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Abstract

An automated analysis system for water soluble constituents in PM, s has been developed. The system consists
of a high capacity multi tube diffusion scrubber (MTDS), a low temperature particle impactor (LTPI), and two ion
(anion and cation) chromatography (IC) systems. Atmospheric particles have been collected by passing sample air
through a thermostated MTDS followed by a LTPL This system allows simultaneous measurements of soluble ions
in PM, 5 at 30 minutes interval. At the air sampling flow rate of 1.0 L/min, the detection limits of the overall system
are in the order of tens of ng/m’. This system has been successfully used for the measurement of particulate
components of Seoul air from April 2003 to January 2004. SO,%", NO,~, NH,*, NO,”, CI", Na*, K*, Ca’*, and
Mg are the major ionic species for PM, 5 at Seoul. Among them, SO,*", NO;” and NH, ™ are the most abundant
ions, contributed up to 86% of the total and the concentrations were higher than those in any other urban sites in
the world except for Chinese cities. There are high pollutant episodes which contribute about 15~ 20% of annual
average values of the major ions. During the episode, the air parcels were transported from the asian continent and
PM, 5 were significantly neutralized. This suggests that aged and long range transported pollutants caused the high
pollutant episodes. They showed a distinct daily and seasonal variations:they showed a peak in the early morning
caused by the night—time accumulation of particulate matters. Atmospheric reactions including gas—to-particle
reactions and inter-particle reactions and meteorological parameters including relative humidity and ambient
temperature were described with related to the PM, 5 concentrations. All of the ionic species showed higher -
concentrations during the spring than those for summer and winter.
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ALy =4 Al 7 f¥oE YirelE
gloh A WA §3L 129 $FIIE o] 43y
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Fig. 1. Schematic of the High Capacity Multi Tube Diffusion Scrubber (MTDS). Al and AO: air inlet and outlet, L! and
LO: deionized water inlet and outlet, M: membrane, MS: membrane support (teflon holder).
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Fig. 2. Schematic of the low temperature particle impactor (LTPI).
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Fig. 3. Schematic of the MTDS-LTPI-IC system.
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Fig. 4. Schematics of the particle generation and collec-
tion system.
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Table 1. Limits of detection by present method.

Speci Limit of detection
pecies

(ng/m®)
Ccrr 17
NO,” 33
NO;~ 57
NoXs 54
Na™* 8
NH,* 10
K* 16
Mg** 12
Ca’* 22

*Calculated concentrations equivalent to those of three times system
baseline noise

oY

A5 AN fsiMe B EEE Yo
oF gHc}(Small, 1989). W= A €})e] ICo)A] Hfet
Evs U337 fiMe SElded 23¢E EeE
sk A7k, T =5 t7|2RE o]t
Bhetae] 98 F g Holof ot FH I A7
%351 (Electrodialysis)&- o]-4-3}e] &&=},
Axztow AzFozs L9 A BeEE
F 23tsts BMAIREERE 7] 39 olAksiekAe)
L2 A% vl A5S-S5 A HEs

A7) 5 HE A3l feldg A7 A 23l
A S A HAEHAE = 1o 29kl A
EFH = =Y AP2ANA A RS FYsA &2
Aefell A 2 wiel A7|Axwe] 2FH3H(0)Y 3
Wiz Aot = 18 HAERAE Mg 97
PM, ;2] H3F F=o] v of 100wl 2 Zleln,
Xt 19991 US EPA®] Atlanta Supersiteol| A -4
" 549 A& e AE2A 10~ 100 ng/m’}
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Fig. 6. Time series traces of PM,; (a) sulfate, (b) nitrate, and (c) ammonium analyzed by URG series 9000 system and
self-developed MTDS-LTPI-IC system at Yonsei University campus from 31 August to 6 September.
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7o HelHE ALlsla HaFghE AAsd, & 2
W 2ol ol AAH SO, N0, NH, 79 e
27}y 21,15, 11%8 7143 5 Fo]|& =571 12%
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o] HAgke] o A H4E F YL ¢ &
Ut o2& HARE AHdghe] 2 4ol wIZME: HAF
2] Ao wExEl Aolw, tir] F A AR
Fx9) Zo| yxro Wy Fe| z=y, 3] fevte
3} 7ol ol Ml A1 EE Heolx 47 ulislA
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>

Table 2. Descriptive statistics of major ions in PM, ; at Seoul measured from April 2003 to January 2004.

