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W E WS 2017 FF TR AU T I HIRR X KA PM, s K 8 I 05 48 (PAHSs ) A5 QLK - A5 Yu e
A, 3 T AE AL ST IR X FIAR X 45 3 — AN W A5 SRAE AT Y PM, 5, SR FH B L R 75 B E-G C/MS X I - 1Y
PM, ; B2 2035 1 v BE 1A 700 5 235 SR AR, 75 715 100 1] 30850 ) b 1) K0 PML, 5 1 PAHs IR 20853 A, PM, 3
{4354 104.5 pg-m > F1 104.6 pg-m™ , o R FH M2 Wik PAHs ¥{E2ZE S A G2 X (P=0.001) .4
H ( CSFE ) MHAELE AT Bt PM, ; # 380X8 5 b 119 H 359 B2 4 i — H AR AU H 3545 B 5 7 o8 3 19 i 1)
PAHs AL LL 4 351 5 B E, —FH 25 PAHs B2 80% L I, FRAE LA YR 7~ Rk X 75 G 3R [ R B AN
AR AR, RIS 5

KR BN, MAEELT, PM,,, PAHs, J5YLHRE, dbat.

Characterization of ambient PM, ; and PAHs during 2017

Spring Festival in urban and suburb areas of Beijing

DONG Xiaoyan' WANG Qiong' YANG Yibing' LIU Tong’ WANG Qin'
WU Yaxi'™ FANG Jianlong'™*
(1. National Institute.of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, 100021, China;

2. Harbin Center for Disease Control and Prevention, Harbin, 150000, China)

Abstract; To investigate the impact of playing fireworks on PM,. and polycyclic aromatic
hydrocarbons( PAHs ) , daily PM, samples were collected around 2017 Chinese Spring Festival
(CSF) holidays both in urban and suburb areas of Beijing. Gravimetric method and ultrasonic-
chromatography/mass spectrometry ( U-GC/MS) were conducted to analyze the concentrations of
PM,, and PAHs respectively. The results showed that PM,; and PAHs presented multi-peak
distribution across the whole sampling period at both sampling sites. Tthe average daily

concentrations of PM, ; were 104.5 wg-m™

and 104.6 wg-m™ in urban and suburb, respectively,
which showed no significant difference. The total concentration of PAHs in suburb area was much
higher than that in urban area. The daily concentrations of PM, ; and total PAHs on Chinese Spring

Festival Eve (CSFE) increased significantly compared with those before CSFE in both areas. The
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4-ring and 5-ring PAHs were the most abundant species, contributing more than 80% of the total PAHs.
Diagnostic ratios indicated that coal combustion and traffic emission were the main sources of PM,,
associated PAHs in urban area, and coal combustion played a more important role in suburb area.

Keywords :the Spring Festival, fireworks, PM,, PAHs, characterization, Beijing.

#715 (The Chinese Spring Festival ,CSF) 2T FE i EZ LS 1 H 55 H AR AL 7 H i 2
1) B AR PRI 2l A R SR TSR AL R385 PRI 5 4 1) (R B, 5 R 1) 7 TR 5 el ke A 5 A | JE A 2013 4L
O R BK A 2274 Y B N ) 11 DXl 55 58 < (7 ) 75 5 T, AR AR A X0 2 AU B o 1) 52 o B2 5 e
DS IZ e AT WFFT RN A4 00 ) I KRS P A8 46 R R s 1 R e () R ) RS
TS YLk BE R BT s SRR SR 25 A AR G LA PM,, A AR B AR ), PRH
EARRW LRI, 58 5 W 22 215542 ( polyceyclic aromatic hydrocarbons , PAHs ) A8 43 J& 2545 & 4H 47,
INZ A /I | TR AT 2R G 0 RRAE A8 R I P 368 o 1 725 R DF IR 2R e g 0,

FRTFREAE B ™ Mt st IR g AR A e A X R
Ji& T BT PM, s KOS RIEE O o BT 4G A B AT M B L OC/EC A B AL b IX I B9
FAERTETCR Y RUKIE MR T X PAHs IORFTTE D HU A 2R BRI fiie = A4 R A
XA PM, s S A 531975 G AR B LA AN [R] D RE X % ELAIESE.

