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Syl AdF FAY F - 77 929 AFE oldlEr] Y3 AT FE] AP FxAAAN ANdEE
At & 6719 olmad Fw Fzd A HAE 3F SWI1&2(anoxic, silty mud), SW3&4(anoxic, mud),
SW5&6(suboxic, mud)@ 52 EY 3F FW1&2(8 ¥7] E3h), FW3&4 E7] A|9)), FW5&6(7H 5], ¥ £
7] ANE AL F LIEA(FY, Hl&, Ft=E, ZE, 9, £, Glucose+Glutamic acid)e] FHE NSt Fr-E
747k SW 2 FW o] Y3, 23] ZA 4%4 2 EF HIE/ESS AF - B £4 A5 Fwe
SW 455 F 2 029 & 24 700~800 uM, 2~ 5 uME FWellA §A3] 4, <latd ol2e] ¥=
= 24z 3~4uM, 1~2 uM(SW1 A )HE FWollA <zt g9kt SolaiA] SWIA M o] 2-2 AJ7ke] Aol
wet = 4 uMell o2& ¥ FEE /A 89, B3 HYE/EY T ol Al = FW1&30A 3
T 2.5X10°cells/g dry sediment® 2 SWE] H 3.0X10%cells/g dry sediment BT} ¢F 10817} &=3UTh FW5 EY
Z dhelgo}l AE $(3.5X10%cells/g dry sedimentys SW HAHE & 39 FA8IGTH SW H4E 5 MUF-
Phosphate 4% 100-200 nM/ml/hro] A ¥ FW5&6& #1215 FW EA = ¢F 2,000 nM/mlhrZ @A 3] ZA|
YeRtt). B-D-Cellobiose, o-D-Glucose, 28|32 B-D-Glucose®] BAE F3F FW HEENA 2 k2 Eirh 23u)
FW5&6 EF § 2845 E SW EF B i3 AR £& 4S5 F Cy, Cd, As = BE FW, SW F
ZollA] Alde] Agell Wt G A AT, AASEE Cwt OE 94 vjE Bt} AAHEES FW 370
% % FWS&60IA Al 94 2% 718 w83, SW 37l 5% 24 swig2dlA] 718 wsith. swek Fwzk Al A
&5 Aole Al 94 B 98 49t Crd FWollA AWk oz 244sle AES BIAT SWollAME AF 7))
ZHAslct 24X)7) o] FellE 271 3 dA S PAS BT PbS FWollA] Aukg o s 7HAfx| T SWolME &7)d F
A3 F7t T oA F43] gasle S 2T Po B3 Cu, Cd, Asdl TETIRAIE SW1&200A AAGES 71
wEA et FW 335 2 Hge Al weh §43] AP, AASGEE FW5&6014 73 =3t olgg 2
o] A o) 7 A=A AL o) &3AG F71Ee] BHE FW1&2, FW3&4 BN A& e f718Y &9 &
Fo| FLEUAIT, B/t AR ghs FW5&63F SW oM E #7180 A3 oz APH {7189 Eagsa] F
A& AL E AEt I, £20 JYFHOE F7182 FIRE AS dHEo) AEg SWIGA 164417 B9 4]
7 sl5o SW3s} SWadlAle zhz 278, 1.5v] Z8lal FW1&3&58) 739 Zkzt < 2d), 1.740, 0.68) A=gt =7}
331t Cu, Cd, AsT % 714 9459 A7) 0 F= 7H4 281 o)E d4Hg T 55 24 £571 &
7o) A& FW5&60IA Aoz malA vehd 23 58 o8 FEE°] FF 44 BH9 frles 2% - 24
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Organic and inorganic characteristics including bacterial cell number, enzyme activity, nutrients, and heavy
metals have been monitored in twelve acrylic experimental tanks for two weeks to estimate and compare self-
purification capacities in two Korean wet-land environments, tidal flat and rice field, which are possibly dif-
ferent with the environments in other countries because of their own climatic conditions. FW tanks, filled with
rice field soils and fresh water, consist of FW1&2 (with paddy), FW3&4 (without paddy), and FW5&6 (newly
reclaimed, without paddy). SW tanks, filled with tidal flat sediments and salt water, are SW1&2 (with anoxic
silty mud), SW3&4 (anoxic mud), and SW5&6 (suboxic mud). Contaminated solution, which is formulated
with the salts of Cu, Cd, As, Cr, Pb, Hg, and glucose+glutamic acid, was spiked into the supernatent waters
in the tanks. Nitrate concentrations in supernatent waters as well as bacterial cell numbers and enzyme activities
of soils in the FW tanks (except FW5&6) are clearly higher than those in the SW tanks. Phosphate con-
centrations in the SW1 tank increase highly with time compared to those in the other SW tanks. Removal rates
of Cu, Cd, and As in supernatent waters of the FW5&6 tanks are most slow in the FW tanks, while the rates
in SW1&2 are most fast in the SW tanks. The rate for Pb in the SW1&2 tanks is most fast in the SW tanks,
and the rate for Hg in the FW5&6 tanks is most slow in the FW tanks. Cr concentrations decrease generally
with time in the FW tanks. In the SW tanks, however, the Cr concentrations decrease rapidly at first, then
increase, and then remain nearly constant. These results imply that labile organic materials are depleted in the
FW5&6 tanks compared to the FW1&2 and FW3&4 tanks. Removal of Cu, Cd, As from the supernatent waters

