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Levels, influencing factors, and chemical constituents of atmospheric particulates in 10 cities
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Abstract:

This paper briefly overviewed the research advances on pollution levels, influencing factors,
and chemical constituents of atmospheric particulates in 10 cities with poor air quality in China
from 2005 to 2017, including Shijiazhuang, Handan, Xingtai, Baoding, Tangshan, Taiyuan, Xi'an,
Hengshui, Zhengzhou, and Jinan. Although atmospheric particulates pollution levels in the 10
cities have been reduced in recent years, the problem is still grave. The influencing factors of
atmospheric particulates include resident population, source of particulates, city geographical
location, meteorology, and climate. Emissions from anthropogenic activities such as coal
burning, diesel vehicles, secondary pollution, and dust are the main sources of atmospheric
particulates in the selected cities, and the contribution rate of coal burning source is expected
to increase in heating season. Most of the 10 cities are in semi-arid and semi-humid zones,
with temperate monsoon climate. The atmospheric particulates are composed of water-
soluble ions, organic carbon and element carbon, heavy metals, and organic constituents.
In general, although a lot of work has been done in the study of atmospheric particulates
in China, there is still space for improvement. For example, the studies of atmospheric
particulates are fragmented, discontinuous, and unsystematic, making it difficult to conduct in-
depth comparison and analysis. In the future, therefore, more systematic and comprehensive
monitoring, component analyses, toxicity tests, and source analyses should be carried out in the
study of atmospheric particulates.

Keywords: atmospheric particulate; geographical location; meteorology; climate; source analysis;
chemical constituent
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MRPE, KIfE2.5um A THARSTRYEER H—D R
ANEFEHIIR, B NMRTEN 245, BN
KIFRIY), WA ZRWESEMENY, SFTAKRE
BrEfRE. SHIRYEL, AN sEER,
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86.1ug/m?, PMyo F I FI 2K E 79 1327188 ug/m’s
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EIARXMEF TR NRILLERAN 470

%®1 RETSSREREN 10 MEHRHNASTRYEBIFER
e

wm TR mEEE RANM SRR 05 LREAE
AXE® PMy 2015.11—2017.8 132 PMF MRS R AR 45.9%. EAthiF 33.4%. LR 8.6%. EVIBIAGER 8.4%. TR 3.7%
AXRED  PM,s 2015.11—2017.8 132 PMF WIESH B RS TR 38.4%. IR 24.0%. 3475 20.4%. TAVFE 12.0%. EftE5.2%
ARE?  PM;  2015.11—2017.8 132 PMF 42 28.0%. AR 22.7%. ZETR 21.9%. TAVIR19.2%. EYIBIAIETR 8.2%

o 2e] 2014.10 454 WRF/Chem . N . . s . p—— .
HBER PM,s (JEREEE) 31 1 PME 353% WAIER 37.1%. /BIAIKIR 18.4%. NEIEIR 15.1%. IR 13.3%. EXITIRITE6.2%

I5"FR _
e ew, coosa—aoosr 72 BTSSR s smima o, o 13w, MAERSL 1056 HIERDL 6%, ML 0%
g @ PMi 2013 (FESRBEHR) 26 CMB1EE! 7 28%. MEHERS 22%. A 20%. TV A7 18%. EftbHEM 12%
fiva @ PMy 2013 (CREEHA) 18 CMBHEA MR 33%. 74 25%. MEHERS 20%. TIALAEF= 16%. Hfth6%
RE ?ﬁ.?%%’—ii%ﬂiﬁﬁﬁ g i 5 = . .
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fr7k — — — - -
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FEg Y PM,s  2010.1—2011.1 1758 LS OHPCAREE! FATAFNHITA 34.1%, PRIEA 21.1%. EVIFIRIE 13.5%. ZRKLF 8.5%. /5K F 5.5%
FEg B PMyp  2010.1—2011.1 1758 FMHODMPCAER BHA+ HIBD+ MEHERS + ML 68.15%. EMITMIE8.7% ZIRKIF 8.5%. #EEhAIF 5%
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ER, KEBRRITRE T REHFN D/, KIHRFH
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FIHEMERVEM, A2 THBRYHNEELAD o0
B, KEFREZEHCl. SO NO*. NH™, Na's K\
Mg, Ca®* 8 F7K A M B F, B MLk (organic carbon,
0C) M Tt ZE ik (element carbon, EC) F LD HRN. 3
SMERXFNEE LW ARREEERANES
BHENKE.

