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[Supporting Information]

The particle hygroscopicity parameter (Kappa, «) in this study and previous studies measured in rural
sites in the North China Plain (NCP) is shown in Table S1. The average size-resolved x was in the range of
0.24-0.32 during the sampling period. The hygroscopic properties of particles in this study was similar to
those determined in the NCP in summer, such as in Wugqing (Liu et al., 2011) and Xianghe (Zhang et al.,
2016), which was higher than that measured in winter, such as in Dingxing (Shi et al., 2022). It can be
explained that the mass fraction of organic matters with relatively weak hygroscopicity was higher in
winter, while secondary inorganic aerosols with strong hygroscopicity made higher contribution in summer
(Sun et al., 2015). Besides, particle hygroscopicity increased as the particle diameter increasing, which was
in accordance with previous studies measured in urban and rural sites (Swietlicki et al., 2008).

Table S 1. Particle hygroscopicity parameter (Kappa, x) in this study and previous studies.

Rural

site Kappa, mean + SD (dry diameter, nm) Instrument RH Reference
024+ 024+ 027+ 028+ 030+ 032= HH
Wangdu  0.09 0.07 0.06 0.07 0.08 0.10 TDMA  98%  This study
(30) (50) (100) (150) (200) (250)
025+ 028+ 033+ 035+ .
Wuging  0.06 0.04 0.05 0.05 TISI;I_ N\ 98.5% (le‘gftl?l"
(50) (100) (200) (250)
029+ 030+ 031+ 033+ 035+  037= (Zhang ot
Xianghe  0.09 0.06 0.06 0.04 0.08 009  H-TDMA  87% 20“’; 6
(50) (100) (150) (200) (250) (350) ”
o 0.16 0.18 0.16 0.15 . (Shietal.,
Dingxing ) (100) (150) (200) H-TDMA — 90% 2022)
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Table S 2. Wet diameters of hydrophobic and hygroscopic particles in the HRT.

Wet diameter (mean = SD, nm)

Dry diameter Head TB/P

(nm)

Hydrophobic Hygroscopic Hydrophobic Hygroscopic
12.6 12.7+0.0 134+04 13.1+0.2 17.0+2.1
14.2 143+0.0 152+0.5 149+0.3 19.8£2.6
16.1 16.2+0.1 17.2+0.5 17.0+0.3 23.3+32
18.2 18.3+0.1 19.5+0.6 19.3+0.4 27.4+3.7
20.5 20.7+0.1 22.1+0.6 22.0+0.5 324+43
23.2 23.4+0.1 25.1+0.6 25.1+0.6 38.5+£4.7
26.2 26.5+0.1 28.5+0.6 28.7+0.8 459+5.0
29.7 30.0+0.1 324+0.7 32.8+1.0 549+54
33.6 339+0.1 36.7+0.7 37.5+1.3 65.5+59
38.0 384+0.1 41.7+£0.8 429+1.6 779 +£6.8
429 43.4+0.1 47.2+0.8 49.1+1.9 92.4+7.9
48.5 49.0+0.2 535+1.0 56.2+2.4 109.4+9.3
54.9 554+0.2 60.6+ 1.1 643+29 129.1+11.0
62.0 62.7+0.2 68.7+1.2 73.5+£3.5 152.0+12.8
70.2 70.9+0.2 77.8+1.4 83.8+4.0 178.8+14.8
79.3 80.1+0.2 88.1+1.6 95.2+4.7 209.8 +17.1
89.7 90.5+0.2 99.7+ 1.8 107.7+5.3 245.8+19.8
101.4 102.2+£0.2 113.0+£2.1 121.4+6.0 287.4+229
114.7 1155+£0.2 1279+24 136.3+6.8 335.5+26.7
129.7 130.4+0.3 1449 +2.8 152.6 £ 8.0 390.8 £31.5
146.7 1474+03 164.2+33 170.8 £ 9.6 454.6 +37.5
165.8 166.5+0.3 186.0 £4.0 191.1+£11.7 527.1+44.8
187.5 188.2+0.4 210.6 £4.8 214.1+14.3 610.2 +53.9
212.0 212.6+0.4 238.6+5.8 240.4+17.4 704.6 = 64.9
239.8 240.4+0.5 270.3+6.9 270.6+21.2 812.4+77.7
271.2 271.8+0.5 306.1 £8.3 305.0£25.6 934.3+£92.3
306.6 307.2+0.6 346.5+9.7 344.3 £ 30.8 1072.0 + 108.9
346.7 347.5+0.7 3923+11.4 389.3+37.0 1228.6 +127.5
392.0 392.8+0.8 4439+ 13.3 440.6 +44.1 1405.2 +148.3
443.2 444.1+£0.9 502.2+15.4 499.0£52.4 1604.7 + 171.4
501.3 5022 +1.1 568.3+17.7 565.9+61.9 1830.9 + 197.0
566.8 567.9+1.2 642.8 +20.2 642.0+73.0 2086.0 +225.3
640.9 642.1+1.4 727.1+23.1 728.9 +£85.8 2374.4 +256.9
724.7 726.0+ 1.6 822.2+26.3 828.1 £100.7 2699.7 £292.1
819.5 821.0+1.8 929.8+29.9 941.4+118.0 3067.6 +331.2
926.6 928.4+2.0 1051.3 +33.8 1070.9 +138.5 3481.9 +374.7
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Table S 3. Regional and total deposition doses for children.

