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Characteristics of Particle Size and Element Distribution in
the Coastal Bottom Sediments in the Vicinity of
Youngkwang Nuclear Power Plant

Go-Yeo-Na Eun*, Kyoung-Woong Kim*, Ju-Yong Kim*, In S. Kim*,
Jong-Mun Cha*, Dong-Ju Kim** and Ki-Nam Kim*#*

ABSTRACT : In order to investigate physical characteristics and element concentrations of sediments, coastal
bottom sediments were collected at 20 stations in the vicinity of Youngkwang Nuclear Power Plant. After air
drying of samples in the laboratory, particle size distribution was examined by Master sizer (X-350F), radio-
activity by HPGe 7y-spectrophotometer, and element concentrations by ICP-AES and AAS. According to parti-
cle size analysis, sediments are mainly composed of silt fraction with 23% of sand, 65% of silt and 12% of
clay on average. Most sediments are derived from muddy environment that silt dominates with the character-
istic of 5.3® mean particle size, poorly sorted, very fine skewed and lepto-kurtic. Only two sediments are
well sorted with sandy silt owing to wind, wave winnowing action, tide and current and its complex reac-
tions. Element concentrations in the coastal bottom sediments are relatively high at finer sediment and show
significant relationship with grain size. Index of geoaccumulation by heavy metals at every sampling station
is classified as practically unpolluted. The radioactivities of the sediments were measured for 15 isotope ele-
ments, and 2 elements of K-40 and Cs-137 were detected in most sediments. The K-40 is the natural nuclide
and the artificial nuclide of Cs-137 was thought to be derived from the fallout of past nuclear weapon test.
The result of correlation coefficient between grain size and radioactivity shows that the activity of Cs-137

significantly increases in finer grain.
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2 Aok, siAXE, 2F 5 Uk SYeEd & EAd o3& vzt (Komar, 1976; McCave, 1378;
Q] 3-8 o|E2] A3Ago) 23] FHHE 544 H Uchupi ef al 1996). &3 A FZHAE F3&
HE dxs HFA} Fol AFH) A9k AR ke FFE BN A B2 HEANY BHHEE
HAE 5o A3 A7 Seymour (1989), Komar — the HEZo| @2 EHAENM Hrh 2 dyhd

(1976), McCave (1978) Z2#]3 Kim and Eun (1997)
5 B A&y 28l olFelA gt olF Al w
=2d sjoke] BHE Axe FiQt getolizie] wig Al
H3t 2P HHE| o5 54, uigelut vl ¢
& AE2-8 (winnowing action), e M=z vl
ko) Auaky, HAEY 2UA EA f5o wEt
Awh= 2 et

AR LA YR e A9 AdA
548 el & 247mte] Xo} dxe g
A, 23 Ze dgsME S8 e A H
¢l Agddqlel] Bl k=AM F7 Hol Majet
ZulE AA=e] Ytk ol2id EAdAtole} At b
gt siFsrAel Agog Qs AAH R Al
of 383 UAA (muddy) AE LARZ st
AFEA (sandy) AEE FAEAAT AFHA 33
AAx 2 A AL Ay ASs (Textural Para-
meters)?] HFYE (Mean size), T-7= (Sorting), 94
= (Skewness), A% (Kurtosis) 5 H&E2] E]4]
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%S AL 7] o] HAE e TEs 2
A A fr-FE TES TS APHeE 2H
g AdYE TR gl 53] HAESA A7 3
= L] AYIgF @S ] Hoslar s}
7] 918 Bohvd AeAle] ARG O & A o
£ & & e HAYEY 7150l firdsitke Hox F
L3 oJu)E zheth (GESAME 1987). 1A E3-£4
B A B Ave sl vis) 54 @Yol #1
o st Aol #A Ee dAle] ool EAske
el T4 FRET g Bk x5 84
AL Wt T 5 Sivke SN B AEE AT
3513 wiiAloltt. webd e HEAS] EHo] HHH
o7l HAEATE AHYeFE TAHLE Hefsp] 4
& G FEog QYo AFFTHoE oF
ARE FHHE K 24} R G 298] 1P
o] 23 9t} (Salmons and Eysink, 1981; Calmano
and Forstner, 1996).
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Fig. 1. Sampling locations of bottom sediments in the vicinity of Youngkwang, Korea.
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Co, "'Cs, etc. Mg, Mn, Pb, Sr, Zn

