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ABSTRACT

A Study on Local Ambient Air Quality

in Gangwon

Yoon Kang ||
Advisor : Prof. Shin Dae-Yewn Ph. D.
Depar tment of Environmental Bioengineering

Graduate School of Chosun University

The main objectives of this thesis were to investigate the properties of air
quality in a suburb of Gangwon area for five years, from Jan. 2005 to Dec.
2009.

The thesis is based on analysis of monthly distribution of concentration and
annual changes of SOz Os, CO and NO: at Goseong, Yanggu, Jeongseon and
Heongseong observatory in Gangwon area.

BY each observatory, items and frequencies which exceeds atmosphere
environmental standards have been analyzed.

Simple-correlation—analysis about relevance between the degree of air
pollution and meteorological factors has been conducted by using measurements
from the nearby Meteorological Administration.

Some of the measurement series carried out indicate that annual average air
pollution level of SO: has been kept constant without significant annual

changes.

- vii -



Annual average distribution of SOz concentration in different localities was
measured between 0.0014-0.0033ppm for five years.

Compare to other observatories, low SOz concentration has been shown at
Yanggu observatory and high SO: concentration shown at Jeongseon
observatory.

It is also shown that concentration of SOz has been decreased steadily at
most observatories.

There is no considerable concentration changes in Oz depending on each
observatory and a certain degree of O3 concentration is maintained.

Oz concentration has been above average of Gangwon urban air quality.

Annual average distribution of Os concentration in different localities has been
observed between 0.0014-0.0033ppm for five years.

For the comparison with other observatories, Yanggu observatory showed
high Oz concentration while Goseong observatory showed high concentration.

Observed concentration of CO has shown a gradual decrease without significant
annual changes.

Annual average distribution of CO concentration in different localities has been
observed between 0.3-0.5ppm for five years.

As compared with other observatories, low concentration of CO at Heongseong
observatory is analyzed.

Concentration of NO: has been kept constant without significant annual
changes, but concentration gap among observatories is wide.

Annual average distribution of NO: concentration in different localities 1is
measured between 0.0034-0.0096ppm for five years.

In contrast with other observatories, measurement at Goseong and Yanggu
observatory has shown low NO: concentration but Heongseong observatory
shown high concentration.

Observed data indicate that items of SOz CO and NO: of Local Ambient Air
Quality observatories in Gangwon area meet all standards for hour, day and
year, whereas Oz concentration exceeds a hour and eight hours Standard for

concentration.

- Vil -



Results from the Simple-correlation-analysis and correlation of each item
between meteorological factors and air pollution have been shown
inverse-relationship except Os.

The measurements also show that Os has high correlation with solar
irradiance and high interrelationship according to items of Os;, CO and NO: has

been analyzed.
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Table 1. Modification of systems and details of intensification of

air quality standard

4. 20074 WA 7E

214 (2010 A-8)

_12_

g 1978 1983 1991 19937 | 20017 | 20077
, =) 02/ 02/
o] 2k 5} 3 005/ | 0054 | 005 | DOFE | 002K 0,02/
(ppm) 0.15/9 | 0.15/2 | 0.15/Y 014/2 | 00574 1 0.05/%
' ' ' 0.25/A17F | 0.15/A17F | 0.15/A) 2F
e = ~ /4 8/ 9/8AIZF | 9/8*17ZF | 9/8AIZ
(ppm) 20/8A17F | 20/8A17F | 25/A1%F | 25/A1ZF | 25/A)%F
RN 005d | 0o/d 005/ | 0054 | 0034
(/1) T ot |oasag| Q0S| 0OFE ) 00679
' e 1 015/4 7 | 0.15/A417F | 0.1/4)7¢
o ] 1504 | 150/d | 150/ B B
° 300/9 | 300/9 | 300/
H Al
(ueg/m’) WA ~ ~ _ 80/d 70/d 50/
— ol ol ol
(PMI0) 150/ 150/ 100/
o= ) 0.02/4 | 0.02/9 |0.06/8A7+|0.06/84 7F| 0.06/34] 7F
(ppm) 0.1/A1ZF | 0.1/A12F | 0.1/A1ZF | 0.1/A7ZF | 0.1/A1ZF
)
b - - 1532 15372 | 05/4 0.5/4
(g/m’)
REIEE ) 3/d 3/d ) ) )
(ppm) 10/2)1 7 | 10/A1 2
Hil A
v - - - - - =l
(ug/ ms) 4
L IARE BEAE 909 R o] 1 J)E S ZuslaE oF 9,
817t ‘;1 AN HEA = 9QuR9|5e] gho] T 71F S 2 e ok
oA AAE QA Z717) 10me] ] WAE e
3 19939 o]Atz}ak wAHA(PM-10) 7| A4 (19959 2-&)



