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Abstract

The temporal variation and spatial distribution of PM;5, PM1o, NO3, SO2, CO, O released by Beijing
Municipal Environmental Monitoring Center of Beijing in 2016 were discussed by means of ma-
thematical statistics and spatial analysis. Spearman correlation analysis was used to explore the
correlation between these six pollutants. The results showed that in monthly average of 2016,
PM;, PM; s showed bimodal curves, NO2, SO, showed wavy-shaped curve, CO showed a three-peak
curve and O3 showed a single-peak curve. During seasonal variation, the average concentrations of
PM_;5, NO2, SO, and CO were the highest in winter, and PMy, was the highest in spring. The average
concentrations of these 5 pollutants were the lowest in summer, while Oz was the opposite. In spa-
tial distribution of 2016, the concentrations of PMz;5, PMo, SOz and CO in the south were higher
than the north, the concentration of NO; in urban was higher than the suburb, while the concen-
tration of Oz in the north was higher than the south. Correlation analysis result displayed there
was a significant positive correlation between PM; 5, PM1o, NOz, SO, and CO, while O3 showed a
negative correlation with other pollutants.
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1. 5|8

BEE TolkAe. St R iR, KR A B VB I ST R(SO, NOyy O34 CO 2%).
BURLTS BP0 PMas PMyo SBHEIEIRU, 91 K 17— RPUKG R, JF 51 R ESHEENL. =2
R 2 USRS SR i 28 e MR 2 1) B2 B U 3, KBk DR e T R SR S5 e H s R (1]
FURFHLX . KIL=MA. BRIL=ANELNT R X 25 MK R E R QE 2], MUT
BURABELBE TR, 0 ELE 3 P IR GE B AOm R M ARIE T2 [3]. bRt b T st X o, 5
$RAIMERE, RARTG R B2 52 R0 . PRI SO A 5 T R AT R b AT g U A 04, b
HERF L F R K0S QR B BRI 2 A A, AT IR K5 G i, 5 KA &

AER, B R TR S AR W FOR 2 SR AP AE AN T, — R R R I TR e it AT U A
SRR, £ i 0 e 0 S S AT A S 20 A7 5 A9 H L5 e AN 23 S5 e PR B 08 BSR4 (5] (6]
TR RS G N AR AT RS, A0 BRI MDA B A R, A BR R SL M oty s AT A5
15BN TR 8] (075 Gk B BORLIFREAT I 25 70 AW 7T, 15 V5 WAL RS AL, Bl 3 — P sl 2 Fhis e
(I R AT T S AT RN, A9 S RIS QIR R I ORISR (7]-(18]. AEH T vl A WE 7T,
HIFESE( 71X 2005~2014 48 Jb 503 X (S 150) A0 DX (b ) A JEG ) 6 S 00 503 0 A7 9F 78 6 B0 I s R LT A
R H AL ST PMys BRI s £ L0 SR AL S A B OR3P A0 1) PMys. O3 B IFEE 6 RS
H 5 AR AL R B  PMy s A AL RAAA X L 5T PMys AT O 75 BRI BEAT 7347
KLY AR5 B R MM ILAEFI[9] [10]; R385 %T 2013~2014 4 NO, WU L T ik Z NO, fie it
T O WM JFAE 2000~2014 LG — X ETG YRR SO, IR EEEHRIT 7T A DL 1 ILH R SO, ik IE
SIHFRAEIA 1] [12]. BT XEEHFRE NS T — PR 4y, SR — LKA 2 RS
153, X5 G MRERAS = ARG K SRS B DA, A SCEREWEAT 2016 4 PM, 52 PMo. NO,»
SO,. CO. O RN AHFAL. 1B K ARMIE R S5 R WE R &R, I B2 (8 A AEcee S it
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B RIS S0 25 0 A, K S e i Bt
2. BI|REHE
2.1. W5EHE

ASCAEH 2016 FEAbH T IR I O 35 AN WIS SR AT PMy s« PMjg» NO,. SO,. CO. O;
B H VPR R, 35 MRS E SBT3 A Sl an B s (& 1), EEARE 23 MR 5, 1

35 NI AR AL DGR 2 X SR B R, IR Sl IE R XA E R R, SRR
wi T X B AT T AR Dy 35 AN HEIIEE 53 2016 4F 1~12 A BYIZ H PR SR

A8 A /AN BT R A DO DML BRSO 2 IR R BRI T (bRt giih %)
A AR XIS TR UM HHdE KR T Globeland 30 Hidfi (70 955 30 m).