Fig. 2. Experimental procedure for sample preparation and chemical analysis of bottom sediment samples.
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£ 19999 1¥ 9= 126.25°~126.20°, AE 35.21°
~35.25° Atole] & 207) Al Smith-Mclntyre
grab& ©]&3ted oF 1 kg¥ AFHsIHS (Fig. 1).
AR AFH 9RE FHR2REL AR o wd
2 F8 9 1 kmW 5AA, 1~2 kmollA 444,
2 km olAdlA 11xHez TR AAY AR
= AY4=Z AL 55C LBOA ARAZ F
PE B4, 94 24, 28|32 w24 L 98 2
sl

Wiks E8E 98 273 1 mm ol5le] HEE A
85 450 m/ Marinelli beaker?] 232 w7 ge
F T %312 2k A=Zrks -HPGe) 7%
7] (Oxford CPVDS 30-30185-D)2 o]&3F BEA|~

oz BAslgon, 8 24 A HE 89
45%%1 HPGe Gamma-ray spectroscope®} 2418 3T
279 Interwinner (EURISYS MEASURES)E o]&
ek, A ERLS 163843042 A ZmbA oz
& MV 2 231742 80,000 Fom AZ &)
T2 AT AF 9 AA A% ASIAC (Fig. 2).

U= #4E H% AEE 10% Hy0.9 0.IN HCl
< A= Yo f71E @AES ARG T 44
Aol 9sle] ZYA 625 umel ) AEA (625
pmelshz Eelaeit. 292 Az ¥ vz 15
7 Al e EAE AEdy, Adde A
A2 & vladlg AFakblel o) dEAde g
J=E wHAA HAFGF 6 goldhe il A=
7] (Master-size: X-350F)Z AME-31th. 10744
o2 M¥E AEELS 7 Asvl) S 2 gksi
Folk (1968)s} McBride (1971) ¢ b wat 57
A 2 FHEY Z4L 29 F Folk and Ward
(1957)2] WA o183l FAMAHSE ANEsigict

Ha = B4E A% NEE AR T yxiek gt
< 283l EEAZl £ 80 meshe) Y= AAst
At -80 mesh Y= A7 2 goll G55 Yol &
FAIZL - 70°ColM 1AIZF B9 A1gElgon, Hole
FE 713 HE A s ICP-AES (Inductively
Coulped Plasma Atomic Emission Spectrometer
Thermo Jarrell Ash Co. IRISAP)E Al, Ca, Fe,
Mg, Mn, S; Cr, Cu, Pb, Zn9 ke 2431,
AAS (Atomic Absorption Spectrometer)s ©o]-£-3}c]
Cdel 328 =439} (Fig. 2).
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Az o nE
E&EEEe] YEEY YT

el o) 2071 AHolx AFHE &
ZE 2] =B Axe] waw HHEY 2, 4

T HEARR o e 72 23%, 65%,
129%0|t}. AAFCE HAYE (mean sizey= 530E
A AEol|3l YHEFE (mean sortingis 1.48, 4
X (mean skewness)E 032, 2L HAFIE
(mean kurtosis)© 1.22= poorly sorted, very fine
skewed, lepto-kurtic 73|t} (Table 1). iy, &
A 12 27 83.1%% AHE 169%, 4F 7S 2
97.8%9+ HE 22%% Fg=ol UL, BuUEe 77t
303 2924 Agd meel, Ego] AHoR &
sty AEgol Qe el BXsp) Be BAolth
Umz] AREL 2 32%~37.3%, JE 56.9%~
82.3, FE 51%~27.1%% 3 thh ol UA
ok ook JEE I ZFEsIL vk BIEEE
450 ~7202 coarse silt, medium silt, very fine
siltel] sFEch EFzo] 9L = F e AT
Ao 7L 1~11 mB FFFHL 7.2 mo|H, =

7?__[_.

