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Executive Summary

Backgrounds

Petroleum is an indispensable raw material and a basic form of energy in China. It
has an important strategic position within the national economy and is closely related
to industrial development and daily life. With the advancement of industrialization and
the improvement of China’s energy structure, total petroleum consumption continues
to rise. The impact of petroleum extraction, refining and consumption on the ecological
environment and public health cannot be underestimated. Some previous studies
have showed that the extraction, refining and consumption of petroleum could release
a large number of harmful pollutants into the atmosphere, freshwater bodies and
oceans, endangering the lives and health of the public. However, few studies have
comprehensively evaluated the health hazards caused by the petroleum industry
chain, and there is a lack of data on economic losses caused by petroleum-related
pollution. What are the health impacts and economic losses caused by petroleum-
related pollution? This has become a central question that the relevant departments
urgently need to address. Based on the above information, this study chose 2015 as
the baseline year from which to evaluate the health impacts and economic losses of
petroleum-related pollution qualitatively and quantitatively, and to provide scientific
reference for formulating the national total petroleum consumption control policy.

Methods

In this study, we summarized the health hazards of petroleum-related air, water and
plastic pollution to public health, and quantitatively evaluated the health costs of
petroleum-related air pollution.

In the first part, we gathered the extensive literature on petroleum-related air pollution,
water pollution and plastic pollution, with a focus on the health impacts of petroleum-
related pollution. We then conducted a literature review to summarize the health
hazards caused by petroleum extraction, refining, manufacture and consumption.

In the latter part, we collected air pollution data, health outcome data, pollutant
apportionment data and statistical life value for 31 provinces and 74 cities in China.
After integration exposure-reaction (IER) modeling and excessive mortality calculation,
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we evaluated the 2015 health costs of petroleum-related air pollution in 31 provinces
and 74 cities.

Results

The literature review showed that petroleum extraction, refining, manufacture and
consumption could lead to serious air pollution, water pollution and plastic pollution,
endangering the respiratory, cardiovascular, endocrine and nervous systems of the
exposed population. In addition, some carcinogenic pollutants could significantly
increase the risk of cancer.

Our results showed that in 2015, the number of excess deaths due to petroleum-related
air pollution in 31 provinces was 195 thousand and the related economic losses were
150.68 (95%CI: 98.31, 229.19) billion yuan. The health costs per unit of petroleum
consumption was 278.6 yuan/ton. In 74 representative cities, the health costs of
petroleum-related air pollution were 88.89 (95%CI: 57.97, 135.16) billion yuan, and the
economic losses of Beijing-Tianjin-Hebei Region, Yangtze River Delta Region and Pearl
River Deltas Region accounted for 64.6% of the total economic losses in 74 cities.

Uncertain analysis

1. At present, there is no standard value for VSL in China. When calculating the health
costs of petroleum-related consumption, different parameters can cause the results of
the study to differ significantly.

2. For the limited conditions of data, the air pollution data in our study was based on
the national environmental monitoring sites and did not utilize individual exposure
assessment.

3. Due to the limitation of data conditions, our study failed to quantitatively evaluate the
health cost of petroleum-related water and plastic pollution and underestimated the real
health costs of petroleum.

Conclusion

Pollutants discharged from petroleum extraction, refining and consumption processes
have significant health impacts on the exposed population, creating a heavy burden
of health problems and economic losses. The relevant government departments
should formulate policies to control the total consumption of petroleum, focusing on
strengthening the prevention and control of petrochemical and vehicle pollution in
economically developed areas, so as to minimize the health cost for the public due to
petroleum-related pollution.
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AREREASRIVEMEERN T N, FEREZFHEEGEZAIRIEIN,
S5TIAENARBSEEEIELR . BERE T ARIERENEREEINNE, Al
HESEFE LT, B 2014 Fie, REAHERSEEET 512, RHEFRAHEN
MBEERAIEZRZ—

AHAFR. INTMEZRIESRAS. KMMSFIREIAEEENR, BFE
TINBHIRARER . BAMFEE, ANRIGHERTETAETAY. REMEa
WHESRY), SHTTERNRSSHRTE, BEARRFR. OIME. M2, R
FEESNEG ", R ESRAKSRAREAT/NG, MERET Z5R
mREILERNEGRE, SHOMERRE. IDWIERISEEREENAE, B
INTKBESRSE, BEREFSFKEEYPRERT, WEERIKFEZFFETRIM.
ItEAh, BRSO BEEEZ MR EER. BHEEBNGHC I M, T4
AEEEFTRMAERNNENT, G T mENNE SRR . REWRMBEEFAIER
o ERNEREENBEEN, BYEYHHEEHANE, SE—FRINFRRA .

AHBX SRERNBREERS 7 BN SEETBEIRT, 1/ 7 IMERERR
1B, M, BRSFBMREGE. RENTHENBWESRIZERRE, biR=a
AR SFIERRAILFIRAEIE . AR SRYARREEPLARRIG? 1EpT
ZRIEFIREK? ELNTERERI JBHFERIEMETEL—,

BETFLdEsR, AMARNABHEXNSRNFIRERIZWHITEE, FAESITHN
2015 FHEAREXSHRERNRREF MK, EEEOBIESNAS, HEIEF
Fe=EHlaREESE. REESNBIIARERIEMEENFCEN .
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AEDEENBTHEHENT., FFRIEBRIREFENRRST. KSRMERISR
XIREEARFHIRERIN, GG BRI SIS ANBHERIEE .

1.1 BB KR s ARG E

OHEREEZNNTEM, BEFR. MIMERTRESRBERAFRENSTIASRISIY,
SRR . —RiR. REMAY. FREETWIMNRES, WREARRIFR. OME.
Wz REMEESS I EAFEARTN Y, EEZATHESHAENSESE.

