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Analysis of Geochemical Characteristics in the Intertidal Zone
of Hyung-Do, Shi-Hwa Lake
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Qe Nste F& A &I, intertidal zone) X9 Ao E|XFAFE dotry] 3 100 AH 2T H
27 AR FAEAE g 4%, T8, ALHASE(Acid Volatile Sulfide; AVS), F-f7]82(Total
Organic Carbon; TOC) @ #324(Al, Fe, Mn, Cu, As, Pb, Zn, Ni, Cd 2 Cr) &% tha} &4 si9c) =
HHELS AR g0 EEFE, 0.60~2.319)3 sandy Silt, slightly gravelly muddy Sand, silty Sand
2 Sand 59 HALOR FREH, HEYEE 2.95~6.000% FFH AESID gt B85 HHE9] Al
ke 1.54%, Fed 1.75%, Cutx 9.1ppm, As+ 1.1ppm, Pb2 18.8ppm, Ni< 11.0ppm, Cd2 0.02ppm 1]
1 Cre 30.1ppmez2 SAHEYow, FA HAE w3t v|a|d)7]d National Oceanic and Atmospheric
Administration; NOAA) 7]5¢] ERL(Effective Range Low, A& AL Hol:= 27] 10% %) 23
akA 2tk FAE A B 79 Ml P Phex)e] EEE B3 HAES 4% An), 349 HHE v
ol 93] Aoz HAFS(activity)e] A ks YERNaL 9lo] A Ekst g E(apparent sedimentation
rate)> F4 = §ATE 2Ty 27 FZo] A4 35cm oA HHES] F4% 9 2 A dFeoR 55
55157 (Enrichment factors; EF) AAMgE-S Bl =4 vebstl

U0 1 AskE HHFA, Aok, BF R ;o] NA, FRAS, Fa%

d

Abstract : In order to understand the sedimentary environment of the southern intertidal zone of Shihwa Lake, west
coast of Gyeonggi-do, 10 surface and 2 core sediment samples were analysed for grain size, water content, AVS (Acid
Volatile Sulfide), TOC (Total Organic Carbon), concentrations of metals (Al, Fe, Mn, Cu, As, Pb, Zn, Ni, Cd, and Cr).
The surface sediments are generally poorly sorted (0.60~2.31 o) sandy Silt, slightly gravelly muddy Sand, silty Sand,
Sand with mean grain size of 295 to 6.00 o. The sediments contain Al (1.54%), Fe (1.75%), Cu (9.1ppm), As
(1.1ppm), Pb (18.8 ppm), Ni (11.0 ppm), Cd (0.02 ppm), and Cr (30.1 ppm) on the average. Heavy metals are
concentrated less than ERL (Effect Range-Low), verified by NOAA (National Oceanic and Atmospheric Administration).
In the core sediments, they are also less than the ERL. Based on the uniform vertical distribution of excess
radioactivity of 2°Pb, the core sediments seen to have been actively mixed biologically or rapidly deposited after the
construction of Shi-Hwa Seawall. The 'enrichment factor' of metals, normalized to Al, shows that the upper sediments
of 35 cm in depth are more polluted. infect was significant in 2 core sediment samples in 35 cm below layer.

Keywords : Shi-Hwa Lake sedimentary environment, Intertidal zone, Surface and core sediments, Enrichment factors,
Heavy Metals
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Shi-Hwa Lake

Fig. 1. Location map of Hyung—do in Shi-Hwa
Lake intertidal zone (hito://maps.google.co.kr,
2011)
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Fig. 2. Sampling locations of surface and
push core sediments in Hyung—do intertidal
zone.