N T AN [ DX BRI AE SR AT X PM, s Fl PAHs B2, 285 2017 454 7 I a] , 70 5t i 3 X A
AR 33500 2 KA PM, s S 548 PAHs RYMERE , 434 19 8] PM, o Fil PAHSs ¥R K7 FIT5 QL Re ik, o
AT B ) 5 i Sl 7 e ) DR G By 4 AR SR ARl K4l

1 #BS 7 ( Materials and methods)

1.1 AR AR

TH-150C B! it st J50RE ) R AL 28 (iR DR AT GR A BR 53 AR 22 F) 56890-5973N A< AH €443/ 5 135 1k
(3L Agilent 22 F] ) 5 1HIRTEIRAE (72 Binder /A vl ) ; SXZ-4-10 B E 545 ( REETI BRI 88T ) 5
XS105DU K- (Fig+: Mettler 23 7] ) ; EDAA-2700T KA A5 ) i ks ( B i #8 A A A BRA 7] ) 5 BY-
400C BUIRH E5.OAL (b5t P BRI 2 A B A D) .

1.2 )

16 M Z A5 1R( PARs) T AR (R o2si A w]) , 4358 % (NaP) JEM (Ace) J& (Acy) (25 (F1) FE
(Phe) JE(Ant) 9B (Flu) B8 (Pyr) A3 a B0(BaA) Ji (Chr) 23 b 28 B (BbF) \ 49 k 94
(BKF) FEIf/a it (BaP) BiJf 123 tE(TedP) . —4Jf ah B (DBA) JEJf ghi tE ( BghiP) ;5 At 23 3%
JRNAR(FEE o2si 28 A, 43 ) 8 25-d8 ( NaP-d8) | jE-d10 (Acy-d10) | FE-d10 ( Phe-d10) . J#-d12 ( Chr-
d12) \BE-d12(Pyr-d12) ;90 mm A7 HJERE ( SEE Pall 23 H]) ; €3 4liE c e (3€[H Fisher A A]).

1.3 SLE Tk
1.3.1  FEALCREE

2017 4F 1 A 20 HZE 2017 4F 2 A 9 HAEIL AR IX AR IX A 1 ARG RIEERAE, Hb 1 A 27 HE
2 H 9 H R HLE RNRAE STVFRR RIS ] B | 38 DX 67 7 L [R] BE PN 4 BRI 7 00—24:.00 KR, 2B IX A 7
ABRES, 1 A 27 H 28 H .2 A 1 HENERA A0—F400 o359 A 3ok X RIS DX A0 A6 KR 2 4 H T [X R A
ST X AR A, R =32 8] B M 15 m(116°57 E,39°9" N) |, JE 2 m RIX, fisgiE 3
T8 500 m; R XCRAE A T AL 4 X, BE B T o0y 82 km, SRAFASAFEE M 18 m (117°1 E,
40°2" N) , J& BBl i B 5 DX A8 R TH-150C Y w2 JURE 3 SRAE i RN D08 BROR A2 KR Y P, 5,
SKAEFLE N 100.0 Lemin™ | B 2RRE S M EER R | 8:00—9.00 JFAER H 8:00—9.:00 455, AR KR
FE 24 h R AE 42 SRPEHE RAETTE 43 010 SRR B A X AR SR
1.3.2  FEEEINE PM, KA

A AR A0 P AT SEAE D ah b b 450 CHEE 4 b, ERR T I L2 SRR B 7E25 ¢ HEXT
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T RE 50% ()RR IR AR rh I, 24 h J5 55— IRFRIE2S IR, P DB S P B T e R A v Pl &2
D1 b HEATES RBR AL, PO TRR S WA XA S 25 A AT 0.04 mg, BOPSAEAE 23 FH U8R ) ot i
SR SE AR B AR T R SR AR PO 24 b BRERAERI 28 FIUE I, R RE BT AT G IR % 120 €&
1.3.3  FESLHTALEE

B 1/4 JEME, 393 A 15 mL BLODAE T A 3.5 mL IEC %%, B3 60 min J&, 250 B R AT
PAHs H43H7.
1.3.4  FESHT

KH GC/MS WIE PM, i PAHs Y FE MR U508 B B[R] RIARAAE B8 28 1, WAk i, 45 A 00 10 8
B TR 2 AR 1 SR 2.

