
Response to the comments by the reviewers 
Qingcai Chen, Haoyao Sun and Yanlin Zhang. 
 

We appreciate the comments from editor and the reviewers. We have answered 
the supplementary comments and improved the sentence expression of the article. We 
look forward to the successful publication of this article. 

 
Our responses to the comments from the reviewers and changes made in the 

paper are listed below. 
 

The aXWhRUV haYe dRQe a gRRd jRb UeVSRQdiQg WR Whe UefeUee¶V cRmmeQWV. TheUe 
remain a few points where some clarification or correction is needed. 
 

We appreciate the positive evaluation of this work. 
 
Specific comments: 
(1) IQ WheiU UeVSRQVe WR ReYieZeU #1 cRQceUQiQg SecWiRQ 2.2, Whe aXWhRUV Va\ ³CXW 
Whe VamSle filWeU iQWR WhiQ VWUiSV´. IW ZRXld be mXch beWWeU if Whe\ Vaid ³The filWeUV 
ZeUe cXW iQWR WhiQ VWUiSV´. 
 

We appreciate this comment from the reviewer. We have modified this part as 
follows: 

 
L105-107: The filters were cut into thin strips (5 mm × 28 mm), and put it into the 
sample tank of the quartz tissue cell (the size of the sample tank is 10 mm × 30 mm). 
 
(2) In their response to Reviewer #1 concerning Section 2.3, It is not clear what is 
meaQW b\ ³TXalified iRQV´. 
 

We appreciate this comment from the reviewer. Qualified ions here refers to the 
typical ion fragments of each PAHs, which was used to determine the type of PAHs. 
We have provided another reference that describes the PAHs analysis in detail (Song 
et al., 2020). In addition, we also changed the expression about this point as follows: 

 
L134-136: Sixteen target PAHs were identified based on retention time and typical ion 
fragments of each PAH standards, including 16 EPA parent PAHs (p-PAHs).  
 
L141-142: Specific testing protocols have been described previously (Han et al., 2018; 
Song et al., 2020). 
 
Song, W., Cao F., Lin Y., Haque, M. M., Wu, X., Zhang, Y., Zhang, C., Xie, F., Zhang Y., 2020. 

Extremely high abundance of polycyclic aromatic hydrocarbons in aerosols from a typical 
coal-combustion rural site in China: Size distribution, source identification and cancer risk 
assessment. Atmos. Res. 248, 105192. 

 



 
(3) The response that explains the g-factor: Instead of “using EPR to detect the 
sample”, it would be more correct to say “using EPR to analyze the sample”. This 
phrase appears in several places, so should be corrected everywhere. 
 

We appreciate this comment from the reviewer. We have modified this section as 
follows: 
 
L221-222: The g-factor obtained by using EPR to analyze the sample is an important 
parameter to distinguish the type of EPFR.  
 
(4) The UeVSRQVe WR Whe ReYieZeU¶V TXeVWiRQ RQ L204-206, the authors have still not 
specified if the percentages were by mass. 
 

We appreciate this comment from the reviewer. It is not the contribution by PM 
mass but is the concentration of EPFRs. We have modified this section as follows: 
 
L205-206: Figure 1b shows the concentration ratio of EPFRs in coarse and fine 
particles. The contribution of EPFRs in fine PM in summer is only 14.9%, while in 
winter is 58.5%. 
 
(5) The authors response L220-242. The phrase “the variation in the g-factor with 
concentration in different season is different.” Is a bit awkward, it would be better 
to simply say “the g-factor varied differently depending on season”. 
 

We appreciate this comment from the reviewer. We have modified this section as 
follows: 

 
L235-236: As shown in Figure 2b, the g-factor varied differently depending on 
season.  
 
(6) The UeVSRQVe WR CRmmeQW (7). WhaW iV ³Whe caWeUiQg SURceVV´? 
 

We appreciate this comment from the reviewer. The catering process refers to 
the process of cooking, mainly including cooking fume and the process of burning 
biomass on stoves in rural areas. 
 
(7) Line 24 , Instead of “other fuel combustions”, just say “other fuels” 
 

We appreciate this comment from the reviewer. We have modified this section as 
follows: 

 
L24: …while other fuels are the major source in summer. 
 



(8) Line 159. The phrase that was changed is better, but should be changed to the 
SaVW WeQVe. ³A gUadieQW-based multiplication algorithm was used to find a 
VRlXWiRQ«.. aQd WheQ Whe fiUVW algRUiWhm ZaV XVed«.. baVed RQ Whe leaVW-squares 
effective-VeW algRUiWhm.´ 
 

We appreciate this comment from the reviewer. We have modified this section as 
follows: 
 
L154-157: A gradient-based multiplication algorithm was used to find a solution from 
multiple random starting values, and then the first algorithm was used to find the final 
solution based on the least-squares effective-set algorithm.  
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AbVWUacW: EQYiURQPeQWaOO\ SeUViVWeQW fUee UadicaOV (EPFRV) aUe a QeZ W\Se Rf 14 

VXbVWaQce ZiWh SRWeQWiaO heaOWh UiVNV. EPFRV aUe ZideO\ SUeVeQW iQ aWPRVSheUic 15 

SaUWicXOaWeV, bXW WheUe iV a OiPiWed XQdeUVWaQdiQg Rf Whe Vi]e-UeVROYed heaOWh UiVNV Rf 1ϲ 

WheVe UadicaOV. ThiV VWXd\ UeSRUWV Whe e[SRVXUe UiVNV aQd VRXUce Rf EPFRV iQ 1ϳ 

aWPRVSheUic SaUWicXOaWe PaWWeU (PM) Rf diffeUeQW SaUWicOe Vi]eV (<10 ȝP) iQ LiQfeQ, a 1ϴ 

W\SicaO cRaO-bXUQiQg ciW\ iQ ChiQa. The W\Se Rf EPFRV iQ fiQe SaUWicOeV (< 2.1 ȝP) iV 1ϵ 

diffeUeQW fURP WhaW iQ cRaUVe SaUWicOeV (2.1-10 ȝP) iQ bRWh ZiQWeU aQd VXPPeU. 20 

HRZeYeU, Whe EPFR cRQceQWUaWiRQ iV higheU iQ cRaUVe SaUWicOeV WhaQ iQ fiQe SaUWicOeV iQ 21 

VXPPeU, aQd Whe RSSRViWe WUeQd iV fRXQd iQ ZiQWeU. IQ bRWh VeaVRQV, cRPbXVWiRQ 22 

VRXUceV aUe Whe PaiQ VRXUceV Rf EPFRV ZiWh cRaO cRPbXVWiRQ aV Whe PajRU cRQWUibXWRU 23 

iQ ZiQWeU, ZhiOe RWheU fXeO cRPbXVWiRQVV aUe Whe PajRU VRXUce iQ VXPPeU. DXVW 24 

cRQWUibXWeV SaUW Rf Whe EPFRV aQd iW iV PaiQO\ SUeVeQW iQ cRaUVe SaUWicOeV iQ ZiQWeU aQd 25 

Whe RSSRViWe iQ VXPPeU. The XSSeU UeVSiUaWRU\ WUacW ZaV fRXQd WR be Whe aUea ZiWh Whe 2ϲ 

higheVW UiVN Rf e[SRVXUe WR EPFRV Rf Whe VWXdied aeURVROV, ZiWh aQ e[SRVXUe eTXiYaOeQW 2ϳ 

WR WhaW Rf aSSUR[iPaWeO\ 21 cigaUeWWeV SeU SeUVRQ SeU da\. AOYeROaU e[SRVXUe WR EPFRV 2ϴ 

iV eTXiYaOeQW WR 8 cigaUeWWeV SeU SeUVRQ SeU da\, ZiWh cRPbXVWiRQ VRXUceV cRQWUibXWiQg 2ϵ 

Whe PRVW WR EPFRV iQ Whe aOYeROi. ThiV VWXd\ heOSV XV WR beWWeU XQdeUVWaQd Whe SRWeQWiaO 30 

heaOWh UiVNV Rf aWPRVSheUic PM ZiWh diffeUeQW SaUWicOe Vi]eV. 31 

Ke\ ZRUdV: EPFRV; SaUWicOe Vi]e diVWUibXWiRQ; VRXUce; geQeUaWiRQ SURceVV 32 

33 
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1. IQWURdXcWiRQ 3ϲ 

FUee UadicaOV aUe aWRPV RU gURXSV cRQWaiQiQg XQSaiUed eOecWURQV, VXch aV h\dUR[\O 3ϳ 

UadicaOV aQd VXSeUR[ide UadicaOV, aQd Whe\ XVXaOO\ haYe VWURQg chePicaO UeacWiYiW\ aQd 3ϴ 

VhRUW OifeWiPeV (PU\RU eW aO., 1986; FiQNeOVWeiQ., 1982). FUee UadicaOV ZiWh ORQg 3ϵ 

OifeWiPeV (PRQWhV RU eYeQ \eaUV) iQ Whe eQYiURQPeQW aUe cXUUeQWO\ caOOed 40 

eQYiURQPeQWaOO\ SeUViVWeQW fUee UadicaOV (EPFRV), Zhich haYe UeceiYed PXch aWWeQWiRQ 41 

iQ UeceQW \eaUV aV QeZ eQYiURQPeQWaOO\ ha]aUdRXV VXbVWaQceV (VejeUaQR eW aO., 2018; 42 

GehOiQg, 2013; CheQ eW aO., 2019c). EPFRV caQ be XVed aV aQ acWiYe iQWeUPediaWe WR 43 

caWaO\]e Whe SURdXcWiRQ Rf UeacWiYe R[\geQ VSecieV (ROS) b\ R[\geQ PROecXOeV, WhXV 44 

eQdaQgeUiQg hXPaQ heaOWh (D¶AUieQ]R eW aO., 2017; TheYeQRW eW aO., 2013; HaUPRQ eW 45 

aO., 2018; BOaNOe\ eW aO., 2001; KhachaWU\aQ eW aO., 2011). SWXdieV haYe fRXQd WhaW 4ϲ 

