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Abstract

The emission of air pollutants in China has increased rapidly as its economy expanded over the last decades. The
Chinese government has recently acknowledged the seriousness of the resulting air pollution and is trying to
improve air quality in many ways. Here, we review the air quality control and management policies in China, one
of our closest neighbors, because these policies may also influence the air quality in Korea. This study examined
the recent policies on PM, 5 reduction and analyzed the variation in air quality and air pollutant emissions in China.
The ambient air quality and emission standards in China have been strengthened, based on China’s Air Pollution
Prevention and Control Action Plan of 2013. As a result, the annual mean concentration of PM, in 2015 in 74
large Chinese cities declined by 23.6% compared with 2013 values. Coal consumption in China also has been
reduced by more than 10% per year since 2013. Furthermore, the laws controlling atmospheric emissions were
revised again in 2016, and an air pollution forecasting and warning system was implemented to help manage air
pollution problems. At present, the Chinese government is trying to evaluate its policies on PM, and find a new
paradigm to mitigate ongoing PM, 5 pollution. In this context, a joint study between Korea and China has been
initiated to investigate the characteristics and sources of ambient PM, s and to identify factors contributing to the
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high PM, 5 concentrations in northeast China. We expect that this academic collaboration will benefit both countries

in their search for new policies for PM, 5 reduction.
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Table 1. Ten actions in China’s Air Pollution Prevention and Control Action Plan (MEP, 2013a).

Items

Contents

S O 00NN R W=

—_

Increase effort of comprehensive control and reduce emission of multi-pollutants

Optimize the industrial structure and promote industrial restructure

Accelerate the technology transformation and improve the innovation capability

Adjust the energy structure and increase the clean energy supply

Strengthen environmental thresholds and optimize industrial layout

Emphasize the role of market mechanism and improve environmental economic policies

Improve law and regulation system and enhance the supervision

Establish the regional coordination mechanism and the integrated region environmental management
Establish monitoring and warning system. Cope with heavy pollution weather

Clarify the responsibilities of the government, enterprise and society. Mobilize public to participate
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Table 2. Strengthened air pollution prevention and control measures in Beijing-Tianjin-Hebei Region (2016-2017) (MEP,

2016a).
Items Contents

1 Replace coal to clean energy in rural areas by Oct 2017

2 Eliminate the coal-fired boilers under 1/10

3 Design areas not allowed for coal burning and set up coal quality standards

4 Close the outdated, heavy-polluted factories

5 Control the fugitive dust from construction sites, forbid the open-air BBQ, fireworks and biomass open burning

6 Eliminate 200,000 old vehicles and implement EU VI emission standards

7 Control VOC emissions from solvent use, petrochemical industry, gas stations, coating, and printings.

8 Control emissions from coal-fired power plants, iron and steel plants.

9 All large point sources need to apply for emission permit.

10 Limit the production of key industries located in the transport pathways.
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Fig. 1. Source apportionments of PM,; at 13 cities in China (Zheng et al., 2016).
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Table 3. Tightened emission standards on coal-fired
power plants (MEP, 2016b; NDRC, 2014).
(Unit: mg/m®)

Items 1996 2003 2011 2014* 2015
SO, 1,200~2,100 400~1,200 200 50 35
NO, 650~1,000 450~1,000 100~200 100 50
PM 200 50 30 20 5
Hg - - 0.03 003 0.03

*Standard oxygen content is 6% for coal-fired power plants and boiler
*Emission standard for industrial coal-fired boiler
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Table 4. Progress in implementing emission standards for vehicles in China (MIIT, 2016).

Date
Tier China Korea CcO HC+NO, NO, PM
Europe .
Gasoline Diesel (Diesel)
Euro 1 1992.7 2000.1 20014 - 2.72/2.72% 0.97/0.97 /= —-/0.14
Euro 2 1996.1 2004.7 2003.9 - 22/1 0.5/0.7 -/= —-/0.08
Euro 3 2000.1 2007.7 2007.7 2005.1 2.3/0.64 —-/0.56 0.15/0.5 -/0.05
Euro 4 2005.1 2014.1 2015.1 2008.1 1/0.5 -/0.3 0.08/0.25 -/0.025
Euro 5 2009.9 2018.1 - 2011.1 1/0.5 -/0.23 0.06/0.18 0.005"°/0.005"
Euro 6 20149 - - 20159 1/0.5 -/0.17 0.06/0.08 0.005"°/0.005°

*Values are emission limits for gasoline/diesel vehicle
“applicable only to vehicles using DI (Direct Injection) engines