R2ABEZSHREREDN 10130 ™ PM,s T
PMyp FEERDHRERE, AJIXIKEASFEK
FIMERIAFRIR LD, THEER, AR, (RE. B, KEHM
FTENMRRZ2E S, HPHEMALX TR S
M PM,s K PMy R EE D BRERENAFRIRD, &
E. B, KEMFEXTFRNZHAEEEF. oc
M EC REREHATR L,

®2 BETSERERER 10 MET PM, sl PMy REER D HRERE (ug/m?)

%}Eﬁﬁ% smms O RE™ Hpagp 2! ma fRAE ! =T KR ARl Kk EBIN 71 7R
ESid) 2013.12  2012.12—2013.1 — 2010.8—2011.8 2010.9—2011.8 2012.6—2014.5 2012.8 — 2009.12—2010.1 2010.1—2011.1
PM,s  Na* 3.4 13 — 1.5 1.6 0.2 1.5 — 1.1 0.8
NH," 21.5 20.0 — 11.4 10.3 5.2 12.1 — 12.1 9.4
K* 2.5 2.4 = 2.0 3.0 0.4 0.9 = 2.4 2.2
Mg* 1.0 0.1 — 0.6 0.5 0.1 0.3 — 0.3 0.4
Ca* 14.2 0.9 = 2.4 2.0 11 A5 = f185) 4.2
cr 8.7 10.9 — 8.6 7.4 1.0 2.4 — 8.0 8.0
NO; 283 18.4 = 22.0 19.4 34 10.6 = 15.9 27.7
SO 52.1 24.2 — 23.2 17.9 9.6 24.7 — 17.0 35.1
TWSI = 76.4 = 71.7 61.9 211 = = 58.7 =
ocC 28.2 27.6 — — — — 13.5 — 42.3 —
EC 9.8 16.2 = = = = 5.0 = 5.0 =
OC/EC 2.9 17 — — — — 2.7 — 8.5 —
PMyp  Na* 4.7 = = 1.6 3.0 0.4 = = 1.4 1.0
NH,* 254 — — 2.1 10.9 5.7 — — 12.1 15.8
K* 33 = = 0.8 3.8 0.6 = = 2.8 4.7
Mg* 1.4 — — 2.1 2.3 0.4 — — 0.4 0.6
Ca* 15.4 = = 10.4 10.4 10.4 = = 3.8 5.7/
cr 9.0 — — 2.8 9.6 1.4 — — 8.5 12.5
NO; 321 = = 10.6 27.5 53 = = 17.4 18.6
NeXs 62.4 — — 10.1 23.7 11.9 — — 19.2 48.3
TWSI = = = 40.5 91.3 36.3 = = 66.6 =
ocC 39.8 — — — — — — — 53.1 —
EC 10.8 = = = = = = = 7.7 =
OC/EC 3.7 — — — — — — — 6.9 —

DE] Twst @ BAEEETF,
3.1 KAMEF

SRAEMEE 4 LI R T, PM,s BYIK BB MR 43 BE
s mphApE A <. ZTHZA DNA BRI A, KREFHL
s BRI/ N IR E, (SERSHK
PM,s AR/ NE AR A =™ &,

R2VIBER R, X101 I PM,s F1 PM,y, R &
KB M B F (total water soluble ion, TWSI) 2K E &
=, HRZEOC, ECRERER, REAXIFHH

KAMBEFEERDS, PMs RTWSIRERE A X E
21.1~76.4 ug/m?; PMy B0 TWSI R & 3K E 7] 3K 2l 36.34~
91.3pg/m?®, SE L PMy, B TWSI FRERE ST PM,s
BIRE, X 10 M PM, s F TWSI TR E R E M S ZIME
R FIHBER. R L. KMFIKER, PMi, HF TWSI 5T
SRENSEMRERAELL. BN FREM KR,
FK2HIBELETR, X 10 NMEA R PM,s F PM,,
FEMAAEMEE FIY 50,5, NOs FI NHY, TERSER
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K, SO, NOs Il NH™ = LUK ER Eh AN AR EA b 89
WEE, REBD KB SRR B B S H
IR IR k. SERREA, X 10 M A SFHIY)
BREBUTREERNE, HR, AXEZRIEHBY)
TN EhE B SRR R = s ™ &
3.2 OCHIEC