EPFRV aUe SUeVeQW iQ diffeUeQW eQYiURQPeQWaO Pedia, VXch aV ZaWeU aQd VRiO, aQd eYeQ 4ϳ 

iQ Whe aWPRVSheUe (DeOOiQgeU eW aO., 2001; TUXRQg eW aO., 2010; VejeUaQR eW aO., 2012). 4ϴ 

A QXPbeU Rf VWXdieV haYe iQYeVWigaWed Whe RccXUUeQceV, VRXUceV aQd fRUPaWiRQ 4ϵ 

SURceVV Rf EPFRV iQ aWPRVSheUic SaUWicXOaWeV iQ diffeUeQW UegiRQV. FRU e[aPSOe, iQ Whe 50 

VWXdieV Rf RRVWRcN iQ GeUPaQ\, Taif iQ SaXdi AUabia aQd XXaQZei iQ ChiQa, Whe 51 

aYeUage cRQceQWUaWiRQ Rf EPFRV iQ aWPRVSheUic SaUWicXOaWe PaWWeU (PM) ZaV UeSRUWed 52 

WR be iQ Whe UaQge Rf a 1016 - 1018 VSiQV/g (WaQg eW aO., 2018; AUaQgiR eW aO., 2016; 53 

ShaOWRXW eW aO., 2015). AWPRVSheUic EPFRV aUe PaiQO\ caUbRQ-ceQWeUed UadicaOV ZiWh 54 

adjaceQW R[\geQ aWRPV (GehOiQg eW aO., 2013). EPFRV Rf diffeUeQW OifeWiPeV aUe SUeVeQW 55 

iQ aWPRVSheUic PM, ZiWh RQO\ a feZ hRXUV fRU VhRUW-OifeWiPe EPFRV aQd VeYeUaO \eaUV 5ϲ 

fRU ORQg-OifeWiPe EPFRV WhaW VhRZ QR VigQV Rf deca\ (GehOiQg eW aO., 2013; CheQ eW aO., 5ϳ 

2019c). MRVW VWXdieV iQdicaWe WhaW VRXUceV Rf WUaQVSRUWaWiRQ aQd cRPbXVWiRQ Pa\ be 5ϴ 

Whe SUiPaU\ EPFR VRXUceV iQ aWPRVSheUic PM (WaQg eW aO., 2018; YaQg eW aO., 2017; 5ϵ 

CheQ eW aO., 2019b). CheQ eW aO. (2018b aQd 2019b) fRXQd WhaW VWURQg aWPRVSheUic ϲ0 

ShRWRchePicaO effecWV iQ VXPPeU aQd dXVW SaUWicOeV Pa\ aOVR be iPSRUWaQW VRXUceV Rf ϲ1 

EPFRV. The SURceVV Rf eOecWURQ WUaQVfeU aQd VWabiOi]aWiRQ beWZeeQ Whe VXUface Rf PeWaO ϲ2 

R[ideV (VXch aV iURQ, cRSSeU, ]iQc aQd QicNeO) aQd VXbVWiWXWed aURPaWic PROecXOeV ϲ3 
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XQdeU high WePSeUaWXUeV iV cRQVideUed WR be Whe PaiQ SURceVV fRU Whe fRUPaWiRQ Rf ϲ4 

EPFRV iQ aWPRVSheUic SaUWicOeV (TUXRQg., 2010; VejeUaQR eW aO., 2012a; PaWWeUVRQ eW aO., ϲ5 

2013; VejeUaQR., 2010; VejeUaQR eW aO., 2012b). HRZeYeU, Whe VWXd\ b\ CheQ eW aO. ϲϲ 

(2018a) VXggeVWV WhaW EPFRV iQ aWPRVSheUic SaUWicXOaWeV aUe PaiQO\ deUiYed fURP ϲϳ 

gUaShiWe R[ide-OiNe VXbVWaQceV SURdXced dXUiQg cRPbXVWiRQ. IQ addiWiRQ WR SUiPaU\ ϲϴ 

VRXUceV VXch aV cRPbXVWiRQ, VecRQdaU\ chePicaO SURceVVeV iQ Whe aWPRVSheUe Pa\ ϲϵ 

aOVR be aQ iPSRUWaQW VRXUce Rf EPFRV iQ aWPRVSheUic PM (CheQ eW aO. 2019b aQd ϳ0 

2019d; TRQg eW aO., 2018). ϳ1 

DiffeUeQW SaUWicOe Vi]eV Rf aWPRVSheUic PM SRVe diffeUeQW heaOWh UiVNV WR hXPaQV, ϳ2 

deSeQdiQg RQ Whe deSRViWiRQ efficieQc\ Rf Whe SaUWicOeV aQd Whe chePicaO cRPSRViWiRQ ϳ3 

aQd cRQceQWUaWiRQV Rf ha]aUdRXV VXbVWaQceV Whe\ cRQWaiQ (SWUaN eW aO., 2012; ϳ4 

VaOaYaQidiV eW aO., 2008). APRQg YaUiRXV ha]aUdRXV VXbVWaQceV, EPFRV Pa\ aOVR be ϳ5 

iQYROYed iQ Whe WR[iciW\ Rf aWPRVSheUic SaUWicXOaWeV. YaQg eW aO. (2017) VWXdied Whe Whe ϳϲ 

EPFRV WhaW aUe e[WUacWabOe b\ dichORURPeWhaQe iQ diffeUeQW SaUWicOe Vi]eV iQ BeijiQg iQ ϳϳ 

ZiQWeU aQd fRXQd WhaW Whe cRQceQWUaWiRQ Rf EPFRV ZaV Whe higheVW iQ SaUWicOeV ZiWh ϳϴ 

Vi]eV < 1 ȝP. AUaQgiR eW aO. (2016) fRXQd WhaW Whe cRQceQWUaWiRQ Rf EPFRV iQ 180 QP ϳϵ 

SaUWicOeV ZaV Whe higheVW iQ Whe 56 QP - 1.8 ȝP SaUWicOe Vi]e UaQge. AOWhRXgh VeYeUaO ϴ0 

VWXdieV haYe e[aPiQed Whe SaUWicOe Vi]e diVWUibXWiRQ Rf EPFRV, V\VWePaWic VWXdieV haYe ϴ1 

QRW beeQ cRQdXcWed RQ Whe fRUPaWiRQ SURceVV, VRXUce aQd e[SRVXUe aVVeVVPeQW Rf ϴ2 

EPFRV iQ aWPRVSheUic SaUWicOeV ZiWh diffeUeQW SaUWicOe Vi]eV. ϴ3 

ThiV VWXd\ WaNeV LiQfeQ aV aQ e[aPSOe. LiQfeQ iV RQe Rf Whe ciWieV iQ ChiQa ZiWh ϴ4 

Whe PRVW VeUiRXV aiU SROOXWiRQ aQd iV a W\SicaO cRaO-bXUQiQg ciW\. The SaUWicOe Vi]e ϴ5 

diVWUibXWiRQ Rf EPFRV iQ aWPRVSheUic PM iQ WhiV UegiRQ ZaV VWXdied b\ EPR ϴϲ 

VSecWURPeWU\. The effecWV Rf SaUWicOe Vi]e aQd VeaVRQ RQ Whe VRXUce, fRUPaWiRQ SURceVV, ϴϳ 

aQd heaOWh UiVN Rf EPFRV ZeUe UeYeaOed. IQ SaUWicXOaU, Whe cRPSUeheQViYe heaOWh UiVNV ϴϴ 

Rf EPFRV ZeUe eYaOXaWed, aQd iW ZaV fRXQd WhaW Whe XSSeU UeVSiUaWRU\ WUacW iV Whe aUea ϴϵ 

ZiWh Whe higheVW UiVN Rf EPFRV e[SRVXUe, Zhich iV eTXiYaOeQW WR WZeQW\-RQe cigaUeWWeV ϵ0 

SeU SeUVRQ SeU da\. ThiV VWXd\ iV Rf gUeaW VigQificaQce fRU XQdeUVWaQdiQg Whe VRXUce ϵ1 

aQd fRUPaWiRQ SURceVV Rf EPFRV iQ aWPRVSheUic SaUWicXOaWeV aV ZeOO aV fRU heaOWh UiVN ϵ2 
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aVVeVVPeQWV. ϵ3 

2. E[SeUiPeQWaO VecWiRQ ϵ4 

2.1 SDPSOH FROOHFWLRQ ϵ5 

The VaPSOiQg ViWe fRU WhiV VWXd\ iV ORcaWed iQ HRQgdRQg (36�23', 111�40'E) iQ ϵϲ 

ShaQ[i, ChiQa. TR cROOecW aWPRVSheUic SaUWicOeV Rf diffeUeQW Vi]eV (0-10 ȝP), WhiV VWXd\ ϵϳ 

XVed a TheUPR-AQdeUVRQ MaUN II VaPSOeU WR cROOecW aeURVRO VaPSOeV Rf 9 Vi]eV. The ϵϴ 

VaPSOeV ZeUe cROOecWed RQ a SUebaNed TXaUW] fiOWeU (450 �C, 4.5 hRXUV), aQd Whe ϵϵ 

VaPSOiQg daWeV ZeUe aV fROORZV: iQ ZiQWeU, JaQXaU\ 26 WR FebUXaU\ 4, 2017, Q = 10; aQd 100 

iQ VXPPeU, JXO\ 31 WR AXgXVW 24, 2017, Q = 12. The VaPSOeV ZeUe SOaced iQ a -20 �C 101 

UefUigeUaWRU SUiRU WR aQaO\ViV. 102 

2.2 EPFR DQDO\VLV 103 

The EPR VSecWURPeWeU (MS5000, FUeibeUg, GeUPaQ\) iV XVed WR deWecW EPFRV iQ 104 

aWPRVSheUic VaPSOeV. The fiOWeUV ZeUe cXW iQWR WhiQ VWUiSVCXW Whe VaPSOe fiOWeU iQWR WhiQ 105 