"proposed to be changed to 0.003 g/km using the PMP (Particle Measurement Program)
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A=Y A&7t Wob = W A3 Bg&2 2015
4 71& 045%% stolBgE 9 H7|RpF HAFE&d
047%RTHE e 2Zo|th(Wangyi, 2015). E3t £
T 4 AFofA= d7| e dhaes sl BRAke &
F 52 A FAE 93, “oix] F E Ao
YA g2kt EAAE (2012~2020)7¢] wat A7
AEAE AN AR A o2 S| wha) gko
233U AR Aeel o gag Ao JiE
TH(NEA, 2012). ©, AA| AH521] 98.8%E AMA|8h=
s A=Y AL, mAHA e Y& A ¢l
S Hj7I7kA F NO&H 22 7tA4) e dE4o] o
7] & B35 vhg-& Bl o)At oloj 249 FEH = 1]
MR 5= F7tol 7]1ojg Ao 2 dddTt

1 o= 1996 o] ARE FAFArgol digh viE
71%(GB 16171-1996, GB 9078-1996)& I XA
(GB 16171-2012), B3+ (GB 28666-2012), ¢+%1 (GB
28665-2012), A1 (GB 28664-2012), 27 (GB 28662-
2012), A1 (GB 28661-2012) 5 ZAWE X535} A|A
&7 &S 73lsiar, 20049 w017 AJRIEAT o
t3} 1% 7] 2 (GB 4915-2004)2 7}3HGB 4915-2013)
st 5 LAEH wWiETo] W2 dFRE AdAA
gt viE7ES JAAH L& FFsts) Yok ot

olggt T Wl tiyg miE&A A g &7+ ~%
3} Qo= “FEEed TFLA 125 AF”, “HF
ded WA7|e A, “Aebrdd wEns A
A S AE (2014-2020)" 5 HZHAY, v
22 AR Fa &9 wiEFS Ay et
trofet FAEo] A $YHIL IH(MEP, 2014,
2013c, 2012). 2y o]e F= U wiEF A=

O+

oy ol

N

N
X ofN
2
0
>
B
=)
N
N
riot
Y

4 oA AR HiEsHe &4
=4 ol dig BERE 2AF glo] o] FoA AL glo] A
&

o 33 ARAME FUHR AAIA Bl w3
AT b WES ANEE TE] T clore
A4S A5 QH(Qui et al., 2017, 2016; Zhao et
al., 2012, 2011; Cao et al., 2011). o]= 20173 2¥9]
URMH Al 421 g - F - A df7]&EoF FAYE AR 1O
& 399 34 ¢td F shugled, @4 = W o
712954 WEF ANED TS 93 AP U

R

N
B
1
=
1o
~
i
&
4

3.3 HiSE M3}

THREAQE WEd SO, WiEF SA= 19009
o FHERE AEH7] AFHE QAL T 9] A9 (Soot) T
A (Dust) ] Hi&F FAl= 200413, NO, Hj&F &4
201195 e FAHo 2 AL IY 2= T=
W SO,,NO,, i< =3t &30 a7t & wie® |
5} FAIE HojErh 201490 23 wiEo] 45 F
7Fet Aoy, AdubA o2 20001 o 2ukof| wls) Axkuj

o HA HEFSE TERE ASRE, A AL
FHYAE R A FESH] Hwgt 27, SO,9 £
9 AT EFS THREY HIFol 80% o, YA
& AgEEo] A8k 2, NO,9 ¢ 34
0] 63~72%, 7]} v &) 27~33% 7}=fF 7] o5}
22 YERTHNBS, 2016a). 3], = W H3
HiEA e Hiet AEe BiEA Bher FIRE

fr e e
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Fig. 2. Annual variation of the emission of (a) SO,, (b) dust and soot, (c) NO, in China (NBS, 2004c-2016c).
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o WEF oL YR Pass
33 U 454 SEY5e Slokg
o= NOO| that AR HjE7FAY |oleat BAlo)
gt vjAbE R o T2 A& 7|ode2 HAA 5
7}skal 9Jth(Huo et al., 2015).