Dose without hygroscopicity

Dose considering hygroscopicity

Impact of hygroscopicity on dose

Child (108 particles d ) (108 particles d™")
hydrophobic hygroscopic sum hydrophobic  hygroscopic sum hydrophobic hygroscopic  sum
Head 0.54 5.39 5.95 0.54 5.46 6.01 0.34% -1.29% —0.94%
TB 3.22 28.99 32.26 3.05 21.41 24.46 5.18% 26.16%  24.16%
P 6.97 63.02 70.07 6.63 45.03 51.66 4.89% 28.54%  26.27%
Total 10.73 97.40 108.28 10.22 71.90 82.13 4.75% 26.18%  24.14%

Table S 4. Regional and total deposition doses for adults.

Dose without hygroscopicity Dose considering hygroscopicity

Impact of hygroscopicity on dose

Adult (108 particles d") (108 particles d™")
hydrophobic hygroscopic sum hydrophobic  hygroscopic sum hydrophobic hygroscopic sum
Head 1.66 15.92 17.61 1.66 15.87 17.53 0.10% 0.33% 0.48%
TB 8.35 74.28 82.73 7.88 53.24 61.13 5.57% 28.32% 26.11%
P 12.81 114.90 127.84 12.16 82.57 94.72 5.09% 28.14% 25.90%
Total 22.82 205.10 228.18 21.70 151.68 173.38 4.90% 26.05% 24.02%

Table S 5. Regional and total deposition doses for the elderly group.

Dose without hygroscopicity Dose considering hygroscopicity

Impact of hygroscopicity on dose

Elderly (108 particles d) (108 particles d")
hydrophobic hygroscopic sum hydrophobic hygroscopic sum hydrophobic hygroscopic sum
Head 1.61 15.49 17.13 1.60 15.52 17.12 0.31% -0.15% 0.07%
TB 8.26 73.58 81.94 7.79 52.89 60.68 5.59% 28.12% 25.94%
P 13.24 118.79 132.16 12.55 85.28 97.83 5.18% 28.21% 25.97%
Total 23.11 207.86 231.24 21.94 153.69 175.63 4.99% 26.06% 24.04%