_as well as slow removal rates of the elements (including Hg) are likely due to the combining of the elements
with organic ligands on the suspended particles and subsequent removal to the bottom sediments. Fast removal
rates of the metal ions (Cu, Cd, As) and rapid increase of phosphate:concentrations in the SW1&2 tanks are
possibly due to the relatively porous anoxic sediments in the SW1&2 tanks compared to those in the SW3&4
tanks, efficient supply of phosphate and hydrogen sulfide ions in pore waters to the upper water body, com-
plexing of the metal ions with the sulfide ions, and subsequent removal to the bottom sediments. Organic mate-
rials on the particles and sulfide ions from the pore waters are the major factors constraining the behaviors of
organic/inorganic elements in the supernatent waters of the experimental tanks. This study needs more con-
sideration on more diverse organic and inorganic elements and experimental conditions such as tidal action,
temperature variation, activities of benthic animals, etc.
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Costanza $(1997)2 A A 72 AEAIE 16 72 HEZA
(biomes)E E-F313L, ZHz}oll ths) 17 F7-<] AB)7]5 (ecosystem

Hojgth a2y 2 A vy AAAL 5o o g g
So] o&& AZIsIAIL(e], 1998; <+ A, 1999), AE w]FH&
A&z od, AvF 23X 53 QAES FHA Aoz B
PN stk Ad WP w2 EA49 A7le AE g
AR 2R 2 FY &1 AF, 2 A4, w3 A 5l
v)3)] mjge] RALGFAE AR 714, A Aslkge] &4,
AmAE 7% A o] A F Aol A HiEE T
ATk F2 S vige EHe F2 F3A Y gFH AN, 9
23 WA ol Ads =9 AFAA 7px]] vlme] #wE A
T7F AA SR 98] U AxE $3% vl dukel, 1998). ©]
Ao Ade aHE Ak, AR 7F, AT, AVE
N5 5 ) FES FrReIEs, =9 diside w8 Bt
sttt 8, 1990 FRRE =9 ¥ 2 334 7T, &

servicey2 AAZINE k- BAE ¥f Qi) o] dFAIdE A
A7) AEE 718 Zzsted 88 A7 52, =3 Y
o] AAH N E vlwske 24 AS7 g 28y o] e
o7 A7 AFE FEI Aol wEo] 4F AulA F5EE 7
zve] AAAE 7HA 2 B3k ghel Wt wie 23, wEA] A
9 W o= e FHelupoll we} =3 A AR vl of
3 ¥ A3t A 225Hd £ J BAE] Aot HE, A
o] AR Hrtol YoM ez Al F3eEe o] IA ¥
22 Yok U} A tig AAA FrkE fEiME o
3 A Asksgol it &5 A5 AREL A= (0], 1998),
78 1ha7t 21.7 kg9 BODel 333l 78S AAY =
137 o3 f718 B PEd AATEE BAH A= &
Fe 5= ITH(Odum, 1989). 2&u} o] FX& W= o}Ed] E%
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) (tidal marsh)Id F58 gol 2, Webd] Lriedelw el 1l
okt S A8 B 2RASE Hew) olele Be
= 22H0 =3 A0 47152 AAY B o 3%
G938 FHAA SHE Qom, 28 FHE) Y=, 4718
5 270 W 2 §2A5Ho) @A e dagn
ST 89 AREEL F/E M Odum(1989)°] 78
g oYz Aest A $APY Ros gaEc 2t
Ao Suole A B =9 A5E Bkl B A
o @77t 33 mlekela, BA B2 AL 098 35
2 %710l ek 8 1) AR A7 IS Wolehst A, 1999).

B A7E Sele A8 A5 Be 338 Brhlw
A7E 98 SLe AF BE= sx glor], YH A7 §
He APae] AN ABE 24 2 AP T3 A8H 5

x| HAZOIA 4 77] B9 Az HE ASE Tefale Zolrt.
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=g ol g A2HE $2(25X20X 50 cm)E A Al 42
F, gk FHE o4 - AHT A FHIHEH T4 EYS I
BEA] FEE ZAFEA F2of AP AL s A=
83 TR vlojate] f-Fet 7k o R wE Z4zZ ) £ 6
Z79 BAE/EY NEIF AY - YHHATKTable 1). AE £
2 etslr] ¢3¢ TR AR ] 209 FER7F AFEH
A3, WA F 1209 oA Ao FAFEAT 7 x4
£ 20cm Eol7t HESE siearrt AYAL, £ #5204
Aoz WIAA ST AL TFE 983 ) 9% 2o
2 £x A A% A(fan)S 2& - 7FRAAT AW 20 A
A7 e A 9t 5 HERAA AAFHRL, A £
o AYR e 4 EYe) AFHE FX MM AHADAD. s/
vt AR 4 FRdE FF5 438 357y 5285
(CuCl, - 2H,0, CdCl; - 5/2H,0, NaHAsO, - 7TH,0)7 F71E (glucose,
glutamic acid)°] Y= ATt

¢ 2 FE F GUE EAE (nitrate), oFZ A (nitrite), 91
4] (phosphate)# 234 (Cu, Cd, As, Cr, Pb, Hg)9 % W3}
£ Fetaty] A3 149 Bk & 839 AHelA A7) £ =
T AL o)§ - AASHE olek A FAPIE A

Table 1. Characteristics of six kinds of experimental tanks filled with
salt and fresh waters and sediments/soils from tidal flat and rice field.
The tank, made of transparent acrylic plates, has rectangular shape
and 25 X 20 X 50 cm size. Small electric fans are attached on the top
of each tank to promote oxygen input into tank water.