VWUiSV (5 PP î 28 PP), aQd SXW iW iQWR Whe VaPSOe WaQN Rf Whe TXaUW] WiVVXe ceOO (Whe 10ϲ 

Vi]e Rf Whe VaPSOe WaQN iV 10 PP î 30 PP)., TheQ Whe TXaUW] WiVVXe ceOO ZiWh aWWached 10ϳ 

fiOWeU VaPSOe ZaV SOaced iQ a UeVRQaQW caYiW\ aQd aQaO\]ed b\ aQ EPR VSecWURPeWeU. 10ϴ 

The deWecWiRQ SaUaPeWeUV ZeUe PagQeWic fieOd VWUeQgWh, 335 - 342 PT; deWecWiRQ WiPe, 10ϵ 

60 V; PRdXOaWiRQ aPSOiWXde, 0.20 PT; QXPbeU Rf deWecWiRQV, 1; aQd PicURZaYe 110 

iQWeQViW\, 8.0 PW. SSecific WeVWiQg SURWRcROV haYe beeQ deVcUibed SUeYiRXVO\ (CheQ eW 111 

aO., 2018c).  112 

2.3 CDUERQ FRPSRVLWLRQ DQDO\VLV 113 

The cRQWeQWV Rf RUgaQic caUbRQ (OC) aQd eOePeQWaO caUbRQ (EC) iQ Whe fiOWeU 114 

VaPSOeV ZeUe aQaO\]ed XViQg a VePicRQWiQXRXV OC/EC aQaO\]eU (MRdeO 4, SXQVeW Lab. 115 

IQc., OUegRQ, USA) ZiWh a NIOSH 5040 deWecWiRQ SURWRcRO (LiQ eW aO., 2009). 11ϲ 

The ZaWeU-VROXbOe RUgaQic caUbRQ (WSOC) cRQceQWUaWiRQ ZaV aQaO\]ed XViQg aQ 11ϳ 

aXWRPaWic TOC-LCPH aQaO\]eU (ShiPad]X, JaSaQ). The WSOC e[WUacWiRQ ZaV 11ϴ 
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SeUfRUPed ZiWh XOWUaSXUe ZaWeU XQdeU XOWUaVRQicaWiRQ fRU 15 PiQXWeV, aQd aOO WSOC 11ϵ 

cRQceQWUaWiRQV ZeUe bOaQN cRUUecWed. The cRQceQWUaWiRQ Rf OC iQ Whe MSM 120 

(MeWhaQRO-VROXbOe PaWeUiaOV) ZaV caOcXOaWed aV Whe diffeUeQce beWZeeQ Whe OC aQd 121 

WSOC (WaWeU-VROXbOe RUgaQic caUbRQ) cRQceQWUaWiRQV. ThiV caOcXOaWiRQ aVVXPeV WhaW 122 

aOO ZaWeU-iQVROXbOe RUgaQic caUbRQ (WISOC) iQ Whe aeURVRO caQ be e[WUacWed ZiWh 123 

MeOH, aQd Whe UaWiRQaOiW\ Rf WhiV aVVXPSWiRQ haV beeQ YeUified eOVeZheUe (MihaUa eW 124 

aO., 2011; LiX eW aO., 2013; CheQg eW aO., 2016; CheQ eW aO., 2019a). 125 

2.4 PAH DQDO\VLV  12ϲ 

PAHV ZeUe deWecWed XViQg gaV chURPaWRgUaSh\/PaVV VSecWURPeWU\ (GC/MS) RQ a 12ϳ 

GC7890B/MS5977A (AgiOeQW TechQRORgieV, COaUa, CA). QXaUW]-fibeU fiOWeU VaPSOeV 12ϴ 

(8 PP iQ diaPeWeU) ZeUe cXW fURP each 25-PP TXaUW]-fibeU fiOWeU VXbVWUaWeV XVed RQ 12ϵ 

Whe ELPI iPSacWRU VWageV XViQg a VWaiQOeVV-VWeeO URXQd SXQch RYeU a cOeaQ gOaVV diVh 130 

aQd ORaded iQWR Whe TD gOaVV WXbe. Ne[W, Whe TD gOaVV WXbe ZaV heaWed WR 310 �C aW a 131 

UaWe Rf 12 �C/PiQ aQd WheUPaOO\ deVRUbed aW 310 �C fRU 3 PiQ. The deVRUbed RUgaQic 132 

cRPSRXQdV ZeUe WUaSSed RQ Whe head Rf a GC-cROXPQ (DB-5MS: 5% diSheQ\O-95% 133 

diPeWh\O ViOR[aQe cRSRO\PeU VWaWiRQaU\ ShaVe, 0.25-PP i.d., 30-P OeQgWh, aQd 134 

0.25-PP WhicNQeVV). Si[WeeQ WaUgeW PAHV ZeUe ideQWified baVed RQ UeWeQWiRQ WiPe aQd 135 

W\SicaO iRQ fUagPeQWV Rf each PAH VWaQdaUdVTXaOified iRQV Rf Whe VWaQdaUdV, iQcOXdiQg 13ϲ 

16 EPA SaUeQW PAHV (S-PAHV). The PeWhRd deWecWiRQ OiPiWV (MDLV) UaQged fURP 0.2 13ϳ 

Sg/PP2 (Ace) WR 0.6 Sg/PP2 (IQcdS). NaShWhaOeQe-D8, aceQaShWheQe-D10, 13ϴ 

SheQaQWhUeQe-D10, chU\VeQe-D12, aQd SeU\OeQe D12 ZeUe XVed fRU Whe aQaO\WicaO 13ϵ 

UecRYeU\ checN. AOO cRPSRXQdV ZeUe UecRYeUed ZiWh a deVRUSWiRQ UecRYeU\ SeUceQWage 140 

Rf > 90%. SSecific WeVWiQg SURWRcROV haYe beeQ deVcUibed SUeYiRXVO\ (HaQ eW aO., 2018; 141 

SRQg eW aO., 2020). 142 

2.5 MHWDO HOHPHQW DQDO\VLV 143 

The cRQceQWUaWiRQ Rf PeWaO eOePeQWV iQ Whe VaPSOeV ZaV deWeUPiQed b\ a TheUPR 144 

X2 VeUieV iQdXcWiYeO\ cRXSOed SOaVPa PaVV VSecWURPeWeU (ICP-MS, TheUPR, USA). 145 

The PeWaO eOePeQWV aQaO\]ed iQ VXPPeU ZeUe Na, Mg, K, Ca, Ti, V, CU, MQ, Fe, CR, 14ϲ 
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Ni, CX, ZQ, AV, Cd, Pb, aQd AO, aQd WhRVe iQ ZiQWeU ZeUe AO, ZQ, V, CU, MQ, CR, Ni, CX, 14ϳ 

AV, Se, SU, Cd, Ba, aQd Pb. The VSecific PeaVXUePeQW PeWhRd iV baVed RQ Whe VWXd\ Rf 14ϴ 

Qi eW aO (2016). 14ϵ 

2.6. DDWD VWDWLVWLFV PHWKRG 150 

The VRXUce aQd fRUPaWiRQ SURceVV Rf EPFRV iQ PM ZiWh diffeUeQW SaUWicOe Vi]eV 151 

ZeUe aQaO\]ed b\ QRQQegaWiYe PaWUi[ facWRUi]aWiRQ (NMF). The PeWhRd iV baVed RQ 152 

Whe VWXd\ Rf CheQ eW aO (2016 aQd 2019e). BUiefO\, NMF aQaO\ViV Rf EPFR daWa, PeWaO 153 

eOePeQW cRQWeQWV, OC/EC cRQWeQWV aQd PAH cRQWeQWV ZaV SeUfRUPed iQ MATLAB. 154 

The YeUViRQ Rf Whe NMF WRRObR[ iV 1.4 (hWWSV://ViWeV.gRRgOe.cRP/ViWe/QPfWRRO/). A 155 

gUadieQW-baVed PXOWiSOicaWiRQ aOgRUiWhP ZaV XVed WR fiQd a VROXWiRQ fURP PXOWiSOe 15ϲ 

UaQdRP VWaUWiQg YaOXeV, aQd WheQ Whe fiUVW aOgRUiWhP ZaV XVed WR fiQd Whe fiQaO VROXWiRQ 15ϳ 

baVed RQ Whe OeaVW-VTXaUeV effecWiYe-VeW aOgRUiWhPUVe Whe gUadieQW-baVed 15ϴ 

PXOWiSOicaWiRQ aOgRUiWhP WR fiQd a VROXWiRQ fURP PXOWiSOe UaQdRP VWaUWiQg YaOXeV, aQd 15ϵ 

WheQ XVe Whe fiUVW aOgRUiWhP WR fiQd Whe fiQaO VROXWiRQ baVed RQ Whe OeaVW VTXaUeV 1ϲ0 

effecWiYe VeW aOgRUiWhP. TR fiQd a gORbaO VROXWiRQ, Whe PRdeO ZaV UXQ 100 WiPeV, each 1ϲ1 

WiPe ZiWh a diffeUeQW iQiWiaO YaOXe. B\ cRPSaUiQg Whe 1-12 facWRU PRdeO (FigXUe S4) 1ϲ2 

ZiWh Whe UeVidXaO Rf Whe VSecWUaO ORad, Whe 6 facWRU (VXPPeU) aQd 10 facWRU (ZiQWeU) 1ϲ3 

NMF PRdeOV ZeUe fiQaOO\ VeOecWed. 1ϲ4 

2.7. EPFR H[SRVXUH HYDOXDWLRQ 1ϲ5 

TR aVVeVV Whe heaOWh UiVNV Rf EPFRV, WhiV VWXd\ diYided Whe UeVSiUaWRU\ V\VWeP iQWR 1ϲϲ 

WhUee SaUWV baVed RQ Whe hXPaQ bUeaWhiQg PRdeO: e[WUaWhRUacic (ET) aUeaV, iQcOXdiQg 1ϲϳ 