A - AEF - W

Ao wrlzzrt LMEy HEFRaeE 397 cmolth
(=HA24, 1983). sﬂxirﬁﬂ“sq 25 = 4.0~8.0°Col

W PHHerE 54°Colth. 4 HHQl A%l 4
2, 4%, 2§, dF9E 59 *J‘ 2rg-0 2 U3t ¢

rlr o

2L #2712 g RoF
uj (Folk, 1968), °15 FH H o

g S RodFy 28U FhME YiHeE
G5 BFES BAFEh dEs gAY T2

5{::1
=
Ao) YjFogRE wEE HEE Wi YA &
203 "=l positive skeweness, 2H 2032 Th

T35} negative skewenessZhy RS0 2N $A
o] diR]e} A7o] S-S BAFET) o] AHES] H
AT very fine skewnessZA negative B3-S
Jehfir, ol A7AIge] HouX] AdE7E AHY
& HoFEth FEE 3 FAoiM FdFol HwE 7}
ARy R o) ol wIAgt “H7H‘?";—’Fi/1 =
ATAGe] HFPse PAFEET T £2 lepto-
kurticol #iFEch HAdo) wE EHAHEA o% Folk
(1954)) 4kt tlolofred ¥-xo] 25 sand7} W,
silty sand7} 17H sandy silt7} 1371, silt7} 37,
mud’t ZHEAM F 59 TR HEGE HoFu)
o] & thFio] sandy siltoll =} (Fig. 3).
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Table 1. Textural parameter and particle size distribution of bottom sediments in the Youngkwang area, Korea.

Station  Depth  Temp.

particle size distribution (%)

No. (m) ©C) Mz So Sk Kg sediment type and i iy
1 1.0 52 3.0 0.93 033 1.02 fine sand 83.1 16.9 0.0
2 3.0 5.8 7.2 2.11 -0.04 1.02 very fine silt 9.9 56.9 322
3 5.0 59 7.2 2.08 0.11 0.84 very fine silt 23 612 36.5
4 5.8 52 4.8 1.50 0.44 1.77 coarse silt 27.0 64.7 6.3
5 6.1 6.2 5.1 1.55 0.53 1.48 medium silt 174 71.3 11.3
6 8.5 6.5 52 1.28 041 1.50 medium silt 109 823 6.8
7 6.8 8.0 2.9 047 0.11 1.09 fine sand 97.8 2.2 0.0
8 8.9 58 5.1 1.59 0.35 1.35 medium silt 238 68.7 75
9 9.0 58 49 1.00 0.37 1.35 coarse silt 13.9 79.0 N
10 8.1 4.8 5.7 1.88 0.28 1.01 medium silt 15.5 71.0 15.5
11 8.5 5.8 6.0 1.92 0.39 0.96 medium silt 103 72.0 177
12 7.5 4.8 5.6 1.52 0.32 1.13 medium silt 11.8 78.0 10.2
13 9.0 5.0 4.9 1.02 0.37 1.63 coarse silt 8.7 85.8 5.5
14 7.8 4.0 4.8 1.03 0.41 1.36 coarse silt 17.8 77.1 5.1
15 6.7 49 6.8 1.84 0.19 0.72 fine siit 32 69.8 270
16 6.1 5.2 6.0 1.69 0.31 0.94 medium silt 9.2 76.1 14.7
17 8.6 5.0 53 1.88 0.37 1.07 medium silt 24.7 64.1 1.2
18 74 4.0 4.5 1.28 0.32 1.51 coarse silt 37.3 57.5 5.2
19 9.5 5.6 5.2 1.59 0.27 1.29 medium silt 19.1 72.6 8.3
20 11.0 52 5.1 1.38 0.46 1.24 medium silt 18.0 73.6 8.4

