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Characteristics of Atmospheric Speciated Gaseous Mercury in Chuncheon, Korea

Sun-Yeong Gan - Seung-Muk Yi* - Young-Ji Han'

Department of Environmental Science, Kangwon National University
*Department of Environment and Public Health, School of Public Health, Seoul National University

ABSTRACT : Atmospheric speciated mercury concentrations including total gaseous mercury (TGM) and reactive gaseous mercury
(RGM) were measured in Chuncheon from March 2006 to November 2008. Average concentrations were 2.10+ 1.50 ngm3 and 3.00+3.14
pg/m’ for TGM and RGM, respectively. RGM concentrations were higher during daytime than nighttime probably because of high
photochemical activities. We found that RGM concentration considerably increased as ozone increased when fog occurred, indicating
that ozone was the important oxidant for Hg’ in aqueous phase. TGM concentration showed positive correlations with CO and PMio
which can transport in long-range, but there was no correlation with NO,. Considering that major source of mercury is combustion pro-
cess, this result showed that local sources did not significantly impact on TGM concentration in Chuncheon. Five-day backward trajec-
tories were calculated for the samples representing high and low concentrations of TGM, and determined that industrialized area of
China including Shenyang and Beijing influenced TGM concentrations in Chuncheon.
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A gtk Wb A 4RSS S(reactive gaseous mercury,

U= BAHFEPA It =4 EHE AAHE F2 Hg”' ; RGM)& ol ¢ & Zom, nukgAo] 73] ti7]
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NEAo] TGM3 RGM FEo) m2E IS Udolr gl
on, 4) 549 FTEE vlg o= 947 B4L AAg}
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7] F 42 ZF(speciation)d] & AL AHUx A
Alell X3 A9H(127.81N, 37.99E) oA 20063 3Y
FE 20089 119704 6dult} 194 2447159 38}
fom, Aduic}t 397t AF532 <A A2 F (intensive sam-
pling)& AAIste] 1 7|7 Felole @3 whe Vo] A
2E AFH3A

21. F71AH $2 (16GM)
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dHA 9k AR AHE 03 Lpme FFo g F A9
FEEYR S QA3 HI(breakthrough)2 U3 AFH = =]
X3he AE7F BAsHA] BEE St SSEF Hde
F2-Fd AR (glass fiber filter, 47 mm)E ¥ HZ
HE| H(teflon filter pack)S 23l PAPge] F£&
AAsGoH, Fio] FEEF FFH dAs=
71 A3k HAs] f8kd A WA T=EY]] IM(heat-
ing coily& AAsle] 30~40CE FAAA FAUT. H3
A AE ¢FrE S92 THL F 550CHNA 14
B 2 3 AERAFH A7A W] 2RI

23 & Z=EA AFHE F Uk L AEE 50T
oA FdeF LT ol=2F sl 98] CVAFS #
AJ7)(Cold Vapor Atomic Fluorescence Spectrometric, Brooks-
Rand Model TNl 8t=o] Hg YAHE 7]/ El(excited)
2 UEA "tk 9718 52 dAEL 2537 nme} 9
oA BFAA Zu) FHphotomultiplier tube)ol] 2]} 7+ ¥ o]
o] 257} AE I Z(integrator) 2. E HEEHo] AYo R
A AEA FFAFE el BA4o] gsdrth TGM
o) AARE A AFH B A WL 7E =80 BAE
o} o}V

tlo i rlr

2.2, 7tA A Asl=2 (RGM)

