεé₂éãζüα∆EïαδEü₃βδαωéçEã₂aεεüïüãaζüα∆EaããκδaãyEζaδñéζü∆ñEδüωéδü∆éEεa∆çE₃aββü∆ñSE2021QEWaQEX_aRYUY

181 lééβEa₃β₂üãα∆Eεéγκé∆ãü∆ñEïαδEãκ₂ζκδéRïδééEβδéçüãζüα∆EαïEεκεãéβζüáü₂üζyEαδEδéεüεζa∆ãéEζαEVXE
a∆ζüRζκáéδãκ₂ακεEçδκñεSE2021QEZ]QE 19

180 iEδéωüéwEα∆Eïκ∆ça₃é∆ζa₂εEa∆çEεζδaζéñyEαïEéβαxyRδéεü∆RáaεéçEa∆ζüãαδδαεüωéEãαaζü∆ñE₃aζéδüa₂εSE2021QE
[UQE[UVR[WZ 4
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179 küζüzé∆Eεãüé∆ãéEωéδεκεEβδαïéεεüα∆a₂EçaζaEãα₂₂éãζüα∆bEkα₃βaδüεα∆EαïEaββδαaãöéεEζαE₃αεγκüζαE
₃α∆üζαδü∆ñEü∆Eoéδ₃a∆ySE2021QEZ_QEWVYRWWX 15

178 vκçñü∆ñEköaδüζaá₂éEoüωü∆ñbE’öaζEMqïEi∆yζöü∆ñNEqεE’δα∆ñE’üζöEqζgSE2021QEZUQEXZXRX]V 0

177 i∆Eaβαβ₂aεζüãEï₂κüçEéxζδaãζüα∆E₃éζöαçEïαδEζöéEãöaδaãζéδüzaζüα∆EαïEñδaβéωü∆éE₂éaωéεEβδαζéα₃éEa∆çE
₃éζaáα₂α₃éEïδα₃EaEεü∆ñ₂éEεa₃β₂éSE2021QEV]VQEXYXRXZ] 5

176 kα₃βκζaζüα∆a₂Ezaçüα₂αñyEü∆EjδéaεζEka∆ãéδE{ãδéé∆ü∆ñEa∆çElüañ∆αεüεE†εü∆ñEiδζüïüãüa₂Eq∆ζé₂₂üñé∆ãéSE
2021QE]WQEa_RVU_ 6

175 m∆çαζöé₂üa₂RζαRuéεé∆ãöy₃a₂E}δa∆εüζüα∆bEzα₂éEü∆EkaδçüaãEnüáδαεüεSE2021QEW[QEXRVV 4

174 nαδEεaïéEa∆çEãα₃β₂üa∆ζEü∆ζéδaãζüα∆bEa∆Eακζ₂ααkEαïEεαïζEκ∆çéδwaζéδE₃a∆üβκ₂aζαδεSE2021QEWXZQEXRVY 2
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