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Assessment of the Pollution Levels of
Organic Matter and Metallic Elements in the Intertidal
Surface Sediments of Aphae Island
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We evaluated the pollution levels of organic matter and metallic element (Fe, Cu, Pb, Zn, Cd, Ni, Cr, Mn, As, and
Hg) in the intertidal surface sediments of Aphae Island using several sediment quality guidelines (SQGs) and assess-
ment techniques for sediment pollution. Based on the textural composition of sediment, the surface sediments were
classified into two main sedimentary facies: slightly gravelly mud and silt. The concentrations of chemical oxygen
demand (COD) and acid volatile sulfide (AVS) in the sediments ranged from 4.6-9.9 (mean 7.4+ 1.1) mgO,/g-dry and
from ND-0.53 (mean 0.04 =0.10) mgS/g-dry, respectively. These values were considerably lower than those reported
from a farming area in a semi-enclosed bay of Korea and for SQGs in Japan. The metallic element concentrations in
the sediments varied widely with the mean grain size and organic matter content, implying that the concentrations of
metallic elements are influenced mainly by secondary factors, such as bioturbation, the resuspension of sediment, and
anthropogenic input. The overdl results for the comparison with SQGs, enrichment factor (EF), and geoaccumulation
index (I,) indicate that the surface sediments are slightly polluted by Cr and Ni, and moderately polluted by As. Our
results suggest that the intertidal surface sediments of Aphae Island are not polluted by organic matter or metallic ele-
ments and the benthic conditions are suitable for healthy organisms.

Key wards: Organic matter, Metallic element, Sediment quality guideline (SQGs), Enrichment factor (EF), Geoac-

cmulation index (I,), Aphae Island
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Fig. 1. A map showing the location of study area and the sampling sites for analyzing the organic matter and the metallic elements

in intertidal surface sediments of Aphae Island in June 2010.

AbEl g-elubeke] Zbol BIA(9F 3,200 kmd)el 3} 20% ol 4
ot Ao Ao 9w AurEuEA AshgEd A4,
U BEIAEA L B8 AULAZEY A, ol HEY
QA 214 ol e ol vjela} 2o B

=
T

==

A

ufel 1981%
ol sl
A

fu

19734+
Ao Fetuhe o}
R, 19924 g
o} shelkE g ol
12l sz} 2 o

shele A

ﬂﬂéﬂA“éﬁxeﬁiﬂmﬂ

ol 2 sk 4713 s ol u
7]. i o] AL = oot E]-3l Ao Q.
W37l Lojibar Qltk(Kang et al., 1998; Park et al., 2001).
O 2 1997 At oJoratel &2E fiE
=7HEAEA] 2 2000t FRERE ZshA 244E A Qe
B ESTA, 1] QI FAEA O] AmA] 24 9l A5 )

NS5 22 A9kA| 2] AL BOL EAIBKR S0 2R A1)

Ty o s = o o X A1

-

i
3, R 7HEARY

ok AT 52 ol 971BR T S E4S v RE 0.9
50| 44802 §4s 7 et
QubH o2 Seiutet QigkolA] Ao RN foE HAR

Sof gL 2E R
al. 2002; Choi et al., 2010).
2ol

3 <lere]elol 4 4=lch(Shin et
QA B T, Bl A
0] 7astol ojajsobo] meto] YA

S ZE0
- =TT

ghot S x| 25 E 498 HaEu PR 4 FEU4E 2
ki 2‘5%’.‘:_‘%01 S o) IA|eE 27 & o) 5 3te] Zo|w
A BAE 0ds 7HeA7IaL 220 3 jiSkE ofrlskar 9

ok H5ol, 2 %A w2 FHHE] 2§ o] gl 8=
ShaF, 3Istp Al FEAA0 HIlE 27 Ao AAlsH=
AARYES] Bz W AT} S| A A e A Al 24 2
S ZcH(Hyun et al., 2003; Hwang et., 2010). wt2hA], st41%
w A 24101 94k sl ol Ajelo] 7] 97 54
S sersly] gistel sl Aol Slxle 210t HHEY $7]
23} 34949 BEEY @ 0QEE FR Wast ol
o] Q170 B GAVF fOAE o1 F GAFORNE 219)
L Asiet 271 Aele] B
W G940 FES 2Bt 1 2HEE B}
012 913 BAVY shel Bof 15 e
A 2001S 7] RS Aoz sl Hage
Q% W 7127 F4 U400 2 @S AN cheret A|shat
VAECFAAE, LA AT, AT, FH
)& 24}

al
=

H}
o

2
u

EH
=

AFA Q) Yol Tk WA o] JAY sLo] 9]
A%k 9] 34° 45°-35° 00/, 57 126° 10™-126° 25'Ato] o] Gl



100 s M e B e e R I T
80 |-
;\g 60 |-
[0}
)]
2
[0] 40
o
5}
[a
20
o
0 '.wzé%?ﬁmm

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

761

RN AR

%

26 27 28 29 30

iz -z}g//

Station No.