Table 1. Sampling locations of surface and push core sediments in Hyung—do intertidal zone
Station . .
No. Longitude (N) Latitude (E)
S 01 126° 39.7867 37° 17.3034
S 02 126° 39.8134 37° 17.4884
S 03 126° 40.5567 37° 17.2700°
S 04 126° 40.5934 37° 17.3334
S 05 126° 40.6117 37° 17.3650
S 06, PC 01 126° 40.6717 37° 17.4500
S 07 126° 41.4817 37° 16.4934
S 08 126° 41.3934 37° 16.5500°
S 09, PC 02 126° 41.3300 37° 16.5950°
S 10 126° 40.9867 37° 17.0267
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Fig. 3. Distribution of surface sediment types
in Hyung—do intertidal zone.
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Table 2. Sediment characteristics of surface and push core sediments in Hyung—do intertidal zone

Station Composition (%) Sergiment Statistical Parameters (®)
No. Gravel Sand Silt Clay by }gflk Mz St.De. Skew. Kurt.
S 01 0.72 67.11 23.01 9.16 (2)mS 4.05 1.97 0.43 1.92
S 02 0.19 82.99 10.68 6.14 (2)mS 3.40 1.35 0.42 2.46
S 03 0.00 48.27 40.18 11.55 sZ 4.70 1.94 0.61 1.85
S 04 0.03 86.00 9.12 4.85 (£)mS 3.38 1.12 0.24 2.21
S 05 0.00 91.01 5.22 3.77 S 3.14 0.91 0.62 1.71
Surface S 06 0.00 94.56 2.75 2.69 S 2.96 0.60 0.42 2.40
S 07 0.00 17.20 64.84 17.96 7 6.00 2.31 0.49 1.55
S 08 0.00 61.16 29.64 9.20 28 4.20 1.80 0.55 2.12
S 09 0.00 44,61 42.03 13.36 sZ 5.03 2.05 0.58 1.69
S 10 0.71 51.56 35.44 12.29 (2)mS 4.79 1.97 0.74 1.78
0 cm 0.00 98.38 1.08 0.54 S 2.92 0.48 0.33 1.84
3 cm 0.00 98.78 0.79 0.43 S 2.91 0.48 0.30 1.81
5 cm 0.00 99.13 0.58 0.29 S 3.03 0.41 -0.12 1.00
7 cm 0.00 98.75 0.78 0.47 S 2.86 0.43 0.28 1.84
10 cm 0.00 99.72 0.28 0.00 S 2.80 0.39 0.19 177
15 cm 0.00 98.91 0.68 0.41 S 2.88 0.44 0.31 1.86
Core 90 cm 0.00 98.86 0.74 0.40 S 2.86 0.46 0.26 1.87
PEOL o5 om 0.00 98.04 1.27 0.69 S 2.97 0.50 0.37 1.42
30 cm 0.00 98.71 0.86 0.43 S 2.92 0.43 0.39 1.66
40 cm 0.00 90.99 4.07 4.94 S 3.02 1.13 0.67 4.83
50 cm 0.00 78.86 14.16 6.98 28 3.59 1.64 0.46 2.82
60 cm 0.00 37.18 49.43 13.39 SsZ 5.09 2.05 0.43 1.57
70 cm 0.00 39.91 46.24 13.85 SZ 4.80 2.26 0.35 1.49
80 cm 0.00 77.10 15.52 7.38 28 3.62 1.69 0.44 2.90
90 cm 0.53 77.66 14.77 7.04 (2mS 3.39 1.83 0.53 3.01
0 cm 0.00 39.57 45.86 14.57 SZ 5.06 2.11 0.55 1.95
3 cm 0.00 39.11 48.03 12.86 sZ 4.79 1.90 0.47 1.98
5 cm 0.00 31.13 51.7 17.17 sZ 5.66 2.39 0.64 1.73
7 cm 0.00 28.64 52.46 18.9 4 6.00 2.62 0.63 1.40
10 cm 0.00 26.95 58.28 14.77 sZ 5.38 2.05 0.54 1.62
15 cm 0.00 11.68 68.85 19.47 sZ 6.33 2.31 0.54 1.43
PCCorgZ 20 cm | 0.00 1558 6143  22.99 sZ 6.62 2.73 0.56 1.04
25 cm 0.00 28.50 50.57 20.93 4 6.22 2.68 0.59 1.04
30 cm 0.00 31.08 45.89 23.03 sM 6.41 2.92 0.52 0.88
40 cm 0.00 47.92 32.17 19.91 sM 5.34 3.63 0.33 1.22
50 cm 1.75 29.03 57.71 11.51 (@)sM 5.03 2.43 0.22 2.03
60 cm 0.00 19.78 53.86 26.36 sZ 6.62 2.86 0.46 0.80
70 cm 0.00 19.56 55.98 24.46 4 6.60 3.06 0.36 1.09
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guiAl o 7 FHAEL Qv FE 24 B ©
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A7 AlE S5 Fokx]al =9 S4F uhe

