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Spatial variations of atomspheric PM, ; concentration in autumn

and winter in Yangtze River Delta

GE Yue WANG Mingxin™" SUN Xiangwu ZHAO Yanan ZHU Zhengrong
(College of Environmental & Safety Engineering, Changzhou University, Changzhou, 213164, China)

Abstract; The real-time PM, . concentration data of 128 state-controlled monitoring stations from
November 2014 to January 2015 in Yangtze River Delta Region were used to analyze spatial
heterogeneity based on geostatistics method, and the factors affecting the dynamic were discussed.
The results indicate that the base effect values of p (PM,) were between 0.07 and 0.26, and the
degree of spatial autocorrelation was strong. The nugget values showed an increasing trend, which
indicated that the anthropogenic PM,, source gradually enhanced the impact on the spatial
heterogeneity. The range values of p(PM,) were between 217.1 km and 336.2 km, and the range
value of the east-west direction was larger than that of north-south. The air quality monitoring network
can be further optimized according to the 1/4—1/2 autocorrelation distance of each season PM,
concentration. The spatial interpolation results with ordinary kriging showed a patchy distribution of

air PM, 5 pollution in the study area, and the pollution level continued to increase. The bary center of
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air PM, ; pollution was in Su-xi-chang metropolitan area, Nanjing metropolitan area and Xuzhou
Metropolitan area, which are the key areas of air PM, s pollution control. Nanjing metropolitan area
and Xuzhou metropolitan area may be affected by the external PM, transmission from WSW
direction, while Su-xi-chang metropolitan area had a great potential impact on cities in the SSE
direction. PM, < showed a significant positive correlation with SO,, CO, NO,, which indicated that
the air PM, pollution in the study area may be not only affected by emission of fossil energy
combustion and vehicle exhaust, but also affected by the secondary aerosols related to SO, or NO,
under adverse weather conditions.

Keywords:PM, ., Yangize River Delta region, geostatistics, spatial heterogeneity, factors.
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Fig.1 Distribution of state-controlled air pollutants monitoring stations in Yangtze River Delta region
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2 5 59718 (Results and discussion)

2.1 PM, Ui ik B A A 1

F1 K SAHIX PM, B B (ARG AT 45 1 2014 48 11 1 12 11 2015 4 1
p(PM, ) BYE/ MBS0 24.94 wg-m™ 40.09 pg-m ™ Fl 50.4 pg-m™, fig KAE 53K 96.01 wg-m™ .
107.80 pg-m™ 12112 pg-m™  BK B p(PM, ) AR ETHEH RIEE R R 8 (CV) fR/NAT L
AR B AR SRR L CV < 10% 0 59748 5 5 10% < CV < 100% 4y Hh 48 4 CV > 100% 5 A8 S
A LA HZH X ST BEA p (PM, ) #0JE T H 4522 5. %0 p (PM, 5 ) BdE R SPSS 20 i ARS B 5
R (K-S #256) , B P BT 0.05, @545 5 RS0, AT R SE 127 24728 1] A48 S 3 A

F1 K=MK p(PM, ) R MSIT (pg-m™)
Table 1 Descriptive statistics of p(PM, ) in Yangtze River Delta region(pg-m™)

ok ot ot wifE b N ,ma/\-' ot d
A RME B s R g L S T S
. Standard . Variation
Date Min Max Means L. Skewness Kurtosis . K-S values P values
deviation coefficient/ %
2014-11 24.94 96.01 65.90 14.02 -0.53 0.04 21.27 0.984 0.287
2014-12 40.09 107.80 75.07 12.40 -0.19 0.55 16.52 0.587 0.881
2015-01 50.40 121.12 89.93 14.09 -0.57 0.35 15.67 0.843 0.475

2.2 PM, %S 128 SSRRE 0BT

XFTF PM, o 0T H v BE 5 1) H AR GE 153 B BR S A5 1R A8 5 A B AR (U AN g i e L =y i A2 4k
FFEAE, B R AE AR AR B 1 S R AR AR AR N R S 2 %0 i L ALY R A Y T e b T
PM, s 125 [A] 48 SEARFAIE , 75 Bk FHHLGE 71X PM,, 5 (1925 (R4S SEARRAE SR 740 Hr . A SCHE IR GS™ 9.0 [ sh A= Bl i)
HRAE LK W =AM p(PM, 5) #H47 48 5 R B0, AP KO 15, 6K K/l 27.22 km.
HR A5 5788 25 /NS e R R 2R BSOS ) 3 1 e AU 8 DL A BT 25 SR DA S S H WL 3% 2.

