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Figure S1. The geographical map showing the location of Mount Tai. This map is color-coded by land type (desert, city, forest, water15
area) and was downloaded from Resource and Environmental Science Data Platform (https://www.resdc.cn/, last access: 15 January,
2025). The blue dashed box represents the North China region, covering latitudes from 33°N to 42°N and longitudes from 112°E to
121°E.
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Figure S2. Variation in the Q/Qexpected ratio with increasing numbers of PMF factors. The Q ratio represents the rate of change in Q
between successive factor solutions and stabilizes when the number of factors reaches six
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Figure S3. Frozen fractions of rainwater samples (fice) and Milli-Q water as a function of temperature.
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Figure S4. (a) Average NINP_air and (b) the number of samples for different seasons as functions of temperature. The error bars
represent the standard deviation.
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Figure S5. NINP_air for different seasons as a function of temperature. The light gray lines represent all rainwater samples.

Figure S6. The monthly boxplots of (a) dust aerosol optical depth (DAOD) and (b) the mass concentration of the difference between
PM10 and PM2.5 (PM10-PM2.5) in 2021. The PM data at Tai’an city, located at the foothill of Mount Tai, were obtained from the China35
National Environmental Monitoring Center (CNEMC). The bottom and top edges of the box represent the 25th and 75th percentiles,
respectively; the horizontal line within the box represents the median value; the whiskers represent the minimum and maximum values;
and the red dots represent the mean concentrations. (c) Seasonal average DAOD with error bars representing the standard deviation.
(d) The count of dust events identified using the criteria PM10 > 150 µg/m3 and PM2.5/PM10 < 0.4 over a 3-hour period, following the
method of Wu et al. (2020).40
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Figure S7. The 24-hour concentration-weighted trajectory (CWT) map of PM10-PM2.5 for (a) Spring, (b) Summer, (c) Fall, and (d)
Winter at Mount Tai (marked by the red circle) in 2021.
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Figure S8. The average concentration of chemical components in different seasons. The error bars represent the standard deviation.
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Figure S9. (a) The contribution of six identified factors during the sampling period. (b-d) Relative contributions of six sources to
NINP_air at -16 ℃ during the sampling period in different seasons.
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Figure S10. (a) The monthly fraction (Fice) and count of ice clouds in 2021 over the NCP region (33°N-42°N, 112°E -121°E). (b) The
monthly boxplot of average dust layer altitude in 2021. The bottom and top of the box represent the 25th and 75th percentiles,
respectively, and the horizontal line inside the box represents the median value, the whiskers represent the minimum and maximum
values, the red dots represent the mean values.
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Figure S11. The relationship between DAOD and Fice over the NCP in 2021.
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