FEE HltKHorowiz, 1991).
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and PC 02 push

core sediments (b) in Hyung—do intertidal zone.
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Table 3. TOC, AVS and metal concentrations of surface and push core sediments (PC 01 and PC
02) in Hyung—do intertidal zone

Station TOCY | AVS? | Al Fe Cu | As Pb Zn Ni Cr Ba
No. (%) | (mg/g) | (%) (%) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
S o1 167 | 009 | 36 | 1.9 | 109 | 46 | 184 | 443 | 11.2 | 37.3 | 573.2
S 02 015 | 008 | 08 | 16 | 7.3 | 14 | 179 | 355 | 11.1 | 332 |569.3
S 03 014 | 002 | 24 | 20 | 76 | 33 | 192 | 427 | 105 | 456 | 556.0
S 04 010 | 002 | 09 | 1.7 | 179 | 1.1 | 21.7 | 433 | 96 | 205 |601.9
Surface S 05 012 | 005 | 08 | 16 | 49 | 08 | 194 | 327 | 87 | 184 | 6276
S 06 015 | 011 | 27 | 15 | 44 | 09 | 184 | 299 | 75 | 241 |5726
S 07 131 | 1.30 | 13 | 21 | 120 | 16 | 21.8 | 60.9 | 16.0 | 23.1 | 487.7
S 08 012 | 004 | 09 | 16 | 69 | 05 | 169 | 41.3 | 109 | 274 | 5456
S 09 014 | 003 | 1.2 | 1.8 | 11.0 | 03 | 166 | 49.7 | 123 | 40.7 | 565.3
S 10 023|019 | 1.0 | 1.8 | 91 | 12 | 174 | 462 | 125 | 306 |541.9
0 cm 007 | 011 | 06 | 1.3 | 50 | 06 | 192 | 324 | 91 | 185 | 6588
3 cm 006 | 009 | 05 | 1.3 | 54 | <02 | 190 | 296 | 81 | 163 |621.2
5 cm 0.05 | 0.05 - - - - - - - - -
7 cm 006 | 005 | 20 | 12 | 50 | 14 | 177 | 275 | 6.2 | 226 | 6328
10 cm 0031005 | 09 | 1.1 | 45 | 1.1 | 17.8 | 293 | 6.3 | 20.8 | 643.4
15 cm 003|005 | 05 | 1.1 | 43 | <02 | 187 | 284 | 66 | 151 |664.8
20 cm 0.06 | 005 | - - - - - - - - -
Pccorgl % em | 005 | 005 | - - - - - - - - -
30 cm 004 | 005 | 08 | 14 | 50 | 1.1 | 191 | 333 | 75 | 24.0 | 654.8
40 cm 011 | 009 | - - - - - - - - -
50 cm 0.14 0.05 - - - - - - - - -
60 cm 016 | 004 | 43 | 22 | 107 | 64 | 203 | 528 | 16.1 | 439 |587.2
70 cm 020 | 004 | - - - - - - - - -
80 cm 004 | 004 | - - - - - - - - -
90 cm 005|005 | 21 | 1.7 | 57 | 38 | 204 | 324 | 101 | 349 |617.9
0 cm 014 | 011 | 1.0 | 1.8 | 88 | 17 | 17.3 | 51.0 | 16.1 | 44.7 | 5515
3 cm 0131009 | 1.0 | 1.7 | 91 | 13 | 179 | 51.1 | 176 | 32.8 | 5387
5 cm 011 | 004 | - - - - - - - - -
7 cm 015 | 004 | 09 | 1.8 | 99 | 12 | 184 | 538 | 20.7 | 422 | 543.8
10 cm 026 | 004 | 1.2 | 19 | 113 | 1.7 | 194 | 59.1 | 19.7 | 38.3 | 556.4
15 cm 020 | 004 | 43 | 26 | 11.9 | 44 | 201 | 56.1 | 23.7 | 629 | 5229
PCCorgZ 0cm | 024 | 004 | - - - - - - - - -
25 cm 021 | 004 | - - - - - - - - -
30 cm 025 | 004 | 14 | 23 | 135 | 26 | 21.3 | 582 | 205 | 44.0 | 497.3
40 cm 020 | 016 | - - - - - - - - -
50 cm 022 | 004 | - - - - - - - - -
60 cm 324 | 004 | 38 | 25 | 97 | 45 | 189 | 515 | 179 | 54.2 | 5215
70 cm 0231004 | 12 | 23 | 101 | 24 | 186 | 520 | 19.3 | 36.9 |475.1