2.2. SEWFE

N TAET ATt st X 6 PR S05 BT A ATRHE, A SCRHE AL 50 X ASARRHE, B — K5
NEEIS A HE6~8 AW KEFE~11 A AF 1 A2 A 12 A ASCRABUYEES R 2016 4F 1~12
H A WD 55 0 PMyss PM o SO,v NO,. CO. O; I H MR ERE . AR, FIREWME. FikE
BB B 715 2090 50 OS5 e i) XSS REAE , A SOR AR T AT E X R 2 5 AMHBIX,
SRS X Rk TEIR. ®IRH. EiE. F S Asul). FEIREGER. ). BRI a0 i
M P PRSI BUDRRRERGEM . KM, TRE), FHAGALTELE S X A FTA S i 5% N5 G
WIS S50 AR R A 1 DX R Wik BE o AR SCR R FH 4 B 7 50 Krriging #{E %, T EAUEE T
FrffE S I B S B A B M E R, 1 HIEH & T AR 2 M A SE[19] [20]. FiERGER D
T
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Figure 1. Location of 35 monitoring sites in Beijing
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SRMERE R, B 4, B TR . T B T o A 2 2 e R 0 A A
SO PRk 7 2 B A BRTIT AR, 073 ) [ B ARS8 L SR B A

HIT 6 FT5 Y2 5 TR P2 A AR R BB, /75 Y2 ) A 26 2Rt R — 5 e 6
%, HOR SR HIAR 56 P4 H7 77709 Spearman BRAHSE ZE0E, 7 VR AR IOt 2 ANBEHLAS B/ 26 ok Ak 2
P26 T A R R, R IEE R T 2 UM 1 465 SRR 2 ) A6 6 R e SR A AT R
(£ 2):

S BB x, v, B MK ELNERR , 12,y B x, v, ZEHERE B SUZR I

Xy RN x,,y, URRIR, BRI d, = x!— )«

B BB Rk A R

63

= n(n2 —1) )

3. LRI

BHALI T 2016 4F 1~12 H AN MEEE S TS5 5% PM,y s PMjgs NO,y SO, CO. O, MR kT 3 4t
i, 5 2016 SR EEME BN 73.88 pg/m’. 97.85 pg/m’. 47.81 pg/m’. 11.09 pg/m’. 1.32 mg/m’. 56.25
ng/m’. HHE GB3095-2012 KBS EmARAE[2 1] K1 2016 4E SO, CO WFEEAKT-ikbR, M PMyss PMyon
NO, YR 35 T W K — brife . HEAHC TR M iR, 2015~2016 4 O V5 QA N = % [22], A
B, JEHTH PMyse PMygs NO,y O3 VBRI TR 4KSEINK JIJEE