1 PAHs AU MINPRIYE L
Table 1 Quantitative ions of PAHs and the internal standards(IS)

%5 No. PAHs FE 1T Quantitative ions WY 1S
1 NaP-d8 136 NaP-d8
2 NaP 128
3 Ace 152 Acy-d10
4 Acy-d10 164
5 Acy 154
6 Fl 166
7 Phe-d10 188 Phe-d10
8 Phe 178
9 Ant 178
10 Flu 202
11 Pyr 202
12 BaA 228 Chr-d12
13 Chr-d12 240
14 Chr 228
15 BbF 252
16 BkF 252
17 BaP 252 Pyr-d12
18 Pyr-d12 264
19 ledP 276
20 DBA 278
21 BghiP 276
F2 GC/MSE PM, 16 F PAHs MR 4514
Table 2 The instrumental parameters of GC/MS for 16 PAHs on PM,
Z#( Parameters W E Setting
ik
(SN YR HP-5 MS(30 mx0.25 mmx0.25 wm)
HA <, 1.5 mL-min™!
HERET E AN ST, JCIH AR IS A A
HEREAR 1.0 pL
HERE TR 200 C
TR WIGIELIE 80 °C, #4F 1min, 20 °C-min™' FFF] 160 °C, ££5F 1min, 10 C- min™' F+F] 320 °C, £ 10 min, 1T
32 min
i
e IR 300 °C
BRI 240 C
VO 2Tl B 180 C
TR 3 min

TR SIM
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1.3.5 Hdabr
g T FRSHAEEE TR RO PAHs BISZIE, 5331 % Bk 47 ( CSFE ) F1BR 47 1 — K ( pre-CSFE) (%] 1. (LFD)
F) TR — K (pre-LFD) PAHs 4520 53 F1E B (e BE R TR AL F 02100 5l ik PML, (MR FERGIE TH RS 4
RZ AR RS T R 5 R (E
C;’AHi/C;’sz
" Cha/ Ciw,,
Hort € 1 Chy, S BIURFAAAEAE RS H PAHSs 454155 F1 P, FVREE | €1, 1 Cy, 3SR FENAAE
S BRICHT H PAHSs 4541501 PM, (OWREE R, oA PAHSs 4% 4143 MGG BE ZE AR H RTRG— H 9 A
AR, U AL BRI PAHSs 2150 A5 MR EA.
1.3.6  Gitsrthr
K H Excel 2010 X408 #EA7 8 B SR ] SPSS 19.0 S8 #1440 e A7 50 Ge it 54047, SR B « 46
B X AU SO XCRIRBIX () PM,  #1 PAHs (3R BE 51 725 S A 560 R AR SE 20 BT 43 B PML, il PAHs 19 ¥ &
SR HZENAENE. DL P<0.05 HESH G35 L.

2 R 51718 (Results and discussion)

2.1 A ARG X AL X PM, s & PAHs B9 AR L

JEETIR X FNRL DX 1) PM, s F1 PAHs 7ERAE A (0] 35 52 22 06 A1 1 i 288 b e 35— 350, e {4 1) o B 7
1 H25 H. 1 A 27 HM2 A3 H,ME 1 PR 558, PM,  FIFPAHs B 32 S5 552 0 i 35, R0 Gk
Ko, — 3 5 K 2 IR SC (O RBII R T 0.54) | 528400 S 9UE A ¢ (6 2B K T0.52) ,
X5 HE RBFFE25 R —30  PM, Jfl PAHs HIBRZ A RN £ 2 1 A 25 H.2 A 3 H 4 Hbat
HXH B T LR BTG Y KA, 2 KIE R (>40%) , EK(<1.4 m-s™") ,ANFF PM, 3 BORTE Y D H
B, G EAR RE 1 A 27 HRBRA H |, KIS s R, 0k 47 e A ) P ) L T2 I T 55 —
ANEE.ARDT 2 7 1 B AR DIWI L, BARR ) — MEG AL TP A H B S R R 43.1 me-s™" fig
DLREREE G N AT R T15 Y A9, N 2200 TR AE SR e B0 AR 2 it o] _E R Je bk 471 P
F1 PAHs ARIE U6 (A.
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Fig.1 Variations of daily PM, and total PAHs in urban and suburb areas of Beijing during the Spring Festival
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FRUEY (GB 3095—2012) — ZAp E FRAE ™) A9 1.4 4% 3 X FIAL X PAHs A H 5 4E 551 0 81.8 FI
121.2 ng-m™ , Hi 2 5f a @ HIME 298 5.6 1 10.3 ng-m™, it 3% [ (B2 T E bR dE) (GB
3095—2012) L bR FRAE 2 () 1.24 F1 3,12 5. BT ¢ ¥ 3645 5 s, P LR PM, ik B8 O b 1k 22 7
(P=0.993) ,{H PAHs 5 22 RAFAEG 245 L (P=0.001) , & 1 Fa] LIE H KT3I E)RE X PAHS
W 1R T IIX