MG AT a5 260, 2014 47 11 H A1 2015 45 1 H 1Y p(PM, 5 ) BEFEBRTE A RIAE Ty 05155 A 00U B
££,2014 4 12 A1 p(PM,5 ) W2 25 B U AUL G 0 R ie - A 35k 5 1 F e DX 3 Ah A0 S 19 A8 S o B, S 4 (i
JVE T DRI 25 it Y AR AL A () T B B, AR R S e T DX 3 Ak A s () [ R S A Y B i G A80 J e
BEAILER 3 o e 23 [R5 5k 0 /AN, BN A B3R X DX 3 A A 2 ) S 5P 1) % M R /N, AR F 5
p(PM, ) I A EE FREE LTS BRI AT B N AR ol g S0 b 5 B e 2 BT,
FERABF ST I BE PN A TR 140 52 W) 78 T 14 4 5 2014 4F 11 H 8 p (PM,, ) JEJEAL N B AT 0.07, 25 [6] [ AH 61k
952014 4F 12 A FTFR 0.26, 4318 FH AHEPERZE 2015 4F 1 H [BI7% 3 0.19, 23 8] H A &k 58 BF 28 B
FENCRON 5 58 LR T B dA SRIWTHZS (] F A SGME 2 e R RS L T3

R2 KUK p(PM, ) B T7 22 R BRI SC S KL
Table 2 Semivariogram theoretical model and related parameters of p(PM, ) in Yangtze River Delta region

b bt i iy I i

H i e He4efl (B S=E (N AR . o 5k 2%
Theoretical L Substrate Determination .
Date Nugget Partial sill Range/km . Residual
model effect coefficient
2014-11 BRARAE A 14.9 199.9 217.1 0.07 0.836 10023
2014-12 A 443 124.5 290.0 0.26 0.878 3975
2015-01 BRRAR Y 46.2 195.4 336.2 0.19 0.846 10114

TR S T DX A AR S A AR A ) F AR DG B R AT DA Sy il 1) 4% A s LAk i 225 ik s —
MEREBLT T T R DX A AR 9 25 () A8 SRR SR s i AT A B B AN B o A8 S R B A8 A e i
PEE R N AR R 174 & 17270 AR 2 v LA H 3 AN 228 5 ok BB () o5 /N2 (8] A8 7 N
217.1 km, AIAE RIS DX P W00 sl ) s ) A B M i, A1 a5 18] B 1 %5 SRR B8R 54—109 ke, {H I8 0 AR 4 A
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ISR HAIRIX 23] PM, 75 YR | Bl K T IREs IR X b b & RN R T W s 2R
T DX F) PM, o T35 Ye Il s FFaR 4k 7 2. B8R B AT DX PR 2 500 ) et TR B A /0N , (LX) A )
L3t KT 109 ke, PRI W I3RS 53475 1901 468 %ot B VAR 31 S0 ANAR A 1l IX 1) 23 0 PM, 5 & ik AT B2
SCHFRATGY ISR L DU AR ZE 5 15 Y DU BT 22 57, BRI 2 =00 W) o5 S B A 12 e o 25
5 JEAS AR 21T 2 RGP A4S TR AR SRR A2 [ A DGR RS | A It — 20t A Wi 24
2.3 Ktk

p(PM, ) 25 A1 43 AR RFAF 2 22 52 i PR 28 76 R [R) 245 18] 7 ) RUBE b SR [RIVE FH I 285 58, S 1 S0 M i i b
St PM, (1975 (8] 28 SARAE | A BEXTIIFSE X8 p (PM, ) ZEAS [R5 1] L f 78 AL B 34 AT 007 . 36 3
SAHWEE-E(0°) AR-PE(90°) PHAL-A R (45°) FIZRAL-PY RS (135°) POANJ7 1) (9 21248 53 pRABE I S 44
ARGV R 1] 5 P G- AR e ) 22 B A (KT ARV O ) R R -6 T ) 3 AT R S5 X% B
P ATPEIL RN AR L A SR B R &R

R3 p(PM, ) WUATr 1) b A28 S iR A S
Table 3 The parameters of theory models of p(PM, ) in four directions

