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Abstract

This study obtained the average concentrations of fine particulate matter (PMz.s), inhalable par-
ticulate matter (PM1), sulfur dioxide (S0:), nitrogen dioxide (NO:), carbon monoxide (CO), and
ozone 8-hour average (03-8H) in the air of 12 prefecture-level cities and 1 region in Heilongjiang
Province from 2014 to 2019. Used the SPSS software statistical analysis method and ArcGIS inter-
polation analysis to analyze the spatiotemporal distribution characteristics of six typical air pol-
lutants in the study area, and combined the air quality sub-index calculation method and air qual-
ity level evaluation method to evaluate air quality. The research results indicate that the concen-
tration of air pollutants has decreased from 2014 to 2019, and the changes in pollutant concentra-
tion have certain seasonality. There are significant differences among cities in the six pollutants,
showing an overall trend of high in the south and low in the north, but the distribution of different
pollutants varies. The main pollutants in air pollution in Heilongjiang Province are PM2.5, PM10,
and 03-8H. Harbin has the worst air quality, while Suihua, Qiqihar, Hegang, Shuangyashan, Daqing,
Qitaihe, and Mudanjiang have poor air quality. Jixi, Jiamusi, and Heihe have better air quality,
while Daxing’anling and Yichun have the best air quality. Areas with high vegetation coverage
have better air quality, while densely populated cities and agricultural cities have poorer air qual-

ity.
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Figure 1. Geographical location of Heilongjiang Province
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Table 1. Air quality sub-index and corresponding daily average concentration limit (company: mg/m®)

F 1 ERERRERYE

1AQI PM;s PMjo SO, NO, 03-8H Cco
50 0.035 0.050 0.050 0.040 0.100 20
100 0.075 0.150 0.150 0.080 0.160 4.0
150 0.115 0.250 0.475 0.180 0.215 14.0
200 0.150 0.350 0.800 0.280 0.265 240
300 0.250 0.420 1.600 0.565 0.800 36.0
400 0.350 0.500 2.100 0.750 - 48.0
500 0.500 0.600 2.620 0.940 - 60.0

e Og-8H WK & T 0.800 mg/m® i, ANHEAT SR B8 HITE
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Table 2. Air quality index level
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Figure 2. Annual variation of air pollutants PM, 5 (a), PMyq (b), SO, (c), NO, (d), CO (e), and O3-8H (f)
in Heilongjiang Province
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Figure 3. Seasonal variation of air pollutants PM, 5 (a), PMy, (b), SO, (c), NO, (d), CO (e), and
05-8H (f) in Heilongjiang Province
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Figure 4. Spatial distribution of air pollutants PM, 5 (a), PMy (b), SO, (c), NO, (d), CO (e), and Os-8H (f) concentrations in
Heilongjiang Province
B 4 BATIEZSISEY PMos (@), PMy (b), SO, (c), NO,(d), CO (e)F O;-8H (iREZ=iE 537

Table 3. Differences in Air Pollutant Concentrations among Cities in Heilongjiang Province (average value * standard error,
company: CO: mg/m?, others: pg/m®), 1: Harbin, 2: Qigihar, 3: Daging, 4: Mudanjiang, 5: Jixi, 6: Hegang, 7: Shuangyashan,
8: Yichun, 9: Jiamusi, 10: Qitaihe, 11: Heihe, 12: Suihua, 13: Daxing’anling