OCHZMAENWIAR, TERBRE. BRI
W FEANBRMED R ENFBAR. OCREEK
EEFHEEYR, BERBEALER. ECAIHKE
BRGNS BN EC RAZIBEM, 8

ERUEENYMES, EREEREE. oCHlECH—
RI5EH), ALLAIBRIERIRE IS T,

MR 2Ha]UEH, AXREFMAMN PM,s F PM,,
OCHIREREIIE T EC FRHBES PM,sBY OC/EC/NF 2.0
48, HMYAT 2.0, BIASHE RSN HR Y,
33 BB

RIANBETSHREREMN 10 MEH PM,s PE
EENREARE, fE. BU. BAKEEEXNHAR
IR, Hftvigm Pv, s FoMESRREREMNS IR
&R A Zn. Pb. Mn. As. Cr. Ni. Cd. V. Hgo

®3 RETSHEEBREN 10 METH PM, s PEZRHNRERERFE. WHO MIRRBFREURERENEEZRERE (ng/m?)

b ) Zn Pb Mn As cr Ni cd Y Hg
AREM 2014.11 554 160 73 58 - 8 — — —
B4R 4] 2012.12—2013.1 318 288 71 24 9 3 5 6 —
ma — - - — — — — — — —
RE ) 2014.11—2014.11 267 113 37 13 — 3 = = =
&L - - - - - - - - - -
KR =0 2012.11—2013.10 521 299 123 — 49 66 3 — —
P 51 2012.1—2012.9 1567 199 84 24 17 13 2 —

K = — = - — — — - — =
HpH 3 2010.1—2010.11 433 130 106 21 18 3 11 4 —
g ! 2014.11—2014.11 246 79 31 10 — - — =
GB 3095—2012 [R{E 1 2012 - 500 - 6 0.025 (Cr*) — 5 - 50
1t 5 DA LR R(E 2 2000 £ — 500 150 6.6 0.25 (Cr™) 25 5 1000 1000
RRERPR{E 2008 - 500 — 6 — 20 5 - —

REFRIY) B zn KBRS B oL HERRG= & B2,
BRARE. B B EHEXIHREIEN, EAahH
™ PM, s Zn BRERE S 246™1 567 ng/m*s RIARTKE.
HRDEALRRRBRINE 2n WIRBETSSRENE
fR1E, BEREBMRKRBInEKAMEEEXEL
B RERRILI, 5 ONARAEEREIAEXY, B
FEHHTE0.56~1.0um K TR R R SEER 5,
HBECBERIING M. 2n KA EBEFSE
5DNARRGHER, ERFzn S 2R S. KIEKSE i
REWM, FRYIFHITTE Fe fl zn XY K TEG 1EIBIER,
A, SFEEREzn, BAERINKRIMERE, B
FRIZMERBERE,

KREFRIY T P KEZB 53 KBV T EHERK s
BRARE. B B EHEXIHREIEN, EAahH
™ PM,s 1 Pb R K E 7 79~299 ng/m?, 1R F FKE
MiTGB 30952012 (IRIBESREMA) HR B4
AL RREERY 500 ng/m* (REEE XK, U EERKRBPA
KE. HEER. RE. XIR. AR, ABMNAFFRmm A
RIHIH Pb J5 27K F IR

KEFHRIYIH B Mn KEB 52 3K BIRFNIS BRI,
AT R IEHRE S, BFRE. B, #Kgs
XAV REIRSIN, EAmT PM,s A Mn RERE S
31~123ng/m?, R FHA D ELALRIRE (150ng/m?) ,
FEFMEEERME Mn FIFE T SRERERE, U
FERRIBAKRE. HBER. RE. KR, FA%R. BN
FEHM AR Mn SRR TR,

RSP As KEBS K B IEIMRIG 5, BRAB
A\ B, XE. @S EEXNAREIRS, Eti
™ PM,s 1 As IR E R E 7 10758 ng/m?, ILITidid 7
F[E GB 3095—2012 (I BT K TREARAE) (6ng/m?)
R TDELHR (6.6ng/m*) MELEE (6ng/m?) BIPR(E,
M EERRABRE. HEHB. RE. AR BINFFF
FAMEEARREEN As SHIE R, B S RTE,