H Gravel

pZzZ Sand

BN Sit EEEE Clay

Fig. 2. The percentage composition of gravel, sand, silt, and clay in intertidal surface sediments of Aphae Island.
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Fig. 3. The ternary diagrams showing the major sediment types
of intertidal surface sediments in Aphae Island.
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Fig. 4. The horizontal distribution of surface sediment in inter-
tidal zone of Aphae Island (Abbreviations: Z, silt; M, mud; (g)
M, slightly gravelly mud; gM, gravelly mud; sM, sandy mud).
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Fig. 5. The mean grain size and the water content of intertidal surface sediments with each station in Aphae Island.

Table 1. Certified and analytical values and recovery of metallic elements for the reference material (MESS-3)

. Certified value Analytical value Recove

Metallic element (mg kg') (é’]tg kg') (%) Y
Fe 43400 + 110 39800 + 300 92 + 1
Mn 324 + 12 318 + 6 98 + 2
Zn 159 + 8 166 + 3 104 + 2
Cr 105 + 4 106 + 2 101 + 2
Pb 21.1 + 07 20.3 + 02 % + 1
Ni 46.9 + 2.2 47.7 + 1.3 102 + 3
Cu 33.9 + 1.6 33.9 + 0.9 100 + 3
As 21.2 + 1.1 215 + 25 101 + 12
Cd 0.24 + 0.01 0.25 + 0.01 105 + 4
Hg 0.091 + 0.009 0.089 + 0.005 %8 +
st oteas HA T FhAIA L HoRRE Adkst 29 3]4ES 92-105% HI9I= Fed A9t Be a5d4 s
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o] 100 mL2 383 & S AstZal=ol AR 7|(ICP- =50l Utk 299 A= AFEE = s B ofyet oY=
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&) g HARRE] A4S SR §lste] AFER
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(National Research Council Canada) AFs} $-LAof| A A|5-5})
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Fig. 7. The content of ignition loss (IL) and the concentrations of chemical oxygen demand (COD) and acid volatile sulfide (AVS)

with each station in intertidal surface sediments of Aphae Island.
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S A|QJEH Ao HE HF o] 2.0-3.0 g Abo] 9] W& EaFel B
H(very poorly sorted)& LEFY ITHFig. 6). 2 &= (skewness)
L 0.0-0.6 (B 04F0.1)0 Ho g nE 2 doA] ¢k 9w
(positively skewed)E Ho|w uf9- oA EEQFAS HGO
o, BH g0 RAHES Yehfs HES 0815 (B L1+
0.2) ©912 729 EAEo] Yz JAlo] T4l e
3 g} (eptokurtic) = P 31T} (Fig. 6).

EXZ9 772 8 H Q8= EUt

o rlr
2 o\

L2 o

jus

22, feue dstaele Fage) e olR g vz
257, 95 FHolol FAs| Fskg o, olelet 1

Ke)
2 A= AU v, TE]a BHe)SaE Hol9
A7Fo 2 A Bl -E f7]E Ldol B flsH gt ¢
th(Yoon, 2000; Noh et al., 2006). A2 <] E3F, F=Ho] 3%
5 2 s RerAAo] WRE o] Qlar, QI AP B SAS
2HE f71eH4EH fom HAEY s ¥l o
b whebd, AEAGY HHEY f71E5S LEFEE Yot
H7] flste] @A 7ol de o] 8=l ¢l IL, COD, ¥
AVS 3F= Fig. 701 Yek it

B AEZEILL 2.4-5.7% (B4 3.920.8%) HY 2 Jale o
Z e oF 270 A St 15004 7Y =4 el HeE
Z7d 4 St. 2304 7P Wkt 9], el JE 214 d-

o o
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Fig. 8. The horizontal distributions of each metallic element (Fe, Mn, Zn, Cr, Pb, Ni, Cu, As, Cd, and Hg) in intertidal surface sedi-

ments of Aphae Island.

