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Abstract

In order to find out the characteristics of air pollutant composition and its seasonal variation rule
in Shenyang city, a multi-point synchronous sampling analysis was carried out, aiming to establish
a pollutant inventory in fine particulate matter, reveal the variation characteristics of pollutants
in day and night and seasonal state, and provide a basis for the control of air pollution in Shenyang
city. Atmospheric fine particulate matter samples were collected by filter membrane method, in-
organic elements and water-soluble ions were detected by icp-ms and ion chromatography, vola-
tile organic compounds (VOCs) samples were collected by constant flow sampler-suma tank me-
thod, and VOCs components and concentrations were analyzed by gas chromatography. The re-
sults show that: the inorganic elements in atmospheric fine particulate matter mainly included Na,
Mg, Al, Si, K, Zn, Ca and Fe, and their concentrations were all > 1 g/m3. Water-soluble ions in fine
atmospheric particles mainly include NO;, SO}, NH;, K+, Mg2+, Na*, Ca?* and Cl-, among which NO;
and SO;" have the highest content and are the key factors causing haze. A total of 61 VOCs were
detected, and the main groups were alkanes (37.7%), alkenes (14.8%), aromatic hydrocarbons
(26.2%), halogenated hydrocarbons (19.7%) and alkynes (1.6%). In winter (November-to-March),
the concentration of PM; 5 and PMyy is high, showing an increasing trend. In summer and autumn,
the concentration is low and tends to be stable. The characteristic analysis of the variation of VOCs
concentration in day and night shows that the peak of VOCs concentration is strongly correlated
with human activities and traffic.
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NEPLHET RIS RMASRE R EENRAIE, HITT 2 KEPRET, BERSLAFRY+
EHRMEE, WAERYEER RERTHRE, RN RS ERMKIE. FIHEBRERER
SHBRYF R, B EBRAESSEE TARIIGECP-MS ) E FEIRER T T RAKEEET,
FIAE R E R - HEEEREEREFIY(VOCS)FEH, BSAEIEEIFTVOCsErERE.
ZREFH. KRETR P I TR EENIENa. Mg, Al. Si. K. Zn. Ca. Fe, HKEH > 1 ug/m3,
& & E 5 71°898.69% (PMz2.5)~ 99.07% (PM1o)s KSR F /KBS FEEAHENO; . SO . NH; . K+,
Mg2+, Na*. Ca?*, Cl-, HHINO;HISO; S EHER, EHEXBRER: LB H61FVOCs, EEMAMNN
$tRE(37.7%)- 1F17(14.8%) F5ERE(26.2%) KE(19.7%)FIHSE(1.6%) . £ZFE(11H ~3H) PMzs.
PM o RER R, EHKESH, EXFRERMEBETRE: VOCSBRIREZILIFMESITREA, VOCsik
EE(E 5 A\ RIS AIA B A SRR

P340
T RSB LY, HAMESE, PMys, PMyo, BERMHHNYI(VOCS)
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1. 5|8

T 22 H 22 TNV 7 S A AE P2 B ) ORI G I L, 20 4 R DR 46 g 1 R RT3 30 B0 DR S Be FE s v
N HSFHEIR, AMEE ANRREE[1] [2] [3], EXHRBIIAEL. TR iR S SEE SANH IR
M, 2014 SEPLFHBE N A E RS E R T, 2015 F28 R EBRRE 158 K, BERTSHE
G ECR E AT =, PR AL S

ARURBR AT RN E AR ERE RRI RWAH 7, dhmds e R I G HOR, A R RS
TR SRS EEEARE R BHAT, BN T RS54 73015 S SR AR o, R
X5 G R TR FR B B 9 R B ST e AL A3 L [4]-(9]: R B SL T AR A HLR ——EIP (Emission
Inventory Improvement Program) 4k 51 K <75 YW 4 531 SR T 70 TAE o B PN AE TS S 20 73 3 B 0 T BT
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Je T, JFHAEZNIRT @ RIS EA S TER . BAT, BN X 55 R AR AR A E S LR
Wa, EMARE BB REBIE RS, 0 X Z ARG R, AR PR
073 I FH 25 5335 BRI 75 B BURF IR 2175 e (B 25 B A REAE LA B2 i 5 X 3K 05 e il 5 R 75 K
&4 MBI BT MR RGBT R KI5 AT T, T IALS e Z -1 MU i s R A S 28, [
W TGV T ST A R IR R STS BeBI A T I

