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Abstract

The analysis of vent-emitted Hg concentrations and relevant environmental parameters was made from the inlet

of 42 ventpipes in Nan-Ji—Do area of Seoul during September/October of 2000. Using these data, the fluxes of Hg

from the ventpipes were also derived. The mean concentration of Hg, computed using the data sets collected from

42 ventpipes, was 420£619 ng m™* with the range of 3.45~2,952 ng m™*. Because of large differences in

concentration levels between two sectors 1 and 2 and between plain and slope areas, evaluation of the data was

made by dividing them into four different categories such as plain areas of sectors 1 and 2 (and/or slope areas of

sectors 1 and 2). When this classification was applied, the computed fluxes were highly different among each

group with the generally enhanced fluxes in plain area relative to slope area. The computed fluxes were then used

to make comparative analysis of different source processes in the study area.

Key words : Mercury, Nan-Ji-Do, ventpipes, emission, methane

1. M =
e 2olelA olul LAska WEE Fas)

ok

A% A AX AYE AeT Ak ARG
5 hA2 RN 32 Fhx) e w4

* Corresponding author
Tel : +82-(0)2-3408-3233, E-mail : khkim@sejong.ac kr

B whge] APH T, o2 W AAE=
kgt MEA V199 LH4EREC] HY] Fo

WEd 4 Aok AL A Al Ao Ry
o] PALEE TN F2 ddoz FA5E
g e 2AVA 9 M EEAE dEE el
Hgtesx 283 WiEAZaAE 7IHE 5 9
T ez gEAn dut o2 7led M4,
A d9H ez WiEs: ek F28 10~20%

J. KOSAE Vol. 17, No.4(2001)



300 AR - RN =4F
A FY 7, W] 222 00d o 5 ==
1 olElz ih‘l frAl3le Ho| Zsslda 3t
(Hogan et al., 1991). ]2 &t &-A|ol| i3 Uul Aql
B2 QA £Fe] FEE A4S I, P A
Zrol 74 Feodt wwle] WYL ZE 3t vl
£ FaMo] wA FHAHT )Tk (US EPA,
1993). o] & A|HEL o] dets} e g Eale
MEdezA zhgute] Fadt #eo] oz}, ofE}
F2 29EAE] wMiEdde D3] NNddxit &
Aoz A4 WEdelztz & 4 91t} (Pacyna,
1998). o] & &9 AZAA& FAhsied, v)Fe b7
AAY Fol whad, dx) £F oA E wg]A
AEES Y 713 EE 9T wadee
TRk =k (US EPA, 1996). U}f&ﬂﬂi A
Fio| FrIAHE EXiste 23 o) Hag
Fa45 AEE o8 7tad L9EAS A di™
A AN BN AF 5 ulZe] o]Fd £ ot
£ Aol &g vl sk (z¥led 5,2001).

MEAE FM 2 A5 S we) A
o FAME Zo YR IR =L v oz
W A H 2] NHA LB s} o
A Fry AEEe #E YY) 3 #PdY 5
Aoz i IAEXYL F, B rjeds
FHE o8 7Hx dAE dsted F23 3
o dAdez ueaw gid HIdE %Zlixl‘fl =
FAHoR AP drleddate] dofg &

AF3t7) A8, e e FFS == A,
d, A4ddE A VOC 3gHEA o d3 =
*+2E AP = A7IAEHA E S
A3l o] 29 &AL FYAE A3 A=
7} 4 A4 o] FoJ T (Kim et al., 2001; S 5,
2001).

ol2qt APATES] A o8 FFY vimy)
A7k Ad FEEHE FHEsEd 24 7)dEq
. Az olE _‘&%‘%@«1 TET E’ﬂ-‘t Hutey
71 AM HAEHE £F2HT o] B2 2xa el
wHot e i‘ﬁ{ﬂw o] Ax %72 =7}
AHE 42 5me] ¥ IEE o]FE WA=
A Go] A&AH oz W= ¥ F&H v F
of o8 A EFzAel FAFHEd o A
2 HAch i o] Eo] FYAE #=3 Al 9
s, o)A Al satge] whe} wjEet Ao of