Ccr NO,” NO;~ so” Na™ NH,* K* Mg?* Ca**t
(ug/m’)
Average 0.96 2.11 7.66 12.63 0.16 431 0.28 0.07 0.27
Median 0.60 1.73 4.40 9.30 0.11 2.49 0.14 0.05 0.16
Max. 9.12 14.62 67.24 69.54 2.81 35.25 3.51 0.74 7.19
Min. 0.01 0.03 0.05 0.08 0.01 0.03 0.00 0.00 0.01
Stdev. 1.16 1.66 8.70 11.38 0.18 4.65 0.38 0.07 0.34
Average* 0.84 1.88 6.50 9.96 0.15 3.83 0.22 0.07 0.27
* Average calculated after the exclusion of the 3 highly polluted episodes.
Table 3. Bulk chemical composition of PM, ; collected in different areas around the world.
CI~ NO,” NO;” SO, Na® NH,* K" Mgt ca** PM
Site Period Reference p 25
(ng/m?) mass
Seoul 2000.3~2004.1 Average 096 211 7.66 1263 0.16 431 028 007 027 nd
(This study) Median 0.84 1.88 650 996 015 3.8 022 007 027 nd
Seoul 1996.10~1997.9 Lee er al. (1999) 597 8.7 4.19 56.9
Kosan 1996.3~1997.12 Lee er al. (2002) 0.67 5.13 1.48 16.6
Kangwha 1996.3~1998.12 ” 335 598 3.61 29.1
Fukuoka 1997.1/1997.12  Shimohara ef al. 3.34 6.00 640" 1.09 460 035 0.03 nd
Goto (37days) (2001) 238 1.60 420 1.83 130 025 0.17 nd
Beijing 1999 ~ 2000 Sun et al. (2004) 1.87 12.90 18.30 1038 1.31 0.24> 0.99° nd
. Wang et al. 180.0~
Nanjing 2001.2~2001.12 (2003) 0.87 4.50 13.00 099 580 190 030 050 423.0
Quingdao 1997 ~ 2000 Hu et al. (2002) 1.08 746 1634 234 949 329 0.14 172 499
02~ 04~ 003~ 02~ 0.02~ 001~ 006~ 6.0~
Western US  2003.1~2003.12 US EPA (2004) 1.7 1.2 0.57 0.8 0.08 0.06 0.51 14.0
. 03~ 3.6~ 009~ 12~ 004~ 002~ 0.08~ 13.0~
Eastern US  2003.1~2003.12 27 54 134 21 016 034 072 180

 non-seasalt SO,2", ®: PM,,, nd: not determined
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sl A SO 79 wMiAFET) ¥ AL Mg 3
ALELE S AR IR 2] ofd 3
g X194 2934 (regional source)?] 33FY 4 AUF
& g

dEFH F=9 A& vz Mg A9
EALE o & o 5 9ok 429 YA =MAYG
Goto?] HHF H%X nss-SO,27¢ NO,; 9| HHEe%
7b A7t 42, 160 pg/m’ oz S A =} zEel
nss-SO77& A3 B2 FolA T NOy & 2ok
o}, ub ©=A)R]¢<l Fukuokas|Al: NO; ¢} SO,
7 2% 6.0ug/m’ o] Aol ek F= W AR Gl A
PM, v} PM & A5 A= 719 7] W&l 5
o] WA T =g 7hesl7le AF A EAIA YA
2000 o F Ab33] w2 SAFAE] LEFHT 9l
ot A2 S BFA G A3 Beijing®] A-¢-
NO;" 9} SO 2 =38t 25 PM, Al 8-S Agnr}

13~20) olfozm 43 & SEolG FEA

FE 71 A21d A4z

% =A<l Quingdao®} Nanjing®] 74 i -39 F
2 YA AR FEE AEEY 453 dovt
NO; ¥ 23] AMe&¥d 2o} (Sun er al, 2004;
Wang et al., 2003; Yao et al., 2002; Hu er al., 2002).
weld] FEAFNM FF AT o droz v}
AA A AR s e oA EE
SO, §1FlM NOy $1F2 Wiste zlow o5
A} ol F2o] S0,7°9) Ak 2deoln 54
oble] Aoz gAY SO ol 7eda)
T glge vepdot.

