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SUMMARY

Jeju Island, Korea is a clean area with traditional culture well
preserved with a natural environment. Air pollution has recently become
serious problems as the urbanization followed by industrialization. This
study has been conducted to investigate corrosivity of a standard
metals plates of Carbon steel, Cu, Zn and Al for one year from Sep.
2003 to Aug. 2004. A model of ISO 9223-1SO 9226 that represents the
relations between metal corrosions and environmental parameters was
used for atmospheric corrosion evaluations. .

Environmental parameters for these evaluations are time of wetness, SO,
and Chloride. Corrosion rates for four metals which are exposed indoors
and outdoors were measured on five locations in Jeju Island; Gosan,
Seogwipo, Seongsan, Chuna and Jeju city.

The results are as follows;

(1) The environmental factor of atmospheric corrosion of Jeju Island

for SO, class is PO, a clean area. TOW as T3 and T4 indicates that

Jeju has the characteristics of a tropical area. Clorides class within 3
km from the coast show the features of costal area as S2 and S3

classes. Chuna show the features of woodland as a S1 class.

(2) In atmospheric corrosion of each area in Jeju, the atmosphere
environmental factors, TOW and Cl~, were influenced more in Gosan

and Seongsan than in Jeju city, Seogwipo and Chuna. Also,



seasonally, summer is the most activate for corrosion rates.

(3) Through multi-regression analysis, it shows that two environmental
factors of TOW and Cl™ are deeply related to atmospheric corrosion.
The atmospheric corrosive rates of the carbon steel are larger than
those of other metals The next rates are corrosive Copper, Zinc,

Aluminium in order.

(4) Corrosion classes evaluated by the atmosphere environmental
factors were similar to outdoor corrosion classes measured by metal

corrosion.

”,
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Table 1 A systematic diagram of atmospheric corrosion evaluation

A atmospheric environment A standard panel
methods methods
4 ' J
i SO A speci
Time of 2 chloride data pecimen
Wetness data data (1-year exposure)
TOW SO
gz Cl™ class Mass loss data
class C]ass
Atmosphere
Measured

environmental o
corrosivity class

corrosion class

A standards of atmospheric
corrosion for Jeju




Table 2 Atmospheric Corrosivity of ISO standard

ISO standard Title
ISO 9223 Classification of corrosivity of atmospheres
1SO 9224 Guiding values for the corrosivity categories of
atmospheres
Aggressivity of atmospheres-methods of measurement of
1SO 9225 BgTeSSIVIY P |
pollution data
Corrosivity of atmospheres-methods of determination of
ISO 9226 corrosion rate of standard specimens for the evaluation
of corrosivity

Table 3 Wetness classification based on the time of wetness

Wet
eness Time of Wetness Examples of occurrence
Class
hour/year %
T1 <10 <01 Indoor
\
T2 10-250 0.1-3 Indoor, unheated
Outdoor, dry,
T3 250-2600 3-30 wreoen, dn
cold climate
T4 2600-5200 30-60 Outdoor temperate climate
T5 > 5200 > 60 Tropical outdoor or surf




Table 4 Sulfur dioxide and chloride classes

SO, Chloride
(sulfation plate measurement) (chloride candle measurement)
Sulf D iti D itl
‘u .ur eposition Concentration Chloride cposition
dioxide Rate m al Rate
mg/m’ ss
Class mg/m?/day & 2 mg/m?/day
PO <10 12 SO0 <3
P1 10-35 12-40 S1 3-60
P2 36-80 41-90 S2 61-300
P3 81-200 91-250 S3 > 300
Y



Table 5 The corrosion class with the atmosphere environment class

(1)Carbon Steels

4T2 T3 T4 T
S0-S1  S2 S31S0-S1 S2 S3 SO*SI- S2 S3150-S1 S22 S3
PO-P1|C1 C2 (C3C4)|C2C3 C3C4 (4 |C3 C4 Cs|C4 G5 (65}
P2 CIC2 C3C4 (C3C4|C3C4 C3C4 C4C5|C4.  C4 C5|C5 C5‘ Cs
P3 c2 C3 C4 [C4C5 C5 C5|C5 C5 C5 [C5 C5 C5
(2)Zinc & Copper
T2 T3 T4 TS
S0-S1  S2 S3|S0-S1  S2 S3[S0-S1  S2 S31S0-S1  S2  S3
PO-P1 |C1 ClC2 C3|C3 C3 C3c4ic3 C4 C5 |C4 Cs G5
P2 Ccicz cC2 C3|C3 C3C4 C4|C3C4 C4 Cs|Co Co G5
P3 Cc2 C3 (C3C4|C3 C3C4 C4|C4C5 Cb C5|Co C G
(3)Aluminum
T2 _‘ T3 T4 T5
S0-S1  S2 S3|S0-S1  S2 S3|S0-S1 82 S3{S0-S1 S2  S3
PO-P1|C1 C2C3 C4|C3 C3C4 C4|C3C4 C3C4 C5 (C4 Ca C5
P2 Ci1C2 C3C4 C(C4C3 C4 C4C5[C3C4 C4 C5|C5 Cs C5
P3 C2C3C4 C4 C41{C3C4 C4C5 C5{C4C5 OCb C5|C5 C5 C5