S @A nAEAE HES A7 FGEE Y H
SAEE A8l e AduiEHolA Y wiETIE
3ke} 3| “olvA] A3 % AE 25 AYE B F
= W F oldqA Aitel] gt Mgt B HleS Al
A Y7k QITH(NDRC, 2012). 71 A3}, 13 33} o)
= W AdA 2nF F7F FAlCE EFsta A
9 B2 201349 o]& wjd ZASkar QT (NBS,
20160). 1% 49) oUiR] 4L EGHTH AR A
g Ao dWet e AWEY, 20139 S5 U
AU A 22F 249 B 45%2 71 2 v1E

FAIQl b, 22
2R Q] Z7}1o] J3F

F3 2049 4% 9 AW ¥ 381
2 AAFA AEse WHo] 2015HeE 418%2
Aste] AR AG Mg 2u|ake] 7ag FEst
gtk whel, Az ol o] Ak snjere Y 27te
o 2015dol HA| AE Aek sulge] 4529
Ae ARt 2 uEe A Ao vehrt
(NBS, 2016b; Mathews and Tan, 2015).

FTHEAQEA B2 AxAS ARSI AY F
FE odEHL W& W 9 59 ZTH(NBS,
2004¢-2016¢). SO,= A 2 Fofiz] Aol A 2
Hj& v]Fo] oF 50% A= UEhgen, 20074 o]%
wEE SO, ArhET das 01315& oA Bt

A SO, W& e Aoz epget. o
23t A3k 20009 141 Aesleddas
THLE drledEd YAAE AAE FAT 4%

a
o 7
=
H =
2 godn 23 e B 20e =29 55

]
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Fig. 3. Trend of energy consumption and composition in China from 2000 to 2015 (NBS, 2016c).
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Fig. 4. Annual variation of coal consumption by the type of business from 2000 to 2015 (NBS, 2016b).
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Il Mining

B Manufacture of food and beverage
[ Manufacture of taxtile, pulp, paper
[ Manufacture of chemical products
Il Manufacture of metallugical products

B Manufacture of machinery

[ Product of electric and heat power
[ Other industies

Il Residential emission

[ Others

3000

(@)

2500
2000
1500 +

1000 +

SO: emission (10 Ktons)

500 4

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

2500
(b)
2000 -
1500

1000 +

500

Dust and soot emission (10 Ktons)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Fig. 5. Emission of (a) SO,, (b) dust and soot by industrial and residential sectors (NBS, 2004c-2016c).

AFS] WhE 9] GaFo] oF 0%, M % deulx] A4
9ol o 20% 7} 7lelshe AO= veketh. 20064
ol% WA BAO) AEF gAE of F wEe
oM 9] Wi Aok TA Lt ARiete wamer
ohUet B7 Ul FEAFAAI AT gL thiE B
of ge mEE YL X9 ARz FHHT
(Wang et al., 2014b). 11} 2014 o] AFY AJAHT
= S, AR TE W 5O Jares B4l wEel
ot F7Ke Aoz geET

A2 33 ARE 19 Bleddd AL
ahel shwA O Aute] e $2E7HE A4S
o 1 A3 PM,, ABF SEE 27 gastgon
BE BE UL ol Rolas
IS o WEY 1 BEE AY 24T AL A
Qteloiet. w3t 2l

3
5
M A v SRE ST BESRE Jdgsia

o713 A A 34 A A3 &

48 F5T WETE AYS $Yst] 20T Bast
9028 AALSHTHNADS, 2017). T2 38k 27

I

N Ul; el

Heid = Aot MiEF AR F50] HEA] W8
StaL, o] 5 el A Ak od A AnEE 7)d
O 2 3 7|E &% A HAS AAdste Aol wi=
Al gasith @A S5 FH= 201797E “13.5 o]
A A 9 wleds SEEFERl w71 A
SRS 2] A 29=d WEF A5
o AT(CSC, 2017). webA S5 Ul Hi7| 9=
ST HAF gad AR AYH, FF ol
e Aoz £351] Asire dAl wiEd
qxef 2 A= T} HEATE 7ML R T HlE
F A Y] =9l FF AN A It wiEY
MIER) 5 9 B 7} o] oA o & Aot

e om N



4, 3= W o7& Het

4.1 ti7|1gE71& =t

20109 HF=2 A7 vjAEA] 2ol wis] &
Aol weh S ARl A= 201249 & 59 2
o] MAUAE ET g 7IEEdSl W 8

7]%;17]5; 70@6}311:}(0 3095-2012). o] FAHH

Jpe0R Teeel 12 15 712, 2

F 7128 27t H4ga F2 0 Qi 2AK o] A
S5 PM,,, PM,o] 3t 23 71% S5 WHO 2
D) ERTH UBFE ), ARRE 350 B Szo|
o} E3 ejutete) 20119 ARE

PM,, 712771
2o vlo) YHELE 1.5, AFEE 14420184 39

S 2uAEA A 9 AR FF 383

AW PM,, 8747)%0] H)s) QFZE 2.4, A
£ 2302 ojhs] A BAH7Z HlF) ke 4

YRD, PRD x]c_rwr 7+ H'g FHEAE EFT 7470
ZAE A7IE 194 ZUEY AAEAR AAske
A A5ttt o] F 20139 = 1137 A RS F
AL A 9 27154 BHEA], 2015 2| Zo]Ak 28570
ZAL 2016 RE F= Ao dAH o2 Hgaqrt
(BMBOA, 2014).