T}S

°iﬂ

27| SAEI A A 174 A 45

o

}o
}o

[}

chekalA A E ez =34 xEidE= o

T A& B, ﬁ‘—% ZEo] MF-gA o

o2

o

—

Zﬂi ﬂﬂ%°] %}E”"i FE olF:= A
Bt} (Kim et al., 2001). o] Yubdel =74
AT o mdo] WENFE et Age
o5 el B AFEAN FskA ey 2
57 dNFE3o}(Kim ef al., 1995; Lindberg et
al., 1995). ¥ fA&He] FilxHeow z4¥ 7
FNEFlM dhZ SHEAES] F2How ’-q
AA ks wAA F A4, “r‘—:-‘—]' KAS A
EAE] dFrz A fabe] FesA ga
Hdot o9} e % ‘QF 2] FEAY
o2 Fgar 7be) oine we wsgu B
o A} el AANY 4 Aok AE Uz
Fr Aetn & = UE Holh 429 A3t
g2, Al #&d VOC L5 mgrgdAte] o
& BS54 o9 EHY Estd 54 o}
e AHe AFAo) kg ez vEh &
slohe g BAlAA FdoHANG £, 2000). o
o we AHEE AYN ¥ W, 7 £49) W24
o) $A1% AAe Mpleeee Wade SYd=
793, 059 Mot AR 4 3 Fusb
o] & Aolg HY Axe R 289
4 Stk el shelsgiet.

# A7qe] FARAN AT 71E APLTE
o SrE Wseie dYLIALEAN olFel
A egEde) myFoht wTEE ©lsl4%t
A e TR AT 2 vFE S
. 296 A2 A EAG A o] FelA = oo

FRE WYL 99 WY Fre B 9,

2% wEYY vz oF WEF& 53 wE
2 dAdo xRy A3 Mg o] #EH
(40~60m) M2 F 5o g A mEEL A23)
22X, A= AHe] wfEFE FA HE /&
2 Aelgt AZWAE dd HAYY 712F 5
e Aol o Ax e Roz HlTh E3
27HA FA =) AEEg) $3¥) B2} o) F
oAZ vd™ Feo] IFFHALGE: HE AL,
ol 5 MlEFo2NE wiEHE REL AYor =
E dHez Fod Ve & Hloz JdEng 2
AFelMe AddTe] dFog nr|AH 7Y &

o ff HL
) M



B9 o2 429 mREAe] AT o FHY A
491 1T Husb] As 20004 A1 715
FAE Well Ak AGAe] W EFAA WEH
© 7o 09230 soo WEFRE AR
o2 APelNE olE WEE BEARE =d=
dAEA ol WEHE $oo) Fme} HAH

e EIE L R 5 S
Ag AgHTA et

A 7lE

2. ATy

2.1 o3 ciat HiESe Ment 2oy

WA 2= 1979y 3Y2E] 19939 12€¢9) 7|14 %
ot FHEo) o] Felz MA Hd F2} vy A v
HAA Ao sfdaich dA =) ARG 7]
Foz 3, 19km? 28] WAL 272 km2el
g gatc}. vl gl w2 A= BxE 95m (A
Yo 85m)E A, ey Rojr|eor
ok 0.92km’e E3lel AA v 1,2 72
g]5 =9, 7}z 1.62, 1.09 km2e] HAE §-
A 1A= mA duknd 7], A 7] 2, B #—%Eﬂ
A Bo] FE ol F& ubd, A2 A= mAURk
g 7]} At # 7| Bo] 55 ot ok =fg A o
kool glo] stmE FolFPE: el §54 s
o] Ao} AT & 9l FAE WA AY =
W Zohe] 3T ddskEr] fgk BH o
ot i Tol £ 106709 wiEF-& A4
defolh o] & AAE] EFEbE, 1,23 el A

-Q‘r{r:

mlo

gL

ol

At fe ol

A9 wjage] 4 77 58,4870 ket 10)g)
Aol s WA 2 3270, Aol 26709) w2
Fo) WA W 20 A S A, 77 23,25

e wjEgel wixH e} . A wiEFE WA
15cme] ZZ7]e]l 40~60me] Zo|2 WY& HF
8l3 gl

¥ Aol A 20006 99 209l 109 47}
A oF 257k0) A7HEet FFT Ao EAs
Z 106712) Wi &3 F 427 (A2 oF 40%)5
Aoz gsted w23 YTERE wWEHE 7tx
A Fee 28 AZsloh AA MEFe] AdH
2 137l M 297] (At e] 40 F3 PAHe 25
NF) 2ej3 2370 1370 (AAbE ) 5ol Et o
|2 82 E Hele] FAel dsae 2379

A=A 25 947 301

7%, 0 wlE2ol] N3 replicate Al BE 12} B
Aste Ae 9Foz vt ofd Y, 1574
4% A gl W 2412 2t ez 53] o]

o) 4 A A4EAE 9Hoz sholn FEd
A7V e Tebalr] 918 137 4R

& #5804 FHo) 2387 A shsch@ebA
offol AAD 2 QTR ARAL AL
$o w157, 53 of FolME b e A=
7 uE BN FHo= dReln A7 @
eh