Zshef A FLoll $1xg FA
wolth. A7 2ARE Selueke) o 4
AFA O] EAEW ILE gk AsliEio] WA=
(Jung et al., 2010)o| A ZAME AitR = =9k, o
I} AIRE g} ok Bk 27t (Hwang et al., 2010)2F 4] 8
30| AfrkE Z70(Kim et al,, 2003)014 ZAPE Anobe
SAkBHETE. 3, rlere] Seu(Yoon, 2003), of<bgh(Hue
et al., 2000), 7F7H(Noh et al, 2006) 5 FA|&Eo] Hs1A|
QECERRESUE FERRRSESERESERESE
A H k= W2 5= TH(Table 2).

EAE3 COD 5% 4.6-9.9 mgO,/g-dry (B 7.4=E1.1
mgO,/g-dry) = th2 Q1o vls) 24 &= o] Fo]
A Qe S5 Alhe] o bl 4 St 26 7H W,
= A% Sole] 27k 47 St 22004 74 otk L3 ot
WA 2 Q17|20 BAEY CODHTGS T} ok &
< 27t (Hwang et al., 2010)0]| 4] A Ateb= FAFSHA
a1, A8l 59 ATH(Kim et al., 2003)3} HANTE (Jung et
al., 2010) 7k REHE thas oteh el aleke) ofxjut
(Hue et al., 2000)2} 727 H(Noh et al., 2006) 5 oFA18-50] &
D R ECRER R PERRHEECERAEEES
Apzwlao] R ek S WetehTable 2). 53], A7 A ol wE

g4l COD e YA A=Y F71&E 299 7%
O ZA AAEF= FE7]291 20 mgO,/g-dry (Yoon, 2003) Ef
172 o5}z ulj-¢- ket

E| A &2 AVS % %= ND-0.53 mgS/g-dry (B4 0.04£0.10
mgS/g-dry) H91&2 o2 HHEol vl FhH o2 =2 AVS
TES Hols AFA Ao BAZE A8 270 oF FA St 2
< AlQlotH, 2] HHolA AVSTE HEEA AU A&
&0l 0.05 mgS/g-dry o|5te] W& s Kl 59], A+
Al EHE2F AVS e YA HHES f7]E o9
o] 7120 & A AA|E}= AVS % 712221 0.2 mgS/g-dry (Yoon,
2003) 2.t} 1/4 o]} uf- o e e},

ole] el At 5 EA =S 7=l gt Bt A
£ ol B, el Aok 20 Bl- 52 obA] 7= o
3f 2 9o] HA| ok Aom AyztEh 3, dRbH o g EA
U f71E e =S wHe] Yl AlEE HHEUsE
7% o] 2 202 delA Itk (Cho and Park, 1998;
Hwang et al., 2006, 2010). 1|1}, & ol JLo]A] B2 &9 9=
9} §71% EAS YRl IL, COD W AVSE FE213h AFkA
< HolA] ot o= AFA Y 718 FFS 28s= ot
£ aglo] glom, 1 gRlo R A A-Lx]2 0] E|A &l A]A]s}
© AXEY 25T HHo] e Ao R AzEd oA
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Table 2. The content of ignition loss (IL) and the concentrations of chemical oxygen demand (COD) and acid volatile sulfide (AVS)
in coastal sediment of Korea. The parenthesis represents the average of each parameter in surface sediment

Study Region Sampling Zone (L/t ) (mggggD- dry) (mgéX:]S- dry) Reference
Deukryang Bay Sublittoral Zone 3'1(5*_2; 5 0"25”_17?'2 N'(D(;B%)?’O Yoon (2003)

Yeoja Bay Sublittoral Zone 6'2(5_;?'2 5'(5;;’?29)'7 O'((’(Z)_B%')1 0 Hueetal 2000)
Gamak Bay Sublittoral Zone 4'?7*_11; 6 2'(%”1?;'3 Ngfgzo)'?’ Noh et al. (2006)
Saemanguem (inner) Intertidal Zone 0(52~25)8 1%;15?8 01(8;15)56 Kim et al. (2003)
(S\(‘;‘éﬁ‘gvée;;ig‘ﬁzzf\t) of Korea Intertidal Zone O'éf%'5 35(’515?8 ND Hwang et al. (2010)
Byeonsan Peninsula Intertidal Zone 0(2{5)8 0%;;?5 ND Jung et al. (2010)
Aphae Island Intertidal Zone (32_ ; ;5078) 04‘?;9191) (0%2;065_?0) This study

* ND = Not Detected.

