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[ Abstract] Objective To understand the characteristics of air pollution and the associated population health risks
during the heating season (October 15 to April 15 of the following year) and the non-heating season (April 16 to October
14 of the following year) in Hohhot city, Inner Mongolia, from 2017 to 2022, and to provide a reference for the
development of scientific environmental protection policies in this region. Methods Data on monitored pollutants during
the heating and non-heating seasons from January 1, 2017, to December 31, 2022, were collected from the Hohhot
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Ecological Environment Monitoring Station. Time series plots of pollutants were generated, and health risk values were
calculated using the model recommended by the United States Environmental Protection Agency (USEPA) to assess the
health risks posed by air pollutants to the population. Results From 2017 to 2022, there were 1 099 days in the heating
season and 1 092 days in the non-heating season in Hohhot city. The exceedance rates of inhalable particulate matter
(PM,), fine particulate matter (PM, s), sulfur dioxide (SO,), nitrogen dioxide (NO,), carbon monoxide (CO), and 8-hour
ozone (Os_g},) concentrations during the heating and non-heating seasons were 16.7% and 4.0%, 18.4% and 1.1%, 0 and
0, 2.2% and 0.1%, 0.1% and 0, and 0 and 12.5%, respectively. Compared with the non-heating season, the exceedance
rates of PM,y, PM, 5, and NO, were higher during the heating season, while the exceedance rate of O;¢} was lower
during the heating season (all P<0.001). From 2017 to 2022, the annual average mass concentrations of PM,y, PM, s,
S0O,, NO,, and CO during both the heating and non-heating seasons showed a downward trend (all P<0.001). The annual
average mass concentrations of PM,y, PM, 5, SO,, NO,, and CO were higher during the heating season than during the
non-heating season for each year, while the annual average mass concentration of O;¢y, was lower during the heating
season (all P<0.001). Time series plots showed that the daily average concentrations of PM,,, PM, 5, SO,, NO,, and CO
in Hohhot city from 2017 to 2022 were higher during the heating season than during the non-heating season, while the
daily average concentration of Osg , was lower during the heating season. Comparison of the daily average
concentrations of air pollutants between the heating and non-heating seasons also showed that the daily average
concentrations of PM;,, PM, s, SO,, NO,, and CO were higher during the heating season than during the non-heating
season for each year from 2017 to 2022, while the daily average concentration of O;g, was lower during the heating
season; these differences were all statistically significant (all £<0.001). From 2017 to 2022, the non-carcinogenic risk
value of PM;, was > 1x10-¢ during both the heating and non-heating seasons in Hohhot city. The non-carcinogenic risk
value of PM, 5 was > 1x10-6 during the heating season and <I1x10-¢ during the non-heating season. The non-carcinogenic
risk values of SO, and NO, were <Ix10-6 during both the heating and non-heating seasons. Conclusions From 2017 to
2022, air pollution in Hohhot city was more severe during the heating season than during the non-heating season. PM;,
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and PM, 5 pollution was particularly serious in this region, posing potential risks to human health.
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Table 1 Annual average mass concentrations and trend test [M (P,s, P;5)] of six air pollutants during the heating and non-heating
periods in Hohhot city from 2017 to 2022

i A KAT5EM 20174 20184 20194 20204 20214 20224 rfi Pl
FHER PMyy/(pgmd) 107.44(67.11, 147.11)  111.13(69.38, 15438)  89.00(49.86, 121.29) 83.19(49.84, 126.34) 78.25(46.25, 116.54) 55.19(33.72,8138) 0297 <0.001
PM,s/(ng/m®)  54.33(29.33,87.78)  48.38(28.25,69.00)  45.14(24.86,70.29)  40.81(22.31,73.50)  36.19(19.72, 5425)  27.06(14.75,39.38) -0.268 <0.001
SO/(pgm’)  41.89(27.67, 54.11)  26.63(19.75,34.25)  19.00(13.86,24.86)  16.50(11.94,22.44) 13.81(9.38,18.50)  12.75(9.88, 15.84)  —0.680 <0.001
NOY/(pgim¥)  5522(39.33,6833)  47.63(36.88,61.25)  47.29(32.71,60.00)  38.56(27.88, 51.47)  33.75(23.25,46.00)  30.92(19.78,42.35) ~0.386 <0.001
CO/mg/m®) — 1.69(1.12,2.21) 1.40(1.07, 1.80) 1.2900.87, 1.73) 1.12€0.74, 1.68) 0.81€0.60, 1.20) 0.64(048,083)  -0.574 <0.001
Os54/(pgm®)  63.56(49.67, 87.67)  65.38(48.5,81.38)  61.14(41.57, 8243)  68.25(48.25, 84.44)  66.88(49.72, 81.91)  70.46(47.59,87.22) 0,002 0941

