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Abstract

°

The cyclone/annular denuder system/filter pack sampling system (ADS) was used to collect the acidic air
pollutants in Chongju city. The data set was collected on nine different days with 24 hour sampling period from
July 27 through August 27, 1995. The chemical species measured were HNOs, HNO,, SO, and NH; in the gas
phase, and PM; s (d;<2.5 pm), SO2", NO;™ and NH,* in the particulate phase.

Mean concentrations measured from this study were: 0.90 pg/m? for HNQs, 1.27 pg/m?* for HNO;, 10.9 pg/m?
for SO,, 4.82 pg/m’ for NH;, 27.5 pg/m?® for PM,s, 5.24 pg/m?® for SO, 1.22 pug/m?® for NO;y', and 1.64 pg/m’
for NH,*. The fine particle (PM,s) mass measured for the ADS samples was slightly higher than the fine particle
mass measured for the corresponding dichotomous sampler. For the wind coming from Chongju industrial
complex the concentrations of acidic air pollutants measured were higher when compared with other directions.
Specially, SO, and PM, s concentrations for the wind coming from Chongju industrial complex were 3.6 and
about 2 times, respectively, higher than those of other wind directions. High correlations were observed between
PM.,; and fine particle’s ion components (r=0.82 with SO,*", r=0.76 with NO;™ and r=0.89 with NH,"). NH,* and
S04 was also highly correlated (r=0.97).

Key words : acidic air pollutants, annular denuder system (ADS), Chongju.
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4%, 1994). 7] FolM A Ao JgE nH=
AL F2 Y47 0.1~1.0 umg A YAES]}
(Conner et al., 1991; Countess ef al., 1980). =
HE2 AAAele] 29& FolHr] YeME YAl 2
S wAYRE dY 24o] WAl ulFMe
BAEA AR Ao dEAY 3§ AEY
Ao gt AgtzAlzl oF AREH dFHe fo
(Speizer, 1989; Spengler ef al., 1989; Ozkaynak
and Spengler, 1985). Spengler ef a/.(1990)& %
71 A%9 AF 53 AHES 13 2984 SO, 7}
2 B 23 Q7] G ZAEAM 7] FollM dloj2E: A
B2 Exsl= A e 9EA (SO, H* or acid mist
concentrations)s WAL IFAst gl gz
Ozkaynak$} Spengler (1985)% 9712 53] o3
AFFEE vl lAE 2 AT A s o B
Hol ¢l ¥ 18ty Koutrakis ef al.(1989)2
SO 9 H*ol£5-2 0.18~0.6 pm2| u]d Y3 2x

& AT ST ssieh $eive GEXIAS oo}

2Z Y ALHEAY A& ARE o3 wing
geel T G449 FE2 Mexdd #HFH] gl
AFAA ZFAY d7jego B dFE vjn|E 45
o], E3] vlAMalel PM.s (47 <2.5pum)e] 3t
ATARE A 9 ddoln, AHedEASN FF7)
AT Aol g guhzAle obd X1g wl gle A
Holeh, #HA mFelM= ojg} ZE AFEL ) Y&
o 9%} 247] (annular denuder system, ADS)
£ Wol AH-stE gl

AR e 7t E AAAEES q34R9 ¢4
EFAEH, ol FE 3A7EY BHL J43] 4
A9 Hehg oz sAAFo] wixAE0R HY (v
2 uhd) ool AR wre) spaA R HAAdRS
Z2AY 4 goe Aold. 18z 1 BAL VA
AR RS Felsle] 2T 4 A I
24717} A=} (Possanzini ef al., 1983). tl¥&
o 247]% 2, 5um cut-diameterE 714 cycloned
T3 7tAEE PR E o] &3le HA XA} spx
AE 2o oMl q3R)d 2" bey
23714 dilg A 4 sle 2RSS HNO,,
HNO;, SO;, 233 NHio]Z =42 PM.; TE,
S0, NO;, 183 NH,*o]t}, HNO,, HNO,, SO,
28] 3 NHyoll gk 2342 98% o422 ¥ usgir)
(Brauer ef al., 1988). ¥il= ALAS, 23 97)e9
4 AA, AAAA, AHed9EAS 387 A%
o W3 gatxAl, 28T AL HEA U 33

YFA7IRgg R A2 A4

29 (receptor model) 59 Q754 t¥re 247
7} @] ALEHoJA T gle} (Suh ef @f., 1994; Lee of
al., 1993; Spengler et al., 1990; Koutrakis et
al., 1988a; Pierson, ef al., 1987).
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Fig. 1. Location of sampling site.
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Fig. 2. Schematic view of annular denuder system.