A7 24 Rk X FIAR X PM, R BE 43510 341 g -m > F 229 pg-m™>, XF ik JLAE [ N R 260758,
2011 AFHE = AP S 183 pg-m ™, 2015 4AFMEHT £ 12 8 223 pug-m™,2009 4F LT R 382 pgem ™,
2014 4EKHE® H 450 pg-m™, BEEG 2008 4EY Ky 464 g -m™ AT Y5 YLk T Ab T AR IR X RIRB X
PAHs ¥/ W14 147 ng-m > F1 157 ng-m™ | & THE N HABH X (KHE 95 ng-m™, Fi7'75.8 ng-m™).
2.2 FF A TRIAE I X AR DR AL S RO PML, s FIH T PAHSs /Y 520

BT ARAEAR O PM, s AL f 2k PAHSs 19520 , 2 ORAFERS (8] Y 5% 47 ( CSFE) FI) F (LFD ) HHAE%%
EBRI H AWESE H 4 FRT— K (pre-CSFE , pre-LFD ) 755 H .CSFE/pre—CSFE 1 LED/pre-LFD 43 %] 4
FAIIERR S BEFE H S H 50 H DL IEE H O 75 H 4 X i LU A, R, ( CSFE) AT R, (LED) 733l
KA ALY TERR A W58 H XS 50 H DLW AT H X5 5 H A AR BE (RPZead PV B A IE ) LR A,
B A SEG T R 3K 2415 NaP  Ace  Acy Fl FI 2 LIS SAFAE , PR vk BE 41K, AR
HRATWEFEAIT 1% 4 Pl 7 AT 5k 4347

R3 PM, JH G PAHs #2405 TEMRAE H AT 5t H 00 40k SRR vk B2 Lo (8
Table 3 Ratios of concentrations of PM, 5 and related PAHs before and during CSFE and LFD

CSFE/pre-CSFE R, (CSFE) LFD/pre-LFD R, (LFD)

BIX AR kX ZRIX X ZRIX X ZRIX

Urban Suburb Urban Suburh Urban Suburb Urban Suburb
Phe 4.20 1.56 0.41 1.03 0.33 0.47 0.24 0.53
Ant 5.35 1.99 0.52 1.32 0.98 0.64 0.70 0.72
Flu 6.75 1.65 0.65 1.09 0.58 0.77 0.42 0.86
Pyr 8.07 1.60 0.78 1.06 0.65 0.85 0.47 0.95
BaA 8.56 1.27 0.83 0.84 0.68 1.15 0.49 1.29
Chr 6.90 1.24 0.67 0.82 0.47 1.02 0.34 1.14
BbF 6.14 1.16 0.59 0.77 0.48 0.97 0.35 1.08
BkF 5.96 1.17 0.58 0.77 0.54 0.97 0.39 1.08
BaP 9.86 1.28 0.95 0.85 0.73 1.12 0.52 1.25
IedP 4.41 1.34 0.43 0.89 0.61 1.01 0.44 1.13
DBA 7.10 1.33 0.69 0.88 0.65 1.08 0.47 1.21
BghiP 6.41 1.27 0.62 0.84 0.63 1.02 0.46 1.14
PAHs A 6.68 1.35 0.65 0.89 0.55 0.96 0.40 1.07
PM, 5 10.33 1.51 — — 1.39 0.89 — —

