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Abstract

The chemical composition and water content of atmospheric PM, s aerosols in a Tainan urban and coastal
area were evaluated in January (winter) and April (spring) of 2002. Controlling relative humidity (RH) at 405
%, it was found that NH,*, SO, and NOs were the dominant water-soluble ionic species in both winter and
spring. These accounted for an average 44.6% and 36.1% of PM, s mass at the urban site in winter and spring,
respectively, and 44.6% and 38% at the coastal site, demonstrating that secondary aerosols were a larger part
of the PM 5 mass in winter at both sites. Utilizing the property of free-water methanol to extract aerosol water,
water content was measured by GC-TCD and Karl Fischer methods. Detection limit by GC-TCD and Karl
Fischer methods were 11pg and 10ug respectively. The water content (mass concentration) of atmospheric
PM 5 aerosols controlled at RH 60+2% and measured by Karl Fischer method was 31.3+8.4% and 38.0+7.2%
at the coastal site in the daytime and nighttime, respectively, and 25.76+16.9% and 24.3+21.5% at the urban
site. The water content was clearly higher in the coastal area in both winter and spring. Apart from urban
winter, when daytime water content was slightly higher than nighttime, nighttime values were higher than
daytime. Controlling RH at 60+2%, the measured water content was clearly higher than and different from
values calculated using the water ascending model (Lee and Hsu, 1998). It may be that the water absorptive
properties of soluble organic carbons in aerosols are not taken into consideration in this model.
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Fig. 1 Schematic diagram of the experimental setup
for aerosol water mass measurement.
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Table 1 Comparison of water measured by GC-TCD
and Karl Fischer methods.

GC-TCD Karl Fischer

Detection limit 11 ug 10 ug
Recovery ratio 60.8 % 60.7 %
Correlation coefficient, R”>  0.9995 0.9966
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Fig. 2 Humidograph of (NH,),SO4 measured by GC
-TCD in the ascending RH and descending
RH cycles at 25+1°C.
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Fig. 3 Humidograph of (NH,4),SO4 measured by Karl
Fischer in the ascending RH and descending
RH cycles at 25+1°C.

Table 2 Comparison of measured PM, s water at Tainan
and calculated aerosol water using the
descending RH process by Lee and Hsu (1998).
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Measured aerosol )
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Location water in this study
, (RH 60+2%) (ug/m?)
(ng/m) .
(NH4)2304, NH4NO3, NaCl
Winter, urban area 33.1+33.6 17.1+11.2
Spring, urban area 35.1+16.9 79+34
Winter, coastal area  50.6 £ 20.1 15.1+84
Spring, coastal area  56.1 + 19.5 51+3.9

& Assume the major chemical composition in aerosol.
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Table 3 Correlation matrix of measured H,O, theoretical H,O, PM,s mass, and chemical compositions in
PM s aerosols for Tainan urban and coastal area, January 2002. (Nos. =59)

Variable  Mea. H,0 The.H,0 PMysmass CI'F NO; NSS-SO,~ SO~ Na* NH, K' Mg* ca*
Mea. H,0? 1.00

The. H,0° -18 1.00

PM, 5 mass -.04 73 1.00

cr 04 58 69 1.00

NOs 15 72 80 65  1.00

NSS-S0,2° 01 71 85 74 75 1.00

S0 ¢ 02 71 85 74 75 1.00 1.00

Na* 23 28 49 74 53 57 58 1.00

NH,* 02 71 90 80 .79 91 91 61 100

K* -05 63 88 57 .66 73 73 41 76 100

Mg%* -05 39 45 23 .20 36 36 .17 .30 .47 1.00
ca® .07 36 55 74 58 49 50 48 56 .46 .18 100

a. Measured aerosol water

b. Theoretical aerosol water using the descending RH process by Lee and Hsu (1998) ©.

c. Non-sea salt sulfate
d. Total sulfate (including sea-salt sulfate)

Table 4 Correlation matrix of measured H,O, theoretical H,O, PM,s5 mass, and measured chemical
compositions in PM; s aerosols for Tainan urban and coastal area, April 2002. (Nos. = 59)

Variable  pMea. H,0 The. H,O0 PM,smass CI° NO; NSS-SO,% SO/~ Na* NH, K° Mg* ca
Mea. H,0? 1.00

The. H,0" -.28 1.00

PM, s mass -.09 .81 1.00

cr -1 50 52 1.00

NO; -13 75 81 61 1.00

NSS-SO,*° -12 .82 .87 52 .84 1.00

50,21 =12 .82 .87 53 .84 1.00 1.00

Na* =21 25 19 55 .26 18 20 1.00

NH," -.18 .66 78 64 .79 .82 82 .36 1.00

K* -17 49 54 24 .35 45 45 09 .39 1.00

Mg** -15 .38 39 26 .27 32 32 12 28 39 100
Ca®' -13 40 38 19 27 36 36 23 26 .33 65  1.00

Footnotes are described as same as Table 3.
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Fig. 4 Mean aerosol water in Tainan urban and
coastal areas, January 2002.
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Fig. 5 Mean aerosol water in Tainan urban and
coastal areas, April 2002.
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