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Abstract The impacts on air quality and source apportionment of PM2.5 in Beijing-Tianjin—Hebei region during the
autumn and winter of 2016 after the establishment of the Caofeidian industrial zone were investigated using the nested air
quality prediction modeling system (NAQPMS). The model results agreed well with the observed PM2.5 concentrations
and meteorological factors. The local emission of Caofeidian was one of the main contributors of PM2.5, and its
average percentages in winter and autumn were 17.8% and 25.8%, respectively. The results showed that Caofeidian was
mainly affected by short-distance neighbor transport when the PM2.5 concentrations were under 75 pg/m’, and the total
contributions from Tangshan and Tianjin reached 23%-53%. However, when the PM2.5 concentrations in Caofiedian
were above 75 wg/m’, the contributions from long-distance transport, which were mainly from central and southern
Hebei, became dominant. In general, the Caofeidian industrial zone had a relatively small PM2.5 contribution to the
surrounding areas. The contributions from Caofeidian only accounted for 3%-7% in Tangshan and Tianjin and were
almost negligible in the remaining land areas. During pollution episodes, the emission of primary particulate matter
significantly decreased, while the contributions from secondary-production increased, including inorganic salts and
organic aerosols in PM2.5, compared with those during good air quality period. The contribution of secondary sulfate in
Caofeidian area in autumn was 22% on average, which was significantly higher than that in winter. Therefore, while

focusing on reducing the primary emission of PM2.5 in Beijing-Tianjin—Hebei areas, controlling SO, and NO, can also

24 %%
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effectively improve the air quality in this region
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Fig. 1 (a) Model regional settings and (b) the ten source-tagged regions of Caofeidian and surrounding areas



S EE K B WA 24 %

472 Climatic and Environmental Research

Vol. 24

X a2 S 2% A B SST Bkt . A4 A s A A2k th
THIRRER 25 00 S 3R AT 20 20 A DA v R P
SEIHVIUR AT BIRER I, [ R FH DY 2 £ 4 R 4L
77 % (FDDA&SFDDA) @it K. . . [k,
I 5 Ab FEAR 515 2 NAQPMS 14 FH IS £ 3k 5h 17 ,
B BRI A6 AL T S A RIE T RO S ik
B MOZARTv2.4 [ 45 3

N VR HETBCIR I 5K I S K 2242 i 1) MEIC
Hemig s, Lh2014 o2 uESE, B %
0.25° (AifE) X0.25° (ZFF). s kR aX
A e HEBUS B nR 1 R, NBEE LS
i [X PM2.5 (6] #H B 5210, NAQPMS #xid 1 10
ANHLIX, 2] A AL b

7 FE BN FK A ZE T 2 — A RS JeAH N T
(RIZETT,  GHAIEFT T DX A St SORT (X sl A% i 1) ek
s R A LR R S, L2016 4 1 H A1 10
AAVERRKAZTT BA AR A g AT B0 . AATL
BB AN 201546 12 B 1S HAE 201641 H 31 HLL
K 2016409 H15HE10H31H, AT HEDEY)
U SFAT R B AL 25 B 52, 2T 15 RAF 9K
TR 73 I B
2.3 MiNEHERIE

AH ORI BRI AL 56 73 B B E0 s (46 5 U =
W IFR S G - 2 A05  E SRs  R
] A 58 M TN 3 A F R AT B B RIS 3 S ' E B
WSR2, F0FE 338 Mgl DL B3I 1436 S
H 2l I I h 28 o 4% ) 1 PM2.5. PM10. O,
SO, NO,. CO 75T == ZE 5 G4 (1) /)N i 1 00 Z5 4
MEH TG ORI R Rl sEE AT PM2.5 MR
WAk, SR HaESIRER WA I RANFT;
Ml SR RESEXTS J ik V5 Q) IR R N
FARREWNER. N7 50Uk AU HRE 1w v,
AR L3 B A BEORE I B AZ b e uh (uh S
54511) AR ESG o (45 54523) #2016 4F 1 H
FT10 A M IAE FOAEE EAT 5T L

