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Abstract

This paper mainly studies the characteristics of atmospheric particulate matter pollution in the main
urban area of Harbin city, and uses the concentration monitoring data of atmospheric PM1o and PMzs
in winter of Harbin city from 2015 to 2019 to conduct an in-depth analysis of the temporal variation
characteristics of atmospheric particulate matter by traditional statistical analysis methods. The
sources of these air particle pollutants are discussed, and the factors that may affect the characteristic
change are analyzed. The results show that the PM:s pollution is serious in Harbin city, and the PMz.s
concentration and PM:s overstandard rate both decrease first and then increase. Among them, the
analysis of monthly concentrations shows that the average concentration of PM1o and PM:s in Decem-
ber is greater than that in January and February, indicating that the atmospheric particulate matter
pollution is the most serious in January and the air quality is the worst. According to the analysis of
variance, the significance of PM1o, PM25 and AQI is less than 0.05, which is statistically significant, and
the difference between AQI, PMz.s and PMio is obvious. According to the multiple comparative analysis
of years, there were significant differences in PMz.s, PM1o and AQI between 2015, 2017 and 2019. Ac-
cording to the multiple comparative analysis and ANOVA of months, compared with January and Feb-
ruary, and February and December, AQl, PMio and PMz s were all less than 0.05, and the differences
were obvious. This study intends to find out the temporal variation rule of atmospheric particulate
matter in Harbin by studying the characteristics of atmospheric particulate matter pollution in Harbin.
This study can provide the decision basis for Harbin environmental protection department to effec-
tively control the pollution of inhalable particulate matter.
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133.16. 118.41. 96.38. 97.84. 112.69 ug/m3, AQI “F%fi ~ 134.73. 126.77. 104.08. 105.13. 134.13,
Ht, PMio. PMas P35 B LR IS (528 SR EARIE) (GB3095-2012) 41 PM1o PMas [R4F )i &
WIE AR HER PRAE(70+ 35 ng/m®) [2] [3], AQI Xt AR TE FE bR HEEUE YE Bl A 0~100, 1MiMA /REETT 2015-
2019 FEAZEHF ) AQI K K FArERUE . #4155 (GB3095-2012) % PMig £l PMys H H ¥ 5 B9 B — 2 btk
[FIFRAE (150~ 75 pg/md) [2] [3], 2015 #F4ZE~2019 F 42 PMys HIEFR 2N 58%- 53%- 42%- 34%. 48%,
AQI IHEFR 5 PMas FIEEAR R A, PMuo FIHIFRZR 7371108 29%. 26%- 11%. 15%. 28%, JLH', PMas.
AQI. PMig [P 3519 FE AN AR 26 38 R B SE /N 5 K% . PMyo 5 PMas HIEEFRZAHEL, PMyo 7
PRERIE)/INT PMas, T BH I JRVEE T A A 2R R SRS e BN PMas ¥5 %%, XS T PMao I35 YL (i
B IR SE) R . 2016 45, 2017 442215 2015 A Z=AHEL, PMos SR LA BT FF%, 1iHH
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Table 1. Annual average concentration quality table

* 1 EHTEHRERER

Fhy AQI PM2s PM1o
SERIE 134.73 103.41 133.16
2015 47 ?1
EARER 58 58 29
SEIE 126.77 96.57 118.41
2016 E4ZF /_”
EARER 53 53 26
SEIE 104.08 775 96.38
2017 4 ?1
EARER 42 42 11
SERIME 105.13 78.21 97.84
2018 fE4ZF /_”
EARER 34 34 15
SERIME 134.13 102.84 112.69
2019 47 ?1
iegh e 48 48 28
Bt SFE1E 121.03 91.75 111.75
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Figure 1. Concentration statistical chart
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Table 2. Annual ANOVA table

F2 EMHESHE

ANOVA
S5 H ¥1J5 F BEM

2 i) 84258.176 4 21064.544 4.103 0.003
AQI AN 2294653.505 447 5133.453

it 2378911.681 451

2 1] 60407.669 4 15101.917 4.08 0.003
PM2s HA 1654562.072 447 3701.481

Mt 1714969.741 451

2 i) 84476.569 4 21119.142 4.966 0.001
PM1o HN 1900856.679 447 4252.476

it 1985333.248 451

BEME

0.0035 4 = A

0.003

0.0025

0.002 |

0.0015 |

0.001

0.0005 I

0
giE A w4 R | | Al it
AQI PM2.5 PM10
Figure 2. ANOVA bar chart

2. BESIHERE

2.1.3. ZELB

W RIE T R R 2 B (LA 3), 2015 FAFHJKFELXT AQI Hik, BEM MK 0.999.
0.019. 0.09. 1, 2016 #&Z=HXHELXZ AQI b, EFEMMRIH 0.999. 0.14. 0.388. 0.999, 2017 4£