Physical/chemical condition of sedi-

Filling materials of

Tank No. the tank ments in the sampling site

FWi1&2 rice-field soil rice-field with paddy

FW3&4 rice-field soil rice-field without paddy

FW5&6 rice-field soil land reclaimed rice-field without paddy
SW1&2  tidal flat sediment  anoxic sandy mud

SW3&4  tidal flat sediment  anoxic fine mud

SW5&6 tidal flat sediment  suboxic very fine mud

¥A9) B2(O0~2cm) HAB/ES AEBE At weleio} Al
FFE BHSGTE AR AF AL 20 4F5E AL 54
07D, 3, 6, 12, 2417}, 22T 3, 7, 14U ¥ ol3ich. AEH 5
A FABEF] 2, pH, 4718 BF, F KEQN T, 2 2
& ¥, 23 54 AR 5L T NEE 2~4om BHHLE
AAS F 2 gole] HABEF NEE B3] FBEU

24 uhy

FHol Fold dxe wWA AEE FAT F 2mmAE FHA
7|3 HydrometerS ©|-4 - 2 =9t} pHe F7438 A8 10 gol
ZH 25mlE 718l 1A7E o4 F8A1Z] T Fisher 3]At]
A AAE pH meterE ©4 - ZFHAS. 718 32 T4
ANEE 05 mmAE EF3AT F KCn0r 7181 47182 4
A7) 2 P& Cr& Ferrous ammonium sulfate® & 333 2+
sttt S8 2k & A2E 22} Lancaster?} Kjeldahl HHE.0
2 A 3AHGrasshoff et al., 1983).

B4 GHES i Balg 292 5] dA Ak TR Al
B2 717} 15 @5 % 1.0 02umol] 437 - a9 34 5 mist
&8s & 200 w9 1 mM MUF(Methyl umbelli ferryl) phosphate
(Sigmays F713IA T} ©] AIZE 37°CellA 1A7F B2t vkt &
50 ml9 glycine buffer(1 M, pH 10)Z 75t P32 @slA 3
3 A4¥EE Y. ol F 45SE §3F=A(Ex: 360 nm,
Em: 448 nm)E o] &3l AAE MUFE A %3}5L phosphate
3&-S F315itHHoppe, 1983). ©]¢k T3 APH o= B-D-glucose,
o-D-glucose 22| 3L B-D-cellobiose E8l-&% 274 519=0l, MUF-
B-D-glucose, MUF-0-D-glucose, MUF-B-cellobiose7} 22 712
2 AMEEHAH :

HAE BA4E 3 AA 2 ASTE 0.2 um QR 2 A3
&, 02 um 3R]0 oJxE TRl gAE o] ofs} A=
o} B33t oF 3.5% T2UY 48 HEUT AFHE EF H
HEEFS 77 viald] B, 9710 35% TE2IY 49 11 miE
7¥ek ¥ 2 mi& #31aL, 9719 0.8% NaCl 8948 718l H%F 5ml
2 TSk &3 £47] (Branson, VCX 400)9} Y4AIEE7]E o]
23 o] 5ml §dA MAES F2 - 5 F FF oA
(Zeiss, Axiophot)e A}-8-3l DAPI(4, 6-diamino-2-phenylin-
dole)Z FAE vlgE]o}E A&tk (Porter and Feig, 1980;
Epstein and Rossel, 1995). 3HH, dFH & -‘ﬂd\_‘ﬁi 243) 84
g & Alliance SAMIA A FE 25 FFAR2472 2455

FEE5 24E% A8 WA 2 A 15mE AR - d3s}
At JHE AEE pH7t 7 H=E 2EE F JF3] 43
o] ICP-AES(Shimadzu, ICPS1000-IIHE £4]3}ch o2 45
2 8d AFE 5~200Z 343 & ICP-MS(VG, PQ3)E £4
1=

2 7

WD X EEB/mo] YuHH BN

A8z 57 JAZEFS) QuE B9 sieks] 9l 4=,
pH, #7158 9, 18 Q4 7213 & P2 5& EHSTHTble 2).
SW1, SW3, SW5 #&) A8E HAEF md BFe 2z
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Table 2. General characteristics of sediment/soils (grain size, pH, organic matter, T-P, T-N, CI", K*, Na*, Ca*, Mg, electric conductivity) in the

experimental tanks.

Stati Depth granulometric composition (%) organic T-P Cl- Positive ions (me/L) Conductivity T-N
tation