Pb (mg/Kg)
Zn (mg/Kg)
Cu (mg/Kg)

Cr (mg/Kg)
H

Ni (mg/Kg)

Cd (mg/Kg)

12346678 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30

Station No.

As (mg/Kg)
8
Hg (mg/Kg)

123465678 91011121314 1516 17 1819 20 21 22 23 24 25 26 27 28 29 30 12345678 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Station No. Station No.

Fig. 9. The concentrations of metallic elements (Pb, Zn, Cu, Cr, Ni, Cd, As, and Hg) with each station in intertidal surface sedi-
ments of Aphae Island. The dotted and solid lines represent the values of ERL (effect range low) and ERM (effect range median)
proposed by NOAA (National Oceanic and Atmospheric Administration) as the sediment quality guidelines, respectively.

of Lim et al. (2002)2 22 A7 o] A
AR WET) AR 9718

AR ANFE)
Tk o] HTUAZ 1l

476+ 83 mg/kg), °}<(Zn) 68-109 mg/kg (H+ 84+ 10 mg/
kg), ZF(Cr) 47.4-78.9 mg/kg (3 62.5+6.9 mg/kg), Y7

=Sl Rk 1 3= (Ni) 18.2-32.9 mg/kg (Bt 25.8+3.5 mg/kg), H(Pb) 19.1-
E|xiZo| DAL SHEF U ootz my 27.4 mg/kg (B 22.4+2.1 mg/kg), +](Cu) 9.5-18.5 glkg
(B4 13.212.0 mg/kg), H| A (As) 4.2-12.2 mg/kg (B 7.1

ATAGgY #5 EHEFT a5HaE ST 21, A(Fe) +2.2 mg/kg), 7HEH(Cd) 0.03-0.15 mg/kg (B 0.06-0.03

mg/kg), $-2(Hg) 0.006-0.013 mg/kg (B 0.009 +0.002 mg/
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Table 3. The mean grain size (Mz) and the average concentrations of metallic elements in coastal sediment of Korea

Mz  Metals (%)

Metals (mg/kg)

Region @ A Fe Cu Pb zn Cd Cr Mn As Reference

Youngil Bay 38 60 24 49 3% 202 15 29 - - - Leeetal. (2008)
Ulsan Bay - - - 60 63 46 22 237 570 - - Kangand Lee (1996)
Nakdong River Estuary 42 64 19 9 27 31 - 17 320 - - Kimetal. (2000)
Gwangyang Bay 7.1 6.2 33 18 28 86 0.2 51 812 - - Hyunetal. (2003)
Jinhae Bay - - 3.6 30 37 128 - 59 386 - - Leeand Lee (1983)
Masan Harbor 72 64 45 73 74 321 14 79 716 11 0.14 Hwang et al. (2006)
Masan Bay 8.3 - - 43 44 206 12 67 - - - Hyunetal. (2007)
Continental Shelf 52 541 25 11 27 62 - 53 - - - Choetal. (1994)
Youngsan River Estuary 91 83 441 23 28 9% - 77 673 - - Cho and Park (1998)
Hampyeong Bay - 61 22 12 20 45 - 34 321 - - Younetal. (1999)
Southwest coast (Mokpo-Wando) 32 63 26 22 33 66 - 51 600 - - Shinetal. (2002)
Saemanguem (inner part) - 7127 21 26 85 - 47 610 - - Kimetal. (2003)
Shihwa (outer part) 72 69 32 55 29 122 05 81 49 - - Choietal (1999)
Kyounggi Bay 44 62 24 25 - 92 - 70 532 - - Leeetal (1998)
Southwest coast (Yeonggwang-Muan) 55 52 23 10 25 70 005 51 448 56 0.01 Hwangetal (2010)
Aphae Island 6.9 - 2.8 13 22 84 006 63 476 71 0.01 Thisstudy

Table 4. Ratios of metallic elements relative to Fe in intertidal surface sediment of Aphae Island and in earth crust reported by Tay-

lor (1964) and Taylor and McLennan (1995)