3 EBE ARG RIGIE

3.1 SREREMFRE

P2 T 3 R T b sl AR S bl < R R A
PLRIAL I &5 BT b . 455K BH: WRE F 2UBHUL
DR FEE o R R A R X [ 5 A A o6
PEEC S, AHSC REAE 0.9 L E . 7015 B R B

1 ERARELMMRIESTEYHBEE
Table 1

surrounding regions

Main pollutants emissions in Caofeidian and

75 G U o/t month ™!

Wl PM2.5 SO, NO,
Wil 1227 1824 2260
B 17188 26668 28386
pNH 13435 19525 30892
Jb3g 11570 19501 33056
LA 14800 19089 26741
wAb R 76524 105263 21561
7R 109717 236891 222573
Uy 29937 45181 58409

J5 T, WRE B2 e 55 i b A5 40, L 75 5 90k 5h A8 A0 A
B, —HERFD . RIGBE T, B
IR O ZRAE 1 AEHOUT B KU Ie) B 5 AR I A . A4 T
&, WRE XTI B R ROR B, AR
B ZAE ] HSZIEE N, A NAQPMS AR AL A
PO TSR R
3.2 PM2.5iREEMAKRIE
HEHL 2016 FFERK AT I ). Jbat. RE3A
il 5 PM2.5 U 5 NAQPMS #5481 8 #E 47 /2 56
2 N PM2. 5 BEAUADWM I Ge it o pr g5 R . T
RIGIUE IS S EETERUE TR ZE Ny brifE
PR ZE (N~ BITHRIRZE (Ryse) FHKR
o P ERE My T80 56E =
(M), THEARWTF:
(M ~M)(0,-0)
r=—- .

. B 4
{me—Mfuz—Oﬂ

[ & 4
mm{N;W;a}, (2)
Nm=;ibel (3)
1m=;iwha, @
Mmzbfqéﬁlgu’ )
M”_;ﬁﬂxﬁ&;g’ ‘o



4 3 R A At Tl XA RS AR B X A A0 4 [X 5 G i iR ) A AL 7T
No. 4 LI Xinyi et al. Modeling Study of PM2.5 Source Apportionment over the Caofeidian Industrial Zone and ... 473

WE/IC
I C

N=622 R=0.95

FEXHE B

/ ‘
N=700 R=0.91

N=622 R=0.94
0 0
10 o 10 o
- 0 W*W‘Www - 0 ey Ly ] "P"WWW o
» LR » it;h" " T H‘
g —10) g —10}
= / AR B o TR
x ° =
0 WMW 0 MW‘WWM
—10 —10
1 4 7 10 13 16 19 22 25 28 31 1 4 7 10 13 16 19 22 25 28 31
2016417 2016514
HH# HEA
— — #EHl

K2 201641 Adent (EFD. K CAFD #id (av b) HE. (oo &) HXRHBEA (v £ JUZPAFTBLES HAILIE XS LE
Fig. 2 Comparison between the weather research and forecasting (WRF) simulation result and observed meteorological parameters (a, b)

temperature, (c, d) relative humidity, and (e, f) wind in Beijing (left column) and Tianjin (right column) in January 2016

WE/IC

N=673 R=0.89

®
g iyt My ey e
° JER [ Ela2) e rﬂ"

o 10 E: —10
é / KA é ’%W‘
10 10
X X
OWMM OMAMM
—10 —10
1 4 7 10 13 16 19 22 25 28 31 1 4 7 10 13 16 19 22 25 28 31
2016410 20164E101
H#A H3#A
— W — Bl

E3 [HE2, HA20165410 H
Fig.3 Same as Fig. 2, but for October 2016

Hrp, NRRFEARLE, MEBERE AR EHOXE. 2016 451 3 A1 10 F (1AL H0UE AW AE
{8, MONBRIREETFIIE; O FRRFE IANRIRIGI  ¥E R —8E, MR . 1A idq.
B, O MM E 51 . b 3R R VA AR UL R0 I ) A O 2R H 43 i 0,81