. (cm)  gand  silt  clay matter (ppm) (me/L) K Na  Ca. Mg (mmhos/cm) (ppm)
SW1&2 4 73 17 8 80 091 225 492 93 3704 102 318 44.5 384.3
SW1&2 8 73 19 8 84 086 224 404 75 3146 73 235 36.4 337.1
SW1&2 12 74 18 8 80 08 197 396 7.1 3098 82 249 35.7 396.0
'§Wi&2 16 70 22 8 79 100 222 348 65 2821 73 208 31.8 370.4
SWi1&2 20 70 21 9 78 100 204 328 56 2542 81 194 29.3 456.9
SW3&4 4 34 50 16 80 237 227 464 70 3505 68 266 40.3 1382.0
SW3&4 8 46 42 12 82 172 196 356 67 286 67 203 39.3 670.2
SW3&4 12 50 38 12 82 136 139 436 78 3422 95 268 324 663.2
SW3&4 16 49 39 12 82 152 117 372 76 2973 69 210 33.9 571.8
SW3&4 20 52 39 9 81 141 123 340 69 2816 62 192 31.4 693.8
SW5&6 4 16 72 12 81 086 230 512 100 3909 105 292 45.7 530.8
SW5&6 8 18 70 12 81 081 205 452 92 3713 98 264 41.1 611.3
sWs&6 12 17 71 12 81 116 222 476 87 3623 96 281 423 550.5
SW5&6 16 19 69 12 79 08 194 512 98 3824 101 304 45.4 508.1
SW5&6 20 16 70 14 g1 081 210 560 104 4540 127 323 474 4782
FW1&2 4 31 57 12 86 364 1592 4 09 33 3.0 12 1.3 2010.7
&3I%&A , :

FW1:4 8 32 56 12 86 394 1629 4 09 27 27 1.0 12 1799.6
FW1-4 12 35 53 12 86 323 1636 4 06 24 24 1.0 1.1 1917.4
FWl1-4 16 36 52 12 85 313 12938 5 07 27 27 1.1 1.3 1632.9
FW14 20 36 52 12 85 313 1298 5 07 27 27 1.1 1.3 1632.9
FW3&6 4 19 73 8 81 035 127 136 41 1105 125 148 15.6 221.3
FWS{?;:S 8 19 73 8 80 051 150 83 17 658 6.1 53 9.1 431
FW5&6 12 14 74 12 84 091 87 124 32 1071 52 8.7 13.4 375.5
FW3&6 16 22 67 11 83 106 136 158 53 1436 38 8.3 16.6 355.0
FW3%&6 20 13 75 12 83  1.06 72 190 68 1699 45 102 20.0 4429
70~75%, 34~52%, 16~19%°]3, AE FF 717} 17~22%, BiE2joF MZ = W 4 4T

38~50%, 69~72%ZA SW3, SW50] HIs] SW1 & 20| A
Aoz YUtk YHE F pHE SWINA 7.8~84, SWi
A 8.0~82, SW5IA 7.9~8.12 hRE FARSHA UElRt &
7% Fe SW3 HHEOA 136523792 5 WE, SWI,
SW5elAE 0.81~1.16%2 WA Uefdtt. F A4 F= SW1SF
370~457 ppm)el A ] gko] SW3(572% 1,382 ppm), SW5(478~
694 ppmyl A1 8] Zhol wis) wigtch, g4 FoleL SW HAE
A4e) F6] Fwellxel gkl vls] BA3] w3dh. 08 T5A
FW5 EQHIM = geo] 9A13] A HA] ool 423 Fx9 &
ool AZHT. T, FWizh FW3 EFL 5 AQol|A
A Aoz FNe AFaisith. FWIH FWS 0] AH-E
2 Sere 27 31~36%, 13~22%, HE TFHE 52~57%, 67
~75%% Ak o2 FW1 EYo] 23 Uebdth FW1 E¥
o] pHE 8.5~8.628 Ao Mg grct 31, Eqkd] Zlojd m
2 oJulgiE Wiy Stk W FW5 B pHE 8.0~84%
SW HAE @3 FASAT 4718 $F, HE A 1T &
Axe FEE FWIdlA Z+zh 3.13~3.94%, 129.8~163.6 ppm,
1,633~2,011 ppmBI YT FW5ol= 242k 0.35~ 1.06%, 7.2~ 15.0
ppm, 42~443 ppie.E Jeh} o]E A$Ee] FW5dl B8] FWl1
BN @A ERSS & 5 Uk

F7189 B4e 245 S8 A TR BHEES F
Hgol ME 48 AFstz, 2EA §718 Else ANsE
MUF-Phosphate, B-D-Cellobiose, 0-D-Glucose, 223 B-D-Glu-
cose 5 AE o A5 BE A3 TH(Tables 3,4). FW14
FW3old HRE 1 g3 uelgoly] 2718 A% JF) A% 4
E 27 2.1X10° 2 2.9X19° cells/g dry sediment©] L, °l& T
EA2] FW5(3.5% 10%) 2 A8 EHE(SWI, 4.00X 108; SW3, 1.7
X108; SWS5, 3.4X10%0l4] Bt} ¥-2 ko] tH(Table 3, Fig. 1).
420 glucose$} glutamic acid® F7H ¥ vehte dhe|go}
HE 58] A7PE Wshe SWIdA Z7hgo] 3] FEEAA 1}
Bttt = SWIGIA 168X 771K & 4ulje} NI E 5 S7HE Bl
ubE SW3F SW5ell A& zkzh 2,78 2 1.54), 283 FW1, FW3,
Fwse) 73 zhzh oF oull, 1740, 0.68] =] Z7tel 23T},

AgoA ¢l Eafo] #HE MUF-Phosphate 4= SWI,
SW31A) 22k 128.4~275.1 nM/mi/hr, 37.9~161.4 nM/mU/hr=A]
SW1 HHE 5 @4 =7} AwkE o g EQtH(Table 4). ©] 49
BT FWIYA 1,380~%;840 nM/ml/hre} A E ¥l wHhd
FW3ol M= 7 EZE7} v)$3 52.9~367.7 nM/ml/hr2 e}
wrh A ¥4 2RelA H3 BT ke Fo] AR 2em
olol|A] VFERgTE. B Balo} #-E B-D-Cellobiose, o-D-Glucose
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Table 3. Bacterial cell numbers (cells/g dry sediment) in surface sediment/soils of the experimental tanks.