Metals/Fe x 1000

Metals/Fe x 10000

Mn/Fe Zn/Fe Pb/Fe Cu/Fe Cr/Fe Ni/Fe As/Fe Cd/Fe Hg/Fe
Aphae Island 1741 3.02 0.80 0.47 224 0.92 0.26 0.023 0.003
Earth’s curst 171 2.03 0.57 0.71 1.00 0.57 0.04 0.028 0.023
Enrichment Factor 1.00 1.49 1.41 0.66 2.24 1.61 5.98 0.82 0.15
kg) HAK thA| = bell e BA%0) 4182 oF 27 £4)% Aol At 27 5 HAEW 5594 e9=E &
A7} 0] A oF 27 A0 AR HUNA T2 ohiy] Slake] ebA] B 22014 A chofet Astety Bl
o z7 Q

ol vlalf o FE=7F Eokom, 22 20 W FhEao] 9L
oA Bl e QEolE BBk 4 AYEE ©

Uret $ick(Fig. 8). 53], &2 Atol
HE29 Y= 4 {715 FFarolol =
o} dukA o 2 Ats Aol EAE=s a5
20| e} $712 ek 2ol 54 2l
sk, o5 chore clSe] Baton AgRe e 1%
©2 ge]3ltH(Choi et al., 2010). ThebA], LA AY EHES
500 FEE oA AT 712 e 2ol thE SE
z24 adlo] 9lom, 11 glomA AAYES] Ao 9
gt A& weh(bioturbation) &2 2 A 2H-g-of O|5 E| 2] A+
G(resuspension), 12|31 AEX| <] 9129 Q19]F Q] PO
2HE O] FF T 22 o|ZFA QI ajle o8l 1L Afo]F Kol
= Ao AzkE B, Aoy B4 ehe) FrEk A
Aolah Qg TN QH-RE T 270 A eloll A A}
H F4Y49] FEof v|5g vhd gt vpikgt 53t Zro] £
2lupel Zue] whaa A o) ukajelolt A shpelol A 2
AE 354 50) s EnT) vE WokthTable 3).

—_

WH(SQGs, EF, L) o]-&3t3Ath 1A 2ol vj= NOAA
oM ALk HAE 0qd7|E0) B2, 7 e s9sE
7](ERL)} 4915 = 7] =(ERM)-2 242} Cu 34 mg/kgat 270
mg/kg, Cr 81 mg/kg} 370 mg/kg, Pb 46.7 mg/kgi} 218 mg/
kg, Zn 150 mg/kga} 410 mg/kg, Cd 1.2 mg/kgat 9.6 mg/kg,
As 8.2 mg/kg¥} 70 mg/kg, Ni 20.9 mg/kg¥} 51.6 mg/kg, Hg
0.15 mg/kg¥} 0.71 mg/kg S th(Buchman, 2008). ©]& A1X]
A 5 HAET 9594 w9 v B, Cu, Cr,
Pb, Zn, Cd, Hg> H= ol 31918 =71 ERL Erp @
Ao, Ase ARA A, Nigl o= 72 B FHAA
ERL 7|%& 237519 thFig. 9).