H 3R 3 ATLAE 1 BR A HIRIXFIRRIX A PM,  S8HT— H A P e 1 9.33 48, RBIX Fh i 1
0.51 1%, FUVIRBCHEAE 2 PM,  FHim ), B T3k XN 10236 B K, B &7 TR L6 s A 56, O T 8 K T %8
DX, 3 R 47 H X PM, 35 15 T8 DX ) AR AE SR 2 S P B RRR 2 I [R] 1B AR TBR 47, =z 24 H
WA A, A FF 15 Y 1 80, B X PM, s 88 AT— H kiR TR (0.39 £%) , 20 X H BT 73 K
(-11%) ,KONG S"*'7£XF 2014 4F- 751530 [A) g 5 B9 52 A 31 7 A R A 2538

B4 HIRIX PAHs & AL 20 v 2 b THIA B, B8R — K Th i 5.68 £if, BaP  BaA  Pyr DBA 4§
4 FRPL FAAH kiR R, 23 ) ik T 8.86.7.56.7.07 .6.10 4% ; RBIX. PAHs B fg FIZH /0 e BE |- e B 45
AN HRIREE R A AL534 Ant Flu  Pyr, 435 E#K T 0.32,0.09 F1 0.06 5. 477 30 X FAFIX [ PAHs i
5T G HT— KARGSCE AR TR — K, B PAHs W& B2 Bl AR AL AR A AL AR 5 P, — 30, BRI 32
RIS TE] R PAHs 9 B2 B . [ Il 3R 3 i Y PAHs #4170 AR XK BE LU AEL R, ( CSFE) 7R3 X FI
ZBIX (TS L4351k 0.41—0.95 1 0.77—1.32, R, ( LFD ) ZE3 X XS Xl 43 31 4 0.24—0.70 Fl 0.53—
1.29 1R 218 PM, YR BERSIE G  MROEAE R 5B 38 0 PAHSs BOMIXT U B, PAHs Sk i R 39/NT 1 3]
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BRBCHAAEXT PM, S AOSE IR 228 5 T PAHs. 25 & B84 H PAHs SR MR — H 8 45 RLi G ik
W HRAERR T 2 330 PAHSs W BE 34 i, (E B2 i Sz (X T PM, 5, 13X Ak 721 DL & KONG4 ff 5% 45 5 A
4.

2.3 FWHIAL SR IX FIRB X PM, 5 AR [RIFREC PAHSs 1 (5 L3 HF

12 F PAHs M IEZ5H rP 2R B0R B9 AR [R50 M 3 31 (Phe+Ant) 4 38 ( Flu+Pyr+BaA+Chr) .5 £ ( BbF+
BkF+ BaP) .6 ¥ (ledP +DBA+ BghiP ) .7 15 W[H] , 38 X FIARR XA [R] BR 4 PAHSs 766 PAHs H 5 H K 3]
MK 4 >5 31>6 3> 3 3,4 FF PAHs il 5ok, 43908 54.0% F1 55.1% , Hk 02 5 36, 5351 h
28.4%M132.6% , EELLVIBIERAFER 3 LB WAE BB b 4 H /N, 35 R o 1 R AL 45 51—
2l X RB X 2 4 e BT i B9 R PO 2 KK M Chr (18,5 ng e m ™) >BbF (13.4 ng-m™) >
Flu(9.7 ng-m™)>Pyr(9.0 ng-m™) . Pyr(19.0 ng-m™>) >Chr(17.6 ng-m™>) >Flu(16.5 ng-m™) >BbF
(14.1 ng-m™) RAEIAIR], ANEFREL PAHSs 7838 X FIRR X 953 A LI 2.