7t Absa2-2 UFC(annular denuder; URG)E ©]
&3t AHSAAT WA Hrve AAE AX d3dEF
(KCl) &9o2 ARF F 550TE 241 5 71E8}o
FEIE 22 BF AASAT FHE OFEe AR
AFH A7A HEE BY(Teflon tape) o2 LHAA A&
NH A7A Fddi(clean bench)ell RASIHT). F8d-F
AAA 47 mm)e F 72N F2E& AFHsE KA
Ao} vpR7FA 2, 550C A NS & F ASA]
H A7A WEae] RAFHIY HEE Ad ey
dHEl= AE AFH Aol 4NHE A AAEe US
EPAPo] HAIE & wston, 4 M HCIA 65~75C
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of ol AF S ANartifac)y& YoF =7} U], HH
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7}g 42 E4L FE U 2X(tube furnace)oll
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B dAFoxeE 6] AlgaiFvitt Y=BaT(field blank)
£ AF3AT TeM "o Ega= £ 238 ANy
o, =Yg HF FEE 004007 ngm’ o2 =3
Hol HF TGME] AR 559 14%E Jelgdth Ag 2
Aol A wiH HFHE AP oH ol Lo X
38 "WHE 87) Yol s/l ME 98 B9E FHalo
A AT 7 Rule) 22 33l §7] Ko 7tx
FA7I(gas tight syringe)E ©]-83l] Hle A8 B3}
FUsAl B AHLHE F=EH HHAZ] F 500C
9 &=oA & &3d T CVAFS B47|2 B34t
£ A7 E ARMe FAAFRY)T 095 olitolx, A
FA Z1&7]d g8 dFF 9 FFo] A FY
B AZFY 5% oY Wk ARE BN} =3 6
N Mg EMuitt shue] & RAE FYAA A
227} 5% oY Aol B4e A&3u

RGM A& A3 2 &4 W] Ax FU=(overall pre-
cision)g @ohir] 3l FY AF7E U] x|l
T MY ARE A AFAsI B3k H(side-by-
side)S ol 83tAT. B AToA A FAUTE Yol
A3} 14.94%2 JEPRthn=3, R®=0.95). 3 RGM &
Al 6] Al EAFH vt =B A(field blank) AHHE A
AlBlHck RGMe] B Balgs £ 243 AASEeH, 9
T B9 F5E 0784098 pgm’ 28 YT, I
2839 FEE RGM BT 559 oF 25%F 2RISR

24. SYH 2N

& dFoAe JAAE ALdsr] 8 s Yo
(NOAA)°lA] A|-&8= HYSPLIT(version 4.8) Rd& o|&
st JAH S AT 713AEE NOAAAA A58}
£ GDAS (Global Data Assimilation System)& ©]4-3}% Tk
71% Are AYdd 23 AFHoz YAE™, 100 km
9 % 4= 6 he] At SFE 2 Eo)] 10,000 m7}
2] 23708 FAFE AYR Yt} o] 0 7R EE
AAY olFol o A& AHsyl A8 1,000 mE A
AT BAAZEE 120AZHS5Y) o2 SFgHom, 6AI7t
DAL R AAFE AMdTAT

3. 402 nx

3.1.8edH Y AHHE s EY

AEAH 717H2006'3 3€~2008F 119) B¢ =H9
TGM¥} RGME] % Y th7) L@ Ed9e ¥ 52 Table 1
of foFsted JYeluigitt. £ FHE TGM# RGM
o] F=9 ¥WE 0.79~10.75 ng/m’, 0.21~18.64 pg/m’
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o2 YEgD, BF 5 42 2.10+ 1.50 ng/m’, 3.00
+£3.14 pgm’ (AHEHT+ EFAPHOE SHHAJY. V)&
o] AFo) o3d RGMo| TGME] 5% m|gto|gla B
H v} 9o B JFe A= RGMe] TGMSY] <F 2%
ugto g A3 e HEE BT olE TGMo] F4
FeHT 7t AsEHZHE ol FoHTdE AL
s B w, tr] Fole tiRERo| FHFH)eE
EA%TE AL & 4 Atk RGM-2 F4HHNOs)H FA
T Ax2 F4 9 A4 AFHESEIE w9 AX(1~4 ons)
HiE oA wiEd T 7haA Ak wWiEd &
AHolM HZo] o]RojAE Aog BuFHT Jupt'® we}
A AYE FHY F-UTE ¥ gtk & 19
e u B dFM 2HE TE @ {3 2w
AR 7189 oF dFoA AF XY RGM &
3444 pgm’,'” 42464 pgm’ Vo2 B AFAN &
AE =9 WS AR S eI gtk =3 RGM
7 Hg' 5% Alololls FAZHOZ @ ARBA} U
EhtR] okgtEd), ol 23 AHdA 238 RGM3} He'