of Yt Teflon AAANA 713 oo]2F A
9 NOs& 47mm A7 Nylon &34 (1um pore
size; Gelman Science)el] ¢}3le] ¥Ag ot
2 7)% Teflon®.Z FHH cyclone, 3719 ©|¥H,
Teflon oj#Ask Nylon o425 Y& £ e o34~
¥ (filter pack), 28X d%o| ZA71& YL £ 9]
= FAAAE TA"EG. 23S 8] d%dE 3"
(coating) 3t BA2 1|2 EPA A3PX 74 (1989)
uhg & oj 435t

Cyclone22 #¥ A orri:= HNO;, SO.&
A7) 48t 0.1% (w/v) NaCl £4(0.1g NaCi,
90m! 54, 283 10ml CH,OH)2 10 ml& 7}
3 ZEgd, x7)dE HNO;Y} HNOsE Na,CO;49
o2 FRE fFrld FA¢ TAHEH, ¥4I HNO,
7t &8 7kAE (d; 0s, NOe 93 HNO.7}
HNO:Z A3E 4 glojM A= AW} 58 24
371 $lsted HNOE WA EAzY. T oyde
HNOQO;, SO.Z 337 9sted 1% (w/v) Na,CO&
& (1 g NaLOs;, 1g glycerol, 50 mi Z/5, 1
3 50 ml CH:OH)¢ 10 ml¢& 7 Az 3=}, g
3 AdA drdE NHE 487 $1sked 1% (w/v)

citric acid$ (0.5g citric acid¢} 50 ml CH,OH)
9 10 ml A2 ZHE ZHE dyde 238
ZA e AEES ZF AAG ofF ARG )
(clean air system: bed of activated charcoal,
ascorite, drierite and filter)E ¢ 2.5 //min¥ %
FoZ dqyroE AZAG. $3R dEelE 10mlY
FHTE o438l dirdd TAH AAES 32T
AHSE EE FF4% 18 megaochm-cm ©]49) ¥
&g 7H 244E (distilled deionized water;
Barnstead) & ol 43tgrl. Teflon «§3#)2} Nylon
iAol THE MAYAEE 10mlY] 2$FES o} 4
g3, &9 AHH7] (ultrasonic bath; Branson
8210)2 F&ach F2d 45 A&7 AR
E5CE A8 AT EFpsidch dfdeM 3
29 4453 AAM 29 8952 lon Chro-
matography (Dionex DX-100)3 o]&3le] 7 A%
ol BMET. &9 AAAZ F2F7] A
Teflon oaxo] AL nlAjdlzte] FAE E3H7
A A" ¥ AYAE &, FHAA (Nikko
auto dry desiccator)e] 12A}7F oAb Basted $7| 2
AAR ohy B$8AE (Ohaus AP250D)E ol B8l
2A3gd. 7t2A B39l HNOE WA Hde,
HNO.,= FHA d¥tidl, SO.= 3dssl F4A o
%o & ¥eted, NHe AiA clveidl 2b7t 100% =
Ao 7Hgstel ¥ E2EE AASE T, dAAER A
FE9 ¥EE= PM.;, SO, NH,"& Teflon o33
o 100% FAEIT  NOy = Teflon o #A %4 Nylon
oA E Haledd 100% EAFH: sHdstel A Abslg
o, olg e AlgFxA gy RAES AREE O¥
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2 4TE 199548 J5E 3T ¢ gle 7Y 27¢
FE 849 27d 7R 17 F¢ 130l 24A)12ke] 72 9
3o A 2A% AREL F 13 2¢) Jepige ®
1A= o o] 24710 2R3 Ao dEAES 2
A oste] Hr|slgdth 2447k 2AAZ} 10
¢/ming +%% 7}A]3 lon Chromatography? 7%
of o2 HZ34 (limits of detection): 7FAA Q)
HNO,;, HNO,, SO, 233 NHo| dste]:= 74z}
0.20 pg/m?, 0.20 pg/m?® 0.25pg/m? 0.17 pg/m®
o]9 2, A EAH o] A ¥4 SO, NOy, 18
3 NH. ¢l sl 2+ 0.02 pg/m®, 0,02 ug/m’,
0.004 pg/melc}, £ 1o 23ty RE H¥Eo] 7%
gHA oAbl 2 H T, E 200Me AFA g7
o, 2FHx, AW, FHILE elded
HNQ,;, HNO;, SO,, 283 NH,® H#5re 7zt
0.90 pg/m®, 1.27 pg/m?, 10.9pg/m’, 123 4,82
pg/mield T, oabAle] EAH SO, NO,, 282
NH.*9] Hd5%E 7z} 5.24 pg/m®, 1.22 pg/m?,
281 1.64pg/miele}, 2|3 HA| Hx|¢ EHH
PMz,sgl JosrE: 27.5ug/m3°18d‘5}.

