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Abstract

Distribution patterns of the chemical species, contained or dissolved in the sediments
and porewater, were studied from the submarine environments around Deock-Jeok Island,
Yellow Sea. The sediments in the study area are predominantly composed of medium to
coarse sands, and consequently of very low organic carbon (0.003% - 0.26% dry weight sedi-
ments). As opposed to the strong enrichment of porewater with nutrients and heavy metals
in the ordinarily muddy, organic-rich sediments, the porewater enrichment is not intense
in this sandy, organic-poor sediments; porewater phosphate is enriched to the maximum
of only seven (average two) times over that in the bottom water. Concentrations of the
heavy metals dissolved in porewater show a bit greater enrichment than the nutrient: Zn
shows the lowest enrichment (7 times that of the bottom water) and Mn the highest (450
times that of the bottom water). However, these enrichments of the chemical species in
porewater are the natural consequences of decomposition of the organic matter in sediments,
and still fall short in the magnitude of those in the muddy, organic-rich sediments.

Mining of the sands in the study area may pose a threat to the seawater quality as it
causes a large scale porewater discharge to the bottom water. The additional supply of the
nutrients by this discharge may develop an eutrophic state and, in consequence, an excessive
nutrification of the water column. Since the residence times of the nutrients are much longer
than those of the heavy metals, a long-term monitoring of the concentration changes in
the porewater nutrients is very important to assess the potential deterioration of the seawater
associated with the sand mining in the study area.
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A7t d, AutEd A% 4% &5 ggsi, o F
AME Sde A siko g F8e Adsey 4
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Fig. 1. Study area around Deok-Jeok Island, Yellow Sea. Note two channels, Seo-Soo-Do and

Dong-Soo-Do, running northeastward across the area.
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sh8h3) A4 0 T (COD)S ZHht 2 dhshol
o) Aste] FFHEAR 25 - 50mlE 100ml2 343t
NaOH&# KMnO, $1% 1475¢ 2RET
Fol KI 8043t $4-820S Hohsho) A el S 2lE
sabsly 2L ASATIA Folgli ] Bzt
B 2EE HIEFOR W Ystel et

2a7%S A3
QY] EE TEFFAR 5mE A b am-

monium molybdate, sulphuric acid, ascorbic acid, pota-
ssium antimonyl tartrate?] EFEA S T35 AR
Yol Wbzl 3. 3 885 nmol A EABEAR Z
A3ttt (Parsons et al, 1985).

Z2F4£% (Cr, As, Cd, Pb, Cy, Hg)?l 55
T4 AR 50mlE membrane filter (pore size 0.45
m)Z o743 & APDC (Ammonium pyrrolidine dithio-
carbamate) ¢+ Acetone Nitrile 8% & o] & F&3},
#7187 E FHAT F FHES 2N FHO R diges-
tion A1#A 5 ml AEE FEAZ U8 A=A &

I

v} A=k ¥4 7] (VG ICP-Emission Spectrophotome-
ten® ZA3ATH (°l, 1991).

HAEY frleag F 24083 CNS (Carlo Erba
NA-1500) %41 7] 2 Verardo et al. (1990)¢] ¥H-& wha}
24 Ade 249 AH 16, 17, 1894 Al
#2 H45 AaAF7 Brhsste fr1esad 24
2 % FHo] B A

3. Znt 3 nE

3.1 B2 2=

ZAHY 23 HHE-E W5F medium sand (1 -
2 phi)7t 70% ©1°¢ 90%° 717 ol2e ¢ =i
A4 BHo F31 300 (Fig 2). eyt 34 87 10
M cjdog U L HEA EHEo| 43811,
A7 159014 coarse sand, very coarse sand, A} &%
o] 293 HAEFo] Fa T4, Al HA 16, 17,
18l E A 2% A7z A ok Wl
15,16,17, 18 &2 HHE ] ¥ X+ o] A H S BE3t
Qe ke W Aoz AgdEd (Fig 1),
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Fig. 2. Mean grain size distribution of the sediments