Mz : Mean ®, So : Sorting, Sk : Skewness, Kg : Kurtosis
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Fig. 3. Three sediment nomenclature schemes for sand-silt-
clay mixtures (Folk, 1954).
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Jsle) BFEARL AiHo Aydo] $HaA

T 2 AMEERAEL 3o TR0 FEFe
2 E¥SIA AT (Lee ef al, 1988). o) ALEot
& BAAES Y] 8 2RolLRl By T2
Ax FaA ek RS 23T o gt 2Fol
o3k Go] & o2 HAKT} (1A 5, 1992).
TR Wells (1988)2] 17+ Aol waw 248 E9b

oF e gt

EMAEZF gl sl @A d
T AEElNe et dgEk] JelE fusR Aok
ol9]of Agte] EHEO B3 7|EY B
3 Sk ulel P49 58 Ygx AL s
o sez|e] Wal, Mys 2y HHEY oF
54, vtgolu Bz 93 A&z (winnowing
action), Zt#e] A2 v} weke] AEzkg, HAEo
S92 EA 7l wet A=z ok A7)
A AFHE 20 Ao HHE dxs Y 153 7
Al AE7F As Zggo] AR ekzke] HE (2
7} 16.9%%} 2.2%)7F ®8kso] HFYE7} 242F 3.0
9} 290% HFA4L MYA B (fine sand)o)Th. ¥b
WU GHELS HEV AhEeRr s gon
(85.8%~56.9%), WEE 5.1%~36.5%, 12]7 Rel=
2.3%~373%% HES} TGRS Fdd wet 74
HI7F 2A by HEdse 7.20~4.500]7 F
2L very fine silt~coarse silto]t}, wlela] s
oo A BHE 29 1 AR 2ol A
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7019 A AHFES 7he) FejekEel o]
HES HoFil xwt e 2R uy U Xy
T AGARD siFe] Ao Hssltia 2 F
Jot. AEE TP UA 42 A Y= 49
BH 1 HHEY A= FAu|e} el AAgA
< 2T 9 dgeR fYET e ekl 2
Holm, stz 71g 7HdAl Qe e AH 7
FHol A4 6 8 10, 12 % AES 71 2o

medium siltQIHl= A9 AFE g} deke AR
= 2oE 1 2R4EY KAl =0 A 2=

£ Hlofd AR 2o AEE HHEo] Qe
Ao, AR 3& ARG g sl Yx|stz
o] AHFete] sfigatolz AR, & a2 ¥
HE Y=e ARdun Agd 58] FA5)
AUrh. dete] SAEHARL A R s, &)
AAE, o, 2F 22 o9 B A5z
AAE B3 AR wiel B8 Yre AAF
BEE BlRtelX o] 21 Koz HojdeE
Zagtal et o2 Fdxd oz HadrE J
YA7E S7RBIAL 8- PAIEIRIRE Aol o]

Moo= "

A B2 VA @ AGEARQ =9} slxe)
A 5771 HAE 9z 2o} & 93L mx)2 3l

Aoz gz,

T

Shek

T8 4 9 FEE 9259 3
U o} 3 Fig. 4o veRfioich. By
o] 3 BX= fine sand® FAE ZPAQY A
oA 7 YA UEZ very fine siltd] H7H 2004
7 fag o] A4 vEhdu, oy AR
2k AAF A717F AL fAkeE AR 3A YAse ¢
o] A 20 vlal thh WA Jehta gl o)y
3 AJAL2 AR 271 s FHol] sk <l Fle
FEG Wol w2 Aoz YzHE Cu ¥l5-T o)
AN AR 9l =4 e Phe ThE B%E
o] vre 7o Holw e 16 AN FE o
< HAFT Cu, Phot ZIng 5459
= Fig. 40 Yehfoldl vie} 220] 4=
o] AX3h= AFE HoFw vk

o M
< P

HABW FE% FHe Avdos Jxd us}
Fee we Aoz d#A Yon (Forstner and

Wittman, 1981; Salomons and Forstner, 1984) o2}
gk A2 Tl o] AT E BEaFgct =Y
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Fig. 4. Relationship between mean size and heavy metal concentrations of bottom sediments in the Youngkwang area.