Y TOC : Total Organic Carbon, 2 AVS : Acid Volatile Sulfide
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Table 37 #o] HTHA=] Tud 24 2
3 dRuFEADY FS, EF

0.8~3.6%(F+ 1.5%)2] WAZ, S 01 FH-elA
71 G s Blem, S 02 AN 7P

S &S Uitk AFe)e] B, HSHA
= ARAA 156~2.1% e 1.8%)° W=, S
0 78xelA 71 w2 e deERiglaL, S 06
ARA 7 = gk dEhiITE TECw el
78‘—°r, HZTEHE AlBAA 4.4~17.9ppm(HF

2ppm)®] WIE, S 06 AAolA 7P w2
E—% UERAAAL S 04014 7Hd &2 s=5
ERIQITE 20054 kAol A &k o E
=9 s WeE s flste] st
AR 7IEsEedls A7IEHL) 84917
(Lol ATHE G2, 2005). 1714, 73917
Foleh g A E A=A 9] FFo] F7ES
ZIpshE A, ¢ ﬂ]*&goﬂ%wi 3’4—3];}’7

F-{N_EL_IZi_,EOI-F

A FUFE =
o] FAHA Frx =AY %—791% 7
A7 SR Q)= HpokS 7 talar Alg)Elojop & ¥

AR A BN FEt o )

7% murl A%, G eoBdR R

AZAAel el 5

I, 1 olae] 9glo] AAHA = WS 5
AE Bert Y B e warEd

}:l
TAHE, 2005).

Table 4. Qualifications of heavy metal concent—
ration in sediments (NOAA, 1987)

Effect Range-Low | Effect Range-Median
Element
(ng/g)

Cr 81.0 370.0
Ni 20.9 51.6
Cu 34.0 270.0
7n 150.0 410.0
As 8.2 70.0
Cd 1.2 9.6

Pb 46.7 218.0

g, Table 49 o] w=e] SHF7|H
(NOAA)ANA = EA-Ed A9 fal=2
AR WA= 5440 tigk FARE AL
7S AR vt Qledl, AAAREC tisked]
=40 e sEHSE T 271 10%° 3l
F8l= 7S ERL(Effect Range-Low, AAAE
o A4S Hol= 27] 10% §%), 54S Ug
e sEHAEY S0k Oﬂ%ﬁ}% &
ERM(Effect Range-Median, *A]A&Ed] =4S
Hols x5 Fhgho=z AT npt o
(A8 2004; NOAA Report, 1987). Cu2l &
09—%3?1791 o #HEE St Ajkd skl
(o] oldd B AN 24.0 ppmolH,
A71E(e] o] A9 i) 108.0ppme]
th 28al, vES S 7 (NOAA) 715=¢] ERL
2 34.0ppmo|™ ERM#t 270.0ppme|th.
ZAMAIE 9] = vlae] B 2APE AAlE
2E GAHA aFfl7IE(e] o)l Ag- A
‘1 24.0ppm oS UERlE AHS (AT
HA(As)S] A5, ZFEAE A=A 0.3~
4.6ppm (33 1.6ppm)°] Helelrh S 09 G
A b e sEE ngdem, S 01 gHdlA
7V we sEE YERIUTE As9] SIS
At # 9.0ppmel™,  &171E(-E ) 9
2 41.6ppmela, M= HNOAA) Y&
9] ERL %2 8.2ppmelH ERM %2 70ppmo]
th 2 ZAMEAARE 9 @EY vaE] B s
AAANA A7 GEAI )R] 9.0ppm © /&
vHehll= 84S ok gl 45, %SEH
AE AZoA 16.9~21.8ppm(F 1+ 18.8ppm)2]
HHE, S 09 AAelA 7HE W2 ses Bl
S 07 BAHA 7HE & 555 YehiUth Pb
o] 7l 7= el 50.0ppm, 7
71 ol 220.0 ppmolal, w|=a| g7
F(NOAA) 7159 ERL k& 46.7ppme]™ ERM
2 218 ppm oJtf. BE ARlA ske7E=G
Al %] 50.0ppm o)/d-s Y= 42§l
Atk o}A(Zn)e] A9, ETEAE A=A 29.9
~46.2ppm(E 1 42.6ppm)e] WHHZ, S 06 AH

