SR 818]2] A9 (H|1%) 41~48, 2006
J. of the Korean Society for Environmental Analysis

. EM012.

XA BASHEATY, sl g7
B ek Koo )|

o - 2%

P FAQTE, WBHS Ao o) BAT,
S B sh 3733515

0z
|0
HU

54 opFRT - U7le

Gaseous Elemental Mercury in Industrial Areas
- Ban Wall Industrial Complex -

M.-Y. Kim!, S. Hong?, Y.J. Choi’, Z.H. Shon*, J.S. Lee®, and KH Kim*'

Seoul Metropolitan Institute of Public Health and Environment, Seoul, Korea
Korea Polar Research Institute, >Department of Earth Sciences, Sejong University, Seoul, Korea
*Environment measurement Group, Korea Research Institute of Standards and Science (KRISS)
Dept. of Environmental Engineering, Dong-Eui Univ,

The concentration of gaseous elemental mercury (Hg) was measured concurrently with relevant envi-
ronmental parameters from a monitoring station located in the central area of the Ban-Wall industrial complex
during March to May 2005. The concentration of Hg measured at hourly intervals during this study period was
averaged to be 6.32 £ 8.59 ng m> (N=1,160). The observed concentration levels are thus found to be higher
than those values measured typically at other urban locations (like Seoul) by approximately 20%. Using these
data, the temporal variability of Hg was evaluated and compared across diurnal and monthly scales. The diurnal
variability of Hg, characterized as the dominance of afternoon time period, suggests that its behavior is affected
by man-made activities in the area. To learn more about the factors affecting Hg distributions in the study area,
the results were also examined by such statistical methods as correlation and factor analysis. The results of
those analyses generally suggest that the processes affecting Hg emissions and distributions in the study area
should be distinguished from those important in other urban environments investigated previously.
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Fig. 1. A geographical location of the study site in Ansan

city, Korea.
oF 509¢] 7|7kl ZA, QHIA] Al LAjet B3
H (Fig DE $4o8 20 A FEREE
ST 8] FeHSo] o] FoXl AXE AY
< W Wil ARt A oA, g I
A9 548 A 7 e Xl SAgE & A
TFAM = w AERIRE 7IAY F2o] FEEEE A
EASZ AN e, %@01 o]Foil FH7]
7HAA g AFE @47 F7]) BEEAC] gt

B7PF 7hssith. 29 AH A ‘?,]‘]. 9]7]’\15'1-4
%%%2 fF=ab7] S8, AEe 35 A
Az "ol R ZE|Ql] A~ (stalnless steel)
X]Z]EHE‘ Axste] 8319t o] U] AAR
F7INES TAAEE WEE fUT 7 UAES HE
& (Teflon) 7188 #Jatd, vp2E o7IX8E AW
°ﬂ A ondine 7 ARl FYAA FAUCH
FUE AEE o83t B4 AFA W8-S ofn] 2
TR9] MPAFel A AASHA AAE bl k89
2o FEZ4LS Nippon Instrument Co. (NIC,
25274 7] Mercury Analyzer,

rﬁ

Japan)7} At =7k



THAS AW T 2

AM-2 =g 0]8315th AM-2 Yol 7o UAst
FEoE WINEE FY, 7 SR,
T3 s dEFtsld AR olFske Au
amalgamation WS 53 A3 /dez Al ~ES zb
F3 Atk o]FH 2 WA o]FH2 (non-
dispersive double beam) H]|EZd YAFFEA 7
(flameless atomic absorption method)oll &J&f HZ32
o7 Fro] fAFo] o]FojFh. AM2E ©]&F A8

NS 93

AA 71719)5-e] 2ol wiAlE AxF 7=

© WHog AT HEVIE fdE 722
253.7 nme| oA oF 1 pgrhie] AUiAESIAIE B
AFATh S8 2] FFAETF SAEHA] 247] o
o, F49 BIgEE AEs] 9% o wye=w
NIST SRM 1632a, 1568, 1575 5% th-&slict. 2
A3}, s 3~5% UE VERgtEY a8 A gE
Aol AUeE AEeh] S8l 1, 2, 3 ngie] F71%
Blo] EFARE 712t 534 717100 AF FYshke
Aow whE Bt ALEE AUEEA
(relative standard error (RSE) = standard error
(SE) x 100/Mean)Z ¥AIsHA, Ao AFEE AM-2
7171 247t B 05% e 2= Hol= Zo g 1}