HEBCIETE e G R HESCE AT S, SIS O T A M. LR, AN TR
BB O T SO A 2R o FRIERTE SRR S S . A [1015@Ed i A S T E AR SO,
PIHERCE ;s M]3 R A& IE R MOBILES #5 PARTS B, T THBIX WLAh - HE S s hE R
[12]%FH IVE B8, 8 7dbnii. WY, BEWEE “9EE” SRmmaseg e, 2—R[013]
. HER[14)5%. BOR[15)1FEF 2 E TR 1T RA5 JIRE 5505 F W BURAE AR 7T, sl iE
X3RS b e e ks . HAr, BV, HAR, BESE K2 IR a7 KR JIRE . (H
b AT P E R AN e R, BT T KRS GRS BN S R IR OR R

AHFFF AT T AR %, 2% AR T BN 5T E SR E N, FHZ SR
IRAETTE, T RSP IE RSy . SR uER Ay BAE S FRL. BREHEREE, N
T BN KA 4R e . R HI(VOCS) AR E 5L, 1) B 520 0 BOIR FE AR AE, T o
R 7S B3R 1) B R 3%, R BE T 48 DR e AR 3

2. RIS
2.1. BRI RBIRES &

R A GEIENE . BT AR B ER WSCER RURL R (o SREEFE SN, SRAESRIEHIE 3~5 m, WCEERSTRIK
T 20h, B, RXRSEERFE. KAEAHEBREEATATALEE, 7E5 B0 A 900°C mi N 2~3 h, A5
AHAEFER, HIERER 24 h JSPREREE, RS ERIERE 24 h JGARE . RAERFERECE TR HE-4C)
hORTE. SREEGILS: Wi 2030 B bt ERAE RS .

VERESI: DR A 750 AT e iR N IATIAR B SRR IR 5 428 1 R 25 vt EMURAE I 8], BE3E
TE AR RAFERE — BT 20 hy FERRIFIVEMGRIAE T, — BRI EAE—2~—6TC .

SRR e SRR PR BT R AR B X RS R — s i, — R M S B i b &
ZKE PR e T S A 8 B UKL R iR P O K o R R ZOG UKL DR P S0 S 25, XU B R S KR
Vi BORM R A A ERRIME AT, KGRI K B OR, 230 P 35 AR ol 2 BRI

2.2. VOCs HmBIRE 5%

8 FRHE R MR WL SR ORAT B M TR D GERAERE W, SRFEFTN ZR B SEEAT 2, A3 P 0 DR
FEARAS o SRFERF, 8 I B RAE B 7V (TE 7R B 0 b 22 e 1E e B SRR 28), M IR B K P il B AE B S
HOTHT 2~3 m 4b, FTOHFIRESEEM T, TEEHIRE 2 h, HIREREN 1 Tt SREERIRESRIE R AR (-2 C) ARG,
FHAE 24 h P 5E AR .

RO A IR D HERAL I B Y 22 i U 10, DA AR R RAE I ] SRR AL B R BT R
AEFEHTT, SRR AURIRAL I (8] o] $2 B SL PRI oL, JFAT 2 BRE S b A S ORAETE AR 25 A
~, HARAFE A 24 he

SRR R EARITIREX VOCs WREEF BT, Bl anfe il A Ik s Bl 1) %8 X3 VOCs WK
FAX R, AE A FE PR FEARRT UG FERAERS, SRAEM (] & s2m BRI EE R, #5> VOCs FER & &
BURA Gy A, WRAERS 1A K, X5 BAR AT VOCs BAS S I Sk, i S8 dn 45 B2
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2.3. THTENAE