) EF R 89 xE HI}E 298
shetalr] )shed, Zbzke] wiEFoll W E A HSA]
of &2 ¥= o= CHy, CO,, SRS =7

e IFE AL Txo wWEF R &

£ 9 W7 MESEESE A0 B2
SolEFoeyH WEHE 40 BHar £4
of BEY 1o Fmsl HET 27 WEEE

2 olgslel Aneic Telm WET FA A
sa—won el MEgesyH Ut sres
£ fAeE, 428 AAR A

7].@.2—10] 7}}\]—012}2 E'ﬁﬂ‘ﬁ}“

#2 97 A6 AZsgc. o 55
gt +oe B2 VAL 97149 WwAE )
g 4 Qe mE HEA 2ol PAH L,

2.2 $25E9 4

7] o] AL FAH oA
v wAE FolM A/ANE I
ARl Fol 2 HATE
o]t} (Ebinghaus ef al., 1999). ¥
7l & 29 =EFYHH FHP F
o] gt 7]*° olm] Kim and Kim (1999, 20012, b)
ol A AR EA A AIRE B Qlek 2y B e
A a3 el BARE o FES £28
A o] AFH I gz,
BRAME o8 s 2AstaA} Bk w2
o2XEH $EHE £&9 FEEAE 4, o9
B dFAle] 4= o 43 AM-2 (Nippon
Instrument Co., Japan)2}t= on-line A|2~8l-8 AR
Aol A MPE AR F BPAR) A U
ok AM-2 Alzdloz wWEE WRe B &
G2 S QA HEE2AE 9A8S F olF wEF

J. KOSAE Vol. 17, No.4(2001)



302 W - A7NY - 2AF
A% 4 om ol8l FARA FUshod oF 0%
A2 29 ¥=& AZIPS. & 7171 WA=
frFzAAel o8 o 1.0Uming] f-%oz F7]A
28 Bl 717 2A9 249 §- eRRAE
ol gsted +2AERE dedoz A2 By
o A2te) Wagel EAse +od FEE A
2 Rz AEs) g8, 71709 AR LY
50 ¢ b 429 FHo| ol kiRt 187
A FRY 422 100489 FEL AEHeR
DA el M A E T, A 2F7)E carrier gasE
AL43l= v R4S o]FH] A (nondispersive double
beam) B} Z#) U3} UAFFEA 7] (flameless atomic
absorption method)el] )5 253.7nm2] wavelengthel]
A AEHAG 2 AT F 5= $2(F 3
pg/mye] AL wiE3o EE 2t I
uj Zol] o} breakthrough 4|8 m2istx] & 4
et o8 $sl, Fzo EAMlM IuEG ug o
9] Fxrt el Alge A ARAHd ax
HE A 132 44 2A4E s3sad
HEFT U5 2558 W53l A FA
AR Al ol FxFE wiAT F, el A
g A 29 AM-27]7]& |43t W&y AFH
EA3 7R, GRS Gl A7) Foll TR
P xE A AY/LES ASH oz RS
Aet. o]FA #HEHH WbH<l gxAa: WET
WE2RE #2EE pxyiely dAAAe A4

sted #4843 JEAs= ¥43i9eh & AM-2
7178 A 29 AAAEHAE F 1pgd,
NBS standard 1632a, 1568, 1575 5o ©iu]3} A|A
9 % (accuracy): ¢F 3~5% (M71R] 2FEAe] 7
HE FXF= Aoz wsA ¥ 3o (Kim and
Kim, 1999, 2001a, b). A4 = (precision)& 7 =s}7]
A3, S48 BEAIRS 1,2,3ngHe] 5=
oAA 534 7]7]el AAH Fsl= WA o= wbEy
AMale] Al £ F QA (relative standard error (RSE =
SEx100/Mean))& =2&38}9c}. 7 A3}, 290e) AM-
27171 H 064% (HY: 029~127%)¢ 035%
(H49):008~0.64%)°] AY=E ¥ Bl d4
AslA Agadel 2R adal @4 FriAa
£ 71 Az PRA FERoz A sl
AFEANE 749, 2 AFeE o Ax AHEHEd
o 2% W 2le) AYEE fAsEdE 47 e

Roz =gt A o)} o] Ye 79
AYse 2 B $54¢ dFshe A

I & 4 9ldh

3. d =

a9 16 A AF712EE HA s du o
7 ZAH B3Y 29 U7 FEREE A
ek 4k 7] F 429 FEE F 3~6ngme|
Heoq A Aol FAsd A7 712 F

S5 J :
2 'y ° , .
& 4 o] AN o
- g ¥ ?/ \?
3
2
o — ¥ I5e) ~ e} © ~ © [ (=) - o~ ™ <
N o N [ A ] NN NN S s s
~ ~— ~ ~ ~ ~ ~ ~ ~ ~ -~ (=) (=) o o
(=2} [=} 22 N o [=2) [2)] (2] o (=) (o)) — ~ — —
$ 9 3 3 § $ ¢ $ 9 $§ % = T T =
o o [=) o o o (=] o (=] [} [} <o (=) Q Q
(&) (] (&) o [=) o [« [w] [w] < Q < [&] (=] <