Time (hour) SW1 SW3 SW5 Fw1 FW3 FW5

0 4.0E+08 1.7E+08 3.4E+08 2.1E+09 2.9E+09 3.5E+08

3 7.1E+08 2.3E+08 3.1E+08 5.2E+09 2.6E+09 2.3E+08

6 2.6E+08 1.8E+08 2.1E+08 2.0E+09 1.5E+09 1.8E+08

12 8.1E+08 1.1E+08 5.8E+08 4.5E+09 2.0E+09 2.9E+08

24 6.1E+08 2.5E+08 3.5E+08 3.8E+09 2.6E+09 2.9E+08

72 9.7E+08 2.1E+08 6.4E+08 4.2E+09 3.0E+09 3.0E+08

168 1.7E+09 4.6E+08 4.9E+08 4.5E+09 5.1E+09 2.3E+08

Bacterial cell numbers in surface sediments of rice-field
10’16 )

CELL NUMBER, cells/g dry sediment

108 T
0 100 200
TIME, hr

[ o= Fw1)) —O— FW3) —w— (Fws) |

Bacterial céll numbers in surface sediments of tidal fiat
1010 =

10°

CELL NUMBER, cells/g dry sediment

0 100 200
TIME, hr

I —— (SW1) —O— (SW3) —w— (SW5)

Fig. 1. Variation of bacterial cell numbers in surface sediment/soils of the
experimental tanks with time.

2|3 B-D-Glucose?] Y= EX é}ﬂ MUE-Phosphates} -#-A}
3 BEEGS BT SW1 SR o]F Al Eho] BHEE 42}
3.8~16.9 nM/ml/hr, 6.6~ 55.3 nM/ml/hr, 22.2~ 104.9 nM/mUhr, SW3
A& 2.1~22.4 nM/ml/hr, 32~ 312 nM/mlfhr, 17.1~78.2 nM/mlbr
o|Ath FW1 oA o]& A &4 E4=E= 747 2776~
871.3nM/mlthr, 134.0~394.1 nM/ml/hr, 663.9~ 1332.1 nM/ml/hr,
FW3ell A& 4:7~21.5 nM/ml/hr, 5.9~ 56.7 nM/ml/hr, 28] 7 12.8
~97.9 nM/mVHEE VERTE. FW1elA 9] ¢ 2 gk 2ajo)

H g4 BT BE SW 2 D o8} FW SR04y hol
Hla) &) Uelsth ol2d Aae A 5(1998)2] AT dxtel &
ol7}t gle ALE, duHF oz FRle] g4 BAo] A Hst

o S~ o] 2 R i,

(Table 5, Figs. 2, 3, 4). FW 4355 22 ole9) =& o
2 800 uM©] Z; Al7ke] e f-o]3 Wshe Bolx| WgttHFig. 2).
©x) A 2719 750 uMeA 800 uME. ok 50 uMel F7HE
o= Yeigrt oleld & Wl X TR wek E Aolrt
NI, SW 5 T= HISIAE ¢ F2 gholth(Figs. 2, 3). SW
% ANE 0)&9] TR 2719 9 15~20 uMe]A T, A|7ke] A
ol whe} Zhasted oF 12 uMell o|EHth(Fig. 3). SW 3 79
Fz7 B BT Xjolg BAs)E oHAt. sW F FAY
o) 9] Fwst A7kl Wt 7AdHE AL FRAUAT A
@ AL Fwol Hla) AT 39, oldid oled] B
FWolA 4~6 UM I3 (Fig. 4), A2l weh S718ke 38
HAth SWE o124 o]2e] B o 1~2 pME A7kl
2 7 FobsAL e A9 99T AT v

41 o)) TEE FWoIA 3~4 uMel R, Al7te] nje of
7+ F7Vete AFE BATHFg 2). 48 27)0lE F71E0] ]
A ZA| A7) Aol we 271Eo] (AT FH E
o HHANE Aol7t BAsle] B3] A EWS&EN S=
717} wlekatith. S, SW3&E, SWS&6EOIA ke o] o)
EE AR § MR U9k, Azl mEME 2 W3E B
oA gkoh(Fig. 3). T} SW1&29lME BE7F F53e] 200
A7+ FolE 50 Mol o123t}

[.9]
S o

S
o
off

off off Fu K

Z22(Cu, Cd, As, Cr, Pb)

27 fze] WEE] Cu, Cd, As §9E FYT F A7) whe
AE5E F49 R AsE AT, Co P RIS
37 248G TH(Table 6). Cu= AE} 54 BEo|A A7ke] 7]
el met 2 FFgollA FHlo] AASIATHTable 6, Fig. 5).
SW1&2014 %7 Cu ¥%9! 574 ppbell ¥)8) A& 147 B9 2+
F3 THE 88~94%0|AL, 24 AT+ T 67%= FH3] A
AR oH, 3 Fole Ao} BF AA=UTE W SW3k4, SW5&6
z9) Ao 32 FHE 20~40%2] Curt ARSI FW 5
ZoE Cusl 27] 57} 538 ppb= AEF HSSATh AA &

