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F. fAWlEk (OC) . JTeEM (EC) . I8 ML E &M HoRIE. 25 R KW, 2017 4F PM, s FE ¥ it
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TR EESY, HEETIREZR 89%, JF b PM, s SRR EE Y 46%, Tk A Z W Kbk, BITR
PR E N (13.9548.17 ) pgrm™, 5 PM,s [ 22%, H Pb, Zn, Cu. As FINi HFLHEZF™EH A
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Study on chemical composition and pollution source of
atmospheric PM, 5 in Xi’an City

WANG Yugin' ™ LI Shengping' CHEN Qingcai' LI Yanguang’
(1. College of Environmental Science and Engineering, Shaanxi University of Science and Technology, Xi’an, 710021, China;

2. Xi’an Center of Geological Survey, China Geological Survey, Xi’an, 710054, China)

Abstract Xi’an City is one of the most serious air pollution cities in north China, and the
atmospheric PM, 5 has adverse impacts on human health. To explore the pollution levels of PM, s in
Xi’an City, total 121 daily PM, 5 quartz filter samples were collected over the four seasons in 2017.
Water-soluble ions, organic carbon (OC), elemental carbon (EC) and 18 elements were analyzed to
identify the sources of PM, s with the positive matrix factorization (PMF) model.The results showed
that the annual mean mass concentration of PM, 5 in 2017 was ( 64445) pg'm™ and the highest
concentration was observed in winter, followed by autumn, spring and summer. NO;, SO;", NH; and
Ca’" were dominant water-soluble components, accounting for 89% of the total water-soluble ions
and 46% of PM, 5 respectively. Water-soluble ions were mainly affected by secondary reactions and

dust. The annual mean concentration of total elements was ( 13.95+8.17 ) ug'm™, contributing 22%
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to PM, s, which were mainly emitted from metal smelting, industrial emissions, motor vehicle
emissions and coal burning.The annual mean mass concentrations of OC and EC were
(13.02+6.69 ) pug'm>and (3.35+1.17) pg'm>, respectively. The annual mean OC/EC ratio was
(4.05£1.49 ) , indicating the carbonaceous components were mainly emitted from fuel combustion,
vehicle emissions and secondary organic pollution. The PMF result showed that, the atmospheric
PM, 5 in Xi’an city mainly came from coal combustion, motor vehicle emissions, secondary nitrate,
secondary sulfate, and it was also affected by dust sources, industrial emission and metal processing.
Combining with meteorological parameters, it was found that adverse meteorological conditions
significantly affected the diffusion, transmission and accumulation of PM, s.
Keywords PM,;, chemical composition, source apportionment, meteorological parameters,

Xi’an.
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ekt [ L, B B2 5| 2 il A A BB 10 0L KA PM, 5 T 3 3 WSCRT 5 S A BE 4 B B e 5 ) <4
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PM, 5 E K A 23 HEROR BB 17 R 2R PO B X PM, 5 A9 SR B R RN . 528 | b DL TR
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1 MBLE ) (Materials and Methods )
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FH XT-1025 B RE K PMy s SRFERS (1 mP min!, WP _EWEH 40 40 BT AL RS H AR A FR A 7)) R 4K 2017-
04-04 — 2017-12-29 (B FE ST 121 N (FEA S P EREAGH4HB—-5H5H), EZF (6 A
24H—7H9H.8H 7—21H), #Z (10 A 12 H—11 A 11 H) f1&Z (11 A 30—12 H 29 H) 54
SRAEA BN 31, 31, 27, 27 A, HAREHE AR 07: 00— H 06:30, RAERT A 23 h 30 min. SR
FEAY B HERTF 450 °C By &% 6 h (7 JEE I (PALLLifeScience, TISSUQUARTZ 2500QAT-UP),
WCAR BT 1 PM, 5 FF i B AR B IF A BB TS T-20 °C 1 oKAE R B 250
1.2 BRI T
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RIE VAT IFE P KIEPERIBHES 1 (C1, NO;, SO, Na', NH;, K, Mg* il Ca**) J&i#f i #E U
74,33 (940 Professional IC Vario, Metrohm ) HEA 71 5 52, AL BT BA LN R . #RHL 3 K A2 M 12 mm H9E
JEEAE i BCAE 50 mL 1Y B0, A 15 mL 26K I8 75 30 min, FIH WKL 0.45 pm JE AR U8 5 B AL
K. TCRE A 53045 Si. Na, Al K, Ti. V. Ni, Cu, Zn, As % 18 Fft, 5P 24700 %8 . o7 %, MBERE
BRIE AR 5 mm BYUERR, F FBOGRE B 5 55 B8 AR BT (L (LA-ICP-MS) #E 47 I 52531, 4 — %8
S5t I B A LA A S AR D R AR i, DAARAS R BB RS A A X {55 3R B (RSD) . Hk, FH 5 mL B 41K
2 mL fi§fik (Optima grade, Fisher Scientific) fil 1 mL i 484k & (Optima grade, Fisher Scientific )} b7 1 £1 5%
U A it P VS B RV A R SR A5 T T 0B I A%, 75 ICP-MS(Thermo Scientific) & it 731714,
5%, *F LA-ICP-MS F1 ICP-MS 345 1) RSI #4740 it 5, M5 2125+ i i oo 2= ik )
1.3 PM, s ¥R MR S 508