1. d7]
Table 2

17r0 ﬂEy H_T \.mwa Ot grT COEY ﬂ_OF
e -0 = =
ET rE o8 2HE
— o ﬂ o X &l _zx# il ol
~ ﬂwﬁ 7 ¢ Mﬂ < M]ﬂ Lf
= RO H m o T oM
I - By o X
A iy ~ Jo iy >
I T ° mw om T
T F e 3 N _Jﬁ
~ 2 g ) " v B
T LB & % L % M
< = u o mﬂ N ~C
A oF o= g0 = m.ﬂra ‘V <0
=7 = T Xy By
o Ar o 3 tﬂ g=y wﬁ I © = o
B R
o 1] oh X o) o & o BR MM =3 3
s T T o 2 HoF of N <
TR o < u o mJ - Mo
Mo - 30 oo T ~a o I ~ oF
S Ho Al ws N Moo iy
S o o o = T
o T L W ST L G R
= T g N g ST B
) ~ ‘m.o Ho g G o © T & =0
T T D oI BT s NS
o w B 0 = P
— —_— O Zﬁ o T A w9 N LA
X o X 2 Tr ey Y ow
~ —_ - X —_— _él ‘Mﬂ i 5 Lf =] 70O \Dro BR ﬁo
w E B N - G &l
=X ol N 0 oor XN xe oo X
X jil ™ ﬂ_Lﬂ = w o= KO ) =
=K w K ol R OT T OB T T
T e w 4 RIT®EX ST T
T X T I B o

_13_



w = = = =
<~ _ = < < <
= || E=H ol o N ==
< | 8T |Bg% IR = = BEm
e = ~ ~ = <« =
A I —_ —_ —_ — —~
A o =W =M | =W T = =
N 3%. 5/_,0. - . m QT - mM
A — —
_ — = — — — = — — —
= = IR = M = I = M = IR = IR = IR
ENT | ®= 2o o L |98 9= 2oLl 35 8o .
A e o L~ =~ = — v o9 = — L
< S < < < a < < <
gl I T §Y | §R 5
A N B B o B Gaaad g
R o 3 -

o -,
~ B o|lg P | e W
FEE (Tl Te (M g B |6

quality standard

Table 2. Modification of systems and details of intensification of air

~ ~ .
I - W%%%@;ﬁiﬁwﬂ%%ﬂﬁ@%E
B %%WE%_éummﬂﬂﬂﬁg%%%uﬂdﬁ
N [ PP o I s i A W
SR N R I N Y
Bio7 ﬂAlo ﬂoo,* i M,* X
-3 - w - B0
y ~ 4 " b H K
NS R | STy |9y
wE SR S S g =R
PRIieety te | gIv |BIi
o VeiiliEd fu | Z2Y [LEL
A S e TS Tk - M S S
*8 "8 AR *8 "8
- N ~ o Ho —
il T | B v P g 5w
Re T | BT 7O RO T o s
< i Ly 20 r N Ly

|

Al
2

3 VOCs

3

o] 24 AH

shot

_14_

o)

==

o

el el
e

A A ol
PAHs

=N

=

A
L
h

gl

Pb, Cd, Cr, Cu,
Mn, Fe, Ni
COg, CHy, N2O
(CFCs)

VOCs 1374

]




2
—
i
=
N
ro
2
i\
o
N
lo
o
i)

SAEE AN
o7t 2 (SO2) 2194 8334 (Pulse U.V Fluorescence Method)
dAikstErs (CO) H3A 9243 (Non-Dispersive Infrared Method)
o] Akgt A 4 (NO2) s} (Chemiluminescent Method)
2 F (09 Z}e]d g5 (UV Photometric Method)
vl A H A (PM-10) H e & 9=5 (B-Ray Absorption Method)
" (Pb) AR (Atanic Atsaption Spectrghotonetry)

_15_



1. SO; 54719 9+

w5l e Aol o] woldl olgirtiaiE MAHE Fug
of ola] Am t7] Fol XFoIYE ol FAAE ASHoE SR

Holth. Fig. 12 S02¢ 5492 E vebuln

Sample Gas OUT

UV Source
Optical Filter

Window / Seal (214 nm)

uv
Broadbana Lamp
UV From
Lamp

Reference
Detector

EELIEYGas IN

B

H Unabsorbed Excitation UV

Collimated p¥
Excitation UV

Filtered

Fluorescent UV Excitation UV

Optical Filter:
(330 nm)
Fluorescent
PMT Lens uy

Fluorescent
uv

Fig. 1. Figure 10-2: UV Light Path.

_16_



2914 dHEe vabd 99 (200~300m) el ALl Wo] A grts F9
SOxt2tet W&l SOz 7F2=itab7h Ble Fate] o714 e ] SOy A7)
ABgE o oAl AR st 23 F3E dAsHA "ol olu 2
e 3B A77F S0.9 ek HldstA oY

Fig. 2+ S0:¢] FA =5 e 3lo]th

INSTRUMENT CHASSIS

SAMPLE GAS

|
1
1
1
1
INLET fr— I
1 |
EXHAUST GAS 1
OUTLET g 1
EXHAUST TO OUTER 2 I
——
I LAYER OF KICKER Ig
[ |
| g
| ES 1
2 1) - :o
SPAN GAS INLET ! = § I
= CONTROL o
z ASSY H 1
! ES
= w I
ZERO AIR INLET S e 1
3 z
1 2 4 HYDROC ARBON I
5 -
| > o ==& scruBBER 1
z
3
| 5 :
1 g 1
|
1 1
1 |
| FLOW FLOW /PRESSURE 1
SENSoE SENSOR PCA I
I 1
I |
|

Fig. 2. Gas Flow and Location of Critical Flow Orifice.