O+

o] FEyEe] tgk 2Ak 43

Epte}d

BH0 SEEEE W F e SUTFES
AFE aoFedint. A1l B3 Y B1F 71
& e 142°CE A, $45& 235 m s'&
71580t T NEA S vag Aol o8
W, F2 PAFo) A FFgFE e dht
TN BT FAKH F2 G4 AL Do

714 3 b,

3.1. M| Zjof chst

B AFoA o] FEEHLS A B9 47
2 2005 &3 717+ 50
(2005 3% 282959 16%). HA AF717F HSH ¥
=35 o] T BEEEE FA viash] 98, Fg.
20l= AIZF AR E o83, Al R 20
EEEEE AXEKITE Table 1oE AA] 7417 5
g HEZS BE AEE o83l ARkt BAEE A
Ak o] 717k Bt A3 1160709 A7 H &
221750 3t BHS 6324859 ng m>Y] FES
25ttt olejet Az ojn] £ AFxle] HyYATE

ks
==

2
ne
=2
Y,
R

>
>
_O|L
8

2o

Table 1. A statistical summary of gaseous elemental mercury (GEM) monitoring made in Ansan city during spring 2005.

Parameter Hg Hg* SO, PM10 0,4

NO NO, NOyx CO WS Temp.

Unit mgm® (gm®)  (@Epdb)  (ugm®)  (pph)

(ppb) (ppb) (ppb) (ppb) (m/sec) ©)

Mean=+SD 6.32+8.59 5.62+£2.98 9.52+11.2 114+71.9 33.3+14.9 10.7+17.0 23.2+£15.3 33.9+28.8 748+327 2.35+1.24 14.2+529

(Mindian)  (4.79) 4.77) (6.00) (99.0) (34.0)

(6.00) (20.0) (27.0) (700) (2.20) (14.1)

Min~Max 2.32~181 2.32~29.1 1.00~134 9.00~556 3.00~94.0 2.00~211 3.00~90.0 5.00~287 100~2100 0.10~8.00 2.70~31.5

N) (1160) (1147) (1152) (1160) (1156)

(1105) (1105) (1105) (1156) (1158) (1154)

*After excluding exceptionally high Hg values (i.e., above 30 ng m?)
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* Julian days (JD) of 87 and 134 denote 28 March and 14 may 2005, respectively.
Fig. 2. A plot of temporal variability of Hg measured during spring 2005 (28 March to 16 May 2005).
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Fig. 3. A plot of frequency distribution pattern of Hg
concentration measured from the study area.
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Fig. 5. Evaluation of diurnal variations of Hg in the study period.
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Table 2. A comparison of Hg concentration levels between day and night time periods.

Parameter Hg Hg* SO, PM10 (O3 NO NO, NOy CO WS Temp.
Unit (ng/m)  (ng/m) (ppb) (ug/m) (ppb) (ppb) (ppb) (ppb) (ppb) (m/sec) (C)
Day

Mean+SD 6.83+£5.49 6.38+3.32 9.22+9.18 117+74.9 35.8+15.2 13.1+£18.7 23.5+14.1 36.,5£29.5 730+322 2.78+1.23 16.2+5.27

(Mindian) (5.58) (5.51) (7.00) (101) (36.0) (8.00) (21.0) (30) (700) (2.50) (15.7)

Min~Max 2.46~64.4 2.46~29.1 1.00~78.0 15.00~556 4.00~94.0 2.00~211 3.00~90 5.00~287 100~2100 0.10~8.00 2.70~31.5
o) (621) (614) (616) (623) 617) (589) (589) (589) 617) (630) (626)
Night