KA ] 1) PM, 5 ¥ R0 3252 A Hp [ BR8E W I 99 3285 Chttp://www.zghjjew.com/) Y45 R E | AR X
TR KU . XUm) SR % S 80 M\ Weather Underground( https://www.wunderground.com/weather/cn/
xi’an) #15.
1.4 PMF RGBT

AR GT 2R FH 26 [ BR 5% 0471 Jm) (EPA) 19 1E 0 [ PR 740 fiff (PMIF 5.0) B 7856 PG 22 T K< PM 5 114 2K U
BEAT AT . AR BFSOE PM, 5. OC, EC, CI', NOj, SO, Na*, NH;, K*, Mg, Ca*, Ti. Ca. Si. K, Fe,
Al, Mg, Na, Pb, Zn, Mn, Ba, Cu, As. Ni, V. Cr, Cd ¥ £ H#5 %1 A EPA PMF 5.0 1 | 283 #5278
ZRIBFE ST, e LRI R A PG % KR PMy s 19 7 A BRI BEBREE (31%) . MLah A HE (16%) . —
UHHREE (13%) . IR BifR4E (9%) . & @ 2 (7%) . Tk HEL (4%) . 225 (2%), 7] B (92%+27%)
() PM, s 2R TR, P15 50 % ELAR AT 2% Wang 55 19 SCEEC. g bt il B v, K 20 20V B B9 2 (L % 4
A3 AR R, HASHA R R 4 A5 14 AR A8 50, DA BRG4GB 20 %o A 7R 1) 5 i KA O T A
DU BR (MDL) 4 20 34 B 4 S MDL 1 —2f, FERI A 20 (1) B0 1 1 45 21 40 ) AN

Unc. = K x Conc. (D

Horr, Une i AW AE BE 3 Cone N4 43 MR FE s K A 40 B ANBA ZE B2, PM, 5. B5+. OC. EC. WSOC. WISOC
) K A 5%, JGEAL53 ) K R 10%.

2 %55 59718 (Results and discussion)