3.2 PM,; S5 Hlw

ool 22718 o4l ALY EAETS ZHY
o v} dof o2 X A7} (dichotomous sampler;
d,<2.5um and 2.5um<d,<10 um; Andersen
SA241)E BAle AMEsle o] T EAH7|AM A

Table 1. Ambient data set on sampling date.

Table 2. Summary of data.

Concentration (pg/m®)

Species SD° Range N
HNO, 0.90 0.85 0.29~2.76 9
HNO, 1.27 0.97 0.39~2,98 9
S0, 10. 8.65 3.27~29.1 9
NH, 4.82 1.13 4.09~7.52 9
S04 5.24 3.81 1.58~11.8 9
NH,* 1.64 1.13 0.59~3.71 9
NO,” 1.22 1.28 0.47~4.53 9
PM. 27.5 12.6 14.5~54.5 9
Temp.©  28.3 2.61 25.4~34.8 9
Humid.®  68.4 2.61 64.4~73.0 9

* Standard deviation

> Number of samples

¢ Ambient temperature in °C
d Relative humidity in %

PM:s9 52F vlasisicl. ¥ 40M Ay F 24
719 Azt o} F wvl£EA (F1€7]=1.2, ARAS
=0.96) RdAsk, mheke] of F A7z} AHsiA
PM:s9 F=& viepicia of24ke] 7]&7]% 1 ofe]
of vt B AEAME 71&77 1.22 dehgd,
PM.;9 5XE &48]7] 93 Andersen SA2419] o]
G2 A7) = vl EPA7} 2lA 8l reference £3)
7ol 22 (Chow, 1995) A ¥4 PM.s9 F=8 &
Atk M ald vrd &Hr)sl o i
7] 20t PM.s9 557 &5 24 A & 5
et o7 Hir] 2A7]|7F o] 24422 10 ¢/min
o] fregoll Azt cycloned F3ted 2.5um o]4e] 9
749 WA= A A} 3=, AAHLEE TF A
AHA g3 At AxL 2. 5um oAt Y7 A=
o] A% cycloned £#43le Teflon Ao E3

Concentration (pg/m®)

Date

HNO, HNO, S0, NH, SO.*” NH.* NO, PM. ws
7/27/95 0.49 2.68 29.1 7.52 4,78 1.19 1.02 4.1 1.88
7/30 0.76 0.39 3.27 4.14 6.58 2.52 0.57 19.1 2.55
8/02 0.34 0.68 5.61 4.50 1.98 0.68 1.07 21.4 2.68
8/05 0.35 0.60 4.02 4.30 1.58 0.59 0.47 19.6 2.83
8/08 0.29 0.70 4.73 4.09 3.07 1.05 0.49 14.5 3.48
8/14 1.85 0.87 9.52 4.12 11.0 2.93 1.31 36.8 1.28
8/16 2.76 2.98 18.9 5.68 11.8 3.71 4.53 54.5 1.09
8/18 0.76 0.76 7.76 4.21 2.69 0.79 0.78 19.5 2.66
8/27 0.46 1.79 15.3 4.85 3.68 1.26 0.70 27.7 1.34

* Wind speed in m/sec

w3 eugen A1z A4 2
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Fig. 4. Comparison of PM,s; concentrations (ug/m?)
measured using the ADS and the dichoto-
mous sampler.

