w % B 3F W% S

(HUANJING KEXUE) ENVIRONMENTAL SCIENCE

20244 5 H 15 H

H X

%TNE%%%%%?EEBﬁngWq%@ﬁﬁ%ﬁ ................................................... WEH, TE, B, R¥ 5, 8% %
H T BEHLIEA AL SO X B R BUBE DI - eeeemrmremmmmrr B, T, s CE, AL
FET BEHLZE AR DU 1] 25 BT YT woeeeeeeeer e M, EE, Tah, AEE, xR
VR 1T L A2 B 5 T A B R T 5 0PI o vvevveeemmeeree e B, B ERH, A
TSI X 2015~2020 4F 550 S 6 25 3 A1 HF AR B HARE FERICRS BTA - oveveeeeeemeeeemeeeeeenes B, EE, BN, R, AAN, 2%
20224 AL B TR PM, KI5 f B AEARFAE oereeeeeemeesnennenneneens WHE, 24, RER, &, FF, AFK, 2&R
%Mﬁ@?éPMj*ﬁﬁE?ﬁ%%ﬁu*%&ﬁ@ﬂ@ﬁﬁ ................................................ EA, &R, b %, Bk
T i LR IS P, 2 3805 98 S HAT A2 W75 R AE (R U D B XU -+ WL, RWE, B, BER,.REH, ELF, HX
G % 117 SR W2 25 o 8 490 5 [ 3 9% 28 200 UKL A0 2 3 5 A TR TR AT < eeevee ZlE, KB, kG, BA, FmW, AR, BHE, ZBT
KHEAZE WA B35 Yl T2 5 R TE ML O I PR B R R A A e FHW, BERF, AR, e, L&, T4, #BXE, T8 K
H T 25 (] RUBE 8007 ) 1L 2548 P, 5 10 28 A8 Al B 25 IR 3 S U BRI o vvevvemmemmenmmensinienns WE,F8H, BE, ARE, FAE
Ik [ #01k T A7V VOCs HEB AR AE B2 Xk BL AR AR B H oo RtE, B, YRE, ZHF, &9
o B K ZE K A0S e il A D VOCs IR RIR IR AR BUS 3 SR BT oo KAy, M, TXX, K%, B, REQ, Thz, 2£%
S5 WUAS SR T I K 5T 5 000 P RBE AN Meeta 3 AT woeemeeessmeensmesmeenssseeneseene FEA,HER, KE, AR, B, KT
A B 2 TR AT TR0 3 7K AT i e A L 0 4 1 3 5 A ROk I

..................................................................... FEE, Ea, Y, BTE, KD, REN, TEK, kR E, B
L 5 o 3 BRI DL H T A KA B M BRI AP oo RER, AR, KB, 144, 4%
AT (TR TR IZ 0 F KK AL R BB R R BOKBRRAY oo X, B, KWL R, B, HRE, HEL
GG PR 4L R 25 B B BRI oo IHE, R, ARE, RA%, B8, ER4
B 22 M| B ] B A S A W) 5 T 25 B R G IRRTE AR vveeeeeonrmeee e HEE, BN, B8, i
BT L UG 1 B B K B 25 A BRI IR AP BT eeveeeeeemmemeeeneneeneeeee enk, BFR, RE, REF, XA, TH#
PR KR KRBT P UK B A B TR RRAE oo RR, FE8E, FER, BAK, ZRE, ZhH, FHR
7KL I B R B9S2 X = I P T 9 AT TR B W RV R R S8 LRI oo i, EF, B, &0
SR T ST PR A TR T ) B X T 4 S BRI DGR oo FRA, XN, B, B e
FROK AR IB) X 175 PR DC ST A R G U B TR R S M T3 AT oo eeemeeemeeveeeeeeeeene KA, KE, TEG, mak, U, ZHE, £EA
TS K P I S YB AT v veeeeerrreeeeemmnne e WERE, AWM, Tk, 24, 25%, ELE, TS
TEVE I TR A 25 PR B B A TR ATy vvvvvvvveeeeeeee e E2HE EAE, NHEE, T
IR 25 B GRS MBI 25 AL JL B PRI ZE covvvveee oo TEH, e
BT L 357 190 245 10 A 25 2R 00 TR 45 LA W ) 066 2 588 182 T R 2 AR SR R A« DL DA 4] ooomeemeemeemenes Kb, g, IV, BEH
SN T TR T L 2 5 TR 2 VR R IH e HH OLE, BBl BRA, BEak
2000 ~ 2021 gﬁi%‘]ﬁﬁ:;{&ﬁg NEPH#%Q{%&;H\:EKZ%% ...................................................... }g ,fé\ﬁ%’ F{;E , X’J 7;5’“ , ff}é
%ﬂ: SSP-RCPT#H:‘% gﬁi%‘)ﬁiﬂﬂﬁ{t*ﬁ*ﬂ& %)ﬁ@%{%% ......................................................... 5 , %;‘;@, glﬁ?gg}, 3:_%4@
HHFLTT R R T A 3k A SR RO AR R R AR TSI ooeeeeeeeeees REW, RHE, BEEL, FE4, XK, AT
VG P T DX ) P A T R AR M S AT LRI BT oveveeemmeveeemennenenenneenen e T R T 36, BRR M, HA K
AT A D5 R L DU T R 43 A AT e FHE, R, RBW, ARF, BE, B, REA, KR
HET W R4 R R A4l BP A 28 100 256 1) 1 BT LTS () A A JUI - oveeeeeemeeemmenenenmeeieenns Ham, A%k, RRE, 27, A%
ARV DU 0 S s R BRI AL SR - oeeeeveenmeneenmnenennes WY, EEAE, ERE, BAW, TE, HER, T2E, K
ARG FIRI ] F IR AR IR MU MR HE oo BhR wAR MEXR, TWE, EXk
FEREIBIR M 22 H B8 AF 1 R AR 7 d AR 2 AR B 5