3.1. BETEWL

3.1.1. EBTH%

Kl 2(a)ly 2016 AL R 6 B T5 JeW H SR BEARAGTE DL, FTRAE H, 6 ORISR Had 1 0
fHo ot PMyo Fll PM, s AL I ZRAH L XU 3 A, 8 58— /MR BEUR(E#R HH IRAE 3 Hr B PMys 7 7 H
Uik B ANEE, PM,o WTE 11 AOHERIE —MNEE ., —HRERIGERHIAE 8 Ay, FefElls
BITE 12 A AT 11 Ay . 24F CO A shi R, 2 = 0oAh, WM nHBE 3 Ao, 7 A4, 9 A,
WERAMAERIE 5 A6y, REREEHIAE 12 3. 2F OB ERIES A, 1~6 HKEE BTt
B, 6-12 AMIRERE NEES, Hh 6 A aFARERE, 11 A6 a9 18R k(.
24 NO, SO, AR R PR A0 HAR AL, B 3 At A —MNEE, i NO, BAiERE K
T SO,, NO, HSKREERAVE AL 7 A, fEEHIAE 12 A0, SO, K JERACE HILAE 8 A,
R ITE 1 A . RARSKUL, 2016 4 6 PR TS S H SR AR, B Oy 24h, HAh 5 Py
YIHE 1~5 A2 i@ssaiiol, HI94E 3 A —MEE, PMys. NO,. SO, $7E 8~12 H iy ik B iZ i 7t
% . PMysy PMyon SO, BAFEIRERARME S HILTE 8 A6, PMys. CO. NO, ik 5 e i fHIIAE 12 A 6

3.1.2. EHTL

P 2(b)A 2016 SFALET 6 iR SI5 S TiAs il i, MK 5 mTLLE Y, SZ2Ab Rt X B 2P W A0
%, MPESESSEENEN, B Oy 24k, HAth S M5 gy R T B RIKRE BRI ERE . F
ZRTERRIRIE . FRELIR SRR A [23] [24], PMys. NO,. SO,. CO HTEAZIR T
e PMyo MITEFHR IR S, ORISR JE R AT 688 PMyo BELESRIE TR MLEhERHA % —IR
HERG RN BTN 2 MIP KA, SRS 1R S T 28 ARE T PM AR RR[25] [26], AT F 5L
PM, o HZik B —E [l KA. #1143 AT41, PMy s NO,. CO IKEFFHIFI NAZE > HFE > HF > &
&, ZEKEERESTEREIEZNEZHR, KATEEZI/NRZIEHEDFTI5 R 55 m0 .
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Figure 2. Monthly and seasonal changes of six pollutants in Beijing in 2016
2.2016 SR 6 MiSRME R RETHERIFR

41° 4k A 41° Jk A
40° PM2.5% % 40° 3 PM103K
pg/m* - o pg/m®
. - 127.91
- 50.96 70.10
0 15 30 60 Km 0 15 30 60 Km
) )
T T T T
116° %% 17° % 116° %% 117° %
41° It 41° It
40° 1k 40° dt—
41° It 41° It
40° 1k 40° dt—

116!‘ * 117!’ VS 116!‘ * 117° R
@)~(HHALFE 2016 4F PMys. PMygs NO,. SO, CO. O; 2 AIIEH{E 1 B

Figure 3. Spatial interpolation distribution of 6 airpollutants in Beijing in 2016
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R E

PM, iR EFEFHEII N ETE > BE > &% > BF, HPRKERMLFIREMZERK, (0N 3.44 pg/m’s SO,
WEBNETHIINASE > FF > KE > B, R5BRSRMAMNEZE SO, M nmd R —%[12],
SO, M T BRI AMATBEEHIR G 53T Tolig 3, &5 m THKE AL A 52 RIER R K & H 1
M. 6 PRSI R O T WIRBEARA S HAh 5 Fhis P22 RIOK, 15 RIRERFHIINE SR > &
= > KFE > AF, ERIEMIENEEEEN Oy MAERNZ NO FHERIEANI(VOC)mER, H
FRES. ABK, HEHRN VOC, 8%, fEmik. stRESLE&M FEAFT NO, Al VOC, 1)
WAEAK[10] [11] [26].