H J5 1wl b ihite i R g fE e & 18 LR
Date Direction Theoretical model Range/km Nugget Partial sill Substrate effect
0° 408.3 27.7 193.8 0.13
45° . 228.0 334 190.2 0.15
2014-11 SRR IR
90° 217.5 27.7 193.8 0.13
135° 408.3 334 190.2 0.15
0° 351.6 45.1 127.6 0.26
45° . 275.4 46.6 131.3 0.26
2014-12 Eizp ¢t
90° 262.7 45.1 127.6 0.26
135° 365.7 46.6 131.3 0.26
0° 408.3 66.8 184.0 0.27
45° e 317.3 74.5 171.7 0.30
2015-01 CR gkl
90° 222.7 66.8 184.0 0.27
135° 291.0 74.5 171.7 0.30

ANTRI D5 16 B 25 8] AR SCHE B A B AN [R], 2014 4F 11 H 25 (6] [ A7 CHE 25 A g -t = R Jb-i g > 76 k-
IR >AR-P,2014 4F 12 H 23 [8] 3 A CHE 25 0 AR -V > R -dU > PE - 2R > 45 -74 , 17 2015 4F 1 A =5[] H
AHOCHE B9 A R -6 > PHAU-AR Fg > AR A6 - P B > 2R - V4. mg -6 5 ) 1 25 ) [ AH DG HE 25 (351.6—408.3 km) fie K,
ZR-PEI7 101 (217.5—262.7 km) /> A< = Ff b X5 B Be P 09 32 XU ) S X ZRAE IURTPE XL, SR X
BBy ] (KA T5 Pk GRS IR B B T Ay ).

2.4 PM, 7S (A5 ARFAE
2.4.1  RERSFEAE

2 AreGIS 10.1 91353 78 BLAS AR (B XA 55 X 388 p ( PML, o ) EA TR (T 2) Bl 75 pgem ™
g (FREEZS TR ARIEY (GB3095—2012) PM,  H #4) — 24k FEFR1E. 2014 4E 11 J 3 2015 4E 1 A K =
X p(PM,5) 25 0] 43 A0 ¥ S B E B A 2 A A T i G A Re A, PML, o 15 G R BE RV R 4 2 R 34
2014 4F 11 H Y PM, 75 Y™ a0 b DX 3223 A3 7 VL0 09 75 3, ol LA Sl VA G, e rh i v G 38 b X
PM, 75 Yedie A ™ 5, I S BRI e T AR e 0 /N A s IX A LU B DA B 1 T ) R 3 b IX 75 e 15
DA R R BB DU FEAIG | FP A i 575 YA AE. 2014 4F 12 A K =AY PM, 75 3P R INE] , 75 e Fl
[ AE B, JUF-ak B B NVTIRAR , 2 b X5 Yty P, BT B U AR DX VLAY SR DA K e st X A
AARFFREE TG Y2015 45 1 A A =M RKE M X ERTE PM, s (W52 M =22 v | 55880 5 i DX e st 309 1)
PM, JTT LR A O 2w el i (PR s ST AR ) (GB3095—2012) PM,, 5 H ¥4 20k B FRAA.
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Fig.2 Ordinary Kriging interpolation map of p(PM, ) in Yangtze River Delta region
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Fig.3 The changes of PM, s concentrations in the study region

J1. Nanjing metropolitan area; J2. Su-Xi-Chang metropolitan area; J3. Xuzhou metropolitan area; SH. Shanghai;

Z1. Hangzhou Bay city group; Z2. Wen-Tai coastal city group; Z3. Zhe-Zhong city group
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AHI SR A2 PM, 577 A2 1375 R, RELR A9 A 7 A 36 O KU P, § RAUHF 28 Rk I TR 2 IR i
0L MR SOOI VTR PM, 575 Y AR B A YT A8 A B3 T ™ B, L e R T i P A R R AR T
RS Y ST R L X ST BB BER  E e T KRS R AR RS s kiR £ AN TR
PM,  EL PR e KT LW AT A 5 BRI G R M JC8) | i B A N SR TT IR PM, 5 A
MR PM, (HEBCR R 221 4 AT