..................................................................... TE, TS, HEL, REL, A, TR, R, ATFN, EE
i%ﬁﬁﬁ%i%wa@%ﬁH%W&ﬁm ................................................ B—, M, KaEE, KEE, Bk, T4 F
[ T A T 4 TR TS UL AP BT G HTA vveerverreerreermemmeeneesee st BE, B, B, KB, HEE, B
CIER S TN R BT Eneiidr o) 3 TR, B, AR, TEE, RBE, VR, R4
Wb T 4 B 5 Y AL T MICP 3 AR BFGEHEE oo e oo W, B XK, R, BAE, 2
ST 1L R B 0 X S 4 05 Y O BT eeeeeee RAE, KE, R, #%, BEL, $Fa, KEE, AR
6 ) T TRV 5 T 4 R A BRI AT - ovevreeee e ENE,EAE, RNE, B, EHE
BRI 5T W IX A 7 4 5 MR E PR S KU TR 5 JEATAT +evreeeeererersmsmrmsssnenmsinnsssssieiss s Fhm, BHE, TET
HET U 1) RS R OR AL 10 AR A e I T 9 5 S il R RS AT A

................................................... W, AV F, kR, TWE, TRID, AA, BEEW, FEEK, 2R, 2858, TH
VU R BB R L R M R S OR U S R IE S SN R R AR s, Rt h, A, 5%, BE, THAL, B4
SN 7K R 3K RS Hg & i FRHIE 528 A DK ooveveeveereenenmnn s XM, AR, BED, Bwm, THE, KK
Py A T A B T 5 S X i 7 R B O SRR SR AB S AL oo MEF, BhHE, BHG, FHE, A, 48, EmE
EaEaliL iR/ p S0 SUM R 313 20919 €L 111 bb- A I, BTN, EF%, 08, #Ak, KXA4, &9
P50 U R R S5 15 e LA 3 A R i e AR S e HEH, B, KIH, 220, N5k, FEE, 0%
BT Meta 73 M 14 05 951 S HE X SR HE S5 12 0 R 4 J UL A AILRL +ovveemeeemmmeemeemmme e Z0E, FE, BEA, B, 2%
TR L3 NO HE R R R AR E M BT T wovvvermeemereesseee M=%, HEH, RER, FHEE, P, 2H
= ) P 29 IR N G B SR TG TR oo eeemeeeeeeees Bz, &, T, Ak, THE, 26k, 2%, 2ER
TR IRV Ve B 17 DU ORISR oeeeeeeeseeemesmssessee KA, ek, ZEX, HEH, NEH, 4, 554
B2 A AL X 3 A A I RETE AU BATI  woeeeeeeemmmmnnnneee TEA,EZH,FZER, BEL, B, 2T
B Y91 A% 0 5 R R T 4 T 4 45 480 5 55 A 25 XU, T e WEW, BRI, FEE, AHE, KXE, #AR, Wlm
LR 90 9 T T B S T BRI AR e RLE,RAE, ZW, AL, T EA, KER, K214

Eﬁ,ﬁlifé’ﬁﬁ%iﬂﬂifE@%iﬁﬁ%ﬁﬁiﬁﬁﬁﬁﬁﬁ*ﬁ ............................................................ ﬁ: s %f’%'@’%’ ':%Ej\lﬁ, 7%/&



5545 55 5 nE R Vol43 o3
20244 5 J Environmental Science May, 2024

/.