_17_



Aelo]th A

T

R

B

S

€

=
=

PN
A

[e]

=

h A

o

v

A 7] 9

Fig. 32 3}

=

=
A2 4F8HE (NO+NO2)

T
R

[

2. NO2

I =

9

NO; = 2 uj 7]
&

2 22 82 (NO+NO2)
PN

!
i

B - ;OL
A
0 ~ dr mrm
e T ¥
or SR
I L
n_mo — _él ,Q
fal —
= b
IR =Y
Noe W%
m % do o
O
SCIC
® mu_ 7o
o =) ) ~
T < = Ho
do O
G2 . ) %
T oM A
R ook
Woge BT
ol m T W
oMo &
a B o

N
o Re o

NO + Mo,O,

!

NO, + Mo >
at 3157C

MOLYBDENUM
CONVERTER

Converted to NO

1
4

/

\ All NO,

NO

_18_

NO/NOx
Valve
CELL

Sample gas =g NOi+ NO>

REACTION

Fig. 3. NO Principle Conversion.

==

B

[o Y—



7 dojdty o]} %

=
QE Ao Fawel WEE Ao AT LETEE

2 =H3E wyolt

ABSORPTION TUBE

Windo!
ncow UV Detector

|¢————— Absorption Path Length = 42 am >

Fig. 4. Absorption Path

Measure Path
Particulate

Filter

From Sample
Port

03
Scrubber

—~an ==

To Exhaust
Port -I

Reference/
Measure
~ ~ \Valve
-_—

Reference Path

Valve switches
every 3 seconds

ABSORPTION TUBE

Fig. 5. Reference / Measurement Gas.

_19_



4. CO 4719 94

Fig. 63 2t} CO A+ 468m e #elx FFets AZ2L 2t 9
7 o]

Y= 7]% CELL® % CELLS #AtA|

of Aelde CO VeEws=ne Ze
A e grAM CO 7IE@#® CO St aldHs A7 A

Z—]%A]?] o]

= IR #H=7]9
olZ AZ Wl §lo] AW E-H|o] HF o F AR

il
ne.
o
Y
0,
I

e

4 7\
Band-Pass A
Alter
Sanple Chanber
: \/
IR
Source Photo-Detector
IR Beam i

Fig. 6. Measurement Fundamentals.

_20_



h A

o

v

A 7] 9

=
I

5. WA (PM10)

10¢me]

tel e

S

T
R

o Hfaha 9l

of T A] 9 o]

|
&

A A 7)o 9 A

=
-

2.
=

¥3

2.
=

= 4%

gelowyy zAd WEee] o

B
Sk

W&

=
=

HeRd o] Al7]1E Wlalshe

T
R

&

S}
=

e T3

iz

5l

H

el 2

R A

_21_



A54 742N A

;OL
=l

o]

ol

1.271.5m E°]9 &7]

™~N
Ho

K

)
"o
Jn

o]
IH

rze]

Az

N
o}

™~N
Ho

o 3lejAe]
0.374gme]

T

R

shw s

S

Abe}

o]
=

[e]

=

]

76

€]

1.4~1.5cal/cm.min®] t}.
— 22 —

T

273} 9]

1.96cal/cm.min®] Y X
EAL

R

g ol St

T

R

X

A} %

dFo e HAw
RS

o

0735kg
. o]

T

R



A3 A

& eI

2

A

o=
L]

Table 4

B8R

—_
"o

j
N
N

W
‘.__HO
o
™

B8R
—_
"o
iz
ol

0

e
AO
o}

Fig. 7. The map of local ambient air monitoring site

in Gangwon.

_23_



Table 4. The status of local ambient air monitoring networks

in Gangwon
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Fig. 8. Type of Analyzer

Table 5. Analyzers for implementation of remote management system

. vy

S Azt SO O3 CO NOx
a4 TEI 431-TLE 491 481-TLE 42i-TL
¥ T TEI 431-TLE 491 481-TLE 42i-TL
il TEI 43C 49C 48C 42C
A A API 100A 300E 400E 200AU
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Aag 23 #

A1d A9 71739#
1. a4

Table 6 214 A9 2] 20054 ~2009d 744 5 o] b WstE vehd A
olth. 2005 0] 94d® AFslart ZHE AHRUaL, 20070 118Y = 7Y w2
e WERsTh B3 AR R g2 A Slgrt 74789 el A4 753,
643] o F Ao BWotow 12¢~24d0| 133, 223], 193] = ALH| AA dE
st