BR T PM, AR TR ELEHESN , SO, NO FIl NH, 554515 YW i B mii R i — ik A I 2 KR P, B
J B EE A 2 AR SO SPSS 20 X PM, 5 NO, SO, I CO 2523375 YL ) i iV E 4T T Spearman
FRAASCAMT (3R 4) 45K W], 3 N 19 PM, 5 5 SO, Ml CO B B4 52 W 3 IEAH DG ;2014 4F 11 H PM,
W5 NO, AR R E A T SO, M CO EEZ [ L) TolkAR b B Hoth T F8 T TR (o aiuikbs ) HEL,
NO, HEfL F 2R [T B oAb TV MR B HE O AL Sh 42 R < R BARF ST X PM,, 575 e 51k £ fig AR %
FHLS ERS AR R KR K=MK IEA 12 A UG 2SS PM, & R R ge e in ] i £ 5 S5 AL %
DU 5 BN FEE 2 A RE IR T & s IR A G, AN AR B UG R S R A % AR Fi5 3L
PBL, LA I IR AR IR,

R4 p(PM,) FHA 3 FhRATT Y B R 14 A e

Table 4 The correlation between p(PM, ;) and the other three kinds of air pollutants concentration data
H LS H IS H 49 155

. PM2A5 . PMZ,S . PM2.5
Date Contaminants Date Contaminants Date Contaminants
CO 0.45*" CO 0.427" CO 0.46""
2014-11 NO, 0.46 %" 2014-12 NO2 0.12 2015-01 NO, 0.13
50, 0.39** S02 0.50** S0, 0.40"*

e w # FRTE 0.01 KF F B3 .

Note: * * indicates a significant correlation at the 0.01 level.

2 PM, ANOK A A HUHEBOIR , AR AN ] 3 6 2 57 380 i) 0 b DX 5 i 3 19 5 ) XS e A s
SRR B O A0 X R XU L DX Y5 Y R 2 T 4 A3 T A B TR XU B PML, A iR
R AR VG 7 18] A PM, 3% B 8 T LT 7 M 5 PM, I | R[]0 T B AT 22 55 g sUAR T B 2N
HBTITRE WSW XU Y PM, 1R B 55 v, FE I WSW L JXU i) 2 2085 P A &/ U6 i 26 386 W 2658 . 73 880 S e
SSE JAUI] PM, s BEAR 7, AT BEXT T XU 1w 4 pig ot 05 ol Pl e s o). 3 v 3k i A 2 0 1 A B — N
SSE AUl F 28R PM, s fr S 23 140 pg-m ™, Hoe WUy V5 Y AR /0N, 0] 56 A2 B A0 75 5 &R 11 el A1 e 3 A
AR ANIE PM, A% B SE MR 2R R AR B AR AL U] T 5 R B PM, 2 B3l 541G, X2 th TR =
FIZRACTT 1] R R V5 Yl /DN, 28 S e A i R A R 1 B AR b i G Y 52

— = FiR#R i Nanjing Metropolitan Area
STUTTTT 4R EB T B Xuzhou Metropolitan Area
""""""" IR ¥ 3% T B Hangzhou Bay City Group
T 77 W3R Ti#E Zhe-Zhong City Group

=TT U ER T Su-Xi-Chang Metropolitan Area
""" _E¥§1i Shanghai

— RA MW Wei-Tai Coastal City Group

B4 Km5p(PM,,) HEMER
Fig.4 Relationship between wind direction and p(PM, )
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3 %5 ( Conclusion)

(D) K=MAMXFKE T p(PM, ) B3 RZBA T 10%—100% 2 8], 28 FPERE & T h &K F A
K255 p(PM, ) FEJFAN 3 W N, A 552 10 72 T T3 AN ) 5 [ p ( PM, 5 ) AR AR 25 55 I &, 4RV 07 1]
KT EG-ACI7 1], AT R PM, S FRAY 1/4—1/2 X BRgE2s A5 R W I o0 2% itk — 25 A Ak

(2) K =M IX KA PM, 15 Y A PO R ka3, 15 Y d0 S5 207 T 954 H #0T FEl  AR iT FE A
TR T R 1 A 2 5 1 e A B T T M0, 1T B 45 4 5 BT FE O 224k A7 R TR A& v BB A5 5, 18 1T
Z 5 S0, 88 NO,FEARFN G 56AF T L K S I 1 25 )

(3) K =AM XA TR I 10 p(PM, ) 25 5280k, v EA2 30 SMIEA L i 1% 19 58 ZU 5 . 75 Y 0
F B R T R 2 A B IR AT R P S B i T T R M S T R O MR P KU ) T A
FETE.
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