KFHHFELZT AQI HHEL

, SFEVEM N 0.019. 0.14. 1.00. 0.028, 2018 F&Z 5 KHEXZ AQI L,

WEMEMR N 0.09. 0.388. 1.00. 0.115, 2019 HEAZTHRELZ AQI b, WEMHMKIA 1.00. 0.999,
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0.028. 0.115. 2015 AT EZEXK T PMys LR, B AN 0.999, 0.02, 0.104, 1, 2016 HEXZ
HREXT PMys L, BEME AR 0.999, 0.129. 0.4, 0.999, 2017 A7 5 ZAEX T PMys HLHL,
BEME NI 0.02. 0.129. 1. 0.023, 2018 FF 4= 5 %42 PMas UL, 23 AKX 0.104. 0.4,
1. 0.115, 2019 4 Z= 5 X FELTE PMys LUEL, REMENIKCH 1. 0,999, 0.023. 0.115, 2015 F4ZFH
BAEARTE PMy LB, B MK 0.887. 0.002. 0.009. 0.511, 2016 FAZHZHEXKTE PMy L, &
FPEMKIX Y 0.887. 0.108. 0.276. 1, 2017 4T HHAE%Z= PMy UL, 2P KiXh 0.002. 0.108.
1. 0.418, 2018 FFAZFHKAELT: PMy UL, WM AKX 0.009. 0.276. 1. 0.693, 2019 F4ZFH
BAFEAZE PMy tLiR, BEME AR 0511, 1. 0.418. 0.693, &% EHLEHT, 2015 4F. 2017 4F. 2019
2 [H] PM2s. PMov AQI Z R B, T HARF 2 (M LG R 2 7, 11 2015 4£5 2017 45, 2017 4
152019 4E[A] AQI. PMzs. PMao 3 1H/NT 0.05, AR ZER, 57 EZST AT ERES T a R —
B, IR T A ZE R ARORLA R R E EIS kN J E K & SS, H PMyo 35 /N T PM2s AT AQI 1
REME, WEIRIET & Z KRS G EE N PMas 15 %

1
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Figure 3. Multiple comparison bar chart

3. ZELBARE

2.2. REFRMISRHESHURB AT R

2.2.1. FIRE S
W RIETT R ASBORII 12 A %2 2 A HS R SR E SR (L% 3 MKl 4), m& 3w, 12 A% 1 H
PMas T34 Jl B IR BRI 91.61. 107.17. 75.08 ug/m3, PMyo T35 JF Bk FE KA 114.41, 127.43. 91.73
pg/md, AQI “FH4%{E A 120.62. 139.98. 100.78, HH1, PM,s [ F35 5 R AT (IR 25 S A iE)
(GB3095-2012)H" PM2s 1 H #5523k i — 2 brE I PRAE(75 ng/m®) [2] [3], PMuo FI-F-350 o 2k 5 R i
(AR EFRIED (GB3095-2012)H1 PMao Y H 34 5 29k 5 — 2 vhE () FRAEL (150 pg/m?3) [4] [5], AQI ¥
MNAETEFE s #ERUE TSy 0~100, TMiFG/RIEETT 12 H & 1 A 173 AQI ¥R TArHEXUE, 2 HHEE M
S5 100, BEHY 2 AR SURERLS . RYE(GB3095-2012)H PMas Al PMuo ¥ H 2457 ik FE — i)
FRAE(150+ 75 ng/m®) [2] [3], 12 A% 1 H PM2s iR # N 49%. 56%. 34%, PMuo B RZE 21%. 32%.
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12%. AQI iBArR 5 PMys bnFMH%, H, 12 A~2 ARREIRE LEMERE LR, PMas. PMio.
AQI ¥IRIUN— Ak, AR/, WA RIET &L — H KSR s o™ &, —Hi5
Y/, 12 AE 1 A PMas. PMy JREIRE ETF, AQI HUfE ETh, =FHiBhrEt ETb, SIS /RIET I
f%U&fiﬁﬂ?Wﬁ%mﬁmﬁW%M%E%%mpﬁ,lﬂézﬂyPW&PMmﬁiﬁﬁTV
AQl E R I, = @BhrE TR, VAN RS T —EMIEM, X PMes i5 4l (n #H 5 4
J7 BRKE mﬁ\EWE%%\mm$FWﬁmﬁﬁﬂﬁﬁ,ﬁPMmhﬁﬁgﬁﬁifu%Eﬁ,%
HH G RIS TH AL BE 7] AR 22 R AR P2 A2 1 PMos 381 1 235 A0 4]