T: TOW class, P: SO, class, S: Chloride class,

C: Corrosion class



Table 6 Class of corrosivity

Class Corrosivity
C1 Very Low
Cc2 Low
C3 Medium
C4 High
C5 Very High

Table 7 Corrosivity categories from one year exposure data

Corrosivity Corrosion rate(r,,,,Jof metals
Carbon
Unit Zinc Copper Aluminium
steel
g/(m?.yr) 0-10 0-0.7 0-09 .
Cl egligible
m/yr 0-13 0-0.1 0-01 | "EME
i
2, 10-200 0.7-5 . 0.9-5
c2 g/(m?.yr) 0-06
m/yr 1.3-25 0.1-0.7 0.1-0.6
2, 200-400 5-15 5-12
cs | ¥mam | 20 06-2
mm/yr 25-50 0.7-2.1 0.6-1.3
2, 400-650 15-30 12-25
4 g/(m2.yr) .
(m/yr 50-80 2.1-4.2 1.3-2.8
2, -1500 0-60 25-50
cs g/(m?yr) | 650 5-10
(m/yr 80-200 42-84 2.8-56
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Table 8 The characteristics of the sites

seashore . Area
. height(m) . L
distance(km) characteristic
Gosan 0.1 71.21 coastal
Seogwipo 15 50.47 urban-coastal
Seongsan 1 18.62 coastal-rural
Chuna 11 700 forest
Jeju city 3 50 urban
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Fig. 2 A dried gauze method for Cl measurement
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Fig. 3 Test specimens
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Fig. 4 The test sites for indoor and outdoor
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Arbome Chloride
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Corrosion weight gain and loss(g)

Corrosion weight gain and loss(g)
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Fig. 8 The corrosion weight gain and loss of various metal specimens
in indoor and outdoor test for one year: (a)Carbon steel (b)Copper
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Table 9 Classes of TOW, sulfur dioxide and chloride

TOW SO, Cl
hour/year | Class | mg/m*/day | Class | mg/m*day | Class
Gosan 3526 T4 0.2 PO 1046 S3
Seogwipo 2231 T3 03 PO 154 S2
Seongsan 3356 T4 0.3 PO 398 S3
Chuna 2228 T3 0.2 PO 37.21 Sl
Jeju 1509 T3 0.3 PO 132.98 S2
Table 10 Classes of corrosivity
Carbon Steel Cu Zn Al
(g/year/m?) (g/year/m?) (g/year/m?) (g/year/m’)
M.C M.C M.C M.C
AC (g/year/m') AC (g/year/m’) AC _(_g_/year/m’) AC (g/year/m‘)
n out n out n out in out
door door" door | door door | door door | door
Gosan | C5 | C3 | C5 |C5 | Cs [ Cs5|Chlcai{cales]l sl s
SeogwipofC3C4| C3 | C4 | C3 | C4 | C5 | C3 ] C3 | Cc4 |c3cel ca | c4
Seongsanj C5 | C3 | C4 | C5 CS CO|Ch|C3|C4|C|cCcalca
Chuna |C2C3] C2 | C3 |C3|cC4 | C5|cCc3|c3|calc3tc3!| c3
Jeju (C3C4) C2 | C3 {C3 | C3 {C4|C3|C3 | Calc3ca ca | ca
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Table 11 ISO 9223 corrosion classes of Caribbean areas for one year

Seashore | Corrosion .
Area . Corrosion
State Place o distance rate
characteristic Class
(km) |(um/year)
Viriato North coastal 0.01 513.8 >C5
Cuba Via Blanca Industrial-coastal 2 42.1 C3
Quivican Rural 30 29.0 C3
Puerto Progreso | North coastal 0.05 362.4 >C5
Mexico | Puerto Morelos | South coastal 0.20 91.3 C5
Merida Urban-rural 30 25.2 C3
La Voz North coastal 0.15 864.0 >C5
Adicora 1 North coastal 0.05 650.6 >C5
Adicora 2 North coastal 0.3 87.0 C5
Venezue .
| Punto Fijo Coastal-urban 0.2 39.1 C3
2 ~ Coro Urban 5 34 C2
Maracaibo Urban-rural 20 219 C2
El Tablazo Industrial-rural 2 29.3 C3