2.1 PM, s B[R] 51 K Jof o (41 65

AR 0T £ P15 AT LAl 3k AN [R) B A3 Ak 0 28 R ASORE ) Hh 0 o B SR A AN [ A Y5 A I e %o
WhE A A B R L $2 OM(OC*1.85™) | EC. JGZR A (Il fir A Jo &K 1V BE 2 FN) A SR 1 3 7
HINH], Ca', NO;HISO; X} PM, s 47 i & s 41, anl&l 1 FIEl 2¢ rs. P2 PM, s 4R -3k B
(6445 )pug-m?, JEH 15—307 pg-m?, & Ffum, HIONKEE | HEEMEZE, JFR R L4 FEKR
FAE MR 5 2 BRI 17 HE M RS 4. OML, SOZ . NO; M JC & AE A 4E X PM, 5 B STk A 5, 20 91
33%. 13%. 14% Fl 20%; SO HINOSTE & 7= %t PM, s i 53 Bk JL-F M [, 204 14%, B % S0 5t ik 2
NOSTTHR Y 2.67 i, FKA WIZENO; 5Tk B i 3 TS0, T Z 5 RMIR B L XL 3h 2= HERCA 6. THLTER
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XF PM, 5 51 ik B 2 25 15 A8 b 5L 2% 1 3 s 3, OM & B 2= X PM, 5 14 o3 ik B I i35 T Rk & 2% 5 NH A
EC X PM, 5 BUHk M 75 25 BBk 25 12 12 3 14 i 3, & 229 705 BRNOSAR, ik SE41 43X PM, 5 M AR AIK
UK H IRAE A2, 1 2 DT iR IR T H B 455, SRV L & Z 15 YL N & 2%, Ca®"Xf PM, 5 4
ikl 8% H A ZE Tk kaE, W T 2014 — 2015 4R PG 22T Y Ca % PM, 5 A TRk (2% ) ¥, A58
B SRR RIS T 472 S5 7 22 T A R PM, s BUSE IR H 2548 0. IR 2¢ AT & Y, 51k i 4y
TEAN[A] 2575 % PM, 5 1Y TR A T 22 57, BTG 22 1T KA PM 5 &1~ 2215 (95 R RN [a], 520 H A~ 41
B 1 PR 28 A ).
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89%, - 15 PM, 5 AE VR 11 46%. UN1&l 3 Fi7n, B2 Ca? IR | T4 % BMEMEF; HRIRE S
S5HZ D) R BRAR RS K, 1 2017-04-18 F1 2017-04-19 F7B2R F 4 0] fie 2 vk i Ca® K HoAt Ak
PR S R EE T . CUA KA vk B2 A8 Ak S AR R T B a3 — 3, B & i, 2 R
P38 T 88 28 A Tk 3T, S0 CLURT Ko e B A8 A 1Y) PR 25 M B A [R], A< 2Rk 8 d s 1l BB 5 00
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Kl 2b) 5 3 BRI F K NO; 5 NH W AE B A Rl F ik SOy AR . & CAEH BF5 & BINO; -1
W = T SO, A ST 45 FANSE, JEL A AT B2 AL o 4208 2 09 H 28 B BB T 47 % — R 50 11
AEVHERS M Y PRAT . [NOS1/[SO2 ] FIAESAE Jg (1.19+0.68), AT HE2 7 5l 5 14 fin A1 [] 2 a2 XU F A I 1Y)
Z5 W1 [NOS)/[SO; ] HfE S A Z=(1.79+0.50) >Fk 22 (1.6240.53 ) >F5 2= (1.04+0.40) > 2= (0.46+0.27) 1Y
AR, RV H 25 PM, 5 832 [ W ), HLAh 2=y £ 22 B sh IR .
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ARBGE F BB PMy s 1 18 FhOC R MR BE (9 2= 15 AR AL AR AR, 25 R ULIAL 4. ST R SR BEJL L 2.65—
60.05 pg-m>, XF PM, s I TTHR N 4%—96%, HAFEII B A (13.9548.17 Jug'm >, 5 PM2.5 [ 22%. H 4
PR TR = TR, S PM,y s A TR, UERA P54 7 72 AR R 2215 5L PM, s R EHLIT
RO mAFE. Ti. Ca, Si. K. Fe, Al, Mg, Na 2ii5efARITR™ ¥, FEoRk A T IERMH R RNk
SRR AT B RAHEIL. P, Zn, Cu. As, Ni 585 A NT5 YA W), iRk 2 I MEE 2. Zn 2 A
5 YL O E R B F R, TEAS [ ZRTT PMy s & 3418 T 0.1%, AT B2 F AR BT 4 fek s 450
B Az 1050 W] BB by ORI PR e A DG B2, As| NiL Cu HEBUR A 22 A K, T2 Z &R IA
AT HERL B2 S 54 Cu (¥R BE 5 T As Al N, AT BESEHL 8N 2 HEBOW Cu STk E K. Pb JE MLl 4 HE
S EE AR AR 2 — B0 SR T AR K P VR A9 AE R BOR A P i & R, H TR ISR Kk B
Pb FZUR F AL A RRHR B, A TR AT 20% (KA, v 1/3 19 Pb HEA KSR R P, A58 v
Pb AR B (B IR A2, 22832 A IR e s
223 AWUER/ITE K