90 1.20
80
[ ]
70 1.00 ®
60 0.80 o
E 50 R? = 0.5994 £ ',0
S £ o060 R? = 0.2691
7] PY 3
30 } 0.40
20
10 e d 0.20
®
0 0.00 i
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
particle size(mean phi) particle size(mean phi)
30
[ J 80
25 o 70 :
® ®
2 _ 60
20 R® = 0.4956 R? = 0.4769
E ~ 50
g1s &
% [ ] £ 40
[&] =
10 N 30 ®
o 20 °
5 [ J
10
P o
0 . 0
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0

particle size(mean phi)

particle size{mean phi)

Fig. 5. Relationship between mean phi and element concentrations in the sediments.



FF AT Y BEEAEY] Y=ot dARE B4 201

N

5, 1994 AT 5, 1996). B GF A%
TE5 fa W R A AAdez 2
317] g8 s AEY =9 tEel dRdAE
RS 73l (Fig. 5). 2@l Uehy vke} 2o] Sr
o] A 059942 7Y £ we 7K HE 4=
AT 7P L FHYE BoFT 9oy, Cu ¥
Ine 05° 7Pk AT e e vwA gs
g FEAS HYFET CdY 7S BE A=olA 1o
v B U= 20 729 FE AYsh AEAS
0.5637% M Y= T2 FHYE RAFI 3ok
Persaud 5 (1989)2 4] A&l ofgdakg w3
T de H¥E W F55 38 dAUSE Fe 4%,
Mn 1,110 mgkg, Cu 114 mgkg, Pb 250 mg/kg,
Zn 400 mgkg, Cd 10 mgkgs A3 ¥t glom,
Forstner®} Wittman (19882 A%<l B2 Eojx 9]
Fo4 YHOZ Fe 43% Mn 760 mgkg, Cu 45
mgkg, Pb 34 mgkg, Zn 75 mgkg, Cd 04 mg/
kgs AAIHATE B AqolMe dAe) ggoe <)
T HHEY FEE 09 IR Hrkslr] {3 47
9] AEgn vwalr|Brls BygoM e $54 &
Z|Z]4* (Index of Geoaccumulation, Le,)"S AAFIA
o AR ALk o3 2ok Miiller, 1979).

>

o

L, = Log, Cn / (1.56XBn)

o714 Cne 3 94 nol g3elH, Bn EHHEo|
el 7t fae) iz & Aiele] BB g%
(Fe 17,000; Mn 300; Cu 25; Pb 90; Zn 90; Cd 2;
Ni 20; Cr 25; Co 20 (mgkg)2 9v@th. Lo5= Hi%
2ol dish AAeH Wake wele wsrolo, 23
o] g0 2 olmlE AWab) A8 BHASE
(International Association of Waterworks in the
Rhine Catchment) Water Quality Index’ (Baudo et
al., 1990)¢} Hlws] ®H®W, SHAFr7E 0 o]dlelH
‘practically unpolluted’, 0~1 ©]®H ‘unpolluted to
moderate pollution’, 1~2°]™ ‘moderately polluted’
FEolm LTI AFAE E3A 4 Frol A

£ AT A9 FHHEAR tidk 325 At
Z3E Table 200 AL FEE 2B FHA
T R AR 0 o5l g8 2o Practically
unpolluted’2A] -l &Jst FFE&0d Jeo] Qe
A& & 5 Uk o=k Mo 734 0.06~1.03 H47}
oAl AHeM et ‘unpolluted to moderate
pollution’] 3|B== PFE HAZFT glo] o)l st
Z o gk A-2rt gasi)

e

:

HME B YAls

WAFs (radioactivity)ol@h WM FH 4] 42

Table 2. Index of geoaccumulation of bottom sediments in the Youngkwang area.