JFIER PMy/(ugmd)  77.78(52.86, 103.42)

64.25(44.84, 94.19)b  47.00(31.96, 64.43)>  42.69(31.97, 61.66)" 40.81(27.35, 60.24)> 41.19(26.83, 57.66)> -0.401 <0.001
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Table 1 Continued

YNGR ] 20174 20184 20194 20204 20214 20224F rfE Pl

PM, s/(pg/m®)  26.39(17.67,35.36)>  23.75(14.72,36.38)b  18.86(13.39,27.29)0  16.81(12.38,24.06)>  16.61(11.97,24.19)b  16.25(9.63,24.13)®  -0.308 <0.001
SO,/(pg/m¥)  13.33(11.00, 1567 10.50(9.09, 12.50)° 8.14(7.14, 9.86)b 7.13(6.13, 8.69)b 7.38(6.47, 8.63)b 7.20(6.00, 8.45% 0,639 <0.001
NOy/(pg/m®)  37.89(31.14, 46.64)>  33.56(24.5, 41.00)® 31.71(23.39,39.79)b  23.88(18.34,29.28)  21.81(16.31,27.06)>  23.56(17.88,30.63)b —0.422 <0.001
CO/(mg/m3)  0.74(0.66, 0.87)b 0.89€0.80, 1.00)® 0.64€0.56, 0.74)b 0.63€0.54, 0.71)b 0.49€0.40, 0.59)° 0.44(0.36, 0.5 0,676 <0.001

03.54/(ug/m3) 129.39(106.00, 155,440 122.75(100.31, 143.200 121.29(101.04, 142.43)0 115.06(92.50, 136.41)b 115.19(95.16, 138.17)b 116.75(98.44, 138.13)b —0.154 <0.001
SRS R TR 443 Lh 4, a P<0.01; b P<0.001.
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Fig. 1 Time series distribution of air pollutants PM,,, PM, 5, SO,, NO,, CO, and O; g, in Hohhot city from 2017 to 2022
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Table 2 Non-carcinogenic risk assessment values and trend test of four air pollutants during the heating and non-heating periods in
Hohbhot city from 2017 to 2022

i 3 KETGGH) 20174 20184 20194 20204F 20214 20224 rfH Py

SN PM,, 2.20x10-6 2.65%106 1.87x10-6 1.97x10-6 2.23x10-6 2.20x10-6 -0.287 <0.001
PM, 1.21x10-6 1.03x10-6 1.03x10-6 1.21x10-6 9.14x10~7 1.21x10-6 ~0.260 <0.001
SO, 6.99x10-9 4.49x109 3.26x10-° 2.72x10-° 2.30x10° 2.11x10°9 —0.686 <0.001
NO, 6.66x10-2 6.09%10-° 5.82x10-9 5.03x10-9 4.31x107° 6.66x10-° -0.396 <0.001

AERmE PM,, 1.86x10-6 1.59x10-6 1.17x10-6 1.17x10-6 1.08x10-6 1.86x10-6 -0.393 <0.001
PM, 5 5.97x10-7 5.32x10~7 4.55x10-7 4.14x107 4.25x10-7 5.97x10~7 —0.295 <0.001
SO, 2.14x10° 1.79%10-9 1.37x10-° 1.20x10-° 1.20x10-9 1.18x10-9 —0.647 <0.001
NO, 4.87x10°° 4.27x10°9 4.01x10-° 3.09%10-9 2.79x109 4.87x10°9 -0.416 <0.001
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