Table 6. Frequency of rain day in Goseong

ook

&= A= [ 1¢ | 2¢ | 3¢ | 49 | 59 | 6¥ | 7¥ | 8¢ | 9¢ | 10¢ | 11€¥ | 12¢ A

2005 4 6 9 7 3 10 14 11 14 6 4 1 94

2006 5 3 4 9 10 13 19 11 8 8 9 3 102

ARy 2007 3 4 12 10 12 3 16 16 18 10 3 1 118

) 2008 8 1 10 5 9 13 12 15 5 9 6 4 97

2009 2 5 12 3 10 12 14 11 6 5 10 4 99

A 22 19 | 47 39 49 56 ) 64 51 38 37 13 510
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Table 78 21492 20051 ~2009d 744 5y o] 2% W3tE vehd 3o
ol 2000 H-H 2009W7bA] A 25+ 113T~121TC= & W3k glol A9
A eA WEbsk e 20050 11.3TE 7H vhekar 20063 2007 d o 12.1°C
2 7F A vEbwrh e AR s oG 79 ~8¥e] 225~238CE
7 =an AEAES 12972¢ 0] -09~09T= A vyt

Table 7. Temperature changes in Goseong

o

5 Adx 19 | 2¢ | 3¢ | 49| 5¢ | 69| 74| 8¢ | 99| 10¢ | 11¢ | 12¢

o,
=

2005 -1.2 | -18 | 34| 12.1| 141| 209| 23.7| 248| 19.1| 139 84 -2.3 11.3

2006 -1.1 0.6 52| 9.0 | 147 181| 20.8| 249 18.0| 258 7.6 1.2 12.1

2007 0.6 31 52| 105 163 20.3| 21.8| 245| 19.7| 140 6.6 2.1 12.1

puy
it o

() 2008 -1.6 | -03 | 59| 12.1| 166 184| 25.0| 22.7| 19.6| 153 7.2 19 11.9

2009 -14 | 3.0 57| 118 | 173 | 19.8| 21.3| 22.3| 186| 148 7.0 0.8 11.8

E: iy -09 | 09 51| 1L.1| 158| 195 225 238| 19.0| 168 74 0.7 11.8

Table 8& 49 20053 ~20099 7h<] 5ye] 74 Wshe veld 2
o]t} 200510] 1266mm= 4ol 7Fd Ha, 20080 1,710mm= 7}
2o Aoz Vet 3 AdEEs YFEEY o] 7E~9¥80 oEFH
of Wekowm 129 ~2¢U<l AgAHd AA VERRTh

Table 8. Precipitation changes in Goseong

F5 | d= | 1€ | 2¢ | 3¢ 44 54 64 74 34 94 108 | 11¢ | 12¢ A

2005 | 26.5| 42.0 | 1145 | 50.5 1130 | 1330 | 199.0 | 183.0 | 2950 | 82.0 265 1.0 1266

2006 | 23.0| 85| 125 69.0 1135 | 1235 | 462.0 | 795 1075 | 2755 | 760 | 555 | 1406

7} | 2007 | 195| 80 | 955 29.0 104.0 | 535 | 267.0 | 2915 | 456.5 | 101.0 | 41.0 2.5 1469
(mm) | 2008 | 965| 1.0 | 985 14.5 94.5 1195 | 4105 | 4625 | 1480 | 1525 | 790 | 330 | 1710

2009 | 245 440| 715 | 1340 | 665 122.0 | 4280 | 340.0 125 39.0 945 | 145 | 1391

i | 380 207| 785 59.4 98.3 1103 | 353.3 | 271.3 | 2039 | 130.0 | 634 | 213
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Table 9% AA G2 20051 ~ 20099 7b#] 59 F45W3EE vebd 7
olth. 200010 A¥star 2006 H-E 2009 7hA] IE <t 200612 A9l
200613 ~2009 3] F52 1.1~12m/s2E & W3 glo] Ao dASHA vEryte
W 200733 20089 1.1m/s= 7F¢ woka 2005 el 24m/s= 7FE =4 v
Bt mE AEEE 2 Aol gl AoE tehgh

Table 9. Wind velocity changes in Goseong
& | dx | 1¥ | 2¢ | 3¢ |49 | 5¥ | 6¥ | 7€ | 8¢ | 99 | 10¢ | 11€ | 12¢ | HA
2005 | 21 | 37 |28 |20 | 20|15 |15 21| 14] 19 | 28 | 38 | 24
2006 | 09 | 13 |16 |15 | 14| 12] 07| 10| 10| 11 | 12 | 10 | 12
e [ 2007 10 | 12 | 14 | 15 | L5 | 12| 11 {09 ] 09| 09 | 09 | L1 | LI
(m/s) | 2008 | 1.1 | 12 | 13 | 14 | 14| 13| 10| 10|09 ] 09 | 09 | 11 | 1.1
2009 | 1.1 | 1.0 | 14 |15 | 14 |13 ] 11 |09 |08 ] 15 | 11 | 13 | 12
g | 12 | 17| 17 18] 15| 13|11 ] 12] 10| 13| 14 | 17

Table 102 F31A 9] UAMFE vebdl Aojth. Xl LA W)
g Zqse 420t Qe AR a4dA e 2R ANe AR
2005 1956 20099 12¢€ 71A] 5de] UAFEHE veldl Aol 5zt & W
= gdar 2007de]  15536MJ/m’E  dAbEke] 7} AHQla 20054 0]
167.MJ/m' = 714 Be Aoz ek EI AdusE 49, 59, 899
=7 vebgon 119 ~199 ALHd 24 vebso).