B 4 R85 X Ak A 22 PM2.S K EEARSULE S 00 0.58 F10.82; 10 H 3 ANIak 17 AR LA UL F) FH 2 £ 4L



K5 R B A 24 %%

474 Climatic and Environmental Research Vol. 24
350 T T T T T T 300 T T T T T T
— N — I
- 300 (a) W o 250) (b) A
€ S
) 250 = 200
E 2 ol
S 100 q 100}
= =
o 5 o 50
0 0
600 T v !
ol | 400 (d) =W
7z ® — il % — il
S 400 r b 5_7 300 .
= H :id
% 300 2 200
§ 200 ‘é’
& 100 g 100
0 0
500 350 T T
—
o ool , 300} ) pURIII
E E 250}
(=] (=]
a5 %00f & 200}
% 200 % 150)
o g 100 f)/|
Z 100} z 5
0

2016418

20164E10H

&4 HIC R JE X 2016 4E (ay v e) 1 HAT (by dv £ 10 H PM2.5 R EERE S 3T EE: (av b) B, (e ) JbET.

(ev ) K

Fig. 4 Comparison between simulated and observed hourly averaged PM2.5 concentration of typical sites in Caofeidian and surrounding areas in (a,

¢, e) January and (b, d, f) October 2016: (a, b) Caofeidian; (c, d) Beijing; (e, f) Tianjin

2 RFHEHMEPM2SEMRIEGSITR

Table 2 Statistical parameters of comparisons between simulated and observed PM2.5 of typical sites

WM, RO, BT RHETYY BREGT TP T
Aty Wil FEAR%/M  pgm? pgm’ pgm’ w22 RE I 22 R r
1H Wit 743 345 44.4 27.0 29% 56% 26% 54% 0.81
Jbxt 726 68.6 66.6 67.2 -3% 60% 22% 62% 0.58
Fi 720 71.0 74.7 39.2 5% 40% 19% 49% 0.82
100 #idf 744 46.2 55.5 32.8 20% 47% 18% 49% 0.77
Jbxt 700 84.7 78.4 56.1 1% 47% 3% 52% 0.58
K 740 63.8 72.3 36.0 13% 43% 16% 48% 0.77

W FEARERIA RN 2

SN 0.7, 0.58 F10.77. FKAZ=T 3 N 38
o7 BEER0.0L MR EVERL, HALG IS4
RanR 2R

B4 & EX THEGEPNE, W1 H3H. 10
HA10 19 H, SR FEI T #icm., K
by IX 55 G THRD 25 SRS 8] LR G B, X i
BRI G R R

Bt X PM2.5 I B 40 PF fli . Boylan and Russell

(2006) F5H, M M, <=230% H M, <<50%HK}, *
RSO 22 AR /0N, 6 HAB S 1Bl PN 5 0 24 M, <<260%
B M <T75% I, R WAL I 22 76 7T 42 52 Y0 A
Rz R bR, 3 MR M I PM2.5 B0l 8 )
TEF TG Z N

LREHIEZNENR, R ZETTBAUME AL I E
BIRBAHAF, ALK &, KR
A X PM2.5 W AR R OR T A& . Ak L



4 1 PRI ) Tl DX R ol B s J 3 i X35 G Bk A B AT 72
No. 4 LI Xinyi et al. Modeling Study of PM2.5 Source Apportionment over the Caofeidian Industrial Zone and ... 475
44N 44N g m3
100
42N 42N 90
80
70
40N 40N
60
50
38N 38N 40
30
20
36N 36N

" 14E

116E

118E 120E 122E

—_—

6ms

112E

114E 116E 118E 120E 122E

—

6ms’

5 20164F (a) 1HA (b) 10 H U3 X PM2.5 H BIHEE R R /) A B0 45 5
Fig. 5 Spatial distribution of simulated monthly average PM2.5 concentration and wind vector during (a) January and (b) October 2016 over the

Beijing-Tianjin-Hebei region

NAQPMS #& X Re i af A I E dc fp . Abod . RS
X KA ZETS Y R, R TS Ik R AR AL
B, N R BT SR X R AT TS
X 3ok FHYR RRATT SR AL FTAR AR