el 9 23t £3F HAE9] 295 F7sh] S8t
o] A4ket EF #t2 Table 40 et it} o] A-toll A EF 4k
O AR 9HA 2.3 55949 2 QB 7E FiolA Ak
%ol AFAGY EAEF Fe ofl gt 24 54949 5=H]
 AFAGY HAES 2 945940 Hals=(Fe 2.8%, Mn
476 mg/kg, Zn 84 mg/kg, Cr 62.5 mg/kg, Ni 25.8 mg/kg, Pb
22.4 mg/kg, Cu 13.2 mg/kg, As 7.1 mg/kg, Cd 0.06 mg/kg, Hg
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0.009 mg/kg) Z5-E] ALbsigl o, A2F Z4 Z Feol thgh 7t
2949 Hot HEH| = Taylor (1964)¢} Taylor and McLen-
nan (1995)0] AAgE A AlA At &A1Y 4= 5 7
=494 9] HatsE(Fe 3.5%, Mn 600 mg/kg, Zn 71 mg/kg,
Cr 35 mg/kg, Ni 20 mg/kg, Pb 20 mg/kg, Cu 25 mg/kg, As 1.5
mg/kg, Cd 0.098 mg/kg, Hg 0.08 mg/kg)S o]|-8-3}o] AALs}t
%t 2ol Chen et al. (2007)2 F4-949] EF & 7|&2
2,EF <1 4 2 go] %] &2 Aelj(no enrichment), EF =
1-3 dujj 2k7F @ FATE(minor enrichment), EF = 3-5 duj] %
25t @ A (moderate enrichment), EF = 5-10 & uj] 23]
At @ JAFE|(moderately severe enrichment), EF = 10-25 &
A5k @ S A el (severe enrichment), EF = 25-50 &) ufj & 4]
2 AAE (very severe enrichment), Z12] 3 EF > 50 duj] =
A3t @ FAFEll(extremely severe enrichment) 2Fal 25514
o|F HiF R AFAGY S5U4Y LHdeE A HEY,
A SQGSE o83t Ao} FAFSHA|, AA AU A= 4
- Cu, Cd, Hg, Mn& EFgfo] 1 Xt} o} @ ¢of QlA] o83
AFell(no enrichment)?l 72 © & UElyk oLy, Cr, Pb, Zn, Ni &
EFZto] 1-3 Afo] 2 ¢F7F @ 9% AFell(minor enrichment)Z, As
+= EFZ}o] 5-10 Aol &2 A 5] A3t @ JATE|(moderate severe
enrichment)E YEJ itk

aE5dao e9s Hop AFH o r FGristy] fleke] 2
of def o] &&= W L= L Fholl Wt 5 77 3 o'
H & ®(Jeon and Cho, 2002; Hyun et al., 2003; Hwang et al.,
2010), AF+AAY #£Z & =ol gt A4-E 1S Table 59
FAISHATE A = 719 B A E e dB 7t Aaket fAlsHA|, S
Sl = 1ok 7MY #3& E|AE2] % Fe, Mn, Cu, Pb, Hg2 2
+ AxlolA 283l Zn, Cd, Nix A9 thFi2] HrofA L,
class7} 002 @ HEA] ¢ 4= (practically unpolluted)2l 7
o2 e, Cr Z9-ole 2] AAolA I, class7h 12
A AR o T O QQE Y FHHA AL
= UERTE 28U, As 9] F9olls A tiREe] FAlelA
L, class7} 2 o]AF o & k7t @ QA 4= (moderately polluted)
o]t

o] ¢fal= At F HAEY a&HHa HEt &
T B AYE e 2, A e
Fe, Mn, Cu, Pb, Zn, Cd, Hg2 2= %]
¥, Craf Nig o7k 095l 4300, 53] Asiz Th F450 1
o Ao 2os Ho2 ettt o 28 ATk ol o
Hwang et al. (2010)°] A2 3} QIFFE Fg-F-¢t A%k A
o] 27t EAEof A= Hagl vf glow, 27h
W As9] FE7F 2 YRl RA AFA|S FH
IOl A AR AFSAl 9 Ao o e HH
AR|ek0] Pl AQte 2 FYE 7] wmoltarl AA|
o, ey, Sejuhete) A S WA B A ok A
FTAHOE g woty] SpAkeE HEA Ao A FEF Aol =
2|, AFAHE v s, 2, 9 5 A EAE A
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oo eubere] fEAQl W] SAIeH REAY Fof shit
ofeh(Shin et al., 2002). o] 218 AsEFo] & Aol i A%
S fedel ofat sk oA BRERE At §EE o A5t
%ol As %57} S THAN et al., 2007). 7, 2] AFA <
3} Qe A 51 o)A PRn B A5 mY R
B HS QAo AUF fEFRCHS AN B el A5t
FOF 1.5 10° miiday)7t SHFO 2§95 7 9heo] Belss)
ch(Kim et al., 2010). whebA], A7) 271 HARF S
As ST AR T2 1912l 210 5] As 20| ©
A3kt AR A B0 Ae 2 Aoko.R 9IEI9l] Tl 2
o= Ayzhsje], wet Bake 49 FEE gIstel A7 2
of 742, A, HeF Ase] SES HAXSE §AF 24
5 ot 0 2o Ase] §YBE L BASA) Tt AAH
o3 4540l A7 Hastet.

Al Al

Lo

o] Aol FHRAF Y AIRAF | Eus = At
A4 EAE A7 3 YAtk A
AA HARE =Y o] =22 ARk AT
AFF(RP-2011-ME-20) 9] A o] o3l -5 S5 U T
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