i
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Table 4. Enzyme activities (nM/ml/hr) in sediment/soils of the exper-
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Table 5. Concentrations of nutrients (nitrate, nitrite, phosphate) in the

imental tanks. Unit : nM/hr ~ supernatent water of the experimental tanks.
Sampling site Depth  MUF- beta-l?- alpha-D- beta-D- Station Time Nitrate Nitrite Phosphate
(cm) Phosphate Cellobiose Glucose Glucose (hour) (uM) M) (uM)
SWi&2 2 275.0 16.8 3552 1048 SW 0 27 13 13
4 239.2 9.2 143 55.6 SW1&2 1 17 0.8 19
6 220.6 14.4 229 591 3 19 13 o4
0 s o3 211 82 s 1 Lo 29
12 128.4 6.6 146 324 Z ﬁ (1)'2 32
14 164.3 52 23 221 . .
16 166.6 68 177 273 72 12 0.6 156
18 131.7 3.8 66 299 168 12 0.6 49.5
20 187.3 55 136 29.0 336 12 1.4 354
Avg. 1845 8.7 198 434 SW3&4 1 16 0.6 L7
SW3&4 2 161.3 224 217 782 3 16 0.6 1.5
4 109.2 104 31.2 62.1 6 16 0.7 1.5
6 75.2 6.1 133 512 12 16 1.7 16
8 71.1 4.1 120 247 24 15 1.1 19
10 83.5 47 103 299 72 14 1.2 13
12 57.8 3.9 119 222 168 13 1.3 1.7
14 55.7 2.1 32 23.0 336 20 24 28
16 50.3 4.1 5.6 26.0 SW5&6 1 16 0.7 1.6
18 37.8 3.1 47 17.1 16 0.7 1.7
20 76.7 33 78 279 6 15 0.8 17
Avg. 77.9 6.4 122 362 12 16 13 18
SW5&6 2 524.9 16.0 303 1232 ” 14 12 20
¢ s als 6s 00 non Lo os
8 227.4 14.5 168 62,0 ;gz , ii ;i (1)‘3
10 734 7.0 150 434 : :
12 1277 64 135 390 W 0 741 3.8 2.7
14 123.5 5.7 100 396 FWi&2 1 767 4.3 3.4
16 140.3 45 84 299 3 745 4.2 3.8
18 180.2 32 71 279 6 763 4.8 3.8
20 121.0 3.8 64  23.1 12 764 7.0 4.6
Avg. 178.7 10.3 162 609 FW3&4 1 814 4.8 3.7
FW1&2&3&4 2 28436 793.0 3941 13321 3 806 55 3.6
4 20012 698.4 2192 6639 6 807 6.0 42
6  2099.9 4657 2588  766.3 12 767 6.9 48
8 2064.5 5853 2354 6819 FW5&6 1 809 4.4 29
10 1563.0 653.1 259.7  723.7 3 792 4.4 25
12 1526.9 871.3 1745 10060 6 762 3.7 2.8
14 1818.9 675.8 1842 7715 12 815 58 28
16 2234.1 606.6 1527 8922
18 1612.1 5562 1646  749.0
20 1383.8 271.6 1340 6740 A= swel SAEIR e, 3¢ £ FW1&2, FW3&490A= Cuwrt A
Ave. 19385 6493 2177 8261 o) Ao} FWs&6IME oF 30%7H ARSI
FW5&6 2 367.7 21.5 259 979 Cde A =] = 87 2ol Cush AASIE o) &
4 223.7 11.8 222 402 N , .
6 520 47 50 128 AsFdeu AlA X Cult) 23 TH(Table 6, Fig. 6). 48 A
8 116.1 9.7 90 335 2} & (A7) AT PR BE SW 24 27] Cd 5=
10 257.5 17.0 566  54.8 2l 771 ppb 5 90% ©}’%e] Cde] FF-3tAth 3d Foll= SWi1&k2
12 134.7 13.9 176 68.6 A AY dfFEEL Cdo]l AAFANL Y SW3&4 = 90%,
1‘6‘ Zi‘g; }gg fg; gf‘s) SW5&6IE 70% A=) Cdol AR3ATHFig. 6). FWelAlE
18 2476 106 126 203 %7] Cd F=7} 772 ppbE SWellAe] gkt HISBEaL, 1A12F Bt
20 187.0 70 72 16.8 ZE T} oF 900%=E ZAEe 5 WE AA e Jepih
Avg. 2055 13.6 200 432 38 FolE FWI1&2, FW3&49lA <k 30%2] Cdo] ZH-3 v
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Nitrate in surface waters on rice-field sediments
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Phosphate in surface waters on rice-field sediments
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Fig. 2. Variation of nutrient concentrations (nitrate, phosphate) in super-
natent waters of the FW tanks with time,

A3, FWS&69IXE 50% BE7}t 2ka3819ic).