1. x4y ( Particulate Matter)

AKEFHREREEZNTX, REBENFER/NTSAREZENY (Total
Suspended Particulate, TSP ) . aJlk A\ftu4) ( Particulate matter less than
10 ym in aerodynamic diameter, PM,,) #0 48 & U 4 ( Particulate matter
less than 2.5 ym in aerodynamic diameter, PM, ) , EAXf A& EESINR
R FEZE S PMyo 1 PM,s. BRI DR AEZ, BEERRIKRMEESD, ATLA
IR SFEEMAE. BEEMINREMEY, BRREANNKITFRE, BEEmEREIR
WEMESEE, SHEMERAE. 5 PM Btt, PMs IRR/)\, ERZIETKES
EVERHATUA, RS REREEEEAL.

B Lt 80 FLLLk, RERTHREMRAI], BERET PM, s I BEIEINNTF
T RGegeRs . O ERHIEESERNTET NG P, KEREmR PM, s JRE2RERE
ABIME® T Mfbnee ™ © O WEBERE. EEIEHRIBIR (Global Burden
of Diseases, GBD ) ftiit, 2010 FHE=/PHRDSREHT 120 5 ALRHT
K 2500 HinikiAsEmERE ",

PRGN : FRBIREANNRG, AIBRAFRIERILEHFE, BdRMLN
BRSIER NI BBRRIERARD . —J5TH , BAIHNIFIRERENS, SRERMIRENE,
EFRADRIRIECT, ERMER RN —RIVAREFIRERF, SERERRE. 53
—JoHE, BRI ZMMEEYR, BEESSEREMNEIRD. I, FRAIE
A LIS RENEBEHMEDHEANNANRE, SHIFREBRANEEXEZIEN. EE26 XS
TITRFEMARLIAN TR ST RRFER R ERMATRIGEFREIERX, JtRm—
INAFEI, K5 PM,siRES EF 10 ug/m®, TIFIRIERHZRAVIREIEN 0.84%
Chen % P A\ ATL, ASEHR2BHEEIIRIBRER, 5ILEZHERME
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ElnEXx. SEMRZER, LEBHAS PM, s REE EFH— DU, LIFREREE.
1M REZE M e Al ) LE P IRIEEmHI RIS AOXIEIN 8.81%~17.26%, {H*ETER
110 0.33%~25.81%"%,

BUSRRFEN: AR LIBEBEAMRT, B —FIIRNESEESR
MISSEEFFRIRKFIEI0, AMmILEMEARRIRG, SEORMERBAL. KEMF
KRB RERE T2 B NNENRRREHBAIRIREFI TR, —IIERHAIARE
W, KSPM,siREELF 10w g/m®, SRITMEOIBHRFIOREERIERSIZ ARIEN
0.56% #1 0.81%!"", Xie & "I AR AT, A5 PM, WBORHNAEEEREY
i, 65 LA LEBFARFIBHRMSRENGE, RRAENKLES. ZE—TET2E
172 NMEHHIAFR A, K5 PM,s iIREEIEI 10 ug/m®, GRIMMEZEFRIER RIS
0 0.34%",

Hy=sin: K5 PM,s 27F 2013 FEEFMEEARTIE (IARC ) BEENEEY
PM, s #1258/, 1BNFREIRK, BIIRMSHISIEESTRMEANR, BSURE—
RYRN, MNTIEIVEERIREN . I, SE—IRARAIL, K5 PM;s BJLUEE
155 DNA#15 'Y, SERbENRE.

HMEEREIN: KSR RE LA s ARG SR EFEAREIN ., RE
—TRE R " 2T, K5 PMys S0 10 ug/m®, ABAEBXREEE 2.0%.
SHEWRER, kS PM,s 3Bl 2240 LAREBHAFER AN, ITREE (S
SEDBEENE ) BMEIRE PM, s sIISINRr=KE ', 1thoh, KSIRALeLsm
MIOBREE, KNOREEREXST, 32FEABEEE; ETEWERT, o
SEHMEMERST .. Jia EARIAR ' RIIAS PM, s RERTRZAN EE BT =L A
I, SIS RENG, [EEEANSINEEE—SHR.

2. —& % (Carbon Monoxide, CO)

WaRBN AT Z - E—aNK. CO SMKRFRIMAERESIIEREL
A5k 250 &, ZeEFREHAMKRERE, JeFEHIEasSsSmaEnsEs, M
MAISSMiRE S MARRERERAIES, CEPRHERE, EMARIRE. AL
IBEFNCICHEFINRE N, HIRETSIRE CO RAJLASHIFIRARE . SIXEET .
ItE5h, RE—IREEMRAI CO EEXSEBEHER, STFHERRIIREFE
R T,

3. @& (Nitrogen Oxides, NOXx)

BEIMNESAMEZEBE NO. NO, MIN,O %, EHe NO M NO, 33 A KR
fEERK. [REMIFRTREEEN AR ERREEI, BESRIMERE—FRIML
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SR, FAEREMMERINSIRE, RIMIRIBAIITIREAE, FHEIARIHIERN
B, K5 NO, SIFRRSERF. ERRAEBUEHILCEIER, BHRL
B, £ NO, REN 9.4mg/m? (=S RE 10 Db, RIANEMARNITFRRSIEE
B U0, BiR—TREFE P &M, —RRESNE NO, SREEHEN 10 p g/m®, COPD %%
NKIEEIEIN 1.7%, 35@EAS NO, RES EFH 10 ug/m®, COPD HI&FKKIENN
17.8%. It5h, tWBRREPAEUNCIENELEEEREZN, NO, RESEMN
10 g/ m®, FbfEEAmXERIEIN 3~4%2",

4. LRGN (Volatile Organic Compounds, VOCs )

ERMETIRIZR IR PM,s 1 O3 iSRNEERIAYIER, TE2RER. FX.
CFRMZBE (BTEX) &, WAEBRERMEM TIRARIER . KSHHI VOCs —5Hk
IRTIUCITEARIROIAGE, —5ERIRT AL T W ATHERA G T4 mAOER -