Table 10. Solar irradiance changes in Chuncheon
P2 | d= | 19| 29 | 38 | 48 | 59 | 69 | 79 | 82 | 99 |08 | ng |28 | A
2005 | 987 | 12.05 | 1583 | 1810 | 2042 | 17.98 | 1522 | 1420 | 1328 | 1256 | 931 | 905 | 167%
o | 2006 | 932 | 658 | 1594 | 1427 | 1898 | 1853 | 1145 | 1887 | 1661 | 1199 | 873 | 726 | 153
w | 2007 | 869 | 1105 | 1257 | 17.04 | 1840 | 2027 | 1574 | 1332 | 1094 | 11.82 | 881 | 672 | 1%3%
(MJ | 2008 | 839 | 1271 | 13.72 | 17.62 | 1941 | 2026 | 14.08 | 1848 | 1448 | 11.60 | 850 | 7.14 | 1660
2
/M7 1 o009 | 909 | 1001 | 1435 | 17.27 | 1954 | 1918 | 1755 | 1751 | 1643 | 1257 | 7.38 | 699 | 16787
B | 907 | 1048 | 1448 | 1686 | 1935 | 1924 | 1481 | 1649 | 1435 | 1211 | 855 | 7.43
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2. ¥

Table 112 F7-A9 e 20051 ~2000 744 5de] ZFd wohg verd
Zleltt. 20009 e] AR A 3larh 7 M /L5, 2007de] 11142 7 B2

A58 btk B ARUEE gy 35 957 79-899 82

Eotow 19~292 ALH HA Vel

=2

Table 11. Frequency of rain day in Yanggu

Ky A= | 19 |29 | 39 | 49 | 5¢ |6 | 7€ | 8¢ | 99 | 10€¥ | 11¥ | 12¢ | A
2005 3 6 7 8 7 8 13 18 10 4 6 4 94

2006 3 3 7 10 8 9 18 10 7 4 6 3 88
= | 2007 3 2 12 7 11 3 14 20 16 9 6 3 111
() 2008 2 1 11 7 6 10 13 13 4 5 8 85
2009 - 2 8 5 7 13 12 11 4 5 5 6 8
A 11 14 45 37 39 48 70 72 42 26 28 24 | 456

Table 12 F7A 99 200518 ~2009d 744 539 &% W3S vehd A
o]tk 20051 ~20097HA] AF T 2mE 86~99C=
SHA Ve 2005 ¢ 86CE 7 wrekar 20079 99CE 7 A
eyttt T3 AdEEE oEde 7¥~8€e N Ea ALE 12¢€9~2¢
o] GtA eyt

Table 12. Temperature changes in Yanggu

gt
(B
Lt
g0
o,
)
Lo
e,
o

o2k

e | d2 | 149 24 34 44 54 64 74 34 9¢ | 10¢ | 11¢ | 12¢ | HT

2005 | -7.0 | -6.2 0.9 10.5 14.7 209 | 234 | 229 182 10.5 3.4 -8.6 8.6

2006 | -53 | -32 19 8.4 15.7 199 | 216 | 245 16.6 13.2 3.9 -3.7 9.5

2007 | -43 | -06 2.8 85 155 204 | 224 | 241 19.1 11.5 2.5 -3.2 9.9

r
l

3

2008 | -64 | -54 3.6 10.9 15.4 186 | 239 | 224 18.0 11.8 3.1 -3.1 9.4

2009 | -6.9 1.0 3.5 9.9 16.4 195 | 221 22.3 174 11.1 3.0 -4.7 9.6

Ho | <60 | -29 2.5 9.6 155 199 | 22.7 | 232 17.9 11.6 3.2 -4.7 9.4
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Table 13 F7-#99 2005172009 7++] 5o Zrdd ¥IE e
Zlolth. 20089 1,12lmmE Aol 7B A 201, 20099 1

2 oz yEylth B3 A RE i Aol 78 ~8€Sl ofFH
Fetom 129 ~2€9 AL AA ey

Table 13. Precipitation changes in Yanggu

e A= 14| 29| 3¢ 44 54 64 74 84 94 104 114 | 124 Al
2005 40 | 165| 185 68.0 66.0 1540 | 2715 | 322.0 | 186.0 18.0 420 35 | 1170
2006 280 9.0 | 150 1095 | 1250 | 1920 | 7035 75.0 31.0 1225 | 31.0 | 95 | 1451
A= 2007 3.5 35| 750| 36.0 127.0 59.5 1665 | 601.5 | 238.0 215 9.0 55 | 1346
(mm)