Ase= FWollA] A3 A1z} 6A17F 52 251 ppbd] 271557} 290 ppb
7R Z718l9tH(Table 6, Fig. 7). 28 o= Cu, Cd} w37}
A2 AJzko] Aol M} ZhAdhs S BATH FW $27F A)
AEHE Aols BEA ¢, 1 FY JToE F 0% At R
a3tk SWellME A3 A1z 6417 59t 830 ppbol 2715 %7}
1,100 ppb7HA] F7FeFth. 28 § oAl AjZbo] A1) wet A
ZIFQ 7 oS HHEET, FW5&69) AA £57F FW1&2,
FW3&4el Hl3} §43] =#AHr}l. 132U & FWI&IAE 27|15
9] 80%7F AFIF LY, FW1&2, FW3&49 M= 50% A =7}
ZER3 T

Cre& FWOX Cu, Cdst FAFSHA Awkdog A7k ma) 7+
a3k AT JERIU(Table 6, Fig. 8). 28U A&7}t By
o] #x3 FEAOIE F|e By 1Y IoE 2] B
2l 104 ppb2] 20~40% FE o] AFaIATE A, AY 27
SWollHE 271 F=2 31 ppbe] 30~60%7H) F43] Azl
o 6A17F o1 F ThA] F5)ete] 7] FES] 60~80%0] o|EE
A% F=E XA Ao FR MY AALo] & A

Nitrate in surface waters on marine sediments
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Phosphate in surface waters on marine sediments
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Fig, 3. Variation of nutrient concentrations (nitrate, phosphate) in super-
natent waters of the SW tanks with time.

o2 yehyith,

Pb2- FWollA] Rp5.9] #4te] wf-g- AsiA Jelsdxg, Hukg
o= 2 Y FollE 275X 15 ppbe] 40~60% F=7t A5
B TH(Table 6, Fig. 9). SWollM & 7h4 7 3ko| el Z283
7o) A% 27loE 271 5 Tppb Bo= o 28] & 5%

T S7FSIEL, 6A17E Felle oAl 2k, 15Y Fole 2

71 =9 oF 20%7} ZR3HT).

Hge= A8 A EAZ FWolA e 23 53t (Table 6, Fig.
10). A¥HE 0 2 Fajo} FALSHA AlZbel wlel F43] Fhshe &
& BE=, FW5&601A1 9] Zago] T2 FW R4 7+
&g Ha] = ok a2y fR FE Qlo] oF 159 Fo=
gFE e Hert % $2d4 AAEYT-

E 9

EINE/EY SAEME B HHE2I0F ME £

EFERE EAshe Eho o) YAAE QoA thArE
= F71ERS En)¢l ESEA(so0il enzymes)?] BHEE AW 3
AR FA 2 AN ZolHE 27931 th(Tables 3, 4). 84
EE B354 7P 3 FHoldl wal A, ol 8 E
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Table 6. Concentrations of heavy metals (Cu, Cd, As, Cr, Pb, Hg) in the supernatent water of the experimental tanks.
Time Cu(ppb) Cd(ppb) As(ppb) Cr(ppb) Pb(ppb) Hg(ppb) Time Cu(ppb) Cd(ppb) As(ppb) Cr(ppb) Pb(ppb) Hg(ppb)

FW1 FW6
0H 538 772 251 104 7 450 OH 538 772 251 104 7 450
1H 463 693 226 73 5 341 1H 502 696 227 57 2 342
3H 468 674 233 84 6 346 3H 480 699 221 54 3 353
6H 427 635 345 127 8 311 6H 499 717 337 105 5 374
12H 375 547 341 145 18 274 124 492 684 347 113 12 386
24H 280 46] 266 108 6 154 24H 489 688 315 73 3 393
3D 1 303 186 52 6 25 3D 71 247 275 136 59 24
7D 1 107 125 45 5 15 7D 0 361 192 17 7 25
14D 3 28 84 20 2 36 14D 3 78 206 39 2 43
FW2 ‘ ) SW1
0H 538 772 251 104 7 450 0H 574 771 830 31 15
1H 473 668 218 71 5 314 1H 511 723 910 25 16
3H 444 632 219 65 6 312 3H 539 757 889 24 26
6H 405 572 325 130 8 289 6H 520 715 900 18 27
12H 357 491 288 104 7 227 12H 502 724 757 12 19
24H 248 390 241 90 7 166 24H 373 589 578 20 9
3D 0 216 178 57 11 17 3D 0 1 355 22 3
7D 2 65 121 31 5 17 7D 0 7 256 17 1
14D 0 21 81 13 2 10 14D 0 13 235 15 5
FW3 SW2
0H 538 772 251 104 7 450 0H 574 771 830 31 15
1H 479 699 228 77 4 366 1H 500 725 857 20 15
3H 450 670 219 62 6 330 3H 529 746 948 21 22
6H 463 628 323 121 7 338 6H 524 750 910 16 21
12H 401 557 295 99 5 290 12H 507 737 744 11 17
24H 291 447 262 103 7 226 24H 399 618 643 21 9
3D 7 247 168 44 5 0 3D 0 3 349 19 2
7D 6 78 122 31 5 0 7D 0 1 312 19 1
14D 0 29 103 22 2 9 14D 1 0 319 13 2
FW4 SW3
0H 538 772 251 104 7 450 0H 574 771 830 31 15
1H = 371 565 197 43 4 270 1H 515 724 920 33 24
3H 344 522 187 37 4 224 3H 547 761 973 26 26
6H 345 495 285 82 8 220 6H 564 750 826 18 21
12H- 299 453 252 73 4 198 12H 559 764 968 19 26
24H 221 366 231 67 4 158 24H 557 762 785 27 16
3D 0 216 161 40 6 9 3D 249 731 703 25 12
7D 2 64 115 26 5 0 7D 0 321 221 20 2
14D 3 20 87 27 2 10 14D 0 152 142 20 2
FW5 SW4
0H 538 772 251 104 7 450 OH 574 771 830 31 15
1H 468 702 230 60 3 388 1H 564 756 971 30 19
3H 487 728 226 61 3 359 3H 561 758 855 26 25
6H 494 735 337 110 4 391 6H 577 794 897 22 26
12H 472 665 304 90 2 386 12H 576 764 922 19 27
24H 475 690 329 89 4 404 24H 552 747 799 28 18
3D 284 713 283 51 2 50 3D 6 702 495 24 10
7D 24 401 187 18 6 26 7D 0 429 247 37
14D 0 176 141 36 3 37 14D 0 7 193 34 3
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Table 6. continued