3.2. ZEE9H

3.2.1. FEED

Kl 3 9 2016 AL 5T 6 FlOR S5 M S HEE 4 A, FTLAE H, BURLS Je)(PM, s PM ) RIS
SRV SOy CO MRBEZS (A3 AT ARLL, 35 RIS H Ak 17 B & 8 i B0 B6 BB RFAE, PMa sy PMon
SO, CO IKEFFEAX FEAARAEF X« KX, M X R HB, ARAE X 32 B0 A5 76 E PR IX 0 22 638
MERXALH . XL, 4546 2016 FIbnth & X B MR IEHEFE. T A SMERFERAE. i
MBS 4. B Sy n] 50 BLZ AL R IR RS2 AN R I Re . 55—, b IX sl 4.
Tolby BB S JeHEBOIR 2 TG, s e H 2 mg X, R X v el A T HCR A
[7][8], BE#ETS49 Em F ALY BOREIZHEAC £, M2 LX, EEHEMR, HEEERR, =
AEARE D) T R L IX (8] NO, W i X ARSI IX L @M X . KM Bl X %R
WE g, WRASXIS YR E, HRX R = XA S fein . R B KA NO, iR E ZRIETHL
AZEHR, WX EHRRCE I KT A X . Oy A X EE MR, MR . A, W
ARG R, HIXMIRMNERE: B, MXHATNEEANYERZ, BRENm 0, 2 RE
AR JFE RS NTIEFE T O3 3 O3 IREELLATIXAIG: =, AMX 2 LXK, MEESZRESTIRX, g
FHHE R EAHLI(VOCS)H BT Os HIZER. 5=, Os ML AL M HIFE, HE 3(a). K 3(b)
AL, AGERH X B RORLA L B R A O X /D, IR SR, AR Os AR 10] [11][26].

3.22. FMXERATL
H 6 NAEHIH AKX PHdbE. RAbEE. PEREE. REEHIX 1~12 A PMys. PM;g» NO,+ SO,.
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Figure 4. Regional share of energy consumption, industrial production, and car ownership in Beijing in 2016
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Figure 5. Land use map of Beijing
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P, XA EEARIL T AL ST RS G DR RHE . S5 HAR A A LE, 5 MHLX PM, 5. PMyes SO,
CO 7E 1~3 A 10~12 A ks A, H7E 7. 8 A Nk EEARME A4 O3 WFE 5~8 A Ak
JEEMEA B, 10~12 HIREARIE A s NOL TE 1~12 AR E R E . BR5 L, MIREAT
SERMRMEA B, BNMXZ TG RV EAZERCN, JRELTEEREA M, S MXZ TG
PR FE M ZE RO, ARBL T LR R A5 R IR 9 B S A e AR . T3t XSRS ee 12 A 4
' PMysy PMygs SO, CO PHRGHR. R AR L 2 T HARMX, N X b, PUAL AN AR JL AR 4K
1% NO N XT3 X s O; PEALS. ALl T A, XS _ESCT5 Y e (6] 204
—E RSO R AE A A e HER

3.3. XD

NT R 2016 4F 6 MG I HIAHE R R, & 35 MRS 51 PMyse PMjp. NO,. SO, CO.
O HIIR B BARATREAR G G BT AT AU SR, B i 0 SR A AT 0 T (35 1) BT 6 P54
BRI IERS 04, X 6 HEHEFEAT Spearman A1 PESE 70 Mo 45 5 (F 1)Z75, PM, 5. PM o, NO,.
SO, CO Z[AI#R R 7n B 3 I IEAH G, 5 PM, s AH G HH iy B 75 K A PM g+ CO~ NO,s SOs;
5 PMo A B BN ATS IHK IR PMys. COL NO,. SO,; 5 NO, I i i BUR FIT5 Y ik IR
9 CO. PM,s/PMg. SOy 5 SO, #HIME B iy BUIR V5 B9 NO,. COL PMyo. PM,s: 5 CO AR
P H 7 B A0S A MK VKA PMy s+ PM s NO, SO, o 3 83X A 45 S A2 08 M 75 G SRV A8 5 43 BT PM, s+
PM;o FERIET#8 . REFFAISERE . (AR ke . MLaERAHR. 52 H SO NO,.
VOC, KB A YR N NOyy SO, FESR AL A R Ik be, LLinbLah 4 B A H . K1k,
T ESSE; CO RIFET SV TR, N BHLHER . Sl m ek rike. mTik s
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Figure 6. The monthly mean concentration of air pollutants in various districts of Beijing in 2016