The particle number size distributions (PNSDs) of ambient aerosols during the daytime and nighttime
are shown in Fig. S1. The particle number concentrations (PNCs) were (1.99 + 1.28) x 10* and (1.71 £ 0.71)
x 10*cm™ in the day and at night, respectively.
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Figure S 1. The average particle number size distributions (PNSDs) measured by TDMPS (the black markers)
during the (a) daytime (05:00-19:00 local time (LT; UTC+8)) and (b) nighttime (20:00-04:00LT on the next day).
The upper and lower edges of the gray area represent the 90th and 10th quantiles of the PNSDs, respectively.
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Figure S 2. Size-resolved (a) head, (b) TB, (c) P, and (d) total deposition fractions (DFs) of particles under dry
conditions (i.e., without considering hygroscopicity), and hydrophobic and hygroscopic particles in humid
environments (i.e., considering hygroscopicity) for children. The black, blue, and red dots represent dry,
hydrophobic, and hygroscopic particles, respectively. In Fig. S2a, the black dots representing DFs under dry
conditions is hidden behind the blue dots representing DFs of hydrophobic particles, because these two sets of

DFs are close to each other.
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Figure S 3. Size-resolved (a) head, (b) TB, (c) P, and (d) total deposition fractions (DFs) of particles under dry
conditions (i.e., without considering hygroscopicity), and hydrophobic and hygroscopic particles in humid
environments (i.e., considering hygroscopicity) for the elderly group. The black, blue, and red dots represent dry,
hydrophobic, and hygroscopic particles, respectively. In Fig. S3a, the black dots representing DFs under dry
conditions is hidden behind the blue dots representing DFs of hydrophobic particles, because these two sets of

DFs are close to each other.
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The particle density mainly affects the probability of inertial impaction during the particle deposition
process, which can be evaluated by using the dimensionless Stokes number (Stk), defined as Eq. (S1), as
follows (Pramod et al., 2011):

(S1)

where P, is the density of the particle. The Stokes number is the basic parameter describing the inertial

impaction mechanism. A larger Stokes number implies a higher probability of deposition by impaction
(Pramod et al., 2011).

Due to the lack of the density measurement of particles during the sampling period, the differences
between the size-resolved DFs of particles with p, = 1.0 g cm™ vs. p, = 1.5 g cm™ for adults were
compared. As displayed in Fig. S4, the particle density has great influence on the particle deposition in the
head and P regions for larger submicron particles. The average DF differences in the head, TB, P, and the
whole HRT were (11.1 £ 13.9)%, (0.5 + 0.8)%, (3.8 + 6.4)%, and (4.2 £ 6.5)%, respectively. Therefore, the
measurement or estimation of the particle density during the particle hygroscopic growth is of great
importance in calculating the particle deposition in human bodies.
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Figure S 4. Size-resolved regional deposition fractions (DFs) of particles with density (p) = 1.0 vs. 1.5 g cm™ for
adults. The blue, green, and purple markers represent the DFs of particles with p = 1.0 g cm™ in the head, TB,

and P, respectively. The blue, green, and purple lines represent the DFs of particles with p = 1.5 g cm™ in the
head, TB, and P, respectively.
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61 Figure S 5. The diurnal variations of deposition rates without considering hygroscopicity and the particle

62 number concentrations (PNCs) of (a) hygroscopic and (b) hydrophobic particles for adults. The red lines
63 represent the median deposition rate. The upper and lower edges of the gray area represent the 75th and 25th

64 quantiles of deposition rates, respectively. The black lines represent the average PNC.
20x10° 7 20510’ Z
15 £
5 157 10 :;7
e s E
% 10+ 9 L
5 s
0n-
0:00 0:00 0:00 0:00 0:00
2014/6/27 2014/6/28 2014/6/29 2014/6/30 20147711
65 Date and Time
66 Figure S 6. The particle number size distribution of typical new particle formation events from June 27 to July 2,
67 2014. The gray line represents the concentrations of OH radical.
68 As shown in Fig. S7, a peak appeared at D, = 2—3 um in the DF curves of the head and P regions,

69 which resulted in a peak in the total DF curve. It implied that particles with larger diameters may also have
70 a significant contribution to the particle deposition in the human respiratory tract.
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72 Figure S 7. The size-resolved regional and total DFs for adults. The particle density was set as 1.0 g cm™.
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