Table 12 1SO 9223 atmospheric environment classes of Caribbean areas

for one year

Chloride  |Chloride SO, SO,
State Place -, 2 9

(mgCl"/m” d)| Class |(mgS0,/m°d)| Class

Viriato 919.3 S3 424 P2

Cuba Via Blanca 405 S1 29.1 P1

Quivican 15.7 S1 16.1 P1

Puerto Progre%o 470.8 S3 12.8 P1

Mexico | Puerto Morelos 2439 S2 4.5 PO
Merida 10.0 Sl 39 PO

La Voz 567.7 S3 9.5 PO

Adicora 1 2545 S2 85 PO

Adicora 2 82.1 S2 6.6 PO

Venezuela| Punto Fijo 26.2 S1 8.9 PO
Coro 26.7 Sl 6.7 PO

Maracaibo 63.3 S2 6.8 PO

El Tablazo 27.2 S1 6.2 PO
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APAY AR AF EFA g Yede dder BIG.
Table 13 Regression analysis for Carbon Steel -
) indoor/ . .
Site Corrosion rate Equation R
outdoor
Cs= -3.1x107%+ 0.878(C17) - 0.393(SO,)
indoor 4 0.916
+ 2581x10" " (TOW)
Gosan
Cs= -0.231+ 3.748(C17) - 27.334(SO,)
outdoor 3 0.881
+ 1.316x10" *(TOW)
Cs= -4.21x107%+ 2553(C17) + 22.537(SO,)
indoor . 0.839
+ 6.667x10” °(TOW)
Seogwipo
Cs= -0.307 + 7.818(Cl7) - 115.888(S0,)
outdoor = 0.757
- 1.9x10" *(TOW)
, Cs= 9421x1072- 9.7x107%(C17)-16.136(S0O,)
indoor 4 0.665
+ 2412x107°(TOW)
Seongsan "
Cs= 9.794x107° - 0.171(C1") + 3.859(SO,)
outdoor 4 0.803
+ 7.153x107°(TOW)
. Cs= 7.402x107%+ 2.796(C17) - 2.003(SO,)
indoor 4 0.788
: ¥+ 1.903x107(TOW)
Jeju
Cs= -81x107%+ 10.335(C17) - 1.653(SO,)
outdoor 4 0.897
+ 5449x107 " (TOW)
Cs= 1529x107%+ 0.409(C17) - 5.439(S0.,)
indoor . 0.361
+ 5.898x10” °(TOW)
Chuna
Cs= 0.142 - 4.162(C17) - 1.483(S0,)
outdoor . 0.444
+ 6.615x107 °(TOW)
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Table 13 Regression analysis for Cu

+ 3.874x10”°(TOW)

) indoor/ _ .
Site Prediction Equation R
outdoor
, Ca= 1.534x107%+1.379x10~2(C17)-1.244(S0,) |
indoor s 0.593
+ 2.602x10" °(TOW)
Gosan ‘
Ca= 4.254x107%+ 0.134(C1") - 6.312(SO,)
outdoor -5 0.529
+ 6.305%10" *(TOW)
, Ca= -7.9x107%+ 0.121(CI") - 6.13(SO,) _
indoor s 0.895
+ 1.895x10 *(TOW)
Seogwipo .
Ca= -1.3x107%+ 0.166(C17) + 12.742(SO,) B
outdoor s 0.765
+ 1.639x10" *(TOW)
. Ca= -1.2x107%+ 0.120(C1") - 7.825(S0,)
indoor _s 0.688
+ 2.280x10" *(TOW)
Seongsan ;
Ca.= 1.548x10" “+ 0.182(C17) - 1.588(S0O,)
outdoor e 0.754
+ 4.102x10" °(TOW)
_ C.=6.414x1072+0.165(C17) -8.205x107*(SO,) :
indoor _s 0.635
+ 1.995x10" *(TOW)
Jeju 2
Ca= 1.804x10" "+ 0.288(C17) - 1.257(S0O,)
outdoor . 0.665
+ 4524x107°(TOW)
Cev= ~43x107%+ 1.775(C17) - 3.7x107°(SO,)
indoor . 0.893
+ 4.594x10"°(TOW)
Chuna N
Ca= 2.382x10" "+ 0.266(C1"7) - 0.711(SO.)
outdoor 0.803
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Table 13 Regression analysis for Zn