from the stations.
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Fig. 3. Correlations between the mean grain size and
the total nitrogen content (Fig. 3a) and the
organic carbon content (Fig. 3b) in the sedi-
ments from the stations.
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Table 1. Sediment and porewater chemistry data
OrgC  TotalN Phosph.  COD Cr Mn Co Ni Cu In Cd Ph
(%dry wt)(%dry wt) M) (ppm)  (ppb)  (ppb)  (ppb)  (ppk)  (pp®)  (pph)  (pph)  (pph)
1 0.0218 0.0000 559 2.88 2249 7.22 1.36 3046 128.75 121.05 10.09 6757
2 0.0271 0.0069 0.59 3.26 23.38 4.82 0.73 21.21 7381 7109 1435 3330
3 00406 0.0095 096 284 2271 664 082 2925 11569 9024 935 3831
4 00192 00108 0.78 247 2240 476 098 1901 6646 9593 910 4138
5 0.0255 0.0110 0.78 320 3858 12.70 1.70 26.14 107.00 101.15 927 4298
6 0.0456 0.0171 3.56 1.80 19.16 6.15 0.52 11.96 46.66 8234 6.09 1940
7 0.1289 00136 0.78 207 2906 1197 242 2195 7721 10790 378 3175
8 02618 00493 448 3194 1381 362 19.76 10081 6724 307 4154
9 0.0029 0.0019 170 3.00 27.08 5.83 0.81 2799 6929 11464 1548 31.78
10 0.1819 0.0290 1.15 4.86 48.58 5.69 1.73 19.53 6098  90.88 476 4692
11 0.0140 0.0000 0.78 2.76 26.32 843 2.09 18.02 7094  87.37 424 28.06
12 0.0165 0.0050 041 1.92 23.83 4.11 0.19 15.02 5596  81.27 858  24.73
13 0.0183 00042 0.59 336 2715 434 016 1313 50.01 8087 500 24.62
14 0.0145 0.0068 1.15 364 2091 286 016 1226 50.13 6991 531 2051
15 0.0071 0.0029 041 3.87 38.64 5.97 0.05 12.04 7252 12851 491 27.21
16 0.96 2.00
17 0.22 1.76
18 1.33 2.64
19  0.0135 0.0103 0.59 2.04 2511 4.71 0.20 2829 10809 66.03 871 39.14
20 0.0167 0.0000 341 28.19 3.58 0.15 11.56 4494 6532 510 2387
mean 0.0503 00104 141 269 2797 6.68 1.04 1984 7643 8951 748 3430
bottom 0.80 1.73 0.18 0015 0008 0.50 092 1435 009 0.80
water

A #7180 AHAEHE Bl JA4 FFEo (Hu-
nter, 1980 ; Kitano et al, 1980). ¥ H&E Al&9
AT #7158 FF RAAAE )42 42
2 wrgd skt (Fig. 3% Fig 4).

By Aigeke] AE F71A4Y ol oy
Aie] ek {rlAre FFS TFHS F
Agolty, HAE EAge F7Idi9
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28385 S 28T 4 Yt (Reimers and Suess,
1983). L3y FALFF A8} A=PEMARE
ABAZl 2P o] (Fig 3a) f71842] a3
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37 2ol frlethgant FALTF F3Te
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AL 3reke) o8] AAE} (Froelich et al, 1979; Ber-
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Fig. 4. The total nitrogen content (Fig. 4a) and the
organic carbon content (Fig. 4b) in the sedi-

ments from the stations.
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Fig. 5. Correlation between the contents of the total
nitrogen and organic carbon in the sediments

from the stations.

-H8-d

ner, 1977 : Westrich and Berner, 1984). ¥ & &of
JA =) B4e Y% TEHE]"? Fo1Ede 2
Ago ézﬂﬁﬁi 2E A EAES (YUY, TH 5
%) Aoz HAE U g2 YR o
A ALE R H BT o] f71ETF) e Hg H
71EE ]l & A vF FFPY £ gk
9 Fxvt ARA o7 Yo (Sholkovitz, 1973).
AL A 2,7, 98 AT ZE HHAAM 2uM
oj3te] FEEXE Holx St} (Fig. 6). olEL ¥
< 22 2AAYY rF {*&0\5 B L 0.80uM
Hohe & gtolvh ey & 4oiA] S ite o)
@ista Ud ¥ JEF fAZo] Exde RPEY
Ao M ] FIrE AN rEe udg o o
R ke Zrelth (Henrichs and Farrington, 1984). o &
ol FF8ld 9 & AGNA 5349 e Hu
500uMell ©] &t} (Suess et al, 1982). & A} yA% A
Ed HA 5] BE3AY 559 ddgade ¢
of d=tslrot € A EFEE g2 hemipela-
gicdt B9 FHFoME AdFe] Fr Hul 40

puMell ©]#t} (Han and Suess, 1989).
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Fig. 6. Distribution of porewater phosphate in the

stations.
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a5 ERFE ANY LAAER SRS BE

ok olel 22 QA ARG FAFoz A3
4o Fesk A AFEL (2,7, 9 EEoH, §3]
el A HPENA 4B F SMHUYE Aoz Al
o} whebA], AA FEaY AAdEe weE A 3R
2,7,9 @5 BHAU 2 o] 3L AR Ardn

e, o]9he FE¢ AlRHEY Ao AT
QY TR Y AP E BT AUE TR
7t dukH oz EAHEW C/N @& HHAE dad
Ag B Eohal B F o (Fig. 7a). F712E307}
Ao ghiof uja] ojuf AAsgHEo] Fiae
2wy Baddh ge & ON %k—‘" 7189
Eajjzgo] JiFoz gol JHHJSE 2v]girh
28 B2 Fig 7a oA B& uke} #o] C/N %l—J ZF 7l
o} SIAtY Few Auizrlo s Zrisle #A7) 9
mshe vhe A0 FEAE AHE A FE
wrvliie] Aot QP8 FRTHE 2g A4
s