VOCs EBEAETERIESH, 2—(+9BBNTSSHY). GHARER,
VOCs EEWARITIRR %, MERZIURRBERAFTERAREIN 22, EX0S
MUEiE R s s L P9,

FRRFs20: VOCs BEEAN, BERIEAKNIFRRS, A5, Sie
SRR TS P EREDRN T HEBEFNENSRIRE, KR=SHIRR
IRESIEIN5Mg/m®, IR R GERIIAENBGIGIN 2.452 15 . SR w5 P R 53R,
EAMTRENOBEZS 30 2, ISEARTERMII EFRERER; ERRRASRE
HZEEZS I SHER. WIRMEEEIRT

MERF: HRFR, SRE VOCs REDJRERS SRR IANFIHEEESFIR
RORELFAZRGIEIR P 20, DFEEL PV RARAI, FERRNEN PR
RRESEREERFERALERFEERRX, 22 P HHRER, BEEAH
BEREMIGIN, \BREHZRFERNVERIESERT. BREEETRLH 18
FEFERBIREERR, 3365 ZREHEMT AN 70 BXJERET N THETATN
gEllinl, SERFARIEMSKERESFISHTIANBHBENEZTARERE
AIRKEE

HEX B : VOCs REOZMIRRINEK. BER. 2K RIGINREZDHWIINEE
MEE, HPRTRERET—150=Y, EEmASAEEFEREN, RGN XKET
TRHUEY), TR AEBEREN. Gérin % PR T VOCs 5 15 MEIEES
BIRKE, HREREKR, SMERENREERSE. BRI -RRIEAMREFEAER
Ko IEZ+52k, HEWFZSERIRRTENY VOCs BREXEEAEFNFIN. Xk
1% B 2T R SIAIAESE, X 4RI 5875 € T ANPBEMKTESSE
REBRITON, RMKPEMSRERRNIABSEARERS. Zhang £ ™K
Meta DTt ErEANREREETEEIEINEBIER B MBI R ENEK
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5. EF (Ozone, 0O;)

RERKEZINENAY 6 M55 —, FEVEERESTRERSUDIERIEE
MMPBITS S F RN 1B, EXRS O IRERMEM LTS, EXIARHER
MR EMREZ ISR EAENR.

O; Efmault, YARRRENCERRMIEBI_ LIFRERR, 5HiRARE
FEMAIFRERE, 1952 F 12 BFI1955 F 9 B, ZESHZILASE T BN E
MESM, HEREFAEER 2 AT, AETROIIRERE. WIREESER,
PERE T ARERRER. MBEZRSNEHRERFEREL, FittE Os 5%, REERA
WEaRL T 8 N, BEATHE O iI5HAIALGEY 2 000 A.

PR RAEHRE: EBRIIAERTHEFIHAREN, TCKBHEHEETAS
O,, HPREEEILMABIFIRRREBIIRBER. (EREFZr = B 7, St B9 A
HORRZSETL, AS Os RES LA 10 g/m®, ABERFET RHITR REEmot T =D 5
110 0.400% %1 0.461%. Yang £ * EREHKA 8h FIIREFEMN Os IS ABEF
R RGEIBNENN, EREMEA 8h Oy BHTFIIRESIZI 10 ug/m®, IFRRGE
FEILT NN 4.47 %

BN RRERTN: RT7TWARTREREEEAAREIIN, K5 O; REXLTLIE
EEMNOMEEBIITET R, Atkinson £ PO S3BEER\FURRSY AR T Meta ST, 45
RETRAS O3 IRESAS 10ug/m®, OMEEFBETEIEN 1.01% . RE—IRSH
AR Pt ET, KK O RES LA 10ug/m®, M. FLll. EEF0FRN O M ESE
FRIOZET X S BUENN 0.98%. 0.77%. 0.53% #10.63%.

HithEfmsin: K5 O, REXRA EHERSGIEBERAFE—ERS . HR%EE,
KH O; RESIREPIKEERS, SEEHEI. IIREED . SHESER Y2,
FRIEMSIRE O, AISHEHELIZIVNEEREE T, SIRE O3 BaXEF7~
EBARNSIHER, SEB TR TR >,

6. fh

GeBasEEERR, NIERHXRZSEEE N EAIREN S RES, HRE
EERBRTTEIN S NESYRE, Wmhm RS9 60% LA ERKETFEHSHE
MRie . AMRFRERE S8R 5K UMBRSER, Fmit. STHERA0INEE. B
TFHACEKR, BREREE 1 XEAsENTSH, S/ lZ5 0FNTRT, FELXT
JLEBHEBSRA ™., EST 2000 £7 B 1 B2EE I HEEMERSESH, (5H
WRIES REAVER AN SRR BTN B T ARES o
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1.2 ABEERKSEIERGE

BT KRS, BlFAR. BN IR mRAK SRR EAT M. A
BRI SR ESMBNMARERNEEEZTEXRIAW N AE: —5HE, AHAFRMN
it ENRASKE LR —ERE, BKATIXSRSE, NmEEKFE
BENSSHKEE Y, SEASKEEYRGRSE . KBRREMIT, FXEEML,
BERGELEENEDER. 5—FAHE, AR TIEERIEFS4EREN T AEK,
BiFEE 5. WFEES (Chemical Oxygen Demand, COD) | #E&MINSIZE
SEAYD, WARBERFENRIN,

=)

ameKEFLEEF (NH,) fiFEiR (NH;) FXEENE, —REMKEEER
FUHNEBYR. SREBSRANKKE, FJSRERNZHEMRIREE, HHERE
RYBRE, EpKRIVESML. BZEMEMENRENT . LI, KPPaErEE—
RO RIAE R REER ERAIEER EL , AV VAE T SEE mEER O PRIRIsESE 7,
SR M EAmE ** e Y SRR .