. indoor/ . .
Site Prediction Equation R
outdoor
o Cz= 2.984x107°- 0.166(CI7) - 1.640(SO,) ‘
indoor 6 0.776
- 7.3x10" "(TOW)
Gosan
Cz= 5582x1072- 0.261(C17) - 2.872(SO,)
outdoor . 0.636
- 3.0x10*(TOW) -
Cz= 1.493x1072- 0.503(Cl7) - 5.353(S0,)
indoor 4 0.892
+ 1.230x10" (TOW)
Seogwipo ; .
Cz.= 2.927x107 "+ 0.595(C17) - 11.168(SO,)
outdoor . 0.633
+ 3.791x10" °(TOW)
Cz= 1.728x1072-1.6x1073(C17) - 5.429(SO,)
indoor . 0.500
+ 1.268x10™ °(TOW)
Seongsan "
C 2,54.028x1072+4/758x107*(C17)-12.119(S0O,)
outdoor ] 0.315
+ 2.355x107 *(TOW)
‘ Cz= 9.707x107%- 0.133(C17) - 2.055(S0,)
indoor _7 0.574
- 45x107 "(TOW)
Jeju _3 -
Cz.= ~ 35%107 "+ 4.548(Cl7) - 4.532(S0,)
outdoor . 0.344
+ 8.215%x10” °(TOW)
Czg 1646x107%+ 1.103(CI7) - 4529(SO,)
indoor ., 0.149
- 1.3x107*(TOW)
Chuna
Cz= - 35x107%+ 4605(CI7) - 4.688(S0,)
outdoor . 0.354
+ 8.375x10” (TOW)
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Table 13 Regression analysis for Al

) indoor/ o .
Site Prediction Equation R
outdoor
. Ca= 1529x1072- 7.1x107*(C17)- 0.598(S0y) |
indoor 6 0.470
+ 1.613x10”%(TOW)
Gosan ; ;
Cu= 2.163x1072- 89x107%(C17)- 0.874(SO,)
outdoor 6 0.562
+ 1.344x10”%(TOW)
Cu= 5852x1073- 0523(C17) + 0.697(SO,) B
indoor . 0.756
+ 2587x10” *(TOW)
Seogwipo
‘ Ca= 2.297x107%- 0.747(C17) - 3.841(SO,)
outdoor . 0.614
© 4 3619x107°(TOW)
Ca= 1.1x1072+ 8859x107*(C17)+ 5.493(S0,)
indoor 6 0.468
- 1.5x10”%(TOW)
Seongsan "
Cu= =1.4x107%+ 0.12(C17) + 7.067(S0O,) )
outdoor e 0.575
- 1.9x10"°(TOW)
Cu= 6.904x107 3~ 0.474(C17) + 0.550(SO,)
indoor . 0.586
+ 3925x10” °(TOW)
Jeju "
Ca= 1.215x1072- 0.532(C17) - 0.350(SO.)
outdoor . 0.609
+ 3.70x10”°(TOW)
Cg= 2.308x107 %+ 1.116(C17) - 8.676(SO.)
indoor . 0.668
- 2.1x107°(TOW)
Chuna
Ca= 2.606x107 2+ 1.604(C17) - 9.694(S0.,)
outdoor . 0.667
- 29x10”°(TOW)
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gazte] 73 e Ago & F, ALAFY 7l ¥
AR EL A3te e G2 Foeld A drldE kol
ZA3H, ARG drlde Qo] EAUL wEty AL FAAY
oA Aol EAFe] wat we APsin), AF HAA AN 5849
gagoltt QoL gL o] EAZ Qe HIvo] AAHER
o< W sy

BNo ) gAdNE F5EWANAN AeHo] EAstE FH Yo
74583, SO,7t & (sorption)® A #4d SO,.27& FA3H At stE]d
A 7t&€Erh

Q3}2o] EAstE FANA Ze B Zvle d3E A7 B4
g 2RA0Z FE7 L @20l £ FeOOHY H#FH HHE
ST, FIRAAA HroleEe] AZFEA Hi uide] Ho=
Yol FYREL 302 AEsHA Eoh

FIe AFBAAYs w3, pH7E B xgo] rh. o] ¥ FE:
A9-pH Tl A Fe?t 49 ol & Al sigso] 7 M =
BAQ Aol MyPstn FHL 302 AL dot

F3E AAF Ud &3 A9 gdurgoln.

o

'/,0, + H,0 + 2~ — 20H" [4-1]
o] Hrge ZAzz IFRHOZ Eold pH/F FF22HEH o= AH:

9oj2l AFlA RAAYB] AEHA Aok TP AW 37t A o]
o] HEOIXNW E THE BAVLE ol + 3tk
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Felt + e — Fe?* [4-2]

o]lF &3uE TAE 3719 X¢& wavEolER 4S5 o] A

8FeOOH + Fe2*(aq) + 2e~ — 3Fe;0, + 4H,0 [4-3)

R E AAL &8 SN BBk WA Yoleozel Ashy
g9 ENEe 34 2 WEAAA D T2 ATV HAD
g4g FE} obF $e W Ao g3 JTE e 2o

Fe +H,0 — Fe(OH)™,,, + H* [4-4]

Fe(OH) . + H,0 — Fe(OH),, + H* + e [4-5]

Fe(OH),, + SO,2~ — FeSO, + 20H" [4-6)

FeSO, — Fe’* + S0O,%* [4-7]
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HEE 7l AL ATEY dRRAM F2E 4TS W S
A E vtadlelo|Ex Bo] EAste Aol A Atdo 93}
2Fe2* + 3H,0 + /,0, — 2FeOOH + 4H* [4-8]
Fe,0, + !/,0, + 3/,H,0 — 3FeOOH [4-9]
Aol B E 2o 71xstd AL gAY o] YA F
ZUolN EF58 SO,9 Aste] st MY FAL oj e} e A
ghgol ot FS FAAY

4H,50, + 4Fe +20, — 4FeSO, +4H,0 [4-10]

ue g We) ostel Al gHdTh

o

2FeSO, + ¢ + 3H,0 — 2FeOOH + 2H,SO0, [4-11]

TejL FeSO,9 AY B Bl 98e e am, z7] w6l
o Hale] G UG BASEE Agd ta AR 2o %)
GANN $HEEE HAE ol GIHoln, NAP vENY JVe
S7 %ol i wag oelg 27 wAL drle RAMel e
1-549 B0 A& 2718 Folt wEve] Gse] FHSEE
ey

b
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o
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UYL SO,9 HFhrlel A Fstgoln

462 7%
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e S£u3ee BEuM Al 5 oldle) wEow UguA o
2Zn + H,0 + !/,0, = 2Zn(OH), C[4-12)

A FAHD ofd FAEo|Y do] ARHA ¥3, BHH 30D ¢
714 BAHEE BAHA ok

Zn + SO, + O, — ZnSO, [4-13]

Zn(OH), + SO, + 050, — ZnSO, + H,0 [4-14]

ZnOH(CO,),5 *+ SO, + 0, + H* — ZnSO, + 05H,0 + 05C0, [4-15]

§210}A(ZnSO)E Bl Hom, uol ojate] AAN WE RYSES
BEA  F Ut ofdo] AL xEH U7l LEEY FH wet
g o wesuAs Ad $
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464 &5 ¥
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2.2t A NPW FA 27T 2 3

DOF£2F

(a)Gosan

2%

(&9l:g)

year.
month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor

outdoor

indoor

outdoor

2003.9

0.2446

0.8158

0.042

0.0496

0.0062

0.0073

0.0042

0.0068

2003.10

0.0864

0.2316

0.0123

0.0504

0.0333

0.078

0.0029

0.0039

2003.11

0.1951

0.5227

0.0344

0.0778

0.0048

0.0149

0.0032

0.0079

2003.12

0.0904

0.377

0.0183

0.0508

0.0027

0.0182

0.0016

0.0058

2004.1

0.1043

0.3482

0.0213

0.0483

0.0085

0.0144

0.0023

0.0073

2004.2

0.1277

0.4236

0.0262

0.0691

0.0098

0.0154

0.0012

0.0066

2004.3

0.1171

0.3987

0.0276

0.0588

0.0072

0.0126

0.0014

0.0065

2004.4

0.1282

0.4867

0.0182

0.0553

0.0053

0.0122

0.0259

0.0264

2004.5

0.0955

0.4029

0.0327

0.0574

0.017

0.0393

0.0214

0.0278

2004.6

0.069

0.2711

0.0357

0.0626

0.0333

0.0238

0.0168

0.0242

2004.7

0.2197

1.2951

0.0262

0.142

0.0173

0.0236

0.0027

0.0079

2004.8

0.1528

0.484

0.0219

0.0596

0.0099

0.0304

0.002

0.0033

”~
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(b)Seogwipo

(¢$g)

year.
month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor |outdoor| indoor