He Aoz A4,

3.3 HESHoxdMe HE

AL AFAHEYAE 7]E2E 3 MEAZ
(WNW)ellM R 82 (N)22 ¢ 1 km Geidl &
o2 R Aztste] & 4.25 km®S WX & JHA AF
FAHA7L YA gleh o] FddAAL A 7]
Ao deh} JgE vjHe=x] AFgHoz Y] 34
AZ7AHE LM 2A 7| ARBE o] 83l ol
714 2kg el &b 2AdR FolM 79 279 (2447
23 £ 1347k B9, 89 144 (747 T4, 8
4 169 (1147 B9, 28> 84 27 (1641 ¥
oD YA FolM 2AHRLAZR HlFe] Boist
I, o2 706 DA ZeM A uigte] ¥
ol oA it FADA M FALAZ upgho] Eolo
= A7 By Azt HEEEE 7Y 27 AL ¥
oF 0.96 m/sec, 8% 144 7A)ZF 5 1.39 m/sec, 8
¥ 169 1147 %9} 1.33 m/sec, 28X 84 274
16417t B4 1.69 m/secolist. A7 $¢ A7

42 2.20 m/secololM, BUDA FolA] wigto] B
ool HF 24 (1.34 m/sec)3} ¥ TY o) TP =
olMe] ¥4 AdHer dor] FedAg aAAgs
o] Azl ¢ 1 km FolA 32, #& FEdMe F
bl wlEEHE A7) LHELEC] Yate] & obe
M 3xrl wobd Aoz AAdd. & 14 93 34
R M vlate) Bol& o (7/27, 8/14, 8/16, 1%
2 8/27) dFE9 dedEANEY v A 2
HAR, 53 287 A% Ay el J8s ¢
of M2 egUdle WAANY Q5 dA7} F
SO PM. 58] F=% ofF ¥4 FFHAS. 3424
oA uighe] Eof2 ZAdme] SO0 HFFE (18.2
pg/m*) 7} o2 F (FFo| MEE MZuE) o e) 3
TEE (5. 1pg/m?) Rt 3.6 34 #2=Hd.
PM.s9 ASME FYUDA Fe o] Fodol| ot 3
TS5 (35.8pug/m*) 7} o2 F3kol] e PM. 2] HF
FE(18.8pg/m®) B} oF 2w} ¥okoh, 23ER 23
A#ZRE «E8H AFAY WAL AFTddA 9
7129 &gl J3L whe] Wiy s

3.4 ADS# O[E# ClE HFele| HWa vlw

A FFolE b 2ANE o] gl AL RE
Ao A3 FAAQ Aw7) golM AT ARE <4
st ® 3o Az|sled YFA|Y AE w)Esigc),
F 39A ujZe) A71, aejad ok, 23 WA
2] YA T = Ao &3t ofed g} HA|TA =
q7]ede] Agt Agez EFT 4 gld, 23 L¥¥
el HNOE 1A 24849 AAstEe] d7] ol
A 33 Wi fale] JAEHE FHEAN drleqe)
Agaldel olg el #HAZA Hode AFAH9
HNO; =7 A &35 HNO = Alhaist ¥]
el wlgt ARE el T, S04 FEE UE A
o e WA 2SS AFA Fdde sroE
TFAHAN oA gol A== NH, (d: v|8A}
4, 713Ey) F2v 92 ok A9 HaE A el
wel, A7l 9 AR (HY)el Fgo] @ S0
s} # dge] AFYE 2 e PMesd] 52 0vF
5c) =AY shtel AlFtE A9t wigslA| gl oY
s} AR Bebe A 23595 NH 2 NOy 9
FEE OE od A9 R} 3A yepdd, o) A
A2HE AFA drA Ade Fone 298 £+
X, AFAZL HAZ A9 e, dF, 283X A%
e Z7h2 r1Ae gL ¥AEG s & 9o
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SO&, NOy, 18X NHeoleEe 32 mAda

2 FAE v A8 F SO, NO;, elemental
carbon (EC), 2] organic carbon (OC)e} A|AA

Table 3. Comparison of the ADS studies.

ofel] S o] F& at2{z qlo} (Conner
et al., 1991; Countess et al., 1991), o} AgelA
E (29 5) nAYAe elAdA A F28 HEEQ
S0, NOy, 28T NH,.'¢ AaA$r 32 0.82,
0.76, 0.89°2 ¥4 &AM TN AYY Ko
o] HREL F2 wAYAE FEIT SUSE & 4

o
AEL

Concentration (ug/m?)