Ay

2. COD

COD Z/KFHeesz Bt HIaHIEREMRNE, EUEXETEIMESER
BN .. BREBTWIIESIBIAMMERINCEEZRWALIT LN SE: —5H,
FRBUWENKEG, BERIFEMEN DR, REBFKPIERBRE, ERKATRE
R, BEREEMER, EESHEXNMERT .. Z8BAERE, SR
REDHIRE, FERUE. SXFEEYR, E@KRE—ZEN. 5—HH, 2HK
RRBEERHRIEEEE M. SRt EAIEA 100 &7, FEERIKHAZAS IR BEETEM
BHYISRIVIRANX, oI SBUEERARNG EZ 18 2,

3. ERED

ERIRISEEKES —RFERIEBEYER, WARRRFEEREE . KEFHY
ERZE) R 2R BRFBEHAANG, SHEAREM. JUE, BNERER—EER
MEYERAI SRS . HiE. SEEEEZSXRE2MHSHE ©, KIEREE
RIS HRAVIRAIK, AISliehm. KRR, EMRERENSTEERGER.
BEMREE, BOMEMREEANSWTHIER, TSEARDLINEES P2, it
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BRENBEKOREERBETL, FEBRNRE, AIKREE0ES, W
IR R

4. Y

SUME—THHRISYE, Ok 0.7mg/kg~3.5mg/kg IS &R, SRS
S 0.5mg/L S SRR EIL. BKPHENMMEEZHREK. BUEENER, 2
SR T ATERMET A EIKRES, BAJReREMEI = SRS . SARENERNE
—EBHIBWYE, SURBFRIIEMIFIRE, 1ERERRS, FIEER NSEIFIRARgE.
Fik. HEZE P, BESAYRSIRBHEERSAY T SEMREREHER (LR,
T KRS ) RIBMIEHEIEEEEL R, 2T, MERES) P,

1.3 BRI SHAIEREE

Al

BHEEBNOBECI M, & ZisATEmEE. RETH. ERVHIIET
FMSITIL . BEE TR RITEHR, \SRYEBHAFRERERE, SIREN
S 1950 49 200 FIEEMNZ] T 2015 49 3.8 12MH, = 2015 FFE, AXER
THEFT 83 12MZERL . FMEERFImis N\ B REEEHHR TIRKAIER], (BSIERT,
AREBHERBSHTENNRSROR, KYO=0Z “RIBHERNEIRES, &
BT EESHR. KISRREFTE.

ERGNAEREERF TEFINL. JBEMLERT . £EFMIITHRT, K
SOHATEFEHRTFERSRUR, BEAFNFR. CMEMEESS RS,
BERA TRENREN . HHEETLGCENRT, MERTINMERMIFFSHEEYR
BREWEIET, EEsEEEANE, SHEBRERE. AoWIERAL, EER
ERRERIRE

1. BREFNIRATHNRERSE

ERPUBEINTIESERSFERAERN CO. NOx. Futuipfl VOCs, &
EAROFR. CMEZFLNRS, FHEFHEENAENXKG ., —LifxtBEI, KRTE
BRI, BE. EZEMGIZEE VOCs o] SRR EEZE IS °°, £minae
55 PR LEABIRE P, SEEHXERBL, ARCTITUMELTARETS
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REREMHIA D W TARIATEER, RItESZ A EIEMEIBIIRESS .

2. BERRTHRERE

EERERAIIRET, MERFUERIIRIRIEAKMEMHANE, BEIRNE
apfERR o

MEBRZIEER/NT 5 EXAVERE R FIERL, R0 AHIEMEBHMIRERMEER
EMBRZIERAREF NN TR, . FE. KABEZE P AFEF R
AISARL, LARAER TR AR BRI AR AL . IREMEBRE AR EFTAIEER
SRR RET —RIIE . (F RN ERIERERL . EERAERTT, MR
a7 BYE D AP midE AR, BRI TR AMEERAE RS =7
H, RIRESIE. ERIRM . SWNAFIMARRETEX, RENSEERRDMTHEN,
EEREENRE ™,

ERARIIF R E BB R ISR AR B0 . B TLRRINFI B IR EER
B, EeFMERFTISE, EHEEXIELKERERANERPRIZ— WA
(Bisphenol A, BPA ) f04PA_HEREEZS ( Phthalates, PAEs ) 2FH&ZAE
B3], ERZER. HAMBEZS N ERMNELIESLANBERN DWW THY, JSHAD
WIRERE . SEMRAI, ZIRECKE . ZEBCRENIRF o SRR ENIRIE T,
BAMKEIBAEIMRFSRNE RS, oJEIMENEEEISTRRIRINESEEER

[59]

3. BHULERTHNRERE

BRI R RIS B RES A EEINT, AT, B 1950 FLISk, 60% BIEEHERE
EEFEIBTFINER, 12% RIZBRIARTSIRAME, (NG 9% RUEBRI CIFNIEIAFR) B B,

BHIIRAIRIERRARSTRERAEESE. R, KRGS
REEEYMR, BEALNDNEMRER. S ERERIARENAIRIERTIY, &
WRHEBREEMRRNE . IMEPAI—ED SRR 2P INEFIRREREZEHEAA
1K, =8 BRI EEMERRER, FEEMIEEBHEANES ., MEAEANTET
TERASERT. . NoWFIEIEINREERS, EEFERREREUE. BlgfIEEeE
M =80 1R P,

E2ICCERN, BFEAENEHNINEBEERFIEIE, Bfh 7 LR, 3OKIEF.
BERBHABARNEREPRAN+FEHNR/TFZE, TEFRIRFERBIN T T
&1, FEmTRNEEE, REPNERAS; BFTRERFEHESRES T
RISKIR, sRfEEEGAMWE, HMEERAS, EZRIEMT . EFKR, MEBRNESHR
FINERZENCEEHRBZIEN , KEERIINAENEHE—FRIIRN DB
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IREFEERL, AIMGEFPRIEE. ISSEREANTEE, SEMIHEEENNK, LI,
FRER—TRAFUIAE R R A T 7 HEERL P2, R EREERIS AMNME R E BRI
MALE: —HHE, MEHRTRESRE. SUNMSMARRBTSISIEX, FI5RER
RIPERERIASE; B—oHE, MR FEEREINMEEN, RETEESERRF
KBRS REEY P HANEK, SlE—RIIFRRAL,