outdoor

2003.9

0.0756

0.1563

0.0118

0.0257

0.04280.0515

0.0029

0.0035

2003.10§ 0.0507

0.1406

0.0093

0.0286

0.0102|0.0313

0.0032

0.0049

2003.11

0.0759

0.1569

0.0138

0.0226

0.003210.0082

0.0021

0.0025

2003.12

0.0366

0.0622

0.0085

0.0158

0.0044

0.006

0.0022

0.0091

2004.1

0.0252

0.062

0.0082

0.0126

0.00140.0043

0.0014

0.0019

2004.2

0.0599

0.1139

0.0135

0.0201

0.0028

0.005

-0.0013

0.0011

2004.3

0.0499

0.1185

0.0105

0.0218

0.0023{0.0047

0.0005

0.0027 |

2004.4

0.0444

0.1196

0.0077

0.0193

0.0019 | 0.0069

0.0161

0.0325

2004.5

0.0521

0.2567

0.0206

0.046

0.04230.0127

0.021

0.0203

2004.6

0.0661

0.15875

0.0209

0.0357

0.0414

0.007

0.0132

0.02

2004.7

0.1435

0.3314

0.0267

0.0307

0.0352

0.007

0.0018

0.005

2004.8

0.1241

0.3195

0.023

0.0436

0.0066 { 0.0206

0.0019

0.0036

(c)Seongsan

(&9:g)

year.

month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor |outdoor| indoor

outdoor

2003.9

0.1667

0.3364

0.013

0.0362

0.0092|0.0168

0.0027

0.0036

2003.10

0.082

0.2282

0.0143

0.0436

0.016

0.054

0.0042

0.0045

2003.11

0.1313

0.3829

0.0216

0.034

0.004 [0.0121

0.0033

0.0057

2003.12

0.064

0.1453

Lt

0.0118

0.0243

0.004

0.006

0.003

0.0023

2004.1

0.0532

0.1726

0.0126

0.0257

0.004810.0091

0.0032

0.0046

2004.2

0.1097

0.1978

0.0161

0.035

0.0043 | 0.0067

0.0006

0.0046

2004.3

0.0797

0.1871

0.0101

0.0253

0.0011

0.003

0.0022

0.0044

2004.4

0.0688

0.166

0.0093

0.0259

0.0017|0.0049

0.0242

0.027

2004.5

0.1022

0.3635

0.0269

0.0438

0.0036

0.016

0.0174

0.0204

2004.6

0.0885

0.2848

0.0243

0.0504

0.0036]0.0114

0.0189

0.0219

2004.7

0.1762

0.6358

0.032

0.0522

0.0062 | 0.0067

0.0032

0.0041

2004.8

0.2394

0.5209

0.0508

0.0665

0.0116 {0.0388

0.0031

0.0137
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(d)Chuna

(49:g)

year.

month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor

outdoor

indoor

outdoor

2003.9

0.052

0.1368

0.0221

0.0382

0.0171

0.0598

0.0032

0.0041

2003.10

0.0369

0.0712

0.0054

0.0259

0.064

0.0796

0.0043

0.0049

2003.11

0.0516

0.196

0.0081

0.0339

0.0053

0.0136

0.0025

0.0032

2003.12

0.032

0.1147

0.0114

0.0262

0.0042

0.0094

0.0012

0.0034

2004.1

0.0216

0.0664

0.0085

0.022.

0.0029

0.0114

0.0019

0.004

2004.2

0.056

0.1542

0.0113

0.0287

0.0005

0.0066

0.001

0.0036

2004.3

0.0403

0.1165

0.0087

0.0229

0.0009

0.007

0.0017

0.004

2004.4

0.0198

0.126

0.0077

0.028

0.0009

0.0092

0.027

0.0314

2004.5

0.0226

0.1476

0.009

0.0419

0.0034

0.0134

0.0193

0.0194

2004.6

0.0239

0.1289

0.0127

0.0318

0.0029

0.0133

0.0219

0.0199

2004.7

0.0443

0.2113

0.0117

0.0368

0.006

0.0103

0.0014

0.0028

2004.8

0.0526

0.167

0.0126

0.032

0.0099

0.0132

0.002

0.0039

(e)Jeju city

(¢9:g)