Station No. Fe Mn Cr Cu Pb Zn Cd
1 -0.84 -0.21 2221 273 -2.58 -1.63 -1.92
2 -0.67 1.03 -1.31 -0.28 -1.84 -0.62 -1.27
3 -1.14 -0.73 -0.87 -0.54 -2.38 -0.72 -1.48
4 -1.02 -0.39 -2.14 -2.43 -2.79 -1.40 -1.92
5 -1.07 -0.53 -1.83 -2.14 -2.92 -1.58 -1.75
6 -0.87 -0.40 -1.67 -1.77 -3.09 -1.32 -1.75
7 -1.00 -1.07 -2.03 -2.93 -3.16 -1.87 -1.92
8 -0.83 0.27 -1.31 -2.01 -2.63 -1.03 -1.61
9 -0.88 -0.28 -1.63 -1.86 -2.31 -1.37 -1.75
10 -0.80 0.06 -1.16 -1.52 -2.56 -1.11 -1.61
11 -0.85 -0.17 -2.42 -1.47 -3.14 -0.95 -1.32
12 -0.77 0.38 -0.95 -0.37 -2.35 -0.75 -143
13 -1.06 -0.51 -2.09 -2.11 -3.20 -1.62 -1.83
14 -0.80 -0.33 -1.94 -1.96 -2.61 -1.51 -1.37
15 -0.76 035 -1.02 -0.73 -2.31 -0.82 -1.43
16 -0.80 -0.03 -0.75 -2.44 -2.02 -2.26 -1.54
17 -0.98 -0.36 -2.13 -2.58 -2.89 -1.55 -1.48
18 -1.01 -0.42 -2.11 -2.38 -2.66 -1.52 -1.92
19 -0.75 0.27 -1.09 -0.96 2.04 -0.87 -1.54
20 -1.17 -0.73 -1.53 -2.44 -3.19 -1.55 -1.54
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Fig. 6. Reationship between mean phi and radioactivities of
K-40 & Cs-137 in the sediments.

7} BHshs AAoA 92 e Ao ETH WE

= oA YA (particle) 3= FAF (photon)E
A Ci GFeEhet Bq ¢l=E) @924 vEpoRTh
B Apdde 93 9AEEd4s 9 et g F4
oz Y A9 W F5& A=k AR
o] H] HAFs2 SIAE XTHOZRE 5 cmd HAHE
1 kg®el ¥AFs ByKg-dry), B AN L9=E
AAHA 1 m® g} HAFs o2 VeIt @53
%4, 1998).

20702 oA AAdsMFe] K400 709~1053
By/Kg (3¢ 804 BgKg22 HEHUeH, IFHF
2l Cs-137°] 051~3.06 BgKg (B¢ 1.33 BygKg)
o2 A&l Cs-1372) ¥AFso] AxE w4
ol #AE vl XY A& Cs-137 (0.50~3.10
Bg/Kg)el Heldl &alx, = A7 LEHAR o
2] =Rolle} o) A W, AW, F= Sl F
& tir)d S Pl 3 FFolz} AETh HA
g2 K407 JFHFA Cs-1378 Ajsile 2
9jo] A 9450] MDA (minimum detectable
activity) ©l318 RojFa glo] WAk 2.9de] s
oA e AelEl Bozitl, dmetel A dAl=
Fig. 6914 Z=A1E vk} zho] ApAalE<] K402 4

oy

Fig. 7. Contouring map showing the distribution of Cs-137
radioactivity in the sediments.
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