PR, AREXSRNESHEMNARRRINECERSZ 7R, IMIFEZEL
T, PR T AKREIEMIRIE s R R . B, ABRER N H e EERESI G EXES .
JRIKRIHE, #ERDZBHBINAIBRARNIARE, FEARESEEBEZE. TREMRIER
B, LEEAMEXSIIEMAIRERIRK
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21 =EHEk

1. KRSRMEE

N B EEMA SIS R, A ABH NOXF1 VOCs, SHES
BRI TRIMINISR. K5 PM,s 71 O, SRETBASISHY, DRUREET
R SIS IBIUE T B, AHFTEL PM,s Fl O (ERASISRIET,
2015 £ 31 & / EEHH PM,s 1l O; FUSREHIBRBT £SBHE BN
LR, 74N ST PM, o 71 O5 SR ESURSET -S4 )2016 5,

2. RREBRHIE

RESENEARAEBRNTERRZAEROBREECESEE T 2L, &%
BRI L B % B i 53 (Global Burden of Disease, GBD ) 9, A #f
LGRS (Ischemic Heart Disease, IHD ) . Z&th ( Stroke ) . s
(Lung Cancer, LC) #l1E4EZE4AHE® ( Chronic Obstructive Pulmonary
Diseases, COPD ) B3t T HIENfRRERIEIR, LUHEKS PM,s W ABHERREE
AERRIRL; FHLL COPD ROSE T HIENEERERIEIMT A AR O WABHERBEIKR
HARGRT .

HRIFAFIXAREREAT Lk 4 MERRIETE, RAFRRBI AT THS

n; =N; X p; X ¢ = (1)

FELEF, ninEMX 2015 F EIRRBRIZET AL, N7 p 950 81zX 2015 &
BEAOHNSILTER, “EHFRENZIBX 2015 FASIFKTAL; ¢ HFEE 2015 F
RIMMAEOIEE. 229, FfEsi@ R ZE DR 5 Db T ASAIELH) ( LITRERR “HRimoE
A ).

ARX AR A OEFIE T R=EERETFERZITE (PERITEL) 2016 5
REHHH (EREFFTIMESERBAIR) , HmET AHskiRETF GBD2015 iRk 7,

3. KRR EE

B 2014 FLIk, HEHDERMHIEETRE T KRS PM,s FOREBITTE, RE32
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BISHR AR . TAVHESF I L ZERZEXI AR PM, s FERISIRR . 18T PM, 5 RAEHT,
AEEHEBEZ VAR PM,ys KRTRMBEZE, FLUHTEGRBERIASISRAY
BRERPLAS -

HERHHBEZEIIAS PM,s FZpHISTE SRR T NG BaIbAR, #alilRiF
HS PM,.s HOTRRRERDD 9.8% . BBIFLERFFRAMERIRS Oz IRETAE, A5
AHEEIT O MEMERIRT Wu & P 95, BaiRiasiTERMERTAS
Os S REH 37.0%,

4. RESHEHAIZRREITE

KHRRAEEGEE - R MXKXEE (Integrated Exposure-Response
Model, IER Model )it&& X 2015 X5 PM, s UiEXSERE RRE, AT

RR=1 = (2)

Z>ZRR= l+cx{l—exp[—}*[z—ch)5]] % (3)

FELXh, ZR2 2015 FEMX PM, s FIKE; Zs 2NREINEELXRE, IEREE
BEMRTULORERAS PM, s TEERERREN; RREZENCRE; o v § 2
RIS, RIS RS, BARSEEER Burnett S AR .

KIARERI LM RE - RN KRRETBERASREXS COPD ZET AZAIERS
felRE, ATT:

RR = exp(fX) = (4)
Hrp, X 22015 FE X O; FIKE; B 2RE - RNXRRH, KFETEE—IN
ik 24 FHINIIEHAZ 7,

EREEElkRE RRERE, RAETRREIFILLAINKRERTT E XS TRIEN
RIRZERIRR, AT

X (5)

Hep: E ARMXKS PM,s 8% Os iSFUSAAIRERIRS; ni JmERIZET AL
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S. GIEXKIRSHRAVERRKITE

ERIAMBENRRSHIRUER R, FETINTAN, HEABERASER
AIBZERALAN -

E,n=EXu = (6)

Heh i HEEREERS PM, s 51 O, HUERHE,

6. AHREXAKSSHEREERMERKITE

FHER KR SFUERRIE RS T HISAHIRRIRE AFFI AT £
BRIZEIR, BIRATUANT:

Cost_,, =E_; X V5L = (7)

e, Costoil RFRABEXKSISIUEMAILFIRE; Eoil LFRAHERK
SISRIERIBRRERSENE, RNSHATBETET AL, VSL MABSItEamiME (B
IE— 2RISR FREEN HAMNME ) -

ESHIE, BEXRTFFHITESNEAIARER S 15 5 -80 FET2iE, RAMAEMNE
BK. AHRRBIEEAZKISHENNRHMAR, LD ARISEIEXRNGITEHN
85230 77t (Cl: 150 BT, 350 5t ) [71]. HFHItESNMES AIRNKEE
118X, olfEE ‘ESBE” (Benefit Transfer Approach ) &+ E izt
XOFEITEDNE, AT

Income;

)E! asticity

VSL:-=L’5LBJ,X( = (8)

Incomegy

L+, VSLIi 2EMXFGITEGNE;, VSLBJ 2It=ZHFEITEGMNE;
Incomei #1 IncomeBJ 7 3 21zt X it = 2015 FHER AR ST B U A ;
Elasticity 238125,

ZXPERASTZRBARERT (PESAITES ) 2016 & P MEREZF St
SRENR BRxT @M RHAAR TS —IBVE , ER4EE TR AIEEE 0~2 28,
ANEFZR M RHEESE TSR 2 50 Wang™ §9i53, HHE 7 R a2 M R HEVE
RIS .
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2.2 o

1. £EERERA AR KSSHRAVERMA

(1) RAREEEE / BEEHAKSRIAIERED T

Nz 1 B, 20154 31 Mg/ EigEmh PM, s FIRESTE N 20~81 ug/m® Hrh,
FIGRERSH 5 MEXKUFTEI X, FIREREN 5 MK FHEREHX,
FEM. B, =/, FRALER, KESBIN 32ug/m’. 29ug/m®. 28 ug/m’,
26 ug/m® #0120 pg/m®, PG PM, s FISRENST WHO RMERZSREIES
E(10ug/m?®) , (VA &R, =M. B2, =f. FEER 6 MK PM, s F13
RERTHRE (MESREnE) “HRRE (35ug/m®) .