Whe aQWeUiRU QaVaO caYiW\, SRVWeUiRU QaVaO caYiW\, RUaO caYiW\, aQd WhURaW; 1ϲϴ 

WUacheRbURQchiaO (TB) aUeaV, iQcOXdiQg Whe WUachea, bURQchi, bURQchiROeV, aQd WeUPiQaO 1ϲϵ 

bURQchi; aQd SXOPRQaU\ (P) aUeaV, iQcOXdiQg Whe aOYeROaU dXcWV aQd aOYeROi. TheQ, Whe 1ϳ0 

VediPeQWaWiRQ UaWeV Rf diffeUeQW SaUWicOe Vi]eV iQ diffeUeQW aUeaV Rf Whe UeVSiUaWRU\ 1ϳ1 

V\VWeP ZeUe deWeUPiQed WR caOcXOaWe Whe e[SRVXUe UiVN Rf EPFRV. HeUe, Whe hXPaQ 1ϳ2 

UeVSiUaWRU\ V\VWeP SaUWicXOaWe deSRViWiRQ PRdeO Rf SaOPa eW aO. (2002) ZaV XVed, aQd 1ϳ3 

Whe VSecific daWa caQ be fRXQd iQ TabOe S3 aQd S4. 1ϳ4 
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IQ addiWiRQ, Whe daiO\ iQhaOed cRQceQWUaWiRQ Rf EPFRV iQWR Whe cRQceQWUaWiRQ Rf fUee 1ϳ5 

UadicaOV iQ cigaUeWWeV ZeUe cRQYeUWed. The VSecific cRQYeUViRQ PeWhRd iV aV fROORZV: 1ϳϲ 

Ncig = (CEPFRVāV)/(RCcigāCWaU)                    (1) 1ϳϳ 

ZheUe Ncig UeSUeVeQWV Whe QXPbeU Rf cigaUeWWeV (/SeUVRQ/da\), CEPFRV (VSiQV/P3) 1ϳϴ 

UeSUeVeQWV Whe aWPRVSheUic cRQceQWUaWiRQ Rf EPFRV iQ PM, aQd V UeSUeVeQWV Whe 1ϳϵ 

aPRXQW Rf aiU iQhaOed b\ aQ adXOW SeU da\ (20 P3/da\) (EQYiURQPeQWaO PURWecWiRQ 1ϴ0 

AgeQc\, 1988). RCcig (4.75 î 1016 VSiQV/g) (BaXP eW aO., 2003; BOaNOe\ eW aO., 2001; 1ϴ1 

PU\RU eW aO., 1983; VaOaYaQidiV aQd HaUaOaPbRXV, 2001) iQdicaWeV Whe cRQceQWUaWiRQ Rf 1ϴ2 

fUee UadicaOV iQ cigaUeWWe WaU, aQd CWaU (0.013 g/cig) iQdicaWeV Whe aPRXQW Rf WaU SeU 1ϴ3 

cigaUeWWe (GehOiQg eW aO., 2013). 1ϴ4 

3. ReVXOWV aQd diVcXVViRQ 1ϴ5 

3.1 CRQFHQWUDWLRQV DQG W\SHV RI EPFRV 1ϴϲ 

FigXUe 1a VhRZV Whe cRQceQWUaWiRQ diVWUibXWiRQ Rf EPFRV ZiWh diffeUeQW SaUWicOe 1ϴϳ 

Vi]eV iQ diffeUeQW VeaVRQV. EPFRV ZeUe deWecWed iQ Whe SaUWicOeV Rf each WeVWed Vi]e (Whe 1ϴϴ 

EPR VSecWUXP iV VhRZQ iQ FigXUe S1), bXW WheiU EPFR cRQceQWUaWiRQ OeYeOV ZeUe 1ϴϵ 

diffeUeQW. IQ VXPPeU, Whe cRQceQWUaWiRQ Rf EPFRV iQ fiQe SaUWicOeV (SaUWicOe Vi]e < 2.1 1ϵ0 

ȝP) iV (3.2 - 8.1) î 1013 VSiQV/P3, ZhiOe Whe cRQceQWUaWiRQ Rf EPFRV iQ cRaUVe 1ϵ1 

SaUWicOeV (SaUWicOe Vi]e > 2.1 ȝP) iV 1-2 RUdeUV Rf PagQiWXde higheU WhaQ WhaW Rf fiQe 1ϵ2 

SaUWicOeV, UeachiQg YaOXeV Rf (2.2 - 3.5) î 1014 VSiQV/P3. WiQWeU VaPSOeV VhRZ 1ϵ3 

cRPSOeWeO\ diffeUeQW chaUacWeUiVWicV fURP VXPPeU VaPSOeV. The cRQceQWUaWiRQ Rf 1ϵ4 

EPFRV iQ fiQe SaUWicOeV (SaUWicOe Vi]e < 2.1 ȝP) iV (1.8 - 3.6) î 1014 VSiQV/P3, ZhiOe Whe 1ϵ5 

cRQceQWUaWiRQ Rf EPFRV iQ cRaUVe SaUWicOeV (SaUWicOe Vi]e > 2.1 ȝP) iV VPaOOeU WhaQ WhaW 1ϵϲ 

Rf fiQe SaUWicOeV, ZiWh YaOXeV Rf (1.0 - 2.1) î 1014 VSiQV/P3. IQ addiWiRQ, Whe 1ϵϳ 

cRQceQWUaWiRQ Rf EPFRV iQ SaUWicXOaWeV <0.43 ȝP iQ ZiQWeU iV YeU\ high, bXW iW iV YeU\ 1ϵϴ 

ORZ iQ VXPPeU. AccRUdiQg WR Whe UeVXOWV Rf facWRU aQaO\ViV iQ SaUW 3.2 Rf WhiV VWXd\, WhiV 1ϵϵ 

SaUWicXOaWe PaWWeU iV UeOaWed WR cRPbXVWiRQ, Zhich iQdicaWeV WhaW cRaO cRPbXVWiRQ iQ 200 

ZiQWeU Pa\ SURYide aQ iPSRUWaQW cRQWUibXWiRQ WR EPFRV. The EPFR cRQceQWUaWiRQ iQ 201 
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Whe fiQe PM Rf LiQfeQ UeSRUWed abRYe iV eTXiYaOeQW WR WhaW iQ Whe fiQe PM Rf Xi'aQ, bXW 202 

iW iV WeQ WiPeV VPaOOeU WhaQ WhaW iQ Whe fiQe PM Rf BeijiQg (YaQg eW aO., 2017; CheQ eW 203 

aO., 2019b). AOWhRXgh Whe SaUWicOe Vi]e diVWUibXWiRQ chaUacWeUiVWicV Rf EPFRV iQ ZiQWeU 204 

aQd VXPPeU aUe diffeUeQW, WheiU cRQceQWUaWiRQ OeYeOV aUe ViPiOaU, Zhich iQdicaWeV WhaW 205 

Whe EPFR cRQceQWUaWiRQ iV QRW UeOaWed WR Whe PM cRQceQWUaWiRQ, bXW iV deWeUPiQed b\ 20ϲ 

Whe VRXUce chaUacWeUiVWicV. The VRXUce chaUacWeUiVWicV ZiOO be diVcXVVed iQ deWaiO iQ Whe 20ϳ 

facWRU aQaO\ViV VecWiRQ. 20ϴ 

FigXUe 1b VhRZV Whe cRQceQWUaWiRQ UaWiR Rf EPFRV iQ cRaUVe aQd fiQe SaUWicOeVFigXUe 20ϵ 

1b VhRZV Whe Vi]e-VegUegaWed cRQWUibXWiRQ Rf EPFR cRQceQWUaWiRQ WR Whe RYeUaOO. The 210 

cRQWUibXWiRQ Rf EPFRV iQ fiQe PM iQ VXPPeU iV RQO\ 14.9%, ZhiOe iQ ZiQWeU iV 58.5%. 211 

The diffeUeQceV iQ EPFR cRQceQWUaWiRQV ZiWh SaUWicOe Vi]e Pa\ be UeOaWed WR Whe VRXUce 212 

Rf EPFRV. FRU e[aPSOe, cRaUVe SaUWicOeV aUe RfWeQ aVVRciaWed ZiWh dXVW VRXUceV aQd 213 

biRgeQic aeURVROV. IQ aQRWheU VWXd\, Whe UeVXOWV haYe VhRZQ WhaW dXVW SaUWicOeV cRQWaiQ 214 

OaUge aPRXQWV Rf PeWaOOic EPFRV aQd WhaW Whe\ caQ be WUaQVSRUWed RYeU ORQg diVWaQceV 215 

(CheQ eW aO., 2018b). EPFRV iQ fiQe SaUWicOeV Pa\ be PaiQO\ deUiYed fURP Whe 21ϲ 

cRPbXVWiRQ SURceVV, VXch aV WUaffic VRXUceV, Zhich aUe cRQVideUed WR be aQ iPSRUWaQW 21ϳ 

VRXUce Rf EPFRV iQ aWPRVSheUic PM (SecUeVW eW aO., 2016; CheQ eW aO., 2019b). DXe WR 21ϴ 

ZiQWeU heaWiQg iQ Whe LiQfeQ aUea, Whe aPRXQW Rf cRaO bXUQiQg iQcUeaVeV VhaUSO\ iQ WhiV 21ϵ 

VeaVRQ. IQ 2017, Whe QRQcOeaQ heaWiQg (CRaO-fiUed heaWiQg) UaWe Rf XUbaQ heaWiQg 220 

eQeUg\ VWUXcWXUeV iQ LiQfeQ ZaV 40% (daWa VRXUce: hWWS://ZZZ.OiQfeQ.gRY.cQ/). WiWh 221 