year.
month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor

outdoor

indoor

outdoor

2003.9

0.1614

0.3149

0.0132

0.0277

0.0066

0.0367

0.0052

0.0055

2003.10

0.0688

0.209

0.0114

0.0357

0.0186

0.0558

0.0041

0.0052

2003.11

0.0848

0.2931

0.0153

0.0285

0.0012

0.0128

0.0027

0.0045

2003.12

0.0448

0.082%

0.0121

0.0187

0.0018

0.005

0.0006

0.0032

2004.1

0.0451

0.1015

0.0112

0.0171

0.0032

0.0122

0.0016

0.0051

2004.2

0.0559

0.1153

0.0101

0.0198

0.0024

0.0081

0.0019

0.0034

2004.3

0.0415

0.0928

0.0077

0.0168

0.0017

0.0062

0.0019

0.003

2004.4

0.0331

0.1019

0.0069

0.0144

0.0021

0.005

0.0297

0.0294

2004.5

0.0214

0.1405

0.0071

0.022

0.0021

0.0102

0.0204

0.0157

2004.6

0.0496

0.1354

0.0147

0.024

0.0028

0.0086

0.0161

0.022

2004.7

0.0418

0.3364

0.0092

0.0172

0.0046

0.0069

0.0014

0.0018

2004.8

0.094

0.3884

0.0177

0.0387

0.0079

0.0339

0.0028

0.004
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(2)5 7%
(a)Gosan (2 %)

year. | Carbon Steel Cu Zn Al

month| indoor |outdoor| indoor outdoor| indoor |outdoor| indoor |outdoor

2003.9]0.0681 [ 0.5051|0.0048 { 0.0067 { 0.0148 | 0.0053 | 0.0037 0.0105
2003.10] 0.0462 | 0.1452 | 0.0023 | 0.0088 | 0.0016 { 0.0041 | 0.0022 [ 0.004
2003.11 0.1108 [ 0.3665 | 0.0065 [ 0.0143 [0.0033 | 0.0054 | 0.004 |0.0115
2003.12]0.0612]0.2865 | 0.0044 [ 0.0129 | 0.0046 | 0.0105 | 0.0053 | 0.0148
2004.1]0.0359 | 0.255 |0.0069 |0.0126 |0.0086 |0.0098 | 0.015 | 0.0135
2004.2 | 0.0849 | 0.3044 | 0.0059 |0.0171{0.0035|0.0101 | 0.008 | 0.0188
2004.3]0.0883|0.2815|0.0082|0.0136 {0.0059 | 0.0073 [0.0071 | 0.0136
2004.4 | 0.0869 | 0.3405 | 0.0056 | 0.0126 | 0.0022 | 0.0082 | 0.0058 | 0.0308
2004.5]0.0595|0.2606 | 0.0034 | 0.0067 | 0.003 {0.0097 |0.0043|0.0126
2004.6 | 0.0303{0.1804 | 0.004 {0.0071| 0.002 |0.0017{0.0033|0.0076

2004.7|0.0378 | 0.8822 | 0.0049 | 0.0242 | 0.0046 { 0.0108 | 0.0037 | 0.0108
2004.80.0505 | 0.2928 | 0.0035 | 0.0067 [0.0026 | 0.009 |0.0038| 0.006

(b)Seogwipo (2¢9:g2)

year. | Carbon Steel - Cu Zn Al

month| indoor |outdoor| indoor |outdoor| indoor |outdoor| indoor |outdoor

200391 0.067 [0.0757 | 0.0006 | 0.0023 |0.0032|0.0022 [0.0012|0.0021

2003.10} 0.0259 | 0.0869 [ 0.0015 | 0.0046 | 0.001 [0.0021|0.0009 [0.0018
2003.11f 0.038 |0.089240.0013| 0.001 0.0001 | 0.0001 |0.0014 | 0.0006

2003.12}0.0237 [ 0.0413]0.0001 | 0.0007 [ 0.0005 | 0.0007 [ 0.0001 | 0.001
2004.1 }0.0166 {0.0434 | 0.0033 | 0.004 |0.0031|0.0022{0.0024}0.0022
2004.210.0401 {0.0769 | 0.0026 | 0.0031 | 0.0031 | 0.0003 [ 0.0055 | 0.0028

2004.3 0.036 |0.0786|0.0036 | 0.0039 |-0.0027|0.0004 | 0.0029 | 0.0023

2004.40.0279(0.0763 | 0.0042 | 0.003 [0.0029 | 0.001 {0.0033|0.0029
2004.510.0292(0.1741|0.0019|0.0017 | 0.0036 |-0.0009| 0.002 | 0.0025
2004.6 { 0.0268 [ 0.0927 | 0.001 |0.0026 |0.0023|{0.0019|0.0012|0.0023
2004.710.0271{0.1986 { 0.0033 | 0.0034 | 0.0031 | 0.0026 { 0.0014 | 0.0031
2004.8]0.0452(0.1875|0.0022 | 0.004 |{0.0029 |0.0061|0.0031 |0.0024
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(c)Seongsan