2008 75 30| 50| 215 76.0 1135 | 396.0 | 3615 74.0 28.0 12.0| 23.0| 1121

2009 - 265 | 485| 70.0 82.5 254.0 | 4685 | 3765 20.0 50.5 45.0 | 13.0 | 1455

wr 108 | 11.7 | 324 | 61.0 95.3 1546 | 401.2 | 347.3 | 109.8 48.1 278 | 109

Table 142 F7A 9] 2005 ~2009 7h#] 59 F4 W32 veld A
o]t} 2005118 AlQslal 200610 ~2009W 74 AT FEHL 0971.0m/s & W
st glel A9 dAsHA veuth wg AdEE %
ol 29l 39 ~5¢90] 1.2~15m/s2 73 vebsith

Table 14. Wind velocity changes in Yanggu

o2k

2= kil

l

14 24 34 44 54 64 74 34 94 | 10¢ | 11¢ | 12¢ A

2005 0.9 11 12 14 1.0 0.7 0.4 0.5 0.5 0.7 1.0 1.1 0.9

2006 0.8 12 16 14 12 0.9 0.8 1.0 0.9 0.9 1.1 0.7 1.0

2007 0.9 1.0 15 13 1.3 1.0 0.9 0.8 0.9 0.8 1.0 0.9 1.0

e
Kl

m/sh | 9008 | 08 | 12 | 10 | 14 | 13| 12 | o8 |09 | 07| 09| 10| 10] 10

2009 0.9 0.9 11 11 1.0 1.0 1.0 0.9 0.7 1.0 1.0 0.9 1.0

wr 0.9 11 13 13 12 1.0 0.8 0.8 0.7 0.9 1.0 0.9
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Table 152 A9 20061 ~2009d 744 59 Z+d W3stE ved
Zlolth 2009 o] 1Y = 347 7g Adar, 2007d0] 11782 74 B

m

FE uebdth EE ARuEE gRRe 35 957 79-889) 82
werom 128~1989 AgHol A vhepgio.

=2

Table 15. Frequency of rain day in Jeongseon

gu | dw | 19| 29| 39| 49| 59| 6¥ | 7¥| 8¢ |o®| 108 | 1Y | 12¢ | A
2006 | 2| 5| 7] 8] 7| 9|15 15| 15| 6 4 - 93
2006 | 4| 4| 3| 1] 10| 9| |13 5] 2 8 3 97
ooy | 2007 | 4| 5| 10] 6| 12| 10| 16| 17| 20| 8 5 4 | 117
@) 12008| 4| 4| 9| 8| 5| 9| w4|li12| s| 4 4 7 88
2000 3| 2| 1w0] 8] 7| 10| 18] 8] 5] 7 8 5 o1
A | 17| 20| 39| 41| 41| 47| 88| 65| 53| 27 | 20 | 19 | 4%

Table 163 AAA e 20051 ~2000d 74x 52 22 veld Aot
20051~ 20099 7F4] At 22 89~103TE & W3} glo] 719 dAA
Hebskew 200510l 89C=E 7Hd wgkar 2007l 103CTE 7Hd A v
oh 3 AR s 5 79789 v a1 A2 12972¢ ] UA

ebute.

Table 16. Temperature changes in Jeongseon

(¢]

ok

e | dE | 14 24 34 44 54 64 74 34 94 | 109 | 11€ | 129 | AT

2005 | -64 | -6.0 0.9 11.0 | 145 | 208 | 229 | 223 | 178 | 105 4.6 -6.0 8.9

2006 | -32 | -1.9 3.5 9.7 155 | 196 | 206 | 234 | 163 | 13.6 52 -1.8 | 10.0

2007 | -25 0.6 3.8 9.5 154 | 192 | 209 | 230 | 185 | 121 3.9 -1.1 | 103

r
l

3

2008 | -3.8 | -39 4.1 105 | 154 | 175 | 237 | 215 | 179 | 126 4.6 -0.7 | 100

2009 | -5.1 1.3 44 9.9 16.1 196 | 21.2 | 21.2 | 175 | 119 4.7 -24 | 100

| | -42 | -20 3.3 10.1 154 | 193 | 219 | 223 | 176 | 121 4.6 24 9.8
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Table 17¢ 2xe) 20059 ~2009d 744 59 753 Wahs veh
Zolth 2008 0] 1,062mm=E 7ol 7 A, 200613 0] 1548mmE 7Y
Be o etk mE AdURs gy gidel 74784 o5
of Wekowm 129 ~14<l AgAd AA vepyTh

Table 17. Precipitation changes in Jeongseon

1

o2k
Ja

d= | 19 | 29 | 3¢9 | 4¢ | 54 64 74 34 9¢ | 10€ | 11€ | 12¢ A

2005 | 145 | 280 | 595 | 72.0 | 605 | 1745 | 3265 | 181.0 | 3005 | 685 | 21.5 - 1307