Whe bXUQiQg Rf cRaO, OaUge aPRXQWV Rf EPFRV aUe SURdXced, aQd iQ Whe VXPPeU, EPFRV 222 

ePiWWed b\ bXUQiQg cRaO VhRXOd be PXch OeVV WhaQ WhRVe ePiWWed iQ ZiQWeU. ThiV caQ 223 

e[SOaiQ WR a ceUWaiQ e[WeQW WhaW Whe cRQWUibXWiRQ Rf fiQe SaUWicOeV WR VXPPeU EPFRV iV 224 

VPaOO, aQd Whe cRQWUibXWiRQ Rf ZiQWeU EPFRV iV YeU\ OaUge. 225 

The J-facWRU RbWaiQed b\ XViQg EPR WR aQaO\]e Whe VaPSOe iV aQ iPSRUWaQW 22ϲ 

SaUaPeWeU WR diVWiQgXiVh Whe W\Se Rf EPFR. IW iV Whe UaWiR Rf Whe eOecWURQic PagQeWic 22ϳ 

PRPeQW WR iWV aQgXOaU PRPeQWXP (ShaOWRXW eW aO., 2015; AUaQgiR eW aO., 2016). The 22ϴ 

J-facWRU Rf caUbRQ-ceQWeUed SeUViVWeQW fUee UadicaOV iV geQeUaOO\ OeVV WhaQ 2.003, Whe 22ϵ 

J-facWRU Rf R[\geQ-ceQWeUed SeUViVWeQW UadicaOV iV geQeUaOO\ gUeaWeU WhaQ 2.004, aQd Whe 230 
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g facWRU Rf caUbRQ-ceQWeUed UadicaOV ZiWh adjaceQW R[\geQ aWRPV iV beWZeeQ 2.003 aQd 231 

2.004 (CUX] eW aO., 2012). FigXUe 2a VhRZV Whe J-facWRU diVWUibXWiRQ chaUacWeUiVWicV Rf 232 

EPFRV iQ diffeUeQW SaUWicOe Vi]eV iQ VXPPeU aQd ZiQWeU. The J-facWRU Rf fiQe SaUWicOeV 233 

aQd cRaUVe SaUWicOeV VhRZV diffeUeQW chaUacWeUiVWicV. The J-facWRU Rf EPFRV iQ fiQe 234 

SaUWicOeV (SaUWicOe Vi]e < 2.1 ȝP) UaQgeV fURP 2.0034 WR 2.0037, Zhich Pa\ be fURP 235 

caUbRQ-ceQWeUed UadicaOV ZiWh adjaceQW R[\geQ aWRPV. HRZeYeU, Whe J-facWRU Rf 23ϲ 

EPFRV iQ cRaUVe SaUWicOeV (SaUWicOe Vi]e > 2.1 ȝP) iV VigQificaQWO\ OeVV WhaQ WhaW Rf fiQe 23ϳ 

SaUWicOeV. The J-facWRU UaQgeV fURP 2.0031 WR 2.0033, iQdicaWiQg WhaW EPFRV iQ cRaUVe 23ϴ 

SaUWicOeV aUe PRUe caUbRQ-ceQWeUed WhaQ WhRVe iQ fiQe SaUWicOeV aQd aUe fUee Rf 23ϵ 

heWeURaWRPV. AV VhRZQ iQ FigXUe 2b, Whe g-facWRU YaUied diffeUeQWO\ deSeQdiQg RQ 240 

VeaVRQ. The J-facWRU Rf VXPPeU PM VhRZed a VigQificaQW decUeaViQg WUeQd ZiWh 241 

iQcUeaViQg cRQceQWUaWiRQ, ZhiOe Whe J-facWRU Rf ZiQWeU PM VhRZed a VigQificaQW 242 

iQcUeaViQg WUeQd ZiWh iQcUeaViQg EPFR cRQceQWUaWiRQ. O\aQa eW aO. (2017) VWXdied 243 

EPFRV iQ Whe VXUface dXVW Rf OeaYeV iQ Whe MePShiV UegiRQ Rf Whe UQiWed SWaWeV aQd 244 

fRXQd WhaW Whe cRQceQWUaWiRQ Rf EPFRV ZaV SRViWiYeO\ cRUUeOaWed ZiWh Whe J-facWRU, aQd 245 

Whe\ beOieYed WhaW WhiV ZaV UeOaWed WR Whe VRXUce Rf EPFRV. ThiV SheQRPeQRQ iQdicaWeV 24ϲ 

WhaW Whe VRXUceV aQd WR[iciW\ Rf EPFRV iQ ZiQWeU aQd VXPPeU aUe diffeUeQW. 24ϳ 

3.2 FDFWRU AQDO\VLV RI EPFRV 24ϴ 

TR e[SORUe Whe SRVVibOe VRXUceV aQd fRUPaWiRQ SURceVV Rf EPFRV iQ aWPRVSheUic 24ϵ 

SaUWicOeV ZiWh diffeUeQW SaUWicOe Vi]eV, Whe NMF PRdeO ZaV XVed WR VWaWiVWicaOO\ aQaO\]e 250 

EPFRV, caUbRQ cRPSRQeQWV, PAHV aQd PeWaO eOePeQWV iQ VaPSOeV. The facWRUV 251 

RbWaiQed b\ Whe NMF PRdeO VhRXOd UefOecW Whe diffeUeQW VRXUceV aQd geQeUaWiRQ 252 

SURceVV Rf EPFRV. AV VhRZQ iQ FigXUe 3a1 aQd b1, Whe WhUee PaiQ cRQWUibXWiQg facWRUV 253 

WR EPFRV iQ VXPPeU aQd ZiQWeU aUe VhRZQ (Vee FigXUe S5, S6 fRU VSecWUa Rf RWheU 254 

facWRUV), Zhich e[SOaiQ 94.5% aQd 83.8% Rf Whe EPFR cRQceQWUaWiRQV iQ VXPPeU aQd 255 

ZiQWeU, UeVSecWiYeO\. 25ϲ 

AV VhRZQ iQ FigXUe 3a1, Whe W\SicaO VSecWUaO chaUacWeUiVWic Rf VXPPeU facWRU 1 iV 25ϳ 

WhaW iW cRQWaiQV a VPaOO fUacWiRQ Rf EC cRPSRQeQWV aQd a OaUge aPRXQW Rf OC 25ϴ 

cRPSRQeQWV, Zhich iQdicaWeV WhaW cRPbXVWiRQ Pa\ be Whe VRXUce aVVRciaWed ZiWh WhiV 25ϵ 
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facWRU. ThiV facWRU haV Whe higheVW ORadiQg Rf OC, eVSeciaOO\ WISOC; WhiV fUacWiRQ 2ϲ0 

PaiQO\ cRQWaiQV PacURPROecXOaU RUgaQic VXbVWaQceV, Zhich aUe cRQVideUed WR 2ϲ1 

cRQWUibXWe WR Whe PaiQ aWPRVSheUic SaUWicXOaWe EPFRV aQd WR be gUaShiWe R[ide-OiNe 2ϲ2 

VXbVWaQceV (CheQ eW aO., 2017; CheQ eW aO., 2018a). FacWRU 2 iV diffeUeQW fURP facWRU 1; 2ϲ3 

facWRU 2 iV PRUe OiNeO\ Whe cRPbXVWiRQ Rf fRVViO fXeOV, ZhiOe facWRU 1 VhRXOd be RWheU 2ϲ4 

cRPbXVWiRQ VRXUceV iQVWead Rf bXUQiQg cRaO, VXch aV biRPaVV cRPbXVWiRQ. The 2ϲ5 

geQeUaWiRQ SURceVV iV ViPiOaU WR a h\bUid SURceVV, Zhich iQcOXdeV Whe gUaShiWe 2ϲϲ 

R[ide-OiNe VXbVWaQceV SURdXced b\ iQcRPSOeWe cRPbXVWiRQ aQd Whe EPFRV fRUPed b\ 2ϲϳ 

VRPe PeWaO R[ideV. The W\SicaO chaUacWeUiVWic Rf facWRU 3 iV WhaW Whe cRQWUibXWiRQ Rf 2ϲϴ 

PeWaO eOePeQWV iV UeOaWiYeO\ high, ZhiOe Whe cRQWUibXWiRQV Rf EC aQd OC aUe YeU\ ORZ. 2ϲϵ 

MeWaO eOePeQWV VXch aV AO, Ti, MQ, aQd CR aUe W\SicaO cUXVW eOePeQWV, VR WhiV facWRU 2ϳ0 

Pa\ UeSUeVeQW dXVW VRXUceV (PaQ eW aO., 2013; SUiYaVWaYa eW aO., 2007; TUaSS eW aO., 2ϳ1 

2010). The geQeUaWiRQ SURceVV Rf EPFRV. The RWheUV aUe OiNeO\ deUiYed fURP Whe 2ϳ2 

eOecWURSOaWiQg PeWaOOXUg\ iQdXVWU\ (deWaiOed iQ S1). AV VhRZQ iQ FigXUe 3a2, Whe 2ϳ3 

cRQWUibXWiRQ UaWiRV Rf diffeUeQW facWRUV VhRZ WhaW Whe cRQWUibXWiRQ UaWiRV Rf facWRU 1 aQd 2ϳ4 

facWRU 2 aUe Whe higheVW, aQd facWRU 3 haV RQO\ a VPaOO cRQWUibXWiRQ, Zhich iQdicaWeV 2ϳ5 

WhaW cRPbXVWiRQ VRXUceV, eVSeciaOO\ iQcRPSOeWe cRPbXVWiRQ, aUe Whe PaiQ VRXUceV Rf 2ϳϲ 

EPFRV. The SaUWicOe Vi]e diVWUibXWiRQ chaUacWeUiVWicV VhRZ WhaW facWRU 1 iV PaiQO\ 2ϳϳ 

diVWUibXWed iQ SaUWicOeV OaUgeU WhaQ 2.1 ȝP, ZhiOe facWRU 2 iV PaiQO\ diVWUibXWed iQ 2ϳϴ 