AWFFEAT RIS R AE PAHs 7E3B Y 4310 s BRI Ry 4 36>5 313658 > 3 3, X il
KONG'"™ fyBF 55 45 5 —5, 4 FA1 5 B8 PAHSs 730 X AR X A9 i HL 2351 549% 1 30% , Ak iy 25> % L
TUHIIX 2003—2004 42 PAHs W IRAT 25 AHST (4 24 07 E 54% ,5 385 L 30% )/, B, PAHs B9H4 57
T AR R A AR A 2 U R AR ICIE PAHs TG YL

m 3-ring w 4-ring m 5-ring = 6-ring
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Fig.2 The percentages for different rings of PAHs on PM, 5 in urban and suburb areas of Beijing during the Spring Festival

2.4 FHARL IR X AIRE X PAHs B4 IR 5]

ANTE)TS Yl A 1) 22 B8 05 ha 2l 0N 2 i R[], (RS LR 20 43 22 ) 14 A 6T 5 o 10 A 2 AR
24 ] DLE LR AL 50 O AR LA 22 855 ke B R IR HEA T 40 4 1 5 AR 98 6 5% T LARWARAE LA, XoF
F TR X ARB X (4 PAHs 5 4 PR BEF IR, 2 0% 5.
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x5 HUWEIEERX ALK PM, | PAHs FI4FAF LA
Table 5 Diagnostic ratios of PAHs on PM, ; in urban and suburb areas of Beijing during the Spring Festival

FHIE LU SRR WX RRIX E= BTN
Diagnostic ratios Sources Urban Suburb References
s b - 1.29 1.40
4 F/ (5 46 3F) P {25 s AR TR (0.97—1.69) (0.65—1.87) [15,27]
0.3—0.4 HLEIE RS 131 183
e 1 — Zh 7 /R YE A . .
BaP/BghiP 8247‘—2:; gig;r‘r;ékim & (0.76—1.70) (1.60—1.99) [28]
0.63 MlEh 4B 0.45 0.90
Bad/Chr 1.0—2.0 ¥hHEHETK (0.27—0.56) (0.27—1.04) [29]

4 35 PAHs FHAE LAY, 2 AR AT SAAAE , Sy AT BE 25 % 4,5 PRLL E PAHs 4r 08
K, Z IEZIE M AR UR) 4 35/ (4 35+5 35) 0 FAE 5 F R A 2 A b U558 S AP R R, AR AifF 55
4 /(5 Fh+6 1) BRI X FIRRIX 43 31k 1.29 F 1.40, FIZEA5 44 1S ORI 5T 25 S AR 24 |12 Ik T HOU? 78
AR RATFREIN 5.9, FRE AR LS X FIRS X PM, s 119 PAHs 223K Fs M.

BaP/BghiP HLAEIK X FIRBIX 40514 1.31 A1 1.83, B/ xB PAHs 15 YL U5 3= B IRIEHERC , (HARE X 1%
RO TR T JLAR SR MR BOR A | TR AR X 1 K 22 SR 5 0 2 BT T AR B, R T
15 YL L E N {0 BaP/BghiP L 5 3 DX FIARR X 34 LUA ARy 3=, 43 B it PRI vl B2 o 90 A b X BB AT LA
BRARE R T2 SR IX A IR S Y T B0 [ 3 S [X 75 Y U8 A0 A i D B Bald/ Chie FL (B3 X 0 0.45 , Ut A 5 e
JR F R AN RS, RBIX R 0.90, 338 T 1.0, il LICHIWG YL 50k AR, X 5 52 PrRIs BUARAT 3 X
SREESAL T I, sl i K, BB IXCRAR A T S IRZ M2 X, i 2R R A SRR . 255
TRPREAE LU AR AL T AR X TG Y ISR 3 kX I LB 4 R SRR TR U

3 758 ( Conclusion)

ARG RIS SREE T 2017 475 19 BRI X RIRB X A PM, 5, F%F H A2k 16 Fh 23605 18
HEAT T 4307 A R S5

(1) HHAE SR FR RIS fd RS PM,  F1 PAHSs BV TH g, ELXE PM,, | 0 520 5 1

(2) & I0A], A T IR IXANRR X AR PM, /K- J6 2 35 P22 01, B TS W) 3 G U5 T ik L A5 AS []
RBIX PAHs ot o 25 5 T3kl

(3) Wit PAHS /3T ¥ L) 4 350 5 I = b A4 0k 2 VAR B i s O T 4 P 29Il Chre BBF
Flu #1 Pyr.

(4) FRAEHE TR o %6 15 1) PAHSs V5 Y 32 20R BRI RN AC TR G 0 JR b s Y it (E R0 DX BR A XT
PAHs 15Tk = THIX.
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