*1 MRHEEE / BEREHAS PM, s iRE

WX EHRE (ug/m®) WX ERE (ug/m®) WX ERE (ug/m®)

JEx 81 B 55 AxRE 41
A 80 ZH 55 i} 41
e 77 nbi: 53 BRI 40
LR 76 il 53 I 34
Xig 70 #hiz 53 =M 32
yisible 65 L 47 B 29
3] 59 el 47 = 28
L7x 58 TE 47 P 26
R 57 AN} 45 8 20
i} 56 58 43

LT 55 HiR 42

22
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HE20 W, 2015 F3M M EB/BEET KO0 FHREMNT E L
106~203 p g/m®, HhEWRESSHA MK AR, WK, (I75. BEMTit;
FIGREREN 5 MBXCAEE. =M. 18/, B TOLH.

*2 MRHEEE / BEREMAS O; FHRE

X EHRE (ug/m®) X FEIRE (ug/m®) X FEHRE (ug/m®)

JEx 203 (i 137 AN 119
tLZR 170 58 137 #hig 116
;Y 167 B0 136 [ 115
flnbi: 161 TE 135 P 114
ple 160 i) 134 EhEd 111
#iL 158 il 134 =M 109
I 151 NEdE 131 8 108
ikl 149 =) 131 BRI 107
T 147 HiR 131 ZH 106
Xig 142 EN 127

I~ 137 il 122
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(2) AREEES /| EEhRERIRTXR

12 2015 FEMXHRM I OIBHFIZFRETER, H, 31498/ BiEmHiR
M OBERIETRIE 0.72-1.21%02(8), ZZHIETZTE 0.87-1.45% (6], FHEIT=R
£ 0.28-0.47%02i8), 12MEEZEMERRZRIET T 0.39-0.65% 8.

iz I
TE I
58
Hif
2]
Pitb I
=
=M
7l
BIX
NESTED]
i
TR
poifea) I
bl I
Il
LZR I
M| I
faiE
=
T
M)
=
BT I
B
T
g
LL7G I
AL
PANE
b= | : : . .
0 1 2 3 4

w|HD ®wSTROKE #LC =COPD
BRI (%)

B/EE™

1 2015 F 31 M8 / EETMEMPRHBIIZETE (%)
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hERREE D 2R BRI DT

(3) &8/ EEHRITEHNE

2015 FEHE R X Gt A ERE 34 ATt ~239 Fxza. Hf EE. bR T,
REMIAFEFRIEWXE VSL &R, 7504 239 BT, 230 BT, 149 Hit.
125 ATAM 15 AT, 5. =/, M. BRAAREA VSL &K, 2504 48 T T,
45 AT, 39 AT, 38 A 34 A (WFEk3)

x3 3118/ EEWHGIHESNER 95%C/

WX  VSL (Fi) WX  VSL (Fi) WX  VSL (A7)
35 239 (156, 364) e 67 (44, 102) )| 54 (35, 82)
[ 230 (150, 350) ifes 63 (41, 97) S 54 (35, 82)
T 149 (97, 227) 57 62 (40, 94) I 53 (34, 80)
iz 125 (81, 190) EHk 61 (40, 92) T 52 (34, 80)
ST 115 (75, 175) BT 60 (39, 92) &8 48 (31, 73)
I % 106 (69, 161) AN 59 (39, 90) = 45 (30, 69)
B2 93 (61, 142) L 59 (39, 90) e 39 (26, 60)
T 89 (58, 135) R 58 (38, 88) =F 38 (25, 58)
W% 80 (52, 121) L 57 (37, 86) P 34 (22, 51)
mEd 78 (51, 118) i 55 (36, 83)

£ 67 (44, 102) TE 55 (36, 83)

(4) REABBEXKSSREMIRRREREFRE

WRERE, REGMEEASSERBET AN 19.5 HA, BXE5R
549 1506.8 (95%CI: 983.1, 2291.9) {Z7t. H, HAEFKS PM, 5 5 A9%8
LT AEN 13.2 B A, &5%iR5%k8 1008.0 (95%Cl: 657.7, 1533.2) 127T; A
HF RS O, SRIBATIET ARN 6.3 5 A, EifiRsk ) 498.8 (95%Cl: 325.4,
758.7) {275 NEBHELE, K5 PM, s SRIEMIBTET A B SI0RHEET,
FEEER RS 520.4 (95%Cl: 339.5, 791.5) {270; MSABERET A S1S LR
SO, HEXEFIREH 97.4 (95%Cl: 63.6, 148.2) 27T (£ 4) .
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x4 fAHAEREAMEXK

VI iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiids

==
_\,I’E%

EARRRRAKLE 95%C/

AHBAXASISRERVERIA.  AHBEXKSISIERNZFRK

A (FA (27
PM, 5
BRI O BE R 3.7 (2.6, 5.7) 282.4 (184.3, 429.6)
e 6.8 (2.3, 8.8) 520.4 (339.5, 791.5)
Bz 1.3 (0.4, 1.8) 97.4 (63.6, 148.2)
1814 B 2 M B & 7% 1.4 (0.7, 2.1) 107.8 (70.3, 163.9)
o,
1814 BH 2 M Fh & 7% 6.3 (1.8, 10.6) 498.8 (325.4, 758.7)
pan 19.5 (7.8, 29.0) 1506.8 (983.1, 2291.9)