SaUWicOeV VPaOOeU WhaQ 0.43 ȝP. 2ϳϵ 

The UeVXOWV Rf Whe facWRU aQaO\ViV iQ ZiQWeU aUe diffeUeQW fURP WhRVe iQ VXPPeU. AV 2ϴ0 

VhRZQ iQ FigXUe 3b1, Whe W\SicaO VSecWUaO chaUacWeUiVWic Rf facWRU 1 iV WhaW iW cRQWaiQV a 2ϴ1 

OaUge aPRXQW Rf OC cRPSRQeQWV aQd AV aQd Se. AV aQd Se aUe WUace eOePeQWV Rf cRaO 2ϴ2 

cRPbXVWiRQ, aV VhRZQ iQ PaQ\ VWXdieV (PaQ eW aO., 2013; TiaQ eW aO., 2010), VR cRaO 2ϴ3 

cRPbXVWiRQ Pa\ be Whe VRXUce UeSUeVeQWed b\ WhiV facWRU. FURP Whe geQeUaWiRQ SURceVV 2ϴ4 

YieZSRiQW, Whe facWRU dReV QRW cRQWaiQ EC, bXW Whe cRQWeQW Rf OC iV YeU\ high. IQ Whe 2ϴ5 

SaUWicOeV ZiWh a SaUWicOe Vi]e Rf OeVV WhaQ 3.3, Zhich iV PaiQO\ SUeVeQW iQ facWRU 1, Whe 2ϴϲ 

cRQceQWUaWiRQ Rf OC iV 16 WiPeV WhaW Rf EC. SR iW Pa\ be PaiQO\ a gUaShiWe R[ide-OiNe 2ϴϳ 

VXbVWaQce fRUPed b\ Whe aggORPeUaWiRQ Rf gaVeRXV YROaWiOe RUgaQic cRPSRXQdV 2ϴϴ 
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(VOCV) geQeUaWed dXUiQg cRPbXVWiRQ. The W\SicaO VSecWUaO chaUacWeUiVWicV Rf facWRU 2 2ϴϵ 

aUe dXe WR a OaUge aPRXQW Rf V aQd VRPe AO, EC aQd OC. OC aQd EC aUe aOVR W\SicaO 2ϵ0 

cRPbXVWiRQ SURdXcWV. V iV Uich iQ fRVViO fXeOV, eVSeciaOO\ fXeO RiO (KaUQae eW aO., 2011). 2ϵ1 

TheUefRUe, WUaffic iV Whe VRXUce UeSUeVeQWed b\ WhiV facWRU. The facWRU cRQWaiQV cUXVW 2ϵ2 

eOePeQWV VXch aV AO aQd MQ, VR iW iV VSecXOaWed WhaW WhiV facWRU Pa\ aOVR iQcOXde 2ϵ3 

WUaffic-UeOaWed dXVW. The W\SicaO VSecWUaO chaUacWeUiVWicV Rf facWRU 3 aUe ViPiOaU WR WhRVe 2ϵ4 

Rf facWRU 1, aQd bRWh cRQWaiQ UeOaWiYeO\ OaUge aPRXQWV Rf AV aQd Se, ZiWh Whe e[ceSWiRQ 2ϵ5 

WhaW facWRU 3 cRQWaiQV a OaUge aPRXQW Rf EC, iQdicaWiQg WhaW iW iV aOVR PaiQO\ deUiYed 2ϵϲ 

fURP iQcRPSOeWe cRPbXVWiRQ VRXUceV. The geQeUaWiRQ SURceVV Rf facWRU 3 VhRXOd be 2ϵϳ 

diffeUeQW fURP facWRU 1, Zhich Pa\ iQcOXde bRWh Whe gUaShiWe R[ide-OiNe PaWeUiaO 2ϵϴ 

geQeUaWed b\ fXeO cRNiQg aQd Whe EPFRV geQeUaWed b\ Whe PeWaO R[ide. The RWheU 2ϵϵ 

facWRUV aUe PaiQO\ aWPRVSheUic dXVW aQd eOecWURSOaWiQg RU PeWaOOXUg\ (Vee We[W S1). AV 300 

VhRZQ iQ FigXUe 3b2, facWRU 1 aQd facWRU 2 haYe Whe higheVW SURSRUWiRQV, aQd facWRU 3 301 

aOVR haV a VPaOO cRQWUibXWiRQ, Zhich iQdicaWeV WhaW ZiQWeU iV Whe VaPe aV VXPPeU, aQd 302 

cRPbXVWiRQ VRXUceV aUe Whe PaiQ VRXUce Rf EPFRV. The SaUWicOe Vi]e diVWUibXWiRQ 303 

chaUacWeUiVWicV VhRZ WhaW facWRU 1 iV PaiQO\ diVWUibXWed iQ SaUWicOeV ZiWh a Vi]e Rf 0.43 - 304 

3.3 ȝP, ZhiOe facWRU 2 iV PaiQO\ diVWUibXWed iQ SaUWicOeV OageU WhaQ 3.3 ȝP. 305 

BaVed RQ Whe abRYe aQaO\ViV, iW caQ be fRXQd WhaW cRPbXVWiRQ VRXUceV aUe Whe PaiQ 30ϲ 

VRXUceV Rf EPFRV, aQd EPFRV fURP WheVe VRXUceV aUe PaiQO\ gUaShiWe R[ide-OiNe 30ϳ 

VXbVWaQceV geQeUaWed b\ Whe SRO\PeUi]aWiRQ Rf RUgaQic PaWWeU RU fXeO cRNiQg. SWXdieV 30ϴ 

haYe VhRZQ WhaW gUaSheQe R[ide caQ caXVe ceOO daPage b\ geQeUaWiQg ROS (SeabUa eW 30ϵ 

aO., 2014). The VXUface Rf WheVe cRPSRXQdV cRQWaiQV QRW RQO\ caUbRQ aWRPV bXW aOVR 310 

VRPe heWeURaWRPV, Zhich OeadV WR diVRUdeU aQd Whe SUeVeQce Rf defecWV iQ Whe 311 

caUbRQ-baVed VWUXcWXUe (L\X eW aO., 2018; CheQ eW aO., 2017a; MXNRPe eW aO., 2013; 312 

KeiOXZeiW eW aO., 2010). The dXVW VRXUce iV aOVR a VRXUce Rf iPSRUWaQW EPFRV ideQWified 313 

iQ WhiV VWXd\ (ZiWh a cRQWUibXWiRQ Rf aSSUR[iPaWeO\ 10%). IW ZaV VhRZQ iQ Whe abRYe 314 

aQaO\ViV WhaW Whe cRQceQWUaWiRQ Rf EPFRV iQ cRaUVe SaUWicOeV haV a VigQificaQW 315 

cRUUeOaWiRQ ZiWh Whe cRQceQWUaWiRQ Rf PeWaOOic eOePeQWV, SaUWicXOaUO\ cUXVWaO eOePeQWV. 31ϲ 

SRPe cUXVWaO eOePeQWV, VXch aV AO, aQd Fe, QRW RQO\ haYe WheiU RZQ SaUaPagQeWiVP 31ϳ 
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(Li eW aO., 2017; YX eW aO., 2013; NiNiWeQNR eW aO., 1992), bXW aOVR iQWeUacW ZiWh aURPaWic 31ϴ 

cRPSRXQdV aWWached WR Whe VXUface Rf Whe SaUWicOeV WR SURdXce a VWabOe ViQgOe-eOecWURQ 31ϵ 

VWUXcWXUe. 320 

3.3 HHDOWK ULVN RI EPFRV 321 

TR eYaOXaWe Whe heaOWh UiVNV Rf EPFRV iQ PM ZiWh diffeUeQW SaUWicOe Vi]eV, WhiV VWXd\ 322 

eYaOXaWed Whe cRPSUeheQViYe e[SRVXUe Rf EPFRV baVed RQ Whe deSRViWiRQ efficieQc\ Rf 323 

PM ZiWh diffeUeQW SaUWicOe Vi]eV iQ diffeUeQW SaUWV Rf Whe hXPaQ bRd\. The UeVXOWV aUe 324 

VhRZQ iQ FigXUe 4a. The ET UegiRQ iV Whe UegiRQ ZiWh Whe higheVW EPFR e[SRVXUe, 325 

ZhiOe Whe TB aQd P UegiRQV haYe UeOaWiYeO\ cORVe EPFRV. ThiV UeVXOW VhRZV WhaW 32ϲ 

aWPRVSheUic EPFRV aUe Whe PRVW haUPfXO WR Whe heaOWh Rf Whe hXPaQ XSSeU UeVSiUaWRU\ 32ϳ 

WUacW. CRPSaUiQg Whe EPFR e[SRVXUe iQ diffeUeQW VeaVRQV iQdicaWeV WhaW Whe e[SRVXUe 32ϴ 

UiVN iQ Whe ET aUea iQ VXPPeU iV VigQificaQWO\ higheU WhaQ WhaW iQ ZiQWeU. ThiV 32ϵ 

diffeUeQce RccXUV becaXVe Whe cRQceQWUaWiRQ Rf EPFRV iQ cRaUVe SaUWicOeV iV PXch 330 

higheU WhaQ WhaW Rf fiQe SaUWicOeV iQ VXPPeU aQd Whe deSRViWiRQ efficieQc\ Rf OaUge 331 

SaUWicOeV iQ Whe ET aUea iV geQeUaOO\ higheU. FiQe SaUWicOeV aUe PRUe efficieQWO\ 332 

deSRViWed iQ Whe P UegiRQ, OeadiQg WR a higheU UiVN Rf EPFR e[SRVXUe iQ Whe P UegiRQ iQ 333 

ZiQWeU. 334 

EPFRV ZeUe fRXQd eaUO\ iQ cigaUeWWe WaU aQd aUe cRQVideUed RQe Rf Whe heaOWh UiVN 335 

facWRUV iQ cigaUeWWe VPRNe (L\RQV eW aO., 1960); WhXV, iQ WhiV VWXd\, Whe e[SRVXUe UiVNV 33ϲ 