2006 | 20.5 | 225 | 105 | 60.0 | 121.0 | 1145 | 9755 | 75.0 240 | 56.0 | 60.0 | 85 | 1548

ey | 2007 35 | 280 | 1275 | 215 | 1380 | 1760 | 2945 | 347.0 | 329.0 | 2565 | 28.0 | 55 | 1524
TS

(mm) 2008 | 185 | 30 | 525 | 415 | 575 | 1495 | 3630 | 2505 | 645 | 20.0 | 105 | 31.0 | 1062

2009 85 | 345 | 66.0 | 59.0 | 129.0 | 100.0 | 6275 | 2220 | 49.0 | 380 | 515 | 285 | 1413

W | 131 | 232 | 632 | 50.8 | 101.2 | 1429 | 5174 | 2151 | 1534 | 41.6 | 343 | 184

Table 182 AdA9¢] 20051 ~2009d 74+ 59 FH5W3E vepd Ao
. 20061 Alelskal 20061 ~2009W 7k AT FEL 1.5~1.7m/sHE gl
o] Aol dAstA vElstem 20001 1.7m/sE 7HE ki 20061 ~ 2009 71
A= 15m/sE e 5 AldEE & Fole: gle AR Jeiya 23
?l 3E~4ge] st e

Table 18. Wind velocity changes in Jeongseon

ok

23 4= | 14 24 34 44 54 64 74 34 94 | 109 | 11¥ | 129 | ®ET

2005 2.1 18 19 2.3 1.7 15 1.1 14 1.3 1.3 14 2.1 1.7

2006 12 1.7 2.2 2.1 15 1.3 1.1 13 1.3 12 14 1.1 15

2007 1.3 15 19 18 1.8 14 12 13 12 12 14 1.7 15

e
Kl

w/sh | ompg | 14 | 17 | 15 | 18| 16| 17| 14| 12| 10| 12]15] 18] 15

2009 1.6 15 19 1.6 15 14 1.3 13 1.0 14 1.6 19 15

wr 15 1.6 19 19 1.6 15 12 13 12 1.3 15 1.7
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Table 19+

2451

[e]

=

AFx ool QA WMatE LhEb o]tk A4 Aol oAb

SARTE fle #AR AN be dFEAGe dAEE 2005

i

~2000% 717 5] GAREFS UERd Aot 5Wlz £ W3k fUlal 2007
] 151.82MJ/m 2 QAbgko] 7b4 A9ian, 20061 e] 163.33MJ/m* &2 7Fd @

1Jo

1l
el
T

]

Vg

Ao Jehict mad AR

it
rr
.
e,
{
(@)
mie
i
N,
i
o
T
o
H,

~19

Agdd AA YeERSTh
Table 19. Solar

irradiance changes in Wonju

5 d= 14| 2¢ 34 44 59 64 74 84 94 109 | 11€| 12¢ A
2005 | 9.20 11.36 | 1549 | 1791 | 1997 | 1808 | 1541 | 1347 | 1295 | 11.86 | 9.19| 8.43| 16333
2006 | 7.8 10.73 | 1522 | 14.32 | 1829 | 17.84 | 1033 | 17.88 | 1546 | 12.19 | 8.00| 6.94| 15503
GATE | 2007 | 869 1107 | 1175 | 1732 | 1872 | 1878 | 1438 | 1351 | 10.14 | 1210 | 9.03| 6.40| 151.82
<I1\:2J>/ 2008 | 7.89 12.29 | 1299 | 1651 | 1933 | 1809 | 1395 | 17.10 | 1517 | 11.71 | 7.13| 7.46| 159.63
2009 | 8.8 9.32 | 14.05 | 1703 | 19.07 | 1939 | 1517 | 1683 | 1583 | 1249 | 741 | 7.03| 16248
W | 848 1095 | 1390 | 1662 | 19.08 | 1844 | 1385 | 1576 | 1391 | 12.07 | 815| 7.25
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4. A

Table 202 34 =9 2008 ~2009d 712 2W1¢] 749 W3lE ey

olt} 2009 o] Y E Z3lart 7HE AQla, 2008 de] 91€ = vH B
FE Uetdllth 523 AdH s gyEe] e sl 749789 o &5 44

o 14~249% Asdol A Yebsith

N

m

Table 20. Frequency of rain day in Heongseong

FE | A= | 1€ | 29 | 3¢ | 49 | 59 | 6¥ | 7€ | 8d | 9¢ | 10¢ | 11€¥ | 12¢d | A

2008 | 4 3 12 9 7 7 14 13 5 4 7 6 91

742)

o 2009 | 1 2 11 9 9 9 20 9 5 4 6 5 90

A 5 5 23 18 16 16 34 22 10 3 13 11 181

A el om 2008 @9 9.0CE 7 vrekar 2009 92C 2 714 =4 e
Wk EmE AERHREE oEH 797890 P wa A2H 12€72€0]
Al YRS T