e dg3 vlws B, S 02 PM,, 74
Ao BEE feldels WRT SR} Ao ]
8 12 52 13 olskz WAs] Roek T ¥l
2AYH ARAGe] PMysE ol B E4E B
Axd, F4FAdA el EHUE FEX LS NOy”
o ¥lal SO, ¢ =7} WA Fol FASEo| F=
Al b, 32k ARS1F-S] =AI7F iR A RA o
9] SO, F=EE W }ed HlE NO, 9 =
7} 2318 ol AiAlsEe] Fxshe HgE B
o el e AYel wel PM,sell S’ NO, 9}
$O,7°9) 71427} vh2d, ol & So) U9 Melpitz,
ez} = 2] Bilthovenz} Deume 52 NO; ¢ ¥=7}
o ¥ FER AT 28] MLoisolA &
SO,79) vt o ¥A Asre oY Aee
FAAML 3 o FAAHRG wfg G 25
o]t} (Alastuey et al., 2004; Putaud et al., 2004; Wiep-
recht et al., 2004; Hoek ef al., 1996). whefr] A]&2]
PM,sE Huluv £8 § o2 A Yel vis] ¥g9)
FE Fela, A3 BaldEe] FrAl Aoz
olsj & 4 vt

olefdh &AL 80 o] F FujellAM HAbslEo]
W& sk, A7) F SO,9 s=7t F43]
A%t HE st ofsfistr] o AAl 2002
A&7l & S0,9 F=t B Sppb ez Hu],
i, A8 =AA Aol wlud It fFo|vh vb
9, A28 BRT fEAA M= FAIGEht )
A7 e WA= B33 AgAte] E 7}
2 Q3] NO 9 sxt Fa3pA] ¢ 238 dga
718 FA1E Be 20029 M-2A] NO, 2| Hi%
%7} 36 ppbZ SOHc} 7wt ghoh oA )
2484 W& Fzrl Wity ARH o= YR}
244382l AFA (precursor)l 7|AA e dEA 2




AFAESYAAE AL P o] A|AEE o] &
zA o] WF ol = B3 oJx13] PM,soll A 34k
3}2o] AH o2 Frhe AMIE o]F ] A9
g3 Algell Aaksls vzt Qi AAlR opi &
HolA AA #ZAR £ 20% =X NO, 7} SO,
B} 29k, NOy 9 F=r)t 906t AgelA &3]
g AR A43E] webdl FHow m| o], PM, ;9
AE AabsbEe] J|lest 44 FeeAa Qe
Aoz AztElct geid MgelME d7] YA 2
HEA F& F017) %%HH—L— Al A 714918}
T AR WES Fol: Ao =g E A
o]} vk, SO, &= il—‘i,—o} Auke] Wi A= ApA| 7}
¥ Aor ujFe] oM wlEde 2 9EA
GFE EAE 1 BEE 5F ¥E o3kE A
715 oE & Ao|th AFo2ME FEHolXHY u}
B} ol Amoln, Aele Folqlx] AE A
B3] Fobsle Aol HadtH, ol EdE o}
AQoA YA LA ERE 0|7 3l Sz o

dg Halof @ Aoleh

----NH, —NO;"

NH, *(ug/m?)

4% 42 7] F PM,.9) Hebd 247 54

O_h

o #F{ A5 451

3.2.2 AjZhof| w2 AR 2HEZX9
o Hst 3 TEx ALY

Akl w3 PMys 3] wistel A4S e
7l 913 EA 710 F 849 209%E 949 209744
oF et Eqre] NH,™, NO,~, SO, KT, Ca®t 5%
dolelg 23 7o BAISATE 2PN & 5 9l
AAY e AEEe] 2ot vi¢ 2 Zor w3l
sted 72 Akl feuflellA] Alule] g b
o} SHA 32,1004 A 310 o4t E F T A
A 71749 99 1495 E 49 AEE TE AJRe] g
298] 10qu] o)4} o] Ao ¥ FErl AlLEg]
©}. NH,*, NO;, SO, , K", Ca’™ & mE AM¥e]
el A SRl oF 6~104] (2% 7
AA A FE AFsle Hu =5 B
ol Az} Frasrl 22 W ol F o] FlEE
THF dWEE 1) ol st dwshs o) =
AEHA ke o A E Al B3] PM,;

FAsH= 7 F2% A8 NH, T, NO,~, SO
o] W% 3L vl fAlsigl o}, NH, 3} NO, &

S5, MME

NO,~(ug/m?)

NH, * (ug/m?)

SO (ug/m?)

K+ (ug/m?)

0.0 ' .
Q20 22 84

826 828 830 o1 03

Ca’*(ug/m?)

o5 o7 99 o1 913 915 917 99

Fig. 7. Time series of the NO;~, SO,>", NH,*, Ca** and K* in PM,5 collected at Seoul from 19 August through 21

September.
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Fig. 8. Time series of the SO,?>” and NH,* in PM, ; collected at Seoul from 1 April 2003 to 25 January 2004.
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