Study Location

HNO; HNO, SO NH: S0+ NHs& NOy  PMs
Scheff ef al.(1990) Athens 6.1 83.3 10.4 2.0 80.7
Barbiaux e al.(1992)" Mexico City 7.1 51.7 11.8 5.3 94.4
Lee ef al.(1993)° Chicago, IL  0.81 0.99  21.2 1.63 5.55  2.74 4,21 233
This study{1995) Chongju City 0.9 1,27 10.9 4.82 5.24 1.64 1,22 27.5

2 Twenty seven 12.5 hour samples from 15 April to 12 June 1987 in Central Athens, Greece
® Thirty three 12 hour samples from December 19, 1989 to February 5. 1990 in Mexico city, Mexico
¢ Eighty one 12 hour samples from April 2, 1990 to March 17, 1991 in Chicago city, USA
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Fig. 5. Relationship plots for each component.
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si=h. SOF ¢ HYe M2 v&g dAa71E 74
oA 7] F9 A= (HHE 3% 9% SO Y
FEE ol 4313 912, AAZ SOF ¢ HYY ARTA
EobF ¥ Aoz Ry (o8, 1995; Lee ef
al., 1993; Koutrakis et a/., 1988b). NH,*, H*,
283 SOF 8 ARFA Fod W7 FAM M2 A
AT YT & 4 YA, B Foleoht Lole
sx2% Agskz glg. NH,*, H*, 283 SO 5 X
glate] & vl o5l AAE A JEEe] ojd e
9] g E (d: [NH.1.SO,, [(NH,}:H[SO.l.,
NHHSO,, 281 H.S0)Z FA3T J=As & 5
e} (Koutrakis et a/., 1988b). 1% 5¢] 93w
NH. 9} SOZ 9 434 (r=0.97)% oFF ¥4 34
Hch v AFIE BAGME AAZ HellN dFE
A7EA RS9 Bulgel e} dejdl Azz Fe
[NH,1.50,% [NH,]:H[SO0.].8 ez &8z gic}
= AL FAY £ A9 (Lee ef al., 1993). A7tz
T8 FA9 SO FE: v|&EAR (R 3) H 9
T2 oE A Ao o)A (1995) 2 wiAsdAe] £
g A= (HHE AYs FYs7] dsid: A=
7} A3 A)e] 2AE] Ao B7] F9 Y B £
Ashe NH:E AAd o} 4T st ol 7] 59
NH; 527} ojo]2F A9 HYele g F3AI9T
E 97l dEel, AFA9 NHY 5=+ A5l =
AR ¥7] dEe] AFAME [NH,1.SO0,¢ 747H¢-
APYe 2 o] 7T gl AR YA4FHY, AHZ H ol
Zro] ZA=olof Bt Aot AYYHE & = e,

4. A 2

AFEA AN 3L HEY = dE 712 19954 7
4 279 ¥ 84 279 7R g T 1356 2447k
Z7)12 93d AA ko &AL o 43 JAY A
HE2 G&F 2.

1) 7}2A 3¢l HNO;, HNO,, SO, 18X NH,9
e 27k 0.90ug/ms, 1.27 pg/m®, 10.9
pg/m®, 22T 4,82ug/molsiR, HHAd X
A9 olgA R SO, NOy, 23X NH, 9
JRFE 5 7 5, 24 ug/m®, 1.22ug/m?, 1%
I 1.64pg/mo|ct, =gt Ao EAE v)4
o2l PM:s8 B35 T 27.5ug/mo|gl e

2) d¥d 237164 2HE PMps8 FEE ofgd
AEAI NN d& Az g 2F A4 (7]€7]
=1.2; A#A$=0.96) Jetygct.

3) AFFYIAZRE ulste] Ho] 29 7 &3
AELY F=7F ¥l vz, B3 SO0.¢
PM,s9 5Ex ok ¥ #2EHG I
oM ulgde] Eolg df, SO,9 HTFFE (18.2
pg/m*) e HE Fgd A HFFE (5.1
pg/m*) B 3,68 ¥A FFZEHUZ, PM.so
Aol LA BN Feol g HEy
E (35.8ng/m*)7}F o2 Eik Wi HIyE
(18.8pg/m?) B} of 2u) ¥3ic).

4) J5d 247 % ol 4% & 479 A5 v
28 A SOF 9 PM.s9] 5= v 59 24
o) stel Al7REL RS} u]edt ASE A9l

# M

2 Q7E 19959 HUREE $4TetdTAY 7
Q& o} 2959 oo FA=I e},

Faongd

A=, Sz, ZFA, A42, A5, &2 (1992)
AFA A drjede | A, FERA
R7dFH¥E, 85-117pp.

ol A, A4 (1994) AFAue] AlA W) VY o
T, TERRAAGHA, 3(4), 25-32,
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3%, 4(1), 53-62,

AFA (1993) AFEAGE, .
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