Table 21. Temperature changes in Heongseong

= d= 14| 2¢ | 39| 49 | 5¢ | 6¢ | 79 | 8¢ | 9¢ | 10¢ 114 124 e R
2008 -62| -65| 29 9.7 | 145| 184 | 236 221 | 178 | 114 2.9 -2.6 9.0

(LCL:; 2009 -75| -03| 33 92 | 156 | 196 | 21.7| 221 | 174 | 105 3.4 -4.5 9.2
wr -69| -34| 31 95 | 151 | 190 | 227 | 221 | 176 | 11.0 3.2 -3.6 9.1
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Table 22+ A9 20081 ~2009 712 29 Zs wstE ey
Aolth 2008W0] 1,034mmE #FEe] 7b Hlar, 20099 0] 2,017mmE 7H
2o Aoz Ve &3 AEERE dyite] Fade] 798¢ A5
of @orom 19€~299 ALH] A Vet

Table 22. Precipitation changes in Heongseong

o2k

23 d= | 1€ | 2¢9 | 39| 44 54 64 74 34 9¢ | 10¢| 11¢| 12¢| A

2008 | 16.0| 80 | 730 475 61.5 91.0 | 3355 | 236.0 | 90.5| 20.5| 155| 39.5| 1034

&
5
o

2009 7.0 | 270| 790 545.0 | 111.0 | 1285 | 7365 | 2015 | 41.5| 61.0| 53.0| 265| 2017

3

| 115 175| 760| 296.3 86.3 1098 | 536.0 | 2188 | 66.0| 40.8| 34.3| 33.0

Table 237 #dA99] 2008 ~2009d 714 2de] &4 WIE ek A
ot AWFE FHE 15~-16misR 2 W3 flo] el AR Uehten
B ESkal 2006 H-H 20099 7HAl = Leny/s®E WERL T B3 A

AuE 2 Aol g 20w ehdeh

Table 23. Wind velocity changes in Heongseong

3= Ax | 1€ 2€| 3¢ | 4¥ | 5¥ | 6¥ | 7E| 8¥| 9¥| 10¥ 11¢ 12¢ | H4
2008 1.3 17| 16| 20| 18| 1.7| 14| 18| 1.3 14 15 1.6 1.6
h 2009 12| 11| 09| 20| 17| 16| 17| 15| 1.2 15 1.6 1.6 1.5
(m/s)
iR 1.3 14| 13| 20| 18| 17| 16| 17| 1.3 15 1.6 1.6
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Fig. 9. Air quality changes of Goseong observatory.
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Fig. 10. Air quality changes of Yangggu observatory.
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(c) CO (d) NO.

2005 2006 2007 2008 2009

Fig. 11. Air quality changes of Jeongseon observatory.
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Fig. 12. Air quality changes of Heongseong observatory.

- 44 -



1. SO,

3K

A
<]

rze]

—/A
A

—_
"o

= Bt

4~0.0033ppm

o]

ol
Bl

4

0
A
s

rze]

ks
7%

o]

Ho
ol

o Anz A

)

S0.0 A7 A

-
<

R

B8R

—_
"o

oF
o]

ol

(ppm)
0.0080

0.0060

0.0040

0.0020

0.0000

2009 (year)

2006 2007 2008

2005

=\ = E;

=0

=

Fig. 13. Annual average of SO2Z concentration changes by region.
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Fig. 14. Annual average of O3 concentration changes by region.
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Table 24. Frequencies in excess of Os environmental standards

= 27 o7 4 27
A
Ngw ErE
0.1
0 19 46
1h
2005 DDOHOVES -
Comh 17 63 87
0.1
0 0 7
1h
2006 DDOHOVES -
s 24 15 65
0.1
11 0 45
1h
2007 DDOHOVES -
Comh 56 12 7l
0.1
28 6 18 3
1h
2008 DDOHOVES
Comh 78 40 65 67
0.1
79 20 46 17
1h
2009 DDOHOVES
s 74 38 7 60
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Table 25. Coefficient of correlation between a degree of air pollution and
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Table 27. Coefficient of correlation between a degree of air pollution and

oC [do} oC | Oy
SITF|IE| | 5|C|x
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1.00
0.69

1.00
0.19
-0.10
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0.67
-0.35
-0.64
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Table 28. Coefficient of correlation between a degree of air pollution and

meteorological factors in Heongseong

drE | ATd | &2 | FE | QAR SO O3 CO | NO»

| 100
deEd | 076 1.00

=5 0.92 0.60 1.00

5 0.19 0.21 0.22 1.00
A | 040 0.45 0.79 0.27 1.00

SOz -031 | -045 | -0.76 | -028 | -0.51 | 1.00

Os 0.26 0.31 0.38 0.26 078 | -021 | 1.00
CO -026 | -033 | 073 | -017 | -056 | 064 | -0.38 | 1.00
NOz | -037 | -041 | -086 | -011 | -061 | 070 | -0.13 | 063 1.00
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