3 BRIEASHMESTRIREERMECENME £ fREIRE, $B4I: CO A mym®, HER ngn’), 1: BIKE,
2: FTFMIR, 3: KK, 4: #HI, 5: B, 6: #85, 7. WL, 8: FHF, 9: EAKHE, 10: &, 11: 2
W, 12: &K, 13: KHRIR

il PM; s PMyo SO, NO, CcoO 03-8H
1 56.09 +8.90°  87.20+10.02°  27.78 +6.23% 41.43 +2.43* 1.45 +0.15° 100.05 + 10.04°
2 35.74 + 4.79° 61.90 + 4.15¢ 21.26 + 4.24° 20.91 + 1.49¢ 1.10 +0.11° 90.28 + 8.40°
3 35.48 + 4.25¢ 62.21 + 5.00° 1454 + 1.56° 19.52 +1.19¢ 1.48 +0.20° 81.31 +5.27°
4 34.68 £2.22° 66.64 + 3.51¢ 11.64 +1.10° 17.53 + 1.41° 1.42 +0.16° 95.93 + 6.96°
5 36.38 +3.77° 60.32 + 4.98¢ 1412 +1.37° 21.52 +1.35¢ 1.36 £ 0.07° 86.09 + 5.951
6 36.27 + 5.74° 57.32 + 4.94° 13.98 +1.81° 24.84 +1.72° 1.00 + 0.09¢ 106.08 + 9.35°
7 23.26 £ 2.52° 41.76 + 3.89° 9.52 + 0.48° 16.33 + 1.48° 0.91 + 0.06° 88.73 + 6.841
8 33.15 + 4.29¢ 51.89 + 5.56° 10.88 +1.01° 22.42 +1.54° 1.13 £0.13° 100.33 + 7.76°
9 44.74 + 4.97° 82.74 + 6.96° 14.09 +0.78° 26.94 + 1.38° 1.10 +£0.12° 98.32 + 7.77°
10 40.15 + 7.14° 72.34 + 6.28° 13.52 +2.10° 25.13 + 1.15° 1.11 +0.16° 96.76 + 8.28°
11 22.69 + 1.53¢ 4054 +1.75° 18.01 +1.93¢ 15.63 + 0.83° 0.80 + 0.06° 89.01 + 6.341
12 36.06 +5.31° 59.73 + 7.48° 14.45 +2.11° 21.09 + 1.95¢ 1.07 £ 0.12¢ 92.48 + 6.82°
13 20.88 + 2.43¢ 42.29 +2.69° 24.04 +1.79° 18.62 +0.94° 1.06 +0.03° 81.53 + 4.74°

e F#hrBia b, ¢, d, e, DEUEFZE RN 0.05 K53,

3.3. ESREFM

BRI EFETE EI5RYIN O-8H AHua K TR e WA, 2SR A 50%LL E. BFE
F5 Y)Y O5-8H I A B LT3 5 A H) 87%, HARISHMAR S 10% L LT . KEE ZI5 008 PMs.
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BS YN PMys. PMyg, X2 T EIS I PMyse PMys. PMiyg Fll O5-8H RSB0 IT 48 25 05 e 32 Bi5 it
Y. f£ 2014 4 4 H~2019 4 3 HIu], BRITHVGEN, WBRIES[RENEEGRU A #mE, it
19N H, o 54 A 32%; Zik FFFEMUR. B RS, KK, LEMEHIHIESSREEZ A
R, fE£37~51 MH A, [tk 63%~85%, fEfisr H MR ENREG R by KXy HELRE
SRR AL, SRREZ RN, 50 30 NH K35 AH, 40k 63%. 50% (14 5).

Table 4. The number of days and proportion of primary pollutants in different seasons in Heilongjiang Province
4 B IETNRFETEESERYRBUA SEEH)

. PMys PMio co 0;-8H
FH
KHud Lk l/% KHud Ebf51/% KHud Lk fil/% KHud Lk fil/%
HZ= 480 11.6 1350 32.6 62 1.4 2175 54.3
S 93 2.8 341 10.1 0 0.0 2945 87.2
K= 1148 43.6 1131 41.5 62 2.1 360 12.8
P 2842 64.9 1302 27.8 290 6.6 31 0.7
MR CREER SR SERSR R
Mz
4L e
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=2l
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Figure 5. The proportion of air quality index categories in cities of Heilongjiang Province
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