Table 3. Monthly average concentration quality

3. A TFHRERE

JEEY:s AQl PMzs PM1o
FHME 139.98 107.17 127.43
. PRt A 22 75.885 64.415 65.942
S5 100.78 75.08 91.73
? Pt A 22 58.684 50.048 48.441
e 120.62 91.61 114.41
o Tt 2 76.133 64.792 75.968
- FHIME 121.03 91.75 111.75
Bt 22 72.627 61.665 66.348
WS ro
160 g BPM2.5

140
120
100 |
80 r
60
40
20

PM10

FIME AR FHEE ke A LTS

1 2 12

Figure 4. Monthly concentration bar chart

B 4. BRERRE

2.2.2. FESH

S IRV OK m%ﬁm%%ﬁﬂ”ﬁf\aﬁﬁﬁﬁffﬁm% 4), 12 H%E 1 AK AQI. PMas. PMyo 1 F 23514
11.29. 10.451. 11.417, &5 0.00. 0.00. 0.00, Ft PMys. PMio. AQI & /N T 0.05, H.
FAEAHZEBUNG, 0B PMao Al PMos 7 2SR, ZRMWRE, AR, U R KAL)
SYAE A2 B Z 5P E, 1 AQI B /N T 0.05, FH 5 PMio fl PMos FHZERI/N, VB RIETT
Az s RZE R E, SHERESTER -8, AmZEEREER, FERHTAFEMRE
R AR & 4]
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Table 4. Analysis of variance table

* 4 FEDHE
ANOVA
L I Iy F wE

#11a] 113909.965 2 56954.983 11.29 0
AQI 2 2265001.716 449 5044.547

it 2378911.681 451

#1117 76286.342 2 38143.171 10.451 0
PMz2s 2N 1638683.399 449 3649.629

it 1714969.741 451

211 96082.126 2 48041.063 11.417 0
PMz1o 2 1889251.121 449 4207.686

it 1985333.248 451

223 ZBEELE S

M RIETT RSS2 B AT (LK 5), 1 A5 %A AQI HL#, WM NI 0.00. 0.075, 2
HE#%H AQI b, SEMMKIX A 0.00. 0.036, 12 A5% A AQI thi, EEMMKI N 0.075. 0.036. 1
HE%H PMps LLEE, BEMAMKCH 0. 0.101, 2 H 5% H PMos b, EEMAKICN 0. 0.042, 12
HE5%H PMys tbie, EEME KN 0,101, 0.042. 1 A 5% H PMy L8, SEMEMKKH 04 0.291, 2
HE#%H PMyp thE, BEMMKIRN 0. 0.007, 12 H5% H PMy thi, MK 0,291, 0.007. &
ZHEILBEME, LHE52H, 2 H5 12 AWK, AQl. PMio. PMas/hT 0.05, ZRHEHE, 571
JREIRFE AT ZE T R —5, WRIET ARG R BERE—H, BRETAESR
JR R IHETE 2 H, W RIE T AR5 Y 22 R i . MR T A& ZR K AR 15 G 2 57t 1
3B TR RV R HE R S T B 5]

ZHE BT

0.35

0.3
0.25

0.2
0.15

0.1
0.05 II II

0 “ L
1—2 1-12 2—1 2—-12 12—1 12—2

mAQl mPM25 = PMI10

Figure 5. Multiple comparative analysis

El 5 ZEHERSHT

3. JRTEHHE
MIESKALEE, PMos FOSRIE LB T y5 8. KRS . A B EIERFF RS . TRATAT LA % Bk
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FHEZK, #TEERE, SuERMIA KBS, EHRAIMBIARER, X Tk & Rk 25 Gty
FERE P, FETERE PR T A G TS Y, R S A SCEOR, s xh s AR R ER 6] [7]. FRAT]
R R, RABROIARIAT, BUEMREGE, SRR . AR E SRR A R
AT, MmRAAEAEARZE . R RS R AT T 20 MR (s B A B, k3K
A ZAGAIAT AR . XI5 T A TE R IR B g, 0 X LB P AT R o, UK e 24T
Ve, WX IRM YR, IRIRK KRNI, I BAE R IRI T B SRR . X TR R
TR, BATSERAb, BB RETRRGEE . TR b, RATEIATERE R AR, [R5
OB JEORE BRE, AERSAT IR R Bl I H B SRS I R U SR U, SeifakiZ, A
ARYE Ll LESX AR AT 9