T FFE HXE F8 249U AR FoldAY &
o & VXE F8 V]38 dkgo] th2r] HEL
2 WaEt RGMI He'9l 5% Alolol @A} &
AEHA g @4, 2 HEdo] v Exd AHEA
U tiEAle] BlEte 2 wjE&dolA EE] "o AlZ
Aol iATE AGeA 53] Uehtes Aoz Bl
oMY =2 wjE o) shte] AT BA A FE- H)
%3 RGME| tiREo| AHH7] A7A tlr] F Hg's
RGM9 F=t& 4BA4E BY & ok a8y 239 2
o] HjEdeA He] B g Aol Uiy F 3
gil-g-o] RGMS] A 2 Lo F83HA 7|oddhH= vba,
He's EAA &8 & 21 AFALSE A8 237
A olzd & Y7l wWEotk Bl ol FH HS
RGM® FX7F TGMY 2% ultholgles AME TH3 M,
7188 vhgo g2 2% RGM BXE Wolr7l TGMel Bis|
AdF oz & ¢ Udve AL AARITL

2006 @ARE 2008'd 11¥74A)¢] AEE ©]&3t TGM
3 RGM AAZ ol YehiithFig. 1). 29I
5ol o3, AdHQ Hol= Aduitke] E¥IMixing
height) 2to], 49 zpo9) 22 7|4=79, AAUF by

Table 1. Summary of TGM and RGM concentrations along
with typical other air pollutants

Average SD Median N

TGM (ng/m®) 2.10 1.50 1.61 125
RGM (pg/m’) 3.00 3.14 2.10 118
$0; (ppb) 3.75 3.52 2.46 120
0; (ppb) 2721 12.43 25.39 119
CO (ppb) 582.46 32245 479.17 119
NO: (ppb) 8.79 4,67 8.41 120
PM (pg/m’) 52.35 43.38 4271 120
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Fig. 1. Seasonal variations of TGM and RGM concentrations.

49 W3, uir|sisty 219 Wil o3 A7 A
i Bk B dTelA S4E e AEE ol
FAAeR B3I HIE Ho|x:= X TGME)
e ALl L FEE Holy, dEd e FEE B
¢ BB RGMS) 739 HEo & EE Holw, AL
d ¥ FEE HAT E3] 200739 AS TGM F
B A8(2.98+3.08 ng/m’)> E(2.18+ 1.28 ng/m’)> H=
(1.95+0.68 ng/m’)>7F(1.11+0.52 ng/m’) ©0.8 H-od),
ol oF 7IE AT AAYgE Ix)st= Ao|c} 20
TGMo] ALHd & ¥EE RHol: AL ALy But
TAXS BAAR A9 FULP Egael Wslz gt
Z1o2 motHE W RGMo|] ®8o] BL T E Ho)
t AL AT AT 34 2B EE SAEHE s
(05, ONE A3} He'7} Hg™' 2 4181E]7] wWhEQl Ao
BoET. ool o Bo} o FAFQ ARe ol )
=5 At

449 TGM w59 A wWsh= 20083(11€7H4
2.44+ 1.81 ng/m’)>20073(2.11 £ 1.63 ng/m’)>2006'I(1.61 =
0.65 ng/m’) €22 Uehd Hbdc] RGM FEE 2006
(4.15+4.10 pg/m’)>20083(11L7HA) ; 2.79+2.31 pg/m’)
>2007'3(2.45 £3.11 pgm’) €22 JEstTh Fig. 1€ B
A TGM FEv AEHE Jd F57F F718hs 3gko)
1, RGM FE& 2006'd0] v ZasHe A¢s B F
JAT. olHAF AUE Hotstr] 98l RGM F=o 93
£ 9% VA A9EF 2F 559 F9]E RGM &
=9 A s Bgkou, ey &F FEE RGM
TR S XA FLe Ao etk uetA o
29 HU(local source)?] FFOE FZE, &F RGM
T2 ZARY Al i weto] Jad oz A
Zrg o}