LR EFTIA, 2015 FREQBBEX KRS SRIEMNEEMNERKH 1506.8
(95%Cl: 983.1, 2291.9) {Z7t, 2015 FREAHMHBZESE 54088.3 HIE, At
B8RRI ARERMEAN 278.6 (95%Cl: 181.7, 423.7) 7T/ 1,

(5) AEEEMERIEERIBURE DT

Baix Tt RMNBELFE —nE, BEHRNEEE 0~2 28, EE—IR
Meta SN A4 ZEEVE S 0.5~0.6 , M EBFHRAE R HEVETE 1.0~1.4
28],

ERIFEASHIERER —ENTHEE, AMARTTE T FREERMGEET
RfEERR A, BRSSPI, HEMREL N 0.6 8, AHBXKISEIRERAARRN
2749.4 (95%Cl: 1793.0, 4188.0) {27T, ; SEMERHEN 1.0 i, AEEXIKSS
FavfERRR A/ 2020.2 (95%CI: 1315.1, 3073.5) {27T; H5#MEEREGEN 1.4 AT,
ARBEX K SENRERAS 1506.8 (95%Cl: 983.1, 2291.9) 27T, LIAZER
BAAREERYNEI SEARERKEEELMN, REREREHRES, SR
$MWEY 1.0~1.4 Z[8), PJREREARPAIRHEL .
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x5 ANEFEMARBIESRE S

SRR AHERKSITROBERA (27T
0.6 2749.4 (1793.0, 4188.0)
1.0 2020.2 (1315.1, 3073.5)
1.4 1506.8 (983.1, 2291.9)

2. T4 NERWHARERKSSHRVZERAAN

(1) 74 NERIETHRIMIE S T

74 MARWHEEZNBEESHH R ARXES (8 2 Fix) , FERITE
L2013 BHIEE =, 74 NESHHIERE~SME (Gross Domestic Product,
GDP) 52E GDP 8 2M63%. MittigoHh EE, £ 74 M, B 13 MM
UFFEEMX, 19 MEH T TI=AIIMK, 9 MEH TR I=/AINMEX,

2 74N ERETHRIHIE S 21
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(2) HHRHAE 74 METHRIKRSSRIFIORE

2015 F 74 N ERIHHAIKRS PM, s FI9IRETE 21~107 u g/m3 Z[8], £t
XRRKABRNEKK, PM, s FIRER/NHI S P u@N . 2. BN fEEF
BO, RESBA29ug/m3 29ug/m3. 27 pg/m3. 25ug/m3* #1121 ug/m3, fr
BT PM, s EI9KESimingFT WHO REZSHEERSE, X8 12 MEHRY
PM, s RERTEE (ME=SmEnE) MER 35ug/m®, IE6,

*6 2015 F 74 MERWMH AR PM, s FHKE

RE 107 $HiT 59 &M 43
ma 101 =M 59 MRS 43
a7k 99 7 58 aM 42
XBN 96 R 58 EiE 42
HR#R 91 [ickezs 58 E2f= 41
7 90 Ezp 57 AT 41
AXRE 88 )} 57 f#Ll 39
[ER 3 85 E/N 57 EJN 39
L 85 M 55 I~ 39
JEx 81 EE 55 AE7K 38
UL 71 AU 55 2P 38
Kig 70 M 55 FRoE 36
B 70 AP 55 i) 35
HiX 70 w1 55 sk O 34
MRIE 69 B 54 Sl 32
5&AK5F 67 L 53 7 9! 31
A 66 55 51 FHL 30
&M 64 BRI 50 Sl 30

K& 64 49 B’ 29

Ik
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Tt 61 BT 49 @M 29
(P 61 K& 48 EEfA 29
BREB 61 R 48 O 27
=M 61 =25 48 RIfE 25
Ki 60 TR 45 B0 21
pE 60 N 44

5RE, 74 NELBHHIAS O FYIREBEN 95~203 pg/m?, HA,
b= ML BT RENEKNESRERS, DB 203 ug/m’. 190 ug/m®,
185ug/m°, 183ug/m* 71183 ug/m®; &I, R2B. B/RE. BOMEINFEY
WERK, 5585108 ug/m3 107 ug/m®. 106 ug/m*. 103 ug/m®195ug/
m® (& 7) .

x7 2015 F 74 NMERHH KRS O; FITRE

JEx 203 AP 162 2 3t 142
AN 190 K& 161 RIi= 142
R 185 Lig 161 HIRER 141
RE 183 ERE 160 ma 141
&k 183 sk O 159 Ll 140
BRER 183 FR 159 £ 138
B 182 BT 157 AR7K 132
TS 182 yMLE! 155 =M 132
AiE 178 RN 163 KR 131
M 176 TR 152 E=f=) 131
pidea] 176 K& 151 ]l 128
S 172 o 150 E/N 127

BB 171 ARE 148 AT 126
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R 171 am M 148 R 125
Tt 171 &M 147 5&ARF 122
12934 170 Kb 147 =P 120
B 169 EJN 147 =D 119
=) 169 5 146 AT 117
UM 169 i 146 EEfR 110
7 168 MEFNIEYF 145 ahe 108
M 167 I~ 145 RES 107
=M 165 Hl 145 IR ICR 106
EhIR 165 AR 145 B0 103
et 165 FHL 143 B’ 95
HER 164 KiE 142

(3) 74 NEREHARER KRS A REA

thssiRiE), FE 74 PNER/BH AR K SISHAGEEE AR 7.4 5 A,
IERHIEFFRAIA 888.9 (95%Cl: 579.7, 1351.6) 1Z27T. Mg nEERER, RiE
XA AR KRS RATBEITE AN 1.6 B A, BXEXRESN 160.8
(95%CI: 104.8, 244.5) {Z7T; K=MK B RER KRS SRATEEIET AL
N21F N, BREFIRKN 324.4 (95%Cl: 211.5, 493.3) 127T; Hh=FHBXIH
MEFAMEX KRS SRIBMIAL T A 0.6 5 A, HXEFRKEN 89.0 (95%Cl:
58.0, 135.4) 12 7T; = X 45 T B¥ AU 42 KR B 4~ H 1t 574.2 (95%Cl: 374.3,
873.2) 27T, & 74 NIRRT ENR 64.6%, X AHEXKRSHREMEN
FERXE, (WFR8) .