ETZEREMAMNALUEE PM, s KERNZTELR
6] 53 5%ttt 3B %

B2, FBH, AR, BIRAR?, 2 E
(1. FRER2EMERBL 2 55 B HERE, KD 410083; 2. AEMREE T K244 BRAE B 24 BE, Hidk  541006)
FHEE . 3L T PM,s3% B4R, SR Theil-Sen Median # %4437 #1 Mann-Kendall 1. 2 14 £ 56 , %*F2000~2021ipmz£4§|3m2_5m§
At 2 AR AL ARRAE 45 G ORI 2%, 7248 -1l7 - B = 02 TRl JUBE 400 52 i LU 7R 48 PML s Vi 2 s ) 4 S 9 B2 i TR 75 i 7 . 45 SR %
0. OB, 2000 ~ 2021 4E I p(PM,s) B {E 7E 38.15 ~ 88.63 wg-m ™ Z [H], W& T <%i‘ﬁ*k}ﬁ$ i) FR AT I A R
YIB) —HhRAERRE (35 pg-m ™). FEAEBR RUEE I, 2013 4F /2 p(PM,5) 2R AL Y IEAE AT, HAE M 83.36 peg-m™, # MK (AR 4 PM, R
FEAR AL RS R A G B s REL D TR RIEGHE T BB B A U [, PML W L AR, BAKE R 40 A RRAE G
FeR T “U” AR bR, @25 ) b, IR PML VRIS I “TOm AR Mas ) A Ak JR . PM, sk B = (A IX 2 A LR 44 P
FOHI X, AR DX U] 230 AR o B b XL PV s YR B 2 TR A Ak e 34 5 0 W S 0 s D S e, B S T R Y X 2 B A A R AR
X . QN FHRMEE R T, KEE TR0 LR A PV R 2 M A B m K 2, FHRE LR A PM, k=
[R5 5% B S W B 5, fE49 0.512. 49 - 117 - B 22 JUBESRIN A SR B - S PML s R 2 22 W) 53 S RO B 0 DR B FLRE 0 1) 6 A T 28 ) R
BE R RSN RYE [, PR R BOR R 0 PV R A (] 43 S 4 R R o R T Fﬁé&R‘rL K
%}ﬁ%ﬂﬁxﬁﬁﬁ%%umm,s SIS FESE WA T BRRE L, Bk %iéh/ %ﬂaﬂﬁﬂu‘éﬁz%%ﬂmPM”fkﬁﬁ?W\%m

H

WA T | g ‘ o
LA KA Pk SRUE; Mat; Bmmass wwwz 400 ) PaF 4
y | i
FESERS: X513 XEKFRIRAD: A iazﬁ% n0250 3301(2024)05 2596-17 DOI: 10, 13227/ hykxa202306066 :
E. I g — h' f |

Concentrqﬁon in the Shandomg’ P mchased on Spatl /l Scale Effect :
XU Yong WL Mengesin?, ZOU Bin™, GUO Zhen dong : .,LISﬁen in' &

.(] School oL Geosmenceu “and Info-physic, Central South 'i,m,Versuyf, Chpngsha 410083 China; 2. Col]ege oF Gedffitics and Geomformatlon Guilin University of Techno]og\,

i | ) ;

Cullhy 5410% China) = ; & |
Ul lnl m?' | '.l"‘

Absttact P'M" remote %en,smg datd was applied in this stud'y and Theil-SenMedian trend analysis and the Mann-Kendall significance test were utilized to analyze the temporal and
spatial vﬂmidtlon in PM, ; in ! the Shandong Province from 2000 to 2021. The influencing power of the influencing factors on the spatial differentiation of PM, concentration in the
bhandong Province was detected at the provincial-city-county levels based on Geo-detector data. The results showed that: (D on the temporal scale, the mean p (PM, ) in the
Shandong Province ranged from 38. 15 to 88. 63 pg'm™ from 2000 to 2021, which was slightly higher than the secondary limit of inhalable particulate matter (35 pg+m™) in the
Ambient Air Quality Standards. On the interannual scale, 2013 was the peak year for the variation in p(PM, ;) with a value of 83. 36 pg*m™, according to which the trend of PM,
concentrations in the Shandong Province was divided into two phases: a continuous increase and a rapid decrease. On the seasonal scale, PM, ;concentration presented the
distribution characteristics of “low in summer and high in winter and moderate in spring and autumn” and the U-shaped change rule of first decreasing and then increasing. @ On the
spatial scale, the PM, ; concentration in the Shandong Province presented a spatial distribution pattern of “high in the west and low in the east.” The areas with high PM,
concentration were distributed in the western area of the Shandong Province,, whereas the areas with low PM, ; concentration were distributed in the eastern peninsula region. The
spatial variation in the changing trend of PM, ; concentration showed significant spatial heterogeneity, and the extremely significant decrease was mainly distributed in the eastern
peninsula region. @) The results of factor detection showed that climate factor was an important factor affecting the spatial differentiation of PM, ;concentration in the Shandong
Province. Mean temperature had the highest influence on the spatial differentiation of PM, ; concentration in the Shandong Province, with a ¢ value of 0. 512. Provincial-city-county
multi-scale detection results showed that the influencing factors affecting the spatial differentiation of PM, ; concentration and their influencing power differed at different spatial
scales. At the provincial scale, mean temperature, sunshine duration, and slope were the main factors affecting the spatial differentiation of PM, ; concentration. At the city level,
precipitation, elevation, and relative humidity were the main factors affecting the spatial differentiation of PM, 5. At the county level, precipitation, mean temperature, and sunshine
duration were the main factors affecting the spatial variation in PM, ; concentration.

Key words: Shandong Province; PM, ;concentration; multi-scale; spatial-temporal variation; Geo-detector; influencing factors
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