TGM3} RGME] B% EXo) gl Hixs BAlsly, 1
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Fig. 2. Frequency distribution of TGM and RGM concentrations during the whole sampling period.
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A% 57 2~3 ng/m’ Alolol AA FE9 oF 60% B
T E£x3l1 e AL B F Yen, TGM &7} 3%

5 T AA 329 5% A=
A8 UATE RGM A4 A Fx9 78%7F 5 pg/
m’ Uk Exsn Y AL B 5 Uk Fig. 2004 B
+ 9J%0|, TGM3 RGM ¥E 5L 2% AFHY =
I-=Y(log-normal) FEE VeI T} ol vlAFE
olug g ¥4 A, BHr} FE3 2L A, TGM
TE ole 94E FHdly, RGM ¥ Fols Adz2
£ FH3tq ARE ATEXE THEUKshapiro-wilk, p>
0.05).

3.2. CtE 2P St A

2 dAFdMe Adx E2HAY A5EAY ARE 9
3, &3 U2 LHEAET] AABAE Yolr
Itk Table 201 TGM, RGM# SO, 0s, CO, NO,, PM;,
o FHAAAE QoFsted YEMTE TGMT T E oY
EAEHY A4BBAE % 2F, TGMIF CO, TGM
3 PMy B% Abololle froldt e} A4RBAE A=
AL B F AdYAp<0.01), TGMF SO,, TGMT} NO,,
TGM#} 0; B Afoldle @A QAY, 4% 43
BAE 7V Hp > 0.01). PMe2] A= FE 34989
Aav 2ZAAE F Ud9FHo g HiEHo TGMS F&
LAY FABILP Co9 A$E TGMT Lg9o] &

Table 2. TGM and RGM correlations with typical other pollu-

Abgh ok ozl &4 2 AAIFH o2 HA AAFHA
orol thr] F29| AF Azto] TGMHA A thiEA
FAT ol BAE dA P 23 ALy F
Yol YABtT Yol FEAA wiEE thFe] 2
o] #HAHo| FFE & F Y& AOZ dFdnt. w
A TGM =7} CO, PM;, = A4##A 7 v A
L F . AAY ol A3 FFe] A Y 29 ¥
EE Fols F8 AUY F Advke A& AARTh HH,
NO= tEAQ Y93 LHdEZAR AHe U ¢
3 Fxrt NAsHA dgEhe AoE dEA Uk A
Aol M ZH% TGM FEE NO;, FE¢= 4AAA7
e Aoz Uehgt ol Ag AYdA ZHT TGM
F57F NO¢ BAZCE {2 ARBAE 71 AL
2 U d7Aax79 wind o, 2349 TGM =7}
A= 2y FRE P (local source)oll 234
E 3A 9% A Feve A ¢ F St

E3 B dFME 7] F PMeT & FE ARl
4] FAE Tebsly] $iEiA, PMed thr18737)
221 100 pgm’ S 71ZE2E PMy 57t 100 pg/m’® B}
e P9 £& ®E9} PMy FE7} 100 pgm® BTk ¥
L 39 & FEE NudHTHFig 3). Fig. 394 B
Hhel Zol, PM;, ¥=7} 100 pgm’ BTk £ & TGM
¥59 A% 2774157 ngm’ & YEMI, PM;, 57}
100 pgm’ Btk e F TGM ¥E9 7$ 1.84+1.23
ngm’ 22 Yeh} PM,, $57F & ¢ TGM =% &
A B AL & F UAHp=0.004). ¥ PM;, F=7}
100 pg/m’® BT} ¥ 2 RGM X9 7% 3.67+5.11