K HAARCTH RN R - SRR 1A R ACFRJEIRAE B, BACP R 1) BUEEIEERE R, FHBY 1T B/
BT RUB OB+, A 20.0 ml AHER- SRRV A T AR I IEIERE Fr o 2) 75 BRIHL, 7E 100+5°C
HLAR NI 2 h, G LA 10 ml 2247 2 8 FARPERe P EE, BB E 0.5 h HTIRIE. KRt
PR EBF/KERE 100 ml, £l 3) SHEVYS R &S, AIEEARIICEENS S0, Ly
FRA N . £ PQO000 B LB & 55 B8 T IR R BT G A A T AE i i (9 15 Floc R, ke s ar, HR
GUEEBRI T e R BB S AR RS, ATE SRE G A AT . AR R, R
st FPAE I T B R T R v 2RV R, DA R S R A2

24. KBMEFHRE

T8 I P AR HCK A BT WKLY e R 2 2 oK, BE R B S A M RE S D
P AR AT bR 1 S i T, SR R L SR B8 E AT I 5 o AR VR B R U VA R 25 B T R ) PR
BT 1] A R U p (BOUEE TR AR ) SR 5 R 0 i R R B 1 BB IR KBS BT e N E B T 20 ml 177
NN 15 ml £ Tk, BAERKE 10 min, 40d 0.45 pm SAL IR 3 5 HEAT 4T

2.5. VOCs B E

P =% DR R SR IR i Je HEAT TR A5, ORI, 28— RERRAGR. B AR, %)
APHRIE-150C; 25 L BR AL, WAV, —ZRBHEEN-30C; 28 =ZCR RS A
PEAERE L B AR . I IRAE IOFE AL 2E N ISQ7000 2 URH (3% B A AT 404, e ZlAS 61 FlE AL o

3. FR511R
3.1. KSEAFRYITREM

AR TN TCRIRBE : 7EXT 2018.5~2019.4 JI[H]RAE AOANBUR A S AT RIS » 153 PMos. PMy,
FEARTCRA (R 1~2). WKL PM,s. PM o T EZI0 R 2 Na. Mg, AlL Siv K. Zn,
Ca. Fe, HUCRIREY > 1 pg/m’, X 8 FuCH AL LLIBF] 98.69% (PM,s)« 99.07% (PM,), Atk
WEEARIEF] 1 pg/m’s PMys. PM g BIVRAE RS MAIEIK, 255 WM AL T R san g, mshfe <
T ARG R SEE, PMasy PMyo 72 5 8 T R BRI AL, 6 AATTA 25306 A0 B A i R Al 1 7™ B
JBHr o H T AT ORI AR AE R AE T PMysy PMyo MUBRAE SR, X AH SCHEOIE EAT 48 4%
HR AR TREILA T Z EINR .

Table 1. Concentration of inorganic elements in PM, 5 in Shenyang atmosphere
1. JEFAHAS PM, s R AT RIRE
JEHEAF  Na Mg Al Si K Cu Zn  Ca Ti V Ct Mn Fe Ni Pb
W (ugm®)  1.71 6.57 18.80 420 247 0.05 134 1870 049 003 003 007 206 002 0.06
LE A5 (%) 301 11.61 3322 742 437 008 236 3305 08 005 006 0.13 364 004 0.10

Table 2. Concentration of inorganic elements in PM;, in Shenyang atmosphere
2. JEBATAS PM, P RN T EIRE
TCER AR Na Mg Al Si K Cu Zn Ca Ti v Cr Mn Fe Ni Pb
WHE(uym®) 280 884 2591 552 342 005 137 4898 0.67 002 0.04 008 291 0.03 0.06
L fil(%) 278 878 2573 548 340 005 136 48.65 066 0.02 0.04 008 289 003 0.06
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Figure 1. Seasonal characteristic of inorganic elements

B 1. Al R FSHHEE

MEL 1T HR LR RS BURY) e LT R IR RSB RFAE, Cuy V. Cry Mn. Ni. Pb. Al
LRI, AFENERLK R, Ca TRMIKREMEFEFMIKENMRER R, Hd iR ] 58 & 2L
T IX 5 KR8 KL B, v A NS S h S B A Ca G R IRE R o AR DL R0
AT DAk BH T A0 0RO 3 T LG 2R AR FEAE R L &2 & AR e R IR AT e el TR PH T K
A 2 AT BERE R BRI I, SO &S HE N KA R i S