371 Zsket A S ARl W7l F vl
AR AE g @7 51 9 g4 7gs 435t
I TRzt 71 o) AR AAME Asta ok 7
AA 7| L FHA FFAYE Sl 201797HA] A7
ol EA19] PM, FEE 20129 tiH] 10% o4 =
st @7 ERE AAste] 109 AgS F35kc

Table 5. Enhanced national air quality standards in China (BMBOA, 2014).

Concentration (ug/m*)
Items Mean Enforcement in Dec 6, 1996 Enforcement in Jan 1,2016
1* Grade 2" Grade 1* Grade 2" Grade
TSP Annual 80 200 80 200
24 hours 120 300 120 300
PM Annual 40 100 40 70
10 24 hours 50 150 50 150
Annual - - 15 35
PM; 5 24 hours - - 35 75
Annual 20 60 20 60
SO, 24 hours 50 150 50 150
1 hour 150 500 150 500
Annual 50
NO, 24 hours 100
1 hour 150 250
Annual 40 80 40 40
NO, 24 hours 80 120 80 80
1 hour 120 240 200 200
24 hours 0.004
co 1 hour 0.01
o 8 hours - - 100 160
3 1 hour 160 200 160 200
Seasonal 1.5 1.5 | 1
Pb Annual 0.5
Annual - 0.001
Bab 24 hours 0.01 0.0025
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384 BEa= . g3l
3} BTH, YRD, PRD X|9& =3 #a 1oz A
AstaL, o] A Yo A= PM,; AHF SE=F 2017
W7kA] 20129 thH] 15~25% #5ste RS HER
SFTH(MEP, 2013a). £3] o] 9] ¢ 201757}11
AFF PM,; 5% 60 pyg/m’ES EXZ 233

A 20179 AEHF PM,; 5% S8 ug/m’E nH7]x1 7]1
AERE GAHASS HlolW BHETIAA F4
o 2 "3} tH(BMEPB, 2018).

4.2 th7| & sk H3t

= 19899 HE SO,,NO,, TSPof| oj3t XU &
2 £ gon, AT 6097 oA 2016 3387)
2 Es] &3l goh vAuA Y A, 37T
QAR B2 27171 el whEh 20023 5H
TSP thAl PM ool et BYEFS ARSI, PM, s
7]&0l F7FEWA 201392 E 7] 5 PM,s 5EF
shetalr] Slat F7be AHele] B7] BEol AlzkE it
(CNEMC, 2013). 198 6& 47) AAE xE&st 307)
Z+ A 8 =AY PM, ¥ PM, 5, SO,, NO, 9| 1%
# =% H3E BojZRTH(NBS, 2004c-2017¢). HHHA
Loz 7] 5 uAWA B=7 7P =39E 20139 %
o]%Z tjd PM,, @ PM,. ABEF EE7} At =

A2 BolZzch kA4 e 9Bl S0,9 AL, 2000
) 27E AA3] Faston 20139 mAH A <}
WA & SV BEE 0% EE daFAE U
ERfiar gl

ZIZ3AAS TR 2™ 20163 747 Al7)|E 1
%A 2UE Y HAZAIEY PM,s A8+ =& 50
pg/m*2A] 201342] 72 pg/m’ tH] 30.6% AR L,
4 PFH29 dA7|E 204 &L 201349 33.2%
oAl 20159 258% =2 7FAstch 3k 20161 A=
PM,, 937 SEL 82 ug/m’E 20139 97 pg/m’ tu]
15.5% #2384t o] o} Zho] 7+t 7129 AAA
Ao FFgom Fx Y uAHEA s=E FAHow
NAE= FA ‘Rl‘:} 53] 2016 FH th7] L FHA|
Z XS A8 =<l BTH, YRD, PRD A &ojA] 9

AP =Tl 159 I:HH] 2v2} 7.8%, 13.2%, 5.9% 7+
asfo] A3 Fpswol va) = FAZE depyglc
(MEP, 2000-2016).