4, 4Eip

W IRIETT PMas 15 2™ H, PMas. PMuo ISP 35T SR B2 LA S PM2s. PMao B FREE, S AQI ME(E
IR NS IR/ ER . 2016 4F. 2017 4EAZRE 2015 X ZEMHL, PMos B EIREA BT R, I RIE
T PR B AR 15 W RAH SCEUR R B 7 — 2 EH, X PMas 75 4SRN IS Y T MR, SREE. AR
PR, HLEh 48 R A FEhl i (8], 1M 2018 4F. 2019 4E 5 2017 4EAHEL, PMasizZsd ETF, EHIRA /R
TETTR AU TS G m &, FER UM 75 R4, Imi g i A il A T, USSR R . 2017 1)
PMzs. PMuo P35 SR 5 . AQI HUMH LA BB bR R 3 I LA F A

ST AR EEAR 1 H ) PMao 1 PMas FRIVR FESAME LA K AQI BB R T 12 A 2 . #B 1 K
RIS et e, AR ERZE. 2 H AQI SFIMEZALT 100, #E 2 A AR E R, V5
/N,

FMAHTEZSPTEE], PMo. PMas. AQI B EZE /N 0.05, A4tit2#E X, AQI LI PMas. PMy
ZES W YNGR T AR BORLY) TS Y B S G IR T HERR SR R G 0% . R 2 U BT R 15
2015 4=, 2017 4E. 2019 2 [H] PMos. PMyow AQI 5B, FF& TR BIRE TR, Sl G
Ko FHZELE ST EMTHRESR, LHS52 H, 2 A5 12 AWE, AQl. PMyp. PMys /T
0.05, ZRWHE. &AM FRRERESIER, 1 AR, 2 A&/,

SE 3k
[1] PO, fitfit, w3, & BB R SMURATSE YR iE L 5 G B I CBYE T[], M55 42 5B, 2016,
38(5): 55-60.

[2]1 IEELRPES. GB3095-2012 M2 S i EARE[S]. dbat: W ER RN AR AL, 2012,
[381 EEH, HKMN, XA, & FE PMas i5 4R OUATS JURHE IR A [J]. M ETRLERTE AL, 2000(1): 1-5.
[4] &5, WAdE, kpse, & BT RARY TSPy PM10. PM2s 15 44K 7T[J]. P54 55574, 2004(3):

176-178, 242.
[6] EAL, emers, W, & SEARF N RGN PMes 15 RIS RIEANTI]. FERIZEBTAT, 2014, 27(2):
113-119.

[61 #E, BMEE, KEHE, & FE PMsisi 5122502/ KR FE[I]. IR 7T, 2016, 35(6): 1051-1060.

(7] EWABH, SRR, FEBEN), 5 KEHXAEET PMos 15 ARSI [0, P RIS R B 5025 B 24K, 2007,
24(5): 648-656.

[8] o, e, BRar, &5 ZINIRIX KA PMas 15 Y45 RIEMRNTI]. M3E R, 2016, 37(5): 1619-1628.

DOI: 10.12677/0jns.2025.131003 30 FIAA R


https://doi.org/10.12677/ojns.2025.131003

	哈尔滨市2015~2019年冬季大气颗粒物污染特征分析
	摘  要
	关键词
	Analysis on Characteristics of Atmospheric Particulate Matter Pollution in Winter of 2015~2019 in Harbin
	Abstract
	Keywords
	1. 绪论
	1.1. 研究背景
	1.2. 研究目的及意义
	1.2.1. 研究目的
	1.2.2. 研究意义

	1.3. 研究内容及数据来源
	1.3.1. 研究内容
	1.3.2. 数据来源

	1.4. 研究区概况

	2. 大气颗粒物污染特征分析
	2.1. 大气颗粒物污染特征分析以年份为节点
	2.1.1. 平均浓度分析
	2.1.2. 方差分析
	2.1.3. 多重比较分析

	2.2. 大气颗粒物污染特征分析以月份为节点
	2.2.1. 平均浓度分析
	2.2.2. 方差分析
	2.2.3. 多重比较分析


	3. 治理措施
	4. 结论
	参考文献