2016 4E 1 A F1 10 A S HL X PM2.5 H ik
FERIRIZ AT B S s e WAL H, 1 H
I B AL 0 X R AT e P R SR B RGE B,
PM2.5 P33R BE A AG s 3 L i R R T 3 4075 ek
BRI X PM2.5 H 59 B IR £ 80 wg/m’s B
B S X 2 B 55 1 Im b A AR b S ], B
AR 5305 Y HEBOE N, o8 PM2.5 H 3
WP TR 100 pg/m® Ao 10 H 5T 3 [X 3447
Bl N A P WAL GNP x|
. ABEECTE LT S PM2.S TP IR T
H 1 5 EE R R A L 4R PM2.5 H 3I7E 70~90
pg/m’, 51 HAAHEA BRI,

4 Hi5iTe

4.1 EREKREBHXIEFT PM2.5KIESHT
411 AF WA AREK F ¥ PM2.5 kBT

K3HHE T AT I8 K R i X 3T Hh T
PM2.5 R FE I RIR DTk 2, AT ik B SR IR DTk
RO Hh X 7 55 V0 BT A S 2 R, ml s
AN 7 S g9 LI R AT 45 0 22 5 T BUG AN & 1
SRR P E, WidathX PM2.5 EERH

TAH A AN LT RNE, DTRREE 2 ik 3] 17.8%
F21.2%, XFEZHTAFHEILAHIXER TS
SO N REAT AL, b3 L T R A e R e A
K HRZ 28 0 L A X ik e, R
A A R IR T DA R L AR AR I TR 2R A3 A B
11.5% 13.0% F19.5%. 8 4 fa) 1 [X A7 T~ 2R i) ifg
OoHiT, AT T I T A PM2.5 IR DT
BRIE 2 16%, %o J& 120 1L 73 R0 R EE T A DT ik R 43 31
N 3.5% F13.4%, o HA I T A48 73 1) DTk 2 244
2% LA, SEIREL/N

B e A, HAth e X 52 2 A i HE RO R
Wi f5 R, ] b HR e S DR L R 48 A b D ik % 35
it 60%; Abnt. REERE LS, ATk 5L
1E30%~50%. AbE{ T PM2.5 ¥ i 52 21|30 AL 48 Hr ik
(R 55 B 33.4% . REETH PM2.5 RUE R T A M Ak
AR, FERE T A A, LR A L
i, AR R 5 5IE 5] 25.0% 10.5% F18.5%.
4.12 #HEEE A LR A ¥ PM2.5 R IBR AT

KA 710 7 I J S a2 1 X 3l T H 35
PM2.5 iR FE RIF TR . i /) PM2.5 £ R [ A
i AR RSRT L 2R M DX Ak, DT R 2R 43 ) R 25.8% A
30.0%. FR H A H A X ik,
FTAT b B TR N 10.6% AT 13.0%. B 0 4
75 6F B b U T B 2 0 PM2.5 9K B T ik O B
26.2%, X JE 32 (L AR EE 53 73 BTRR 7.3% F15.3%,



K5 R B A 24 %
476 Climatic and Environmental Research Vol. 24
x3 ELRAKREDLMEK2016E 1 8 A PM2.5 R ERIETE
Table 3 Average monthly PM2.5 contributions of tagged regions to each other in January 2016
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bR 1.2% 0.8% 3.7% 1.6% 1.1% 60.0% 13.4% 1.0% 16.6% 0.5%
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Table 4 Average monthly PM2.5 contributions of tagged regions to each other in October 2016
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Fig. 6 Relationship between PM2.5 concentrations of (a, b) Caofeidian, (c, d) Beijing, and (e, f) Tianjin and regional contribution rates in January
(left column) and October (right column) 2016. The colored part shows the contribution rate; the gray dotted line is the dividing line of PM2.5

concentration of 75 wg/m?; the left side corresponds to good and moderate air quality, and the right side corresponds to lightly polluted and more

severely polluted air
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