S8, ON &3 frleag@ste) s dunge
2 s 43S nel 71 It (Fig 8). ol AL
g Foize @A s §71ge Bag
go2 ArA ol M3 ¥z Fald 2H C/N
go] wotdth stoigt= C/N ol ®obAl7] 742 &
o) BeAEE JHE AEHYL Aolne 9
A free B Yaselor ¢ el e
olct. Zeitel & BT O/N &% #7184 ko)
S RE K je e S8} S EEE
Tahe A9e ouiackn ¥ & Aok wEAA #
7]1&0] (refractory organic matter) U+ B X3}
AAYE o Y F=d FUIdL o] v
2l F#AA7} (Fig. 7b) A% E 4 Urh

w

4. 33U COD s
T35 38 A TFHL 15 -5ppm-°»] W
o F3 9tk (Fig. 9). olRAL& 35y #A7E
Hgdhd 37 olatel AFFolty. 2y, oA
AnAY e FEAVES FEWE dol FHD‘E]
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0 9o o j

Phosphate(uM)

Phosphate (uM)

(a

o] 2 4 6 8 10

(b)

0 T T
0.00 0.10 0.20 0.30

Organic Carbon(% dry wt)

. 7. Correlations between porewater phosphate

and the C/N ratio (Fig. 7a) and the organic
carbon content (Fig. 7b).
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Fig. 9. Distribution of porewater COD in the stations.
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o Holx frIdd §Fo] 4BH S8k FFl
05 % ©1A) 3388 AL 7%y Andd 43
AL BAF1 gt} (Fig. 10). #71€x: 3ol 0.05
% ugte g uEg EAse Aede iy 4L
T} ol AABA} ¢S HAET (Fig 10).
tr}aw, B ARG o] fr)ekrake] ww 3
AGol e F7igks g3ko] COD ZA ol
3 QAL AALRTE o) AL olulE {7 e A
ghekol A8 A dad T 91811 COD7F 23 7]
Boe {7180 of® FF9 KUIEY wt
COD7} 244 74sAo] USE AlAtgL

8}1

[‘

35 334U 3% STET S4

AL B A E ol Ado e FE45 2 F
FEAEY FEgel dwtdor HAZES BT
(Sholkovitz, 1978 ; Jones and Jordon, 1979). 4=
AHAE H B o] A% R Rl @it dutrhet gl
AER NG HS, EFHAHES %%—? TE9
RG2d 32t UEY HAHE JEdE
FH A9 FRgE Ru 824
Z% 3, 1991).

ZEHE FFA 780 FEA FFEA
ZAso] AASEA wE Frg HIHe S
=1t} (Turekian, 1977 + Sholkovitz, 1978 ; Balistoero
and Murray, 1983). Webr, B &g {7182 ol
gowl FE49 FHE 2ol An] {718
Z7lslE 34 FFE JHog S VM
gy {718 g

gako] ¥l silty-mud$t

SAE 2

o

o

3teko)

L A

MJ%

T A 85 10914 Cr, Mn, Co, Ph5 9 555 IFHFL
v A vehd uiA &0 & ok (Table 1 3
Fig. 11).

a8y o] F A 83 10914 Zn, Cd, Ni, Cu 592
FRE A ¥ AL B o f1E FF & T
T& o] dwrHog FAAHE AL ofd HE
Hozrh o]5 W 94E 247} Groupllb (Zn3t Cd)%t

HolgdAol A AlG (Niz} Cuyell F3ldon, siFAA
Jokgd ot v FARE a2 AFHABA (remobiliza-
tion) WEZ ARAEH o] AHH o F UdHA
o)t} (Bruland, 1983). 53], Cd$} Nit ®5 sl
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Fig. 11. Distributions of porewater heavy metals in
the sediments from the stations.
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FHo] T v FEH e AL F A QY
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Fig. 12. A potential zone of polluted seawater by
sand-mining activities as the functions of the
volume of porewater discharged by the acti-
vities, the distance from the mining site, ele-
mental concentrations of interest, and the
permissible pollution factor p. The y axis,
d, is the lateral distance from a pollution
source, i.e., a sand-mining location. The x
axis, Vp, is the volume of porewater dischar-
ged by sand-mining activities. The areas be-
low the lines 1 and 2 represent the zones
of polluted seawater with respect to the ele-

memts i and j, respectively.
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