Rf EPFRV iQ SaUWicOeV deSRViWed iQ Whe hXPaQ bRd\ ZeUe cRQYeUWed WR Whe eTXiYaOeQW 33ϳ 

QXPbeU Rf cigaUeWWeV iQhaOed SeU adXOW SeU da\. AV VhRZQ iQ FigXUe 4b, Whe ET aUea iV 33ϴ 

Whe PRVW cRQWaPiQaWed aUea, ZiWh aQ aYeUage eTXiYaOeQce Rf WZeQW\-RQe cigaUeWWeV 33ϵ 

(WZeQW\-fiYe iQ VXPPeU aQd Vi[WeeQ iQ ZiQWeU). The aYeUage YaOXeV fRU Whe TB aUea 340 

(QiQe iQ VXPPeU aQd VeYeQ iQ ZiQWeU) aQd P aUea (VeYeQ iQ VXPPeU aQd WeQ iQ ZiQWeU) 341 

aUe eighW. The UeVXOWV iQdicaWe WhaW EPFRV SRVe VigQificaQW heaOWh UiVNV WR hXPaQ OXQgV 342 

iQ bRWh ZiQWeU aQd VXPPeU. OWheU ViPiOaU VWXdieV, VXch aV a VWXd\ Rf Whe aYeUage 343 

aPRXQW Rf EPFRV iQ PM2.5 iQhaOed SeU SeUVRQ SeU da\ iQ Xi'aQ iQ 2017, fRXQd YaOXeV 344 

eTXiYaOeQW WR aSSUR[iPaWeO\ 5 cigaUeWWeV (CheQ eW aO., 2018a). GehUiQg aQd DeOOiQgeU 345 

(2013) fRXQd WhaW EPFR e[SRVXUe iQ PM2.5 iV eTXiYaOeQW WR aSSUR[iPaWeO\ 0.3 34ϲ 
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cigaUeWWeV SeU SeUVRQ SeU da\ iQ SW. JRaTXiQ CRXQW\, Whe ORcaWiRQ ZiWh Whe ZRUVW aiU 34ϳ 

SROOXWiRQ iQ Whe UQiWed SWaWeV. The aYeUage e[SRVXUe UiVN Rf EPFRV iQ fiQe SaUWicOeV iQ 34ϴ 

Whe LiQfeQ aUea (aSSUR[iPaWeO\ 13 cigaUeWWeV) ZaV higheU WhaQ WhRVe iQ WheVe WZR 34ϵ 

VWXdieV. HRZeYeU, WheVe SUeYiRXV VWXdieV RQO\ VWXdied Whe e[SRVXUe UiVN Rf EPFRV iQ 350 

fiQe SaUWicOeV. The UeVXOWV Rf WhiV VWXd\ iQdicaWe WhaW Whe heaOWh UiVNV Rf EPFRV aUe 351 

VigQificaQWO\ iQcUeaVed ZheQ Whe SaUWicOe Vi]e diVWUibXWiRQ Rf EPFRV iV WaNeQ iQWR 352 

accRXQW. TheUefRUe, iW iV iPSRUWaQW WR VWXd\ Whe VRXUce chaUacWeUiVWicV aQd geQeUaWiRQ 353 

SURceVV Rf EPFRV ZiWh diffeUeQW SaUWicOe Vi]eV, Zhich ZiOO be diVcXVVed iQ deWaiO iQ Whe 354 

fROORZiQg VecWiRQV. 355 

ThiV VWXd\ caOcXOaWed Whe SURSRUWiRQ Rf EPFRV ZiWh diffeUeQW SaUWicOe Vi]eV iQ 35ϲ 

diffeUeQW SaUWV Rf Whe UeVSiUaWRU\ V\VWeP baVed RQ Whe deSRViWiRQ efficieQc\ Rf SaUWicOeV 35ϳ 

ZiWh diffeUeQW SaUWicOe Vi]eV. AV VhRZQ iQ FigXUe 4c, iQ Whe ET UegiRQ aQd Whe TB 35ϴ 

UegiRQ, cRaUVe SaUWicOeV aUe Whe dRPiQaQW cRPSRQeQW iQ VXPPeU aQd ZiQWeU. IQ 35ϵ 

SaUWicXOaU, iQ VXPPeU, Whe SURSRUWiRQ Rf EPFRV iQ cRaUVe SaUWicOeV iQ WheVe WZR UegiRQV 3ϲ0 

e[ceedV 95%. IQ Whe P UegiRQ, WheUe aUe VigQificaQW diffeUeQceV beWZeeQ VXPPeU aQd 3ϲ1 

ZiQWeU. The P UegiRQ iQ VXPPeU iV VWiOO dRPiQaWed b\ cRaUVe SaUWicOeV, bXW iWV 3ϲ2 

SURSRUWiRQ iV VigQificaQWO\ ORZeU WhaQ WhRVe iQ Whe ET aQd TB UegiRQV. IQ Whe P UegiRQ 3ϲ3 

iQ ZiQWeU, fiQe SaUWicOeV aUe Whe dRPiQaQW cRPSRQeQW (aSSUR[iPaWeO\ 70%). TheVe 3ϲ4 

diVWUibXWiRQ chaUacWeUiVWicV iQdicaWe diffeUeQW VRXUceV Rf EPFRV iQ diffeUeQW UegiRQV. AV 3ϲ5 

VhRZQ iQ FigXUe 4d, iQ VXPPeU, cRPbXVWiRQ VRXUceV aUe Whe PaiQ VRXUce Rf EPFRV iQ 3ϲϲ 

Whe UeVSiUaWRU\ V\VWeP. IQ ZiQWeU, cRPbXVWiRQ aQd WUaQVSRUWaWiRQ VRXUceV cRQWUibXWe 3ϲϳ 

eTXaOO\ iQ Whe EP aQd ET UegiRQV, ZhiOe iQ Whe aOYeROi, cRPbXVWiRQ VRXUceV aUe Whe 3ϲϴ 

PaiQ cRQWUibXWRU. The ET UegiRQ iV Whe aUea ZiWh Whe higheVW UiVN Rf e[SRVXUe WR 3ϲϵ 

EPFRV (21 cigaUeWWeV). The geQeUaWiRQ SURceVV Rf WheVe EPFRV iV PaiQO\ aWWUibXWabOe 3ϳ0 

WR gUaSheQe R[ide-OiNe VXbVWaQceV. SWXdieV haYe VhRZQ WhaW gUaSheQe R[ide iV 3ϳ1 

c\WRWR[ic (HaUPRQ eW aO., 2018). IQ Whe aOYeROi, Whe cRQWUibXWiRQ Rf cRPbXVWiRQ VRXUceV 3ϳ2 

iV VigQificaQWO\ iQcUeaVed (eVSeciaOO\ iQ ZiQWeU). TheVe EPFRV aUe PaiQO\ geQeUaWed b\ 3ϳ3 

Whe acWiRQ Rf PeWaO R[ideV aQd RUgaQic VXbVWaQceV. SWXdieV haYe VhRZQ WhaW VXch 3ϳ4 

EPFRV caQ geQeUaWe ROS iQ Whe OXQg fOXid eQYiURQPeQW (KhachaWU\aQ eW aO., 2011).  3ϳ5 
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4. CRQcOXViRQV aQd eQYiURQPeQWaO iPSOicaWiRQV 3ϳϲ 

ThiV VWXd\ V\VWePaWicaOO\ UeSRUWed Whe SaUWicOe Vi]e diVWUibXWiRQ Rf EPFRV iQ 3ϳϳ 

aWPRVSheUic PM iQ LiQfeQ, Zhich iV RQe Rf Whe PRVW SROOXWed ciWieV iQ ChiQa aQd iV 3ϳϴ 

ORcaWed iQ a W\SicaO cRaO-bXUQiQg aUea. IQ addiWiRQ, WhiV VWXd\ eYaOXaWed Whe 3ϳϵ 

cRPSUeheQViYe heaOWh UiVNV Rf EPFRV, aQd UeSRUWed SRVVibOe VRXUceV aQd fRUPaWiRQ 3ϴ0 

SURceVV Rf aWPRVSheUic EPFRV ZiWh UeVSecW WR diffeUeQW SaUWicOe Vi]eV. The fROORZiQg 3ϴ1 

PaiQ cRQcOXViRQV ZeUe RbWaiQed. 3ϴ2 

(1) ThiV VWXd\ fRXQd WhaW EPFRV aUe ZideO\ SUeVeQW iQ aWPRVSheUic SaUWicOeV Rf 3ϴ3 

diffeUeQW SaUWicOe Vi]eV aQd e[hibiW VigQificaQW SaUWicOe Vi]e diVWUibXWiRQ chaUacWeUiVWicV. 3ϴ4 

The UeVXOWV Rf WhiV VWXd\ dePRQVWUaWe WhaW Whe cRQceQWUaWiRQV aQd W\SeV Rf EPFRV aUe 3ϴ5 

deSeQdeQW RQ SaUWicOe Vi]e aQd VeaVRQ. ThiV VeaVRQaO chaUacWeUiVWic Rf EPFRV iV PaiQO\ 3ϴϲ 

affecWed b\ Whe PM VRXUceV, WhiV UeVXOW aOVR iQdicaWeV WhaW Whe SRWeQWiaO WR[iciW\ caXVed 3ϴϳ 

b\ EPFRV Pa\ aOVR YaU\ ZiWh SaUWicOe Vi]e aQd VeaVRQ. 3ϴϴ 

(2) ThiV VWXd\ UeSRUWed Whe SRVVibOe VRXUce aQd fRUPaWiRQ SURceVV Rf aWPRVSheUic 3ϴϵ 

EPFRV iQ diffeUeQW SaUWicOe Vi]eV. The UeVXOWV VhRZ WhaW cRPbXVWiRQ iV Whe PRVW 3ϵ0 

iPSRUWaQW VRXUce Rf EPFRV (>70%) iQ bRWh ZiQWeU aQd VXPPeU PM VaPSOeV iQ LiQfeQ. 3ϵ1 