AKEFRFN - EERBERE AL BHE. E
2, IRE TR T, BRI ARG, EELL
o Ml o I STETE, E o ABEaBURER ™,
ED AT P, XHBER. KR, FALMABMNEE
KRR, PM,s 2 Cr R R E 9 9749 ng/m?,
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MK EI 1T GB 3095—2012 (IR IBE S REFFE)
HADELALAYRIMET cr WIRE, RIEEEW
ENARFPARITRIY) o 52 criRE L EM T
8 (0.13) P HITHE, X4 NHEHH PM, & Cr*t
FREXREN1~6ng/m?, Im FFHEIL1TGB 3095—
02 IBET R REIRA) (0.025ng/m*) MR T
44825 (0.25ng/m*) HIFREE R, LA ELERRBFHPER.
XE. ARHBMNEERBREN Cri53ER, Tk
HERUS 3™ &,

REFHRIY I NI KE 53R B A H A I8 A e
MENI BT ANBE, 5 2WNEKAEK, B2 %
SFEESTRHNTIKRSH 5, EOHETHS, 7B
a. Bl BB EXINAREIE, KEPM,sFNi
FR2RE N 66ng/m?, M PM,s FNiFREKRE
792713 ng/m?, XKIRPM,s PNiRRERES THAD
4R (25ng/m?) FIBXEE (20ng/m?) FUPRIE, FEFRM
ENi IR S REMMERE, U ELERRIPAFEKR
STRF NSRRI E, AR S R E,

AEFHRYFHNAdETERB T AL ENAH
MRIge. BIIRIT IR, BRIE, Cd EMERENAKG, K
o NATRE A S AT & FED MBI H P, (XHE
g, KE. BLMEBMNEEXBIFREIE, KN PM,s
i cd REARE N 11 ng/m?, EMIHH PM,s P Cd R2
WRE N 2~5ng/m*, XM PM,s F cd RERESTHE
17 GB 3095—2012 (IME=[RmEIME) HRDE
(HLRFNBRERRY S ng/m* RIEE K, LI EL5RKREARBIM
KSFRMF cd TR ™E, TIHBUER™E,

RKEFRIY PRIV AEBHREBRAESHEHNK,
1R, B RERNNRIEI S VI AISE RIS K,
FEDBVRE T EE, (HRERFNABMN B IE X IR, PM,s
FVHIREKRED R N6, 4ng/m?, IMEFHIREDE
£A4RRHY 1000 ng/m?* FR1E, HEIFRRBRFE v AVIFIE
TRREIRERE, M LR RIBHBEFEEMN A
R v SRR,

KPR Hg =B R B IR 8, TED T
BT P, (NAEREEXNAREIE, PMsH Hg
FRE2REN 2ng/m*, BFEEDITHIRTSRERT
 (50ng/m?) AR BAELAL (1000 ng/m?) FIFR{E,
KREERIME Hg VIR IR = SR EMMERE. UL L4
RPAR K ST Hg 75 R B,

U EERRE, RETSHREREN 10T
AREFRYFHNEEB AL RKE T HIK. VishEH

. BFS R AT E,
3.4 BN4AR

REFHNENSEYFHEE L, EHE S
BEAE, WEHBTHOWMIXEERAK, 2EHHIX
WEWH AR REBIIZ. TR ERFHERD,
B e EKERSFRNENSEY R, SHF 25
42 (polycyclic aromatic hydrocarbons, PAHs) F11E #3%5
SRR RAEXT 3 %,
3.4.1 PAHS FEER T ASH PAHs KB 73R B T
B AETVESTSERSHR, BRESME
B, eEfifEREERaNEERERERNLEY
. 71000 ZFBURYIBRH, PAHs FHE 5 1/3 (B
BUEERBIPAHs R ETEM B Bid 400 F) ), H
&, & (o) & (benzo[a]pyrene, BaP) B—HAB R
SRR EYI R

BETSRERE 10 M PM,s 7 PAHs F1 BaP
HRERENR L E. EW. BKEEEXNAR
IR, Bl BB PM,s P PAHs RERE BIEX
BRHARY 4~5 %, BaP R K E B IEXREEHAR 273 /%, K
R, ARE. HRP, RERBEI S IEREIIAIZR BaP
FRERE N 4~41ng/m*, 3B I HREM R B AHEALR
St BaP BIMEE (2.5ng/m*F 1ng/m?) , EEEX
BB,

x4 BETSREBREM 10 Mg PM,s 1 PAHs #1 BaP Y
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