KEGTRAK B TIRE: X7E 2018.5~2019.4 WIFRAE S FI4NERIRE ShdkAT 1 B T 4047,
FHAF RN TSR B P ER R 3~4). KM BRI B 7404 NO; « SO; « NH, « K\ Mg™",
Na', Ca’'\ CI', HApiR i i 1 2 R ERAR AR BRI B A B 1, 5 LA 5 M 28.66% (NO; ) 31.37% (SOY),
R BT o5 L RIA B TR 9.70% . HRAEHFFT, NO,. SOF « NH, £ E 55 R Is2 i K[ 16]. 1X 1 BH
TIRBAT 5558 T AR EESZ NO; « SOL « NH; R . ASER AR5 B BRAR 147053 b A3 m DAF SRAE yis e
BRI T RIS R R 35 YR bR, BORIRE RS 2 IHEIGEE ), TR WA 2 K TR 17]
[18][19]c MESIEHREIL AT AR i, £E PMys AT PMyo 1, BT IR BENRUT 43 70 2 B R AR I R AR>S B 1> 45 55
T>ERE > HE >R >R, RS HRR>SEE >SS > ERE > > s T,
X5 RIHA 201858 H TR IR SR A R B 1 S BT A DR ERAR> S R AR > B >0 1 B
TEBNT A E58T>HAR B T>P0 B > B >R 5 145 S A R], W] LA e S a2 vER T S

Table 3. Concentration of water-soluble ions in PM, 5 in Shenyang atmosphere

= 3. ILBAT AR H PM, s KA EFIRE

TEEALR NO; SO; NH; K Mg* Na' Ca® cr
W (ng/m?) 5.57 6.09 1.88 0.75 0.32 1.02 1.76 2.02
e Hil(%) 28.66 31.37 9.70 3.85 1.66 527 9.06 10.42

Table 4. Concentration of water-soluble ions in PM;, in Shenyang atmosphere

4. EPHMASH PM, FKAEETFRE

TEEALR NO; SO; NH; K Mg* Na' Ca® cr
WP (ug/m®) 8.54 9.57 224 0.81 0.50 1.52 2.58 3.44
LE A5 (%) 29.24 32.77 7.68 2.79 1.71 521 8.83 11.78
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2. KRBT ESEHEE

IR TR L AR A 2 s, B el DA, IR R AT 20 & NOs « SO; + NH, Al
Ca” MU B 7. Mk LA, SIKEMESFIRERER. B, LT . NH M EZRES R, o
BRI B E HI AR NH, o« KORSRIE 22 TR RIR e, InFEAT AR be . B3R Bk e s
X KTOTRRECR . CUAH SOF 2 SR IE T IR b Al Tl R

BRI EARRE: JLFE T L 52 2 G2 ) IR R P k. KT, £ 10K
APEIER, FFLEF A, NREEE 11 ARRFE 3 EMETEIRZ W, 208, 2 KRR
K3 B, JEBHTT RS PMys. PM o IRFEAE 11 H 2R 3 H 2R ETHES, HRERR. 11 HE3
HREHW R AZ, BT EZFRHET AT GREEAT R, AR RSB /SR EBOR, SEOCE ]
SHPRER PR PMyse PMyo R G LA ETHE S TERIT &2 T4, s b BEm, AR T PMas.
PM, fEZ S, TSR RS PMys. PM IR R . LT R Z=2 W, 2R, WRHH R
b, BRI PMys. PMyo WK LSRR E HARXI AR, 2= PMys. PMyo EECRIE T2 s, sz,
T A HEBR D 24
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Figure 3. Seasonal changes of fine particulate matter in Shenyang
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3.2. YEPHTAS VOCs Ay #h

VOCs FhZRHr: 0 R I SRS S &t SAHEREE T 2 53 BITEBE T RS P TR & 10 61 FhER
HEANA(VOCs), FE R, Wk HERE. kREMPE, S 008 37.7%. 14.8%. 26.2%. 19.7%
1 1.6%, Hokelim. beefoy &g s b ik 8] 63.9%, &P T R A HIA(VOCs) I 5 B 4 i
gy TEXT 61 PR A NAIMAT SR VPN G, JEECT Horp 15 P HLEAT T 8 BT (5 5).