(¢4:g)

year.
month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor

outdoor

indoor

outdoor

2003.9

0.0535

0.1929

0.0017

0.0039

0.0026

0.002

0.001

0.0027

2003.10]0.0474

0.1414

0.0026

0.0074

0.002

0.0026

0.0019

0.0033

2003.11

0.0671

0.239

0.0024

0.0026

0.001

-0.0001

0.0017

0.0035

2003.12

0.0423

0.1029

0.0023

0.0042

0.0003

0.0018

0.0032

0.0031

2004.1

0.0409

0.1203

0.0047

0.0058

0.0041

0.0026

0.003

0.0044

2004.2

0.0783

0.1365

0.004

0.0063

0.0056

0.0016

0.0092

0.005

2004.3

0.0562

0.1265

0.0041

0.0039

0.0051

0.0017

0.0055

0.0032

2004.4

0.0467

0.1043

0.0037

0.0032

0.0037

0.0007

0.0067

0.0055

2004.5

0.0587

0.234

0.0035

0.0024

0.0037

-0.0009

0.0042

0.0052

2004.6

0.034

0.1917

0.0032

0.0055

0.0026

0.0014

0.0027

0.004

2004.7

0.0411

0.4319

0.0061

0.0068

0.0066

0.0026

0.0035

0.0042

2004.8

0.0746

0.358

0.0082

0.0067

0.0078

0.0126

0.0051

0.01.

(d)Chuna

(292

year.
month

Carbon Steel

Cu

Zn

Al

indoor

outdoor

indoor

outdoor

indoor

outdoor

indoor

outdoor

2003.9

0.0206

0.0685

0.0005

0.0028

0.0032

0.0023

0.0007

0.0004

2003.10

0.0171

0.035

0.0008

0.0027

0.0002

0.0003

0.0005

0.0009

2003.11

0.0263

0.1096

0.0009

0.0018

0.0011

-0.0013

0.0008

0.0436

2003.12

0.0193

0.0767

0.0013

0.0041

0.0009

0.0013

0.0023

0.0035

2004.1

0.0155

0.0448

0.002

0.0043

0.0022

0.0037

0.0011

0.0019

2004.2

0.0366

0.0998

0.0024

0.0034

0.0029

0.0006

0.0027

0.0021

2004.3

0.0272

0.0744

0.0025

0.0025

0.0022

0.0009

0.0024

0.0123

2004.4

0.0108

0.0753

0.002

0.0035

0.0024

0.0016

0.0022

0.0037

2004.5

0.0097

0.0891

0.0049

0.0006

0.003

-0.0013

0.0022

0.0007

2004.6

0.0054

0.0622

0.0013

0.0027

0.0012

0.0006

0.0007

0.0016

2004.7

0.0134

0.1281

0.0002

0.0027

-0.0001

-0.0027

0.0004

0.0003

2004.8

0.0143

0.0797

0.0005

0.0003

0.0019

0.0005

0.0008

0.0007
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(e)Jeju city (¢9:g)

year. Carbon Steel Cu Zn Al

month{ indoor |outdoor| indoor |outdoor| indoor |outdoor| indoor outdoor

2003.9]0.061510.1831 [{0.0011|0.0026 | 0.0025|0.0008 | 0.0011 | 0.0038

2003.10]0.0339|0.12220.0012 | 0.0052 {0.0014 | 0.0023 | 0.0013 { 0.0042
2003.11] 0.046 |0.18160.0013{0.0015]0.0008 {0.0004 |0.0015 | 0.003

2003.12{0.0303 | 0.056 | 0.0026 | 0.0032|0.0038|0.0033]0.0046 [ 0.0049

2004.1]0.0292|0.0658 { 0.0035 [ 0.0042 | 0.0049 {0.0045|0.0037 [ 0.0059

2004.210.0353{0.0741 {0.0023 { 0.0031|0.0032 {0.0031]0.0026 | 1.0036

2004.3] 0.025 | 0.054 |0.0028|0.0029]0.0034 {0.0019{0.0021 |{0.0026

2004.40.01640.0546 | 0.0016 | 0.0025|0.0012 [ 0.0011|0.0019 | 0.0037

2004.5]0.01290.0893 | 0.0005|0.0006 | 0.001 |-0.0008|0.0009 | 0.0007

2004.6§0.0186 | 0.079 |0.0015}0.0024 |0.0007 [0.0013| 0.001 |0.0017

2004.710.0123|0.0403 |-0.0002| 0.0016 | 0.0001 [-0.0002| 0.001 {0.0007

2004.810.0317| 0.207 | 0.0021 | 0.0046|0.0015|0.0122]0.0026 | 0.0035
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