Mean+SD 5.73+11.1 4.74+£2.24 9.86+13.1 112+£68.3 30.3+14.0 7.94+14.2 22.8+16.6 30.8+£27.6 768+332 1.85+1.03 11.9+4.25
(Mindian)  (4.14) (4.14) (6.00) (96.0) (31.0) (3.00) (19.0) (22.0) (700) 1.6) (11.8)

Min~Max 2.32~181 2.32~23.1 1.00~134 9.00~477 3.00~68.0 2.00~113 3.00~80.0 5.00~167 200~2000 0.30~5.90 3.00~25.0
N) (539) (533) (536) (637) (539) (516) (516) (516) (539) (528) (528)

*After excluding exceptionally high Hg values.
t 2.19 9.65 0.96 1.19 6.31 5.05 0.75 3.32 1.98 13.8 15.1
P 289E-02 295E-21 3.37E-01 233E-01 3.86E-10 5.09E-07 4.52E-01 9.42E-04 4.80E-02 5.00E-40 5.62E-47
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Fig. 6. Comparison of Hg concentration levels in relation to wind occurrence pattern.
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Table 3. Results of correlation analysis between Hg and the other relevant environmental parameters.

Hg SO, PM10 0, NO NO, NOX CO WS Temp
Hg r 1
P
N 1160
SO, r 0013 1
P 6.54E-01
N 1115 1152
PM10 r 0037 0217 " 1
P 221E-01 1.29E-13
N 1122 1145 1160
04 r -0.050 0.009 0.129 ! 1
P 9.30E-02 7.54E-01 1.21E-05
N 1118 1152 1149 1156
NO r 0063 0151 ! 01951 0378 T
P 3.90E-02 522E-07 7.06E-11 6.93E-39
N 1069 1101 1098 1105 1105
NO, r 0199 I 03021 0283 % -0555 0 0589 I 1
P 3.83E-10 1.11E-24 1.22E-21 1.99E-90 3.76E-104
N 1069 1101 1098 1105 1105 1105
NOX r 0137 " 0250T 02657 -0518T 09031 08791 1
P 6.83E-06 3.74E-17 4.08E-19 5.16E-77 0.00E+00 0.00E+00
N 1069 1101 1098 1105 1105 1105 1105
CO r 003 02297 02287 148 ' 0418 T 0347 T 0431 T 1
P 256E-01 3.94E-15 4.50E-15 4.29E-07 7.14E-48 1.24E-32 3.41E-51
N 1118 1152 1149 1156 1105 1105 1105 1156
WS r 0105 0.031 0078 0405T 163 ! -0345T 0281 T -0.197 1 1
P 450E-04 3.03E-01 7.95E-03 3.52E-46 5.67E-08 7.69E-32 3.32E-21 1.87E-11
N 1120 1136 1144 1140 1091 1091 1091 1140 1158
Temp r 0141 ' 0.030 0.101 0342 T  0.078 0.078 0.005 -0.400 T 0244 T 1
P 244E-06 3.10E-01 6.17E-04 1.49E-32 9.73E-03 9.74E-03 8.61E-01 5.66E-45 3.88E-17
N 1116 1132 1140 1136 1087 1087 1087 1136 1154 1154

Superscripts 1 and II denote that correlation is significant at P values smaller than 10 and 10", respectively.

Table 4. Varimax rotated factor loading matrix for Hg and
other parameters measured from Ansan city
during spring 2005.

Factor Factor Factor ..
Communalities
1 2 3

Hg 0.157 0.388 -0.437 0.366
SO, 0316 0.364 0.526 0.509
PM10 0403 -0.024 0.252 0.226
0,4 -0.648 0.305 0.428 0.697
NO 0.807 0.143  0.068 0.676
NO,, 0.873 0.261 -0.126 0.845
NOX 0937 0.221 -0.025 0.928
CO 0.579 -0.275 0.531 0.693
WS -0.469 0.359  0.383 0.495
Temp -0.223  0.858 -0.128 0.803

% of Variance 36.0 14.6 11.8
Eigenvalue 3.602 1455 1.181
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