A AL N T 25 B9 0 AR 29 5 B MR 20 3 K (13.0246.69 ) pgem™ F1(3.35+1.17 ) pgrm>, FASLARAE I
& 5. EC 5 PM, s L a3 —3, . 2 BB K, RG22 TH — IR HEUE  feoe s 425
1= R (4.88+1.97 )pg-m™, 3 & T HoAth = 2%, 7T B2 A2 ML 30 45 B2 S HE O 48 rb fE ez R AR HE i [R) 52
M. OC (ZET5 74840 5 EC AN, H 2=t J (15.62+5.84) pg-m, Fk Jy & 25> Z>Fk 25 (1 15 Y4 AE . %
b 78 22 T 2015 4E AR 1 ] OC(25.7£20.7) pg'm™ 5 EC( 10.8+7.0) pg-m™ ¥ & 5 & B, 2017 4 OC
5 EC V-3 B 70 51 T B 39% 1 55%, 2 B VG 2 17 B R R4 il Xk 2D KR PM, s HERORSOR | 3. 456
OC/EC {H &, 4EYIMEH (4.05£1.49), P shil [l 1.51—10.02, Fos H P62 KA TG Y LG 0-61 ok
Z . Bk OC/EC fH /)N, AUA (2.97+0.85) , Ui IRk 3= 2232 L3 A HEHUE A ; 475 (3.42+1.00) , Ui
HH A& 2 il A e ¥ G 2 Bl RS SRRk e S L 2 2 R ARCHE I 350 2. OC it OC/EC 11 55 i Y {HL
HRAEAR 2= L, 2= 0 3 T U] oy XU 3¢ v 1) 2 e XU CIRT 2a) , U B AT BB FR 2 Al =T TG P oz 1 5 4 H
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PM, s TR BE DTk AT 0 35 B 2= MERRAE, WKL 6 P, B2 IR ik A =, 183 (2.5742.26) pgm ™,

AEVIIN T 2017 AE B LR VB 2R B3 F, 40 2017-04-18 F1 2017-04-19; 2 Z= SRS 57 ik B 125, 1A )
(58.07i32.50) pg-m”, Ui B R FEVS 2T RS A AR bR T B T HER A =5 AR R B I, 44Uk
SECNFE, (AR A ZE B T3 STk A BT AR, UiV 2 i Tolk/KF RO E. & a4
AR IG aH, L E AR, P BT R B FE O (2.2343.64) —(7.7545.65) pg'm, Efﬁh’i"ﬁ?@%ﬂl_lkﬁ'}”@.
TRAHIRER BT R B AR AR, e L R ATk, P B R B 4 ) R (13.24+12.86) . (0.84+
3.02)., (14.66£10.83) . (8.33+9.95 )pug-m; B 7= 57wk fe fIX 7] 682 5 2 i Tl (AN 18] 2b) KA F F 00k A il
PR ER i R SIS PR T2 IR B AR £R 1Y 2= 10 AR AL R R f i, B RIRZ, BRI ZE R IR BRI
RA, H Bt T S TR S TR (A& 2b) A5 4 T R A UKL Y 7= A U\ﬁﬁaﬂ%ﬂﬁﬁ&%ﬁgé

TTHREANR, 10 B AR R B 174 AT i i LA B TR (U 8] 2b) R 45 AL R S 80 ALl A HE Ak ) 22

AR R AR S A AT 20 326 3 1 e e, {H A4 R LU R R R AR, P g/f&r“nzl%lﬁ(nlﬂz)—
(12.67+5.39) pg'm>, KU BEIRHLBN 40/ A A WG I, (5 EBURNAE A 220180 42 10 BRA T R it %o L 3h 22 HE ik
REARAT 28 1 BT k.
232 PREATAEARYFE R R R

Kl 7 R A AN R 2275 45 A TR PM, s B DTRR A 43 e B 22 B e RN — U il R £ 4T PM, 5 1Y DT ik ik
2| 47%, JLT-J A5 JL U5 A sk SR R AR L HLBI EHE R DTk IR N T 240, 5B 29%. 45 A

KGR ILIE 2a) KB, 52 32 5 AU Sk XU AR X 488 780 04 2 g XL, A1 IXUTa] 14 P 22 b IXC AT BB A2 75



5 FOPIFR A P TR PM, 5 A=A 2100 KR U 1437

QAR . 2 PM, s 120Kk [ B BRER ML) 4= HE, SRR 2> BIIAE] 34% F1 27%, HEKAKE 5Tk e
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