Time  Cu(ppb) Cd(ppb) As(ppb) Cr(ppb) Pb(ppb)
SW5
OH 574 771 830 31 15
1H 498 703 921 26 17
3H 529 729 817 20 21
6H 511 726 846 15 22
12H 504 727 796 11 18
24H 442 687 743 9 15
3D 247 580 487 21 13
7D 0 295 206 21 4
14D 0 273 125 18 3
SW6
OH 574 771 830 31 15
1H 440 670 656 13 17
3H 494 717 789 16 21
6H 517 730 873 13 21
12H 489 726 825 10 18
24H 376 637 641 7 4
3D 152 454 394 18 4
7D 0 8 193 19 2
14D 0 5 124 19 3

= EY B2A f7]18 53] o|&s4l (labile) §7152] £3)

7t @Espl dolua YRS IF BT, 99, $X #7189 of

Rro] B4 Huh} 489 AA AR IR 4718
W A §718e gRE B 498 AW vRes

(refractory) f-71&8°]t} SWeoll 8]8) 87} Aetes FWl 53 E &
FABNTIT B e A1 olREA #7189 ‘GPEkz}Oloﬂ
71908 Ao 2 Azbdr.

7 Sz MBS ANBAL() SWIH FWRT At e
2 {718 ¥l HeH, ) HAE dAsE & swigrt
SW3&4, SW5&6 BT} F71& o] AL, (3) SW1&27} SW3&4
Hrop AiiFe® 444 3SR e, @) #oF A=t
AL e FW1&20] ©l83i4 fr7180] Bekd Aoz aokdt)
HHE 1 g% gelgerd] 7] AES7F 75X FW5 2 swel
A Bk FW1, FW39lA =4 UeRdth(Table 3; Fig. 1). ©l& H
7t B Y= FW1, FW3 E3 89 5& uAE A% &
Akl Bag olfsig {7180l o B3] wEeltt. ol
A FW5 ¥18] FW1e)A 849] 8A4o] &4 L}E}Urh Ze
Z2& R FTH(Tables 3, 4; ©], 1992). FW1AlY) &2 ‘#Eﬂa
o MEF B AL v7l Qe B¢ FW ES] #7118
3 5ol AIWE AlAtE)

20 glucose®} glutamic acidE F713F A7} ThE $20) 1)
3 AHHOE f71E Yol B SWiclA gelgole] 1o
FEHR A= Yeldesd(Fig. 1), ol O Bkegzun &
71 Fol A2 swidll Malske wE|gole] AAe] fres
F52E s AFHAY% Y, glucosett glutamic acids}t 72+
Fr71Eol F2 A=) degole] 4o XA dEL

2 EQInt. 39, 540] 24 # dreEole] AESsr Wyt A=)

Nitrite in bottom water on rice-field sediments
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Nitrite in bottom water on marine sediments
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Fig. 4. Variation of nitrite concentrations in supernatent waters of the FW
and SW tanks with time.

I e FWIAA #A UeldEtl (Fig. 1), ol B7t Az 3
= FW Bl o231 f718 H ol& E3fsks degelrt &
$Eg AnEtt. ol =3 Hr Y 5 FW ESe] 244
712 AATH| 498 BEE Akt e SWidlA
F71' 7P AESFS F7Ro] A Vet v Fwldld e
Z719) B2 AEF7F Ao d o2 W3k ke dAFig. )9 2
g o AA o= 9F §7)E0] §9E A5 welEotd o
B f7lEe] 23l 282 swo vls) FWellA Aoz wUeks
7Fs 8% vt

Aok

5 %k?é% AE A7) 77 U422 ARE B o
HAER 75 4718 B3l AgEe ARz 2e)7E &
o SW FE AEg F AN o)L FEIF Al7ke] Ao w
2} Zadhe A% Fig 20 AE Aol 2ArY o] o] ARREY
71 WIS & AT Ly B AE FAA] HEo] AY &
Holl Aalshs A2 TEHA U, 20 AXF dgdo=
gglo] I Ex gigrom Wt Ak Y= FWI&2 %o &

o:
Lo

Y o
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Removal of Cu from surface water on rice-field sediments
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Removal of Cu from surface water on tidal flat sediments

100
—e— SW1&2
80 3 —o— SW334
—v— SW5&6
- 80 1
R
3
O 40
20 A
0 T r L
200 300 400

Time (hour)

Fig, 5. Variation of Cu concentrations in supernatent waters of the FW and
SW tanks with time.

2 o]go] ZAaFA g AFFig 2) ToE AGY 1 9
7FeAe 3A gt 39, AP F 2o Bg FH3 A
&R o7 2 AEF AaE FFHALAE B F2 W
9] i AZio] Aol wek A7ME glucose, glutamic acid &
o] BalE 98 ARES Aoz Az 53] SW FEolA
Z709] o 30 uMl AarE olee] FEIL 24417 olF e &