mN

o
Lo
!
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Uehdlen S 07446l A
3 YERIAE Zne] Ul 3F917]
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20.9 ppme]™ ERM -2 51.60 ppmo|™ 3}$]7]

X0 =2
3L o 1=

49 B

al,

ZHEAH U] 23.0ppm °1 e HEE FH
< BT FI=E(CD)e 4, ETEHAE AR

oA 0.2ppm olske] W= yERlile Cdel
SHAZIEGAI ) w2 0.68ppm oW, “d917]
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ERM2 ¢F 9.60ppmeo]™ sh17]=(FHA ) gkl
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o 30.1ppm)2e] WH=E, S 05 AHNA 7P &

FES Hlon S 03 % @01]/\1 7}1} =S T
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80.0ppme]H Ak9]7]1%S 370.0ppm ©]th.
AHeA 7= (FHAI D #ES! 80.0ppm ©]
< Yeplle AHS gidlen, m=edr]%
(NOAA)®] ERL 81.0ppmE i % f131
Table 3 % Fig. 63| H
gigke] A9 PC 01 74 ¥4 s
0~70cm7HA] ol 2 ZA4F F7lske A dol
dom 70cmold 7FE & 0.20 %= B
T8]al PC 02 4 HAE AH-A+= 0~50cm
7HA Ael W7t glo] Wekom 60cmolA = 7t
=8 3.24 %5 JERATE AR E e
A5, PC 01 2 PC 02 % H4E&E EE
A HA =S kS BRI ol AeE
f_’rx] Pﬂrﬂ' T A% BT 40cmell A v
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Fig. 6. Compositions of total organic carbon (TOC) and acid volatile sulfide (AVS) of PC 01 (a)
and PC 02 push core sediments (b) in Hyung—do intertidal zone (Red dotted line Japanse guide
line of 0.2mg/g concentration of AVS).
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AEe] g HAE 4719 0.20mg/g o 15cmollA 7 =2 4.3%& RSt dFe)d
o] AVS FEEEE B T2 AR, PC 02 5 dFrlE %%TJr LO] 7<17Jr+°ﬂ ok =8t
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Fig. 7. Metal concentrations in PC 01 (a) and PC 02 push cores (b) in Hyung—do intertidal zone.
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Fig. 8. 2"%bex activity profiles of PC 01 (a) and PC 02 push cores (b) in Hyung-do intertidal

Zone.

5. E 9
51. 3= EBEHB 53¢ 55
20004 A3k Al WS HABe) FE G

FS A% 49, Al 6.44~9.10%(F 3 7.54%),
Fe 2.39~4.51%(3+ 3.50%), Mn 350~887u

g/g(3 3+ 523ug/g), Cr 53.6~106pg/g(H T 83.5
ng/g), Co 9.08~17.4 pg/g(E+ 13.6 ug/g), Ni
20.3~48.9 ng/g(*33 35.3ug/g), Cu 22.6~156
ng/g(H 85.2 pg/g), Zn 102~369pg/g(B+t
227ng/g), As 4.99~12.2ng/g(B 8.91 ng/g),
Cd 0.15~0.66(3+ 0.41ug/g), Pb 27.6~68.9u
g/g(A7 48.8 ng/e) 183 Hg 0.024~0.124p
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Fig. 9. Profiles of enrichment factors of metals in PC 01 (a) and PC 02 push cores (b)
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