Time (year/month/day)

Fig. 1. The day-to-day variability of Hg concentration levels determined from ambient air at the Nan-Ji-Do (NJD) site

during Sept./Oct. 2000.
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Fig. 2a. The distribution of meteorological parameters measured during the whole study period. Except for wind
direction, the data are presented using the daily mean values: (a) upper: temperature and irradiance (UV); (b)
middle: relative humidity (RH) and wind speed; and © lower: wind direction.
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Table 1. A summary of Hg and relevant parameters measured simultaneously from both the inlet of ventpipes in NJD

site during Sept. ~ Oct. 2000.

v Heom H:0 CH, Cos EV* Ten Hg flux
ent ngm™? % % % m/s °C pg/m/h
Sector | Pl 450+715 1714637 523154 2574440 1012077 3254959 2102+£3950
ector 17PN 50 2646(25) 9.62~38.1(25) 72~724(25) 143~334(25) 021~344(25) 188~64.5(25) 7.23~16904(25)
Sector L1 3014555 13.942.04 4544156 3594170  025+009 2494175 2464432
cCtorImSloPe 1 9 1134d) 112~ 156()  252~578(4) 237~610(0) 0.17~038(4) 226~264(4) 11.1~894(4)
Sector 2-Plai 5694476 1784266 4994713 303318 1714151 3704849 56489449
ector 27N 069 1536(8)  158~238(8) 37.6~584(8) 278~372(8) 042~5.10(8) 278~538(8)  188~28201(8)
Sector 2-5| 2354251 208438 5024177 2744546 0574072 29410.1 3324382
Sector 2-310pepy 6 681(5)  15.1~256(5)  198~636(5) 183~327(5) 0.12~185(5) 248~495(5) 750~997(5)

* denotes exit velocity (or wind speed at the inlet of ventilation pipe).

Table 2. A statistical summary of Hg concentration levels and other environmental parameters in the ambient air of
NJD site during Sept./Oct. 2000. Data are compared among four different categories divided on the basis of

sector and tiltedness.

Ambient Hgumo Tumb uv RH WS SO, NO NO;
len ng/m? °C mW/cm? % m/s ppb ppb ppb
Sector 1 -Plain 4224100 2061277 0.16£0.17 5234967 1624042 378+182 32.1£288 38TEILY
2.56~6.54(25) 160~26.1(14) 000~0.58(24) 37.3~73.8(14) 0.85~2.63(24) 1.25~8.00(24) 4.50~115(24) 20.5~61.0(24)
Sector [ —Slope 3.68+£097 15.7+£2.00 0.00£0.00 70.7£592 1594044 4984257 6.62:£3.09 236£104
P 290~509(4) 133~18.1(4) 000~001(4) 635~763(4) 107~2.08(4) 220~750(4) 333-~108(4) 110~358(4)
Sector 2~Plain 4194146 204+081 03240218 28+4.89 300£1.02 4864393 186186 297+£115
- 260~632(7) 192~21.7(8) 000~057(7) 720~88.0(8) 080~420(8) 1.00~100(7) 300--510(7) 200~480(T)
Sector 2-Slope 3.76+052 205+0.76 0384013 4924126 3.60£0.72 480+ 1.64 7.80+£1.10 11.0£1.87
B 316~449(5) 195~213(5) 0.18~033(5) 320~630(5) 2.70~440(5) 300~700(5) 600~900(5 9.00~14.0(5)
. NOx CH. NHMC THC 03 CcO PM10
Ambient 3
ppb ppm ppm ppm ppb ppm ug/m
Sector [ —Plain 70.7£36.6 8.00+2.82 187092 9.87+3.51 186+11.6 163+1.18 558274
252~176(24) 1.75~13.4(23) 0.20~3.02(23) 1.95~16.4(23) 0.86~38.7(24) 0.50~4.42(24) 28.6~157(23)
N 302+134 825+1.31 0.75+0.37 9.00£0.94 14.7+4.82 2.88+0.90
ector | -Slope
143~468(4) 732~9.18(2) 049~102(2) 834~967(2) 112~2154) 168~358(4)
Sector 2~ Plain 48.1£300 S5.09£1.58 0.78+0.23 597167 290%133 0.56+0.44
- 250~980(7) 405~7.69(5) 046~102(5) 454~850(5) 600~41.0(7) 0.10~140(7)
18.8£2.59 491x1.14 090£053 5814092 90255 0.28+0.13
Sector 2~ Slope N
150~220(5) 382~609(3) 044~148(3) 527~687(3) 360~420(5) 0.10~040(5)
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Fig. 3. Plots of frequency distribution for Hg concentrations and various environmental parameters measured
concurrently in the NJD study site during Sept./Oct. 2000.
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Fig. 4b. Same as Fig. 4a but for different parameters measured concurrently.
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