tants
3 1} = 3 o
TGM| RGM | 30, | 0, [ N0, | co [ pmy pym’ 22 UERET, PMp FE7} 100 ug/m BT} e
o o]
oM 20.005 | 0.10 | -001 | 017 | 031 | 025 ¥ RGM F=9 72 2884313 pgm' o2 UERT.
(0>0.01)|(p>0.01)| (p>0.01)|(p>0.01) |(p<0.01) | (p<0.01) RGM BZE PMy 559 4#gle] PMy 57 52 o
RGM 2002 | 009 | 050 | 009 | 0.16 U e givt 34 ztolrt UAl &skthp =0.727). 23y
(p>0.01) |(p>0.01) | (p>0.01)|(p>0.01) | (p>0.01) TGME] A4 Z=HA PMy BEE V71 2999
16
6F TGM T RGM
) 5 -
o o~
E E
g, E
z z
£ * 3
g7 ° 3§
g g
@ 1=
=2r Y 14 =
" _ 1L
= [+
b % 12
4
1
0 0
PM,, is than higher 100 pg/m®  PM, is than lower 160 pg/m® PM,, is than higher 100 ug/m®  PM, is thian lower 100 g/’

Fig. 3. Relationship between mercury and PM10 concentration. Left and right panels indicate TGM and RGM, respectively.
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Fig. 4. Mercury concentrations measured during daytime and nighttime. Left and right panels indicate TGM and RGM, res-
pectively.

TGMY] & 3F7bE FF%E vixe Aoz sordn
w2t QA PMyy B5 FFE PAE $8% 29
I TGMY F8 L38de A 7Hs40] e Re=
AEEH, PM 0 TGMS F8 249e FAo Hets}
= A7 APAiE EEFHA AvA 5FE dod
Atz AA4Ec £ dAFdAM TeMId= 28 RGMY
FE7 PMy 59 1A FARTH: A, ¥4 o
F3 A Zo] TGM F=d] F3L mAE 2dUo]
RGM ®=o 9&e vA= L8947 =AY RGMY
A% He'ohe g 7] F whgo] Sisly] R E 1
oFgit).

$A TGM FE57F Ao & FEE Ro|u &9
@ FEE Hol, RGM ¥X9 ZAfdE ol9 vz
epdthe AME AFEh o3’ AdE EXE of
718 9% F 3UE o Feo g F3hE qkgo] 1

HEAE, ol B g 7=
g 4 AATKFig 4). ¥ e ©2
RGME &% 23}, TGMS A9l H1.76 £ 0.66 ng/m’)
B} $(1.85+1.33 ngm’)ol 4zt H& FEE YRR
A%t A Zol7k YA @gka, RGMS] A% tiAz
AZre) BE(245+2.82 pgm’ )BTt B A7Le] B5(5.64+
6.32 pgm’)7} ¢F 2] A= EA Uehgth TGM € RGM
9] i de] F& olg BAHCE dms £ A
TGM®| A% 23 vre] HF F=7F 5AZE #23
Zol(p=0.897F YERAA Y3ith RGME Aol ¥
3 ke B =7 BAXNLCE §oF AolE HYthp=
0.014). W&tx] RGME 3} wre] T Aol7} S
yeht w3} dre] 4F7] @2(diumal pattern)E EPH
WA TGMS W3 o] B= Aol7t gl 222 Je
U RGM9| 7oA BRI IF7] L Holx] 43t
ok @ AZol i Azt Mlsl TR & R HelA
AFH JEH =7t HolAE ol FYS HEo]
o Yo 1FEE EAshs 48A(0;, OH, H0, BE
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Fig. 5. TGM (upper panel) and RGM (lower panel) correlations with ozone. Significant correlation was observed only when fog

occurred (right panel).
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3.3. 1A 2M (Backward frajectory analysis)
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Fig. 6. Total endpoints of five-day backward trajectories for
upper 10% of TGM (top) and lower 10% of TGM
concentrations (bottom).
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