The gUaShiWe R[ide-OiNe SURceVV haV Whe higheVW cRQWUibXWiRQ (a70%) aQd iV PaiQO\ 3ϵ2 

diVWUibXWed iQ SaUWicOeV ZiWh a Vi]e Rf > 0.43 ȝP. TheVe fiQdiQgV deeSeQ RXU 3ϵ3 

XQdeUVWaQdiQg Rf Whe SROOXWiRQ chaUacWeUiVWicV Rf aWPRVSheUic EPFRV aQd aUe XVefXO fRU 3ϵ4 

cRQWUROOiQg EPFR geQeUaWiRQ iQ heaYiO\ SROOXWed aUeaV. 3ϵ5 

(3) ThiV VWXd\ aVVeVVed Whe e[SRVXUe UiVN Rf EPFRV iQ diffeUeQW aUeaV Rf Whe 3ϵϲ 

UeVSiUaWRU\ V\VWeP. The UeVXOWV VhRZ WhaW Whe XSSeU UeVSiUaWRU\ WUacW iV Whe aUea ZiWh 3ϵϳ 

Whe higheVW EPFR e[SRVXUe. The WUachea aQd aOYeROi aUe aOVR e[SRVed WR EPFRV, aQd 3ϵϴ 

Whe UiVN Rf e[SRVXUe iV eTXiYaOeQW WR WhaW Rf 8 cigaUeWWeV SeU SeUVRQ SeU da\. CRaUVe 3ϵϵ 

SaUWicOeV aUe Whe PaiQ VRXUce Rf EPFRV iQ Whe XSSeU UeVSiUaWRU\ WUacW, ZhiOe fiQe 400 

SaUWicOeV aUe PaiQO\ iQYROYed iQ Whe aOYeROi.  401 

ThURXgh WhiV VWXd\, Whe UeVXOWV haYe VhRZQ WhaW WheUe aUe VigQificaQW diffeUeQceV iQ 402 

Whe cRQceQWUaWiRQV aQd W\SeV Rf EPFRV iQ SaUWicOeV Rf diffeUeQW Vi]eV aQd WheVe 403 

diffeUeQceV aUe dXe WR Whe iQfOXeQce Rf Whe VRXUce aQd geQeUaWiRQ SURceVV. IQ Whe fXWXUe, 404 
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aVVeVVPeQWV Rf Whe SaUWicOe Vi]e diVWUibXWiRQ aQd Whe VeaVRQaOiW\ Rf EPFRV iQ 405 

aWPRVSheUic PM VhRXOd be cRQVideUed. HeaOWh UiVNV aUe aQRWheU fRcXV Rf WhiV VWXd\. IW 40ϲ 

iV fRXQd WhaW Whe XSSeU UeVSiUaWRU\ WUacW iV Whe Ne\ e[SRVXUe aUea Rf EPFRV, aQd Whe 40ϳ 

WUaffic VRXUce iV Whe PaiQ VRXUce Rf EPFRV iQ WhiV aUea. ThiV fiQdiQg iV VigQificaQW fRU a 40ϴ 

V\VWePaWic aVVeVVPeQW Rf Whe heaOWh UiVNV Rf EPFRV. IQ YieZ Rf Whe cRPSOe[iW\ aQd 40ϵ 

diYeUViW\ Rf Whe fRUPaWiRQ SURceVV Rf EPFRV iQ acWXaO aWPRVSheUic SaUWicXOaWeV, Whe 410 

UeOaWiYe cRQWUibXWiRQV Rf EPFRV geQeUaWed b\ diffeUeQW SURceVV aQd WheiU aVVRciaWed 411 

heaOWh UiVNV VhRXOd be PRUe cRPSUeheQViYeO\ VWXdied iQ Whe fXWXUe. 412 

AckQRZOedgPeQWV 413 

ThiV ZRUN ZaV VXSSRUWed b\ Whe NaWiRQaO NaWXUaO ScieQce FRXQdaWiRQ Rf ChiQa 414 

(gUaQW QXPbeUV: 41877354, 41761144056 aQd 41703102), Whe PURYiQciaO NaWXUaO 415 

ScieQce FRXQdaWiRQ Rf JiaQgVX gUaQW QR. BK20180040), Whe NaWXUaO ScieQce 41ϲ 

FRXQdaWiRQ Rf ShaaQ[i PURYiQce, ChiQa (2018JM4011) aQd Whe fXQd Rf JiaQgVX 41ϳ 

IQQRYaWiRQ & EQWUeSUeQeXUVhiS TeaP. 41ϴ 

ASSeQdi[ A. SXSSOePeQWaU\ daWa 41ϵ 

ASSeQdi[ A cRQWaiQV addiWiRQaO deWaiOV, iQcOXdiQg Whe EPR VSecWUa Rf VaPSOeV Rf 420 

diffeUeQW SaUWicOe Vi]eV, cRUUeOaWiRQV beWZeeQ EPFRV aQd caUbRQ iQ SaUWicOeV Rf 421 

diffeUeQW SaUWicOe Vi]eV, Whe UeVXOWV aQd eUURUV Rf facWRU aQaO\ViV, cRUUeOaWiRQ aQaO\ViV Rf 422 

EPFRV ZiWh PeWaOOic eOePeQWV, aQd EPFR e[SRVXUe iQ diffeUeQW aUeaV Rf Whe hXPaQ 423 

UeVSiUaWRU\ WUacW. 424 

CRde/DaWa aYaiOabiOiW\: AOO daWa WhaW VXSSRUW Whe fiQdiQgV Rf WhiV VWXd\ aUe 425 

aYaiOabOe iQ WhiV aUWicOe aQd iWV SXSSOePeQW RU fURP Whe cRUUeVSRQdiQg aXWhRU RQ 42ϲ 

UeTXeVW. 42ϳ 

AXWhRU cRQWUibXWiRQ: QiQgcai CheQ: ReVeaUch deVigQ, MeWhRdRORg\, WUiWiQg - 42ϴ 

OUigiQaO DUafW, WUiWiQg - ReYieZ & EdiWiQg, PURjecW adPiQiVWUaWiRQ, FXQdiQg 42ϵ 

acTXiViWiRQ; HaR\aR SXQ: IQYeVWigaWiRQ, SaPSOe aQaO\ViV, WUiWiQg - OUigiQaO DUafW, 430 

WUiWiQg - ReYieZ & EdiWiQg, MeWhRdRORg\, FRUPaO aQaO\ViV; WeQhXai SRQg: 431 

IQYeVWigaWiRQ, SaPSOe cROOecWiRQ, ChePicaO aQaO\ViV; FaQg CaR: IQYeVWigaWiRQ, SaPSOe 432 



1ϴ / 26 
 

cROOecWiRQ; ChRQggXR TiaQ: IQYeVWigaWiRQ, ChePicaO aQaO\ViV; YaQ-LiQ ZhaQg: 433 

CRQceSWXaOi]aWiRQ, WUiWiQg - ReYieZ & EdiWiQg, FRUPaO aQaO\ViV, VaOidaWiRQ, FXQdiQg 434 

acTXiViWiRQ. 435 
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FigXUe 1. The cRQceQWUaWiRQ Rf EPFRV iQ PM ZiWh diffeUeQW SaUWicOe Vi]eV. (a) AWPRVSheUic ϲ32 

cRQceQWUaWiRQV Rf EPFRV iQ diffeUeQW SaUWicOe Vi]eV iQ VXPPeU aQd ZiQWeU. (b) The UeOaWiYe ϲ33 

cRQWUibXWiRQ Rf fiQe SaUWicOeV aQd cRaUVe SaUWicOeV WR Whe WRWaO EPFR cRQceQWUaWiRQ. ϲ34 
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FigXUe 2. A J-facWRU cRPSaUiVRQ. (a) CRPSaUiVRQ Rf J-facWRUV Rf EPFRV iQ diffeUeQW SaUWicOe Vi]eV ϲ3ϲ 

iQ diffeUeQW VeaVRQV. (b) CRUUeOaWiRQ aQaO\ViV Rf J-facWRUV aQd cRQceQWUaWiRQV Rf EPFRV iQ VXPPeU ϲ3ϳ 

aQd ZiQWeU PM. The gUa\ aUeaV iQ Whe figXUe UeSUeVeQW 95% cRQfideQce iQWeUYaOV. ϲ3ϴ 
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 ϲ3ϵ 

FigXUe 3. FacWRU aQaO\ViV Rf EPFRV iQ diffeUeQW SaUWicOe Vi]eV iQ diffeUeQW VeaVRQV. (a1) aQd (b1) ϲ40 

UeSUeVeQW Whe UeVXOWV Rf facWRU aQaO\ViV fRU VXPPeU aQd ZiQWeU, UeVSecWiYeO\. (a2) aQd (b2) UeSUeVeQW ϲ41 

Whe cRQWUibXWiRQ Rf YaUiRXV facWRUV iQ VXPPeU aQd ZiQWeU, UeVSecWiYeO\, WR EPFRV aQd Whe UeOaWiYe ϲ42 

cRQWUibXWiRQV Rf each facWRU fRU diffeUeQW SaUWicOe Vi]eV. ϲ43 
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FigXUe 4. E[SRVXUe UiVNV WR EPFRV. (a) EPFR e[SRVXUe iQ Whe ET, TB, aQd P UegiRQV. (b) CigaUeWWe ϲ45 

e[SRVXUe WR EPFRV iQ Whe hXPaQ UeVSiUaWRU\ V\VWeP. (c) E[SRVXUe UaWiR Rf EPFRV ZiWh diffeUeQW ϲ4ϲ 

SaUWicOe Vi]eV iQ diffeUeQW aUeaV Rf Whe UeVSiUaWRU\ V\VWeP. (d) CRQWUibXWiRQ Rf EPFRV fURP diffeUeQW ϲ4ϳ 

VRXUceV WR diffeUeQW aUeaV Rf Whe UeVSiUaWRU\ V\VWeP. ϲ4ϴ 