Table 5. Concentrations and detection limit of 15 representative VOCs

525,15 R M VOCs iR E K& H IR

LUEEE N MIN (pg/m?) MAX (ug/m®) FHIE (ug/m’) K H PR (ng/m?)
ZH 0.446 1.743 0.939 0.05
FikE 0.610 1.556 0.887 0.03

BT 0.492 1.156 0.724 0.03
1ET % 0.513 1.149 0.742 0.02
R 0.101 0.246 0.182 0.02
e 0.421 0.803 0.647 0.05
1E& e 0.289 0.551 0.367 0.02
ekt 0.005 0.059 0.032 0.07
0% 0.355 0.623 0.460 0.04
W 0.089 0.225 0.164 0.03
JIgE-2-T ¥ 0.010 0.089 0.050 0.03
F'S 0.184 0.378 0.300 0.08

2 S 0.942 1.722 1.264 0.06

Ji] /% — 0.150 0.501 0.359 0.18
AR 0.089 0.436 0.342 0.08

VOCs H¥REREZFFE: VOCs [1) HIKJE LA 515 YR HEBUB L SR %A B R N 5%
2 A K[21]. BT ARTT VOCs FLIIR BERFAE T DA 1 fif % VOCs H VA FE e e R B, 32 17 400 H 32 R IR
F NN ARG YR N T ST RS VOCs WK AR A AT T ff, Ml 5 58 I e 3%
BT RGBT AR, X B 15 FENE VOCs 347 T RAED T . REF L 8 fH~10 AL L 7 &
~9 sUIA] BORE S BEAT VR FEAT N, RRIETS B EAR 6] T VOCs BBk FE AL I 4). M AT BABH &2
B, Lkt Wk BTk BTk SRk, B Ok O WA -2- T REED
FE R A) (R BE M (] ey o BRI T L (AR TE L e, MLBNZE 40 2 BT BOR AR IRE b, GG (R 5 1 R A 4%
TANKIEIB IR B, RIAKRE . HRIIRE G5 NG5 B AR R . 12K RPh R
MR BEEAE AR LAAh, HOREL, MEIR A ZAN 2, RO R A H R IR B R e ] vy 1 0]
XFE LA BT RS — L8 T R R A R R

4. &g

1) JERAT RS ER A AL TC R 154 Na. Mg, AlL Siv K. Zn. Ca. Fe, WEH KT 1 pg/m’, 8
Fh e 25 5 EE 2 51N 98.69% (PM5).99.07% (PMo); Heftt e IR /N T 1 pg/m’ o iX 2L 70 E 2 PM, 5+
PM, o 10 32 EE 4
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Figure 4. 15 representative VOCs morning and evening concentration
characteristics

& 4. 15 #tFRM VvOCs AR E4HIE

o

Jlji-2- T

R -

2) LB KRR ER Y KR TR E N NOS . SO NH; . K™y Mg™. Na™. Ca®". CI', H
NO, 1 SO; & &, RIMERMIER. RN, #Wx 7k, &80k R, SRR T
X %5 58 R A A& R E PR

3) JLRHTE KA A REIME] 61 Ff VOCs, =B AR M e 77 Bk ARSI, &5 351008 37.7%-
14.8%- 26.2%- 19.7%F1 1.6%, HrFbiEfem. VOCs I [H 0 fARHER, K. Jikere 5 m i Bk &
B, R VOCs IR FEIEME 5 N JTESN . A8 IIAH I

4) JEPHTE AR, SETE, ART PMys. PM 1R, HAREXSHIREMEIIM FH R, &
B %ZE PMyss PM o WMl B2 ETHEH . BREETTRIKES, 208, IEHEFERD, i PM, 5.
PM o W JE R BUAG o AT DAA HE VR PR T 7E 4« =1 AIBURAY) & o — 2 R I Ve i 31, S e 17 4%
BN 5 5 RS FEE R A .

=
PEBHTITRHE THRII H (17-178-9-00), AR AL K2R ZEE QN H ISR %I H (1911071).
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