*8 T4 NERHmAMBEXAKSISRIEREAR

BHBXKSBRERRL AHEXSRMERNERE

X (AN zm>
74 M EAWEH 7.4 (3.0, 10.6) 888.9 (579.7, 1351.6)
SRR (134 1.6 (0.6, 2.2) 160.8 (104.8, 244.5)
K= AR (194 2.1(0.8,2.9) 324.4 (211.5, 493.3)

K=AXEmeE (91 0.6 (0.2, 0.9) 89.0 (58.0, 135.4)




LISy REREESR SRR B T

1. EFFFHERAREY

BHRIEEIRENNSITEGNME, BEARSEN VSLERKK, HEE155H
~80 HETZIE), EMTERANAHEN, RAREM VSL itERERA AR SE 5
ERFEHENES. I, FTRMRITEERMEEEAREE, EEN—IX
AR M R EAVBVERTE 0.5~0.6 Z[8), MEEAVMEXHRASEEMERIRE
£ 1~1.4 28, gitEaptMERERSEEN TR SHARRERSEINAFREFE—
EEF

2. BZEIHERITHESE

EAHRF, 3118/ BEEDR 74 PER/WHAAS PM, s HiEE2XET &N
hREIE, MIFBHII T AREYE, SRUEFESHE. BFK, BE—EHRRA
TR BREA D EE RS SR AR BN (@M (10km*10km ) AIXS SR
E, e T=RoHR. GEMUEIREGHEHT, H—SHIMRIRBEIRRER
BETHAR MALHEHR .

3. RMANZEERAIERME

MEEFKE BN TAURAOR T K, AR IR T ERI7K SRS
Az, B ARHERAIMAS BN (BB T K SHMERES , TRINRY . AT EAIFREE -
RNXER, BXKisZunEERIVEREEBITERE, WHREUEMABREIKTH
AOREERRLAS . IthOh, BBRESIBRGIIAX SRR SERAI—ERD, (BRTHIERIAY
BRI, WMIEEUAEEIHEERISRIVERMA . ETUULER, ZKEH?MRL =gy
HERKISROBERAR, REEOBBEFKSRNERISRIFSRIERMERSES, |
1t 7 ESLHO AR R A A o
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3.1 FEEL

1. AHEXSRYAFRENEERF 7 ERT

AHER KSR IKSRINER SIS ARHERA TN REITR S 7 AimAR. L.
HBEMEDLEENEEINT, FMUTEBRIAT L8, KMSFESRGE T, TXIA
FROR. OIE. HEMRADWERFAFERECE, EETEEE. BRERE
B9 =0 ER. B, $IEBERXSRAERRN S RN E AR ERE

— AT,

2. BHAXKSSHIEN T INERRBRENSBRIZFTRK

2015 FIERAHERX PMys M1 O3 iSRMIBATHIAHMSE 19.5 KA, B
A RERMA AN 278.6 7T/ 1%, &6k T INERRBRIEMSHRAVEFIRE, Hf, X
S PM, s SRIEMBATE T AMESHIRITAZS, “SERERBRIEHRR 2015 F£49
HEETR, XHhEpARERERE—ARE, NENAREIASSRIZHBENRS
RRABIIAREIN, REVENAIDEERHAREIE, RIELNRAVEGEER.

3. BESIHNFRREGENEFRAMXZ A HER KSR
2 [ILS W

HHRBRRERAADITER, REE. R=BHKR=AKEHERAMEXS
FRERAA DS 74 PN ERBHRERMAASER 64.6%, EXAMEXSREMMEAIX
g, —HH, X=TXANSEREEXN, GRUCTIFUAR, BR T KEAH, 1&
PRFFERIANSSRTM . S—HH, ZKFAORE, REAORS, KSSRKAE
B, #Ep T REABEE T A I, ZXKERREZFRKEK RS,
ANgitEmtiErs TEMEX, EE3EFAEEX SRS FRERS .
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3.2 BEREZIX

1. NGl st ERF NIRRT ABHR BRI

(1) IEEARFEFFAMNTEARE, EREHNARERFEERTZNIE
S BKHEERE (a0 ZHEl) o

(2) nosea AT WAINEESRITa TIF, BEASISII ABEIIFIR RSO

MERFHICE.
(3) iUtz BRLKRIBRARRIRRE, MRS EEEIRERIBRT A e
RHEE.

2. ERIREFFAAKGHEXSRIGET(F

EER, BEHAT —FOBRREARIEE, 2017 £, SR TR
BYSTENY, 5EH. KRB =AIRIASTREZE T,

K, SEAERIEL, RENKESPRRPLTRENT, NUSSSas
FRAMRKAIBAETIE, BRI, BFNERE, PREAREDRE,
1838 A RAVETEERAL.

3. IBRARKIZSEFIR

(1) ESHE ZEEE. PREMRIVEES.
(2) 315 RS 5K EFNER BRI

W
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3.3 REE

1. FEEUERIEASHIRIE T, #—2aIAR I ER IR BREMN D ERERAREFTS
%, HEE/NTEMNE LRSS ERIRE, BiSRRETFER MAMUER, (52
BRAAHIZ B L5 R E NS .

2. FNARMHE T ABEXKRSERIEREFIRE, H—LHRRNT XS
B, fEREUSRRE - RNXRGE, ROTEABEXKSIINERISFUEMAIER
gk, BEm. SGERNHEE N aHEWHERRRRA .
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