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Abstract: Water-soluble ions are important components of solid and liquid aerosols. The ions

have a significant impact on the physical and chemical properties of the aerosols and air quality.
Thus, determining the concentrations of water-soluble ions in solid and liquid aerosols has far-
reaching significance for mitigating pollution and protecting the atmospheric environment. In
this study, a technology combining membrane filtration, condensation, and ion chromatogra-
phy has been established to collect solid aerosols and liquid aerosols and to measure the amount
of five water-soluble anions (Cl™, F~, NO;, NO;, and SO} ) in these aerosols. First, a solid
particle filter was used to collect the solid aerosol, and the condensation collection method was

Weim B #1:2021-01-05
# WIHEBLFR A Tel: (0571) 88273637, E-mail : zhuyan@ zju.edu. cn.
EETE : BRK AARAIERTH (21974121) ; WV LA 2 s3 BOR BB H (LGC21B050006) .
Foundation item: National Natural Science Foundation of China ( No. 21974121) ; Zhejiang Provincial Program for Public Wel-
fare of Technology Application Research Plan (No. LGC21B050006 ).



51

used to collect the liquid aerosol. The solid aerosol was collected in the solid particle filter in
the form of solid particles, and the liquid aerosol was collected in the cold trap in the form of a
condensate. Next, the amount of water-soluble anions in the solid aerosols and liquid aerosols
was detected by ion chromatography using Dionex IonPac AS11-HC-4 pm as the analytical col-
umn. The chromatographic separation conditions were as follows: flow rate, 1 mL/min; col-
umn temperature, 30 C; potassium hydroxide ( KOH) concentration of the eluent, 1 to 25
mol/L (linear increase) within 0—40 min; and injection volume, 100 wL. The ions were separa-
ted effectively within 40 min. The five anions showed good linear relationships in the range of
0. 1-10 mg/L ( correlation coefficients ranged from 0. 999 2 to 0.999 7) and the detection limits
were 0. 02-0. 04 mg/L. Finally, the sample collection conditions ( sampling time, sampling tem-
perature, and sampling flow rate) for the five water-soluble anions in the solid aerosols and liq-
uid aerosols were optimized, and 2 h, —13 C, 1.0 L/min were chosen.Under the optimized
conditions, the amounts of the five anions in the solid and liquid aerosols of the actual samples
were detected. The mass concentrations of F~, CI", NO;, NO;, and SO} ions in the liquid
aerosol of the actual sample were 5.7402 pg/m’, 1.1599 pg/m’, 3.3233 ug/m’, 2.4861
pg/m’, and 0.974 5 wg/m’, respectively. The mass concentrations of F~, C1", NO;, NO;, and
SO; ions in the solid aerosol of the actual sample were 14.1037 wg/m’, 5.0398 pg/m’,
9.3052 pg/m’, 8.4528 pwg/m’, and 5. 6314 pg/m’, respectively. The method can be applied
to the detection of actual atmospheric ions detection. In addition, the collection and analysis
methods are suitable for exploring the collection and analysis conditions of other ions.

Key words: ion chromatography (IC) ; soluble ions; aerosols; condensation
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Fig. 1 Schematic of solid and liquid aerosol acquisition device
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Table 1 Standard curves, linear ranges, correlation
coefficients (r?), and LODs

Li / *
Ton Standard curve imear range 2 Lon-/
(mg/L) (mg/L)
F~ y=0.90692+0.0369 0.1-10 0.9997 0.02
Cl~ y=0.87392+0.0109 0.1-10 0.9992 0.02

NO;  y=0.4824x-0.0350
NO;  y=0.61272-0.0046
S02"  y=0.6992x-0.0226

y: peak area; x: mass concentration, mg/L; * S/N=3.

0.1-10 0.9993 0.04
0.1-10 0.9996 0.03
0.1-10 0.9995 0.04
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Fig.2 C,-C, at different collection times (n=5)

C, : water-soluble ion mass in condensate of liquid aerosol;
C,: C,/V, (V, is atmosphere volume at standard state) ; C;:
water-soluble ion mass in soak solution of solid aerosols; C, :
Cy/V,.
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x2 LHEESHC,.C, RERSD (n=5)
Table 2 C,, C,, and their RSDs of actual samples (n=5)

Ion  C,/(pg/m’) C,RSD/% C,/(pg/m’) C, RSD/%

F- 5.7402 4.5 14.1037 3.8
Cl- 1.1599 4.1 5.0398 4.2
NO; 3.3233 3.6 9.3052 4.4
NO;3 2.4861 3.9 8.4528 3.6
SOy 0.9745 3.7 5.6314 3.9
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