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Abstract Aerosd hygroseoplc growth factors [ g(RH )‘] are key-'for evaluating aerosol light extinction and direct radiative forcing. The
hygroscopld tandem differential mobility analyzer (HTDMA) was utilized to measure the size-resolved g, (RH) under different polluted
conditios in winter in Tianjin. Furthermore, based on the size distribution of aerosol water-soluble ions, the g, (RH) across a wide
size range (60 nm to 9.8 wm) was estimated using the k-Kéhler theory, which provides a basis for the estimation of aerosol optical
parameters and direct radiative forcing under ambient conditions. Under clean conditions, ultrafine particles ( < 100 nm) were more
hygroscopic and g, ( RH =80% ) was higher than 1.30 due to the active photolysis reaction. However, under severely polluted
conditions, the proportion of water-soluble ions in aerosols increased with the increasing size; g, (RH) increased with particle size,
where g, (RH=80% ) and g, (RH =85% ) for 300 nm particles was 1. 39 and 1. 46, respectively. For a wide size range (60 nm to
9.8 wm), the aerosols in the accumulation mode were more hygroscopic and aerosols in the Aitken mode were less hygroscopic, with
coarse mode aerosols being the least hygroscopic. During the polluted period, the particulate size notably increased, and the mass
fraction of NO; and SO;~ in the accumulation mode aerosols was significantly higher than during the clean period. Accordingly, the
hygroscopicity of accumulation mode aerosols was strongly enhanced during the polluted period [ g, (RH) =1.3-1.4] and aerosols in
the 0. 18-3. 1 wm size range all had a strong hygroscopicity. On polluted days, the synergistic effect of the increase in particle size,
water-soluble ions, and aerosol hygroscopicity results in the considerable deterioration of visibility.

Key words : Tianjin; winter; haze episode; aerosol; hygroscopic growth factor; size distribution
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Table 2 Size-resolved aerosol hygroscopic growth factors on clean days

, RH/ %
KifE/nm
60 70 75 80 85

30 1.17 £0. 06 1.20 £0. 05 1.24 £0.07 1.29 £0. 07 1.34 £0. 11

50 1.14 £0. 03 1.20 £0. 04 1.25 £0.07 1.32 £0. 09 1.40 £0.13
100 1.12 £0.03 1.18 £0.05 1.22 £0. 06 1.33 +£0.08 1.39 0. 11
150 1.11 £0. 04 1.17 £0. 07 1.18 £0. 08 1.30 £0. 08 1.38 £0. 12
200 1.11 £0. 05 1.15 £0. 06 1.21 £0.09 1.30 £0. 07 1.37 £0. 09
250 1.10 £0. 05 1.15+0.05 1.20 £0. 09 1.27 £0. 13 1.33 +£0.07
300 1.11 £0. 06 1.15 +£0.07 1.23 £0.07 1.28 £0. 08 1.33 £0. 10
350 1.15 £0. 05 1.15 £0.05 1.20 £0. 06 1.24 £0. 09 1.30 £0. 08
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Table 3 Size-resolved particulate hygroscopic growth factors on slightly-to-moderately polluted days
RiAE/nm Ri7%
60 70 75 80 85

30 1.14 £0. 04 1.24 £0.03 1.22 £0.07 1.25 +0.05 1.32 £0.11

50 1.16 £0. 04 1.23 +0.04 1.29 0. 04 1.34 £0. 10 1.41 £0.13
100 1.17 £0. 04 1.23 +0.04 1.31 +0.03 1.38 0. 09 1.47 0. 09
150 1.14 £0.03 1.24 £0.05 1.26 £0. 04 1.33 £0. 08 1.42 £0.08
200 1.15 £0.05 1.24 +£0. 08 1.27 £0.05 1.33 £0.07 1.40 +0. 08
250 1.16 £0. 05 1.24 +0.07 1.28 £0.05 1.34 +£0.09 1.45 +0. 11
300 1. 15 0. 06 1.24 +0. 09 1.28 +0. 08 1.36 +0. 09 1.41 +0.11
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Table 4  Size-resolved aerosol hygroscopic growth factors on severely polluted days
Rife/nm RH7%
60 70 75 80 85

30 1.14 £0.05 1.19 0. 03 1. 18 £0. 07 1.24 0. 06 1.28 +0.08
50 1.14 £0.03 1.22 +0.04 1.22 +0.05 1.29 +0. 04 1.34 +0.08
100 1.15+0.03 1.24 £0.04 1.26 £0.05 1.32 £0.04 1..38.;.0'.'0“2. j
150 1. 14 £0. 02 1.23 £0.05 1.26 £0.03 132 +0.02 l..l39ji:9‘..n04.”_
200 1.16 0. 02 1.25 £0. 04 1.29 +0.03 1.32 £0.05 1..4‘1“:_.;0.:02-
250 1.16 £0.03 1.24 £0:03 1.30£0.02 | 1137 £0.03 145'10 04—,
300 1.17 £0.03 1.27 £0. 02 1.31+0.02 | 1.39 -_ﬁO. 04 146 ﬁ_@.{m |
350 1.20 0. 02 1.27°+£0. 02 1.32 +£0.05 40 £0.04 1. 43%0. 03+ &
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