Z=9] g7]d A4 (AQI, Air Quality Index)= 4]
(D} Zro] ALbE L, AQI A= gholl whet & 63} o]

o713 A A 34 A A3 &
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609 SFoz Yol g7|dL Brleth(HI633-
2012).
G
Ln,=2LL=—) )

OllIH, 11—‘___' Z]’“l 8027 N027 PM107 PMZ 5 CO O%E "]

w5, C.= SO,,NO,, PM,,, PMz,s"] 2 Hd FEF,
CO9J 95% —rE'?T] YB 5%, 0,9 90% WEL] 84|

7+ B+t s=oltt. Sie SO, NO,, PM,), PM, ;9] 1%
27 7123 COY dBH 21 7%, 0,9 847 F
o+ 29 7|&& A8t 20169 AQI A5 LHE (Un-
healthy) ©]4Fe] @ FUSE 20%0|1, 1 & F8 04
%3——'_]% —Q—on:‘ ?——'_]‘)l\— ]'6"1: PMz_Ss PM]O? 037]' ZJI—Z}' 80-3%,
20.4%, 0.9%°]tt. A FHREE= FP4=o0], A%, vhe
< X3 BTH 9 $HA| 99 A%+ AQI X477}
2 =7 YePFTHMEP, 2016). 18 72 201349 11€¥
HE 20179 3971A] 307 F82 =A|9] €¥ PM,,,
PM,; SER3IE RojEth ¢ A7 Aart S7tst
= 1293} 19| €8+ vAHA] %7 7Y =1,
25 7159 qFOR o] STk AF5Eel 5
Z7F Yol ¥ F=Iet fARE M ES
et &, PM, 9] ¢ 53 A G R 3~4
ol ¥ F=7t F7tske Aol WEAEHAUY 53
& ZAZ 245 7R 9 ALY vAHA] 5 F
7} ZaFo] E3lo] L}E}”E}(CNEMC 2013-2017).
7Y 22 £49 f7] 5 vAdUA = W}
of tiafA= B2 %?7} Y= Fich 2007 8HRE
20149 7974 F=EA LT AL LANA ST 5
A9 PM,; 5= H3E AHEH, EFAY AdH
PM,; &£ 20130 F= At7F A B ol
el AHe g Frkstg ot Avkgoeg 20084
111.5 pg/m*oll A 20129 752 ug/m*o 2 7ha A0
Atk 218U FE £E2 20159 AL AWA PM,;
=59l 25 ug/m’Er} 38, WHO #1712 10 ug/m’9)
7582 o] "3 ETH(NIER, 2016). A|ZE = #3}
= 7FEQ 11 7P w1 oFEQ 79 e
o, ALEE A st wid AHE B PM,s s
FaFAel itk gRist FFolMs o &2 ARt
et 2% 4] o]Fof PM,s =7t wokAl= HFA
¢l Bimodal FE|E UERHTH(Yu erf al., 2004). o]g] &
7 W uAEA = 3717 Bxld 57 $E 5
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Fig. 6. Annual mean concentration of (a) PM,,, (b) PM,, (c) SO,, (d) NO, from 2004 to 2016 (NBS, 2004c-2017c).

Table 6. Rating standards of Air Quality in China (HJ633-2012).

Grade Good Moderate Un%le.althy for Unhealthy Very unhealthy Hazardous
sensitive groups
AQI index 0~50 51~100 101~150 151~200 201~300 300~

Hlo] AGofA e W oAl FFE Yehfel 9 di7]d Aol Badhs EoEr(Wang et al.,
574 W uAEA = S AeidE olE FHA 2016).
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Fig. 7. Monthly variation of (a) PM,, and (b) PM,; concentration at 30 cities in China (CNEMC, 2013-2017).
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Fig. 8. Spatial distribution of PM,; concentration in China in (a) 2013, (b) 2014, (c) 2015, and (d) 2016 (NBS,

2014a-2017a).

Table 7. Air quality warning criteria in Beijing (EBeijing,

2016).
Level Ofﬁmal Prediction criteria
title
Daily mean AQI>200 for more than 4 days or
1 Red Daily mean AQI> 300 for more than 2 days or
Daily mean AQI> 500 for more than 1 day
Daily mean AQI>200 for 3 days or
2 O
range Daily mean AQI>300 for 1 day
3 Yellow  Daily mean AQI>200 for 2 days
4 Blue Daily mean AQI>200 for 1 day
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A, 5 A4, =H 27 FA, 5tu e 49 &5 F
A 5 HHT 4= JATHMEP, 2013d).
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