6.2016 FIARTEXAKSRYIARE

iy G 8 IR SRR T Tolk A=y JR ARV . RIS R A BRI RS . MLah R A HEEE, Motk
5 S g R — EHIIEM . B PMys /& PMy (O ELEEA RER 2, i MRt . AR AR
B, RAEAMERT PMy s IR B E IEAMA[9], T NOy Al O5 76— 58 2 AF N SN T LAA: oK< A A
[t SO~ NH, '\ NOs /MR PM,s B A 5y, X XM—MAE BT PM,ys 5 NO,. SO, Z 1Al
EMRME . Oy P FREMMAER A W M B 8, AR LT B RS 5 105,
FERMEAINARIET TALHER. FLEhZERAS. B8, RS, 0, 5HAh 5 Fiig M RIH T ft
M. O 5 HAh IS B Wi S M B & BRAK KA NO,w COL SOy PMysy PMyge XIH O3 AITEATE
IS4 5 NOx. CO BRI, #§5 NOy. CO HutH AR . 6 Fli5 e 1A HIX Le ke
FKMEFR W TALE TR RS2 MABH A TR kA e A4, bR R s
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Table 1. Correlation coefficients of 6 main pollutants in Beijing in 2016

5% 1.2016 F4b =T 6 MEE KRR ITRIE X RS

Spearman £H 5 R4
15 Bfiugm’)  HREEAR
PMys PM,o NO, SO, CcO 03

PM, s 73.82 12415 1.00
PM; 93.77 11598 0.87 1.00

NO, 47.73 12466 0.63 0.63 1.00

SO, 11.11 12489 0.49 0.51 0.56 1.00

CcO 1.32 (mg/m®) 12396 0.81 0.67 0.65 0.57 1.00

O3 56.33 12431 -0.21 —0.18 —0.51 —0.39 —0.46 1.00

H: BIEEAKT a=0.01 (2-tailed).

5345 B 1175 YRR AE
4. &g

1) 2016 4FAL AT 6 PRSI HM A S22, PMyo A PM, s 2240 ZEAHL 2 XU 53 A1, HL IR EE
WLE 8 Ak B HA%; NOy SO, AU R BAR A A, (HIIFE 7. 8 A4 IR IEARE; CO 2=
WM, HIRPEAE 12 A B Al O3 ZHIENG, 1E 1~6 AMIKER ETHES, 6~12 AMmikER
TR&EH, 6 AmARIKERKNE. FEW BT, PMysy NO»w SO, CO WKFEMITEA T, PMfEH
T, U5 MG EMIER T RAL, T O; WAE R IR EE R . 6 AR5 RAEAF A 4 AR Z=5
JEBL T ARF AR AAAE, X5 A0t DX DY 27y B A AR i M A ZR IR S D SR IR & AN 7T 0

2) 2016 FALEHTTT 6 Fl K TG AT PMasy PMygs SOy CO IR [A /3 AAH L, A#F 2B dLA e 2
B EETE i AR AL R E s NO, MARBLHIB N X BB 5s Ly K% M XI5 AL A AR O &
8] 73 A5 U] 5 NO, IESF I, NO, 15 Q™ B HLIX O v5 B, ALABHIXIIIELR. MR . PRI RS
TrRIER . XLy YW AE AN R X PR 22 8] 0 AR AR S AL USRI X R B0 A . HEE s, XUAl. T
AR N IR EERE LSS R R R R TV o

3) dLatiii 5 AMHUX 6 AN KITS e 1~12 H AR — 2, SRS R BA X
R o B Oy Z b, Aty 5 Ffs G 2 1018 557 R 35 FIEAHOGHE , O3 S5 HuAt 5 RS iR B 1 ik
Kk B NO, AR fRess, BRI AY)Z M BA M AR . M EAR G AR, ARIL 7 AEsti RS 4
25 TR

EHEWmHE

E o HARBIEIE S (S 41571369); FiEE BT RITH @S : 2016-NK-138); BT AR5 At
J1EE - FEARRIINL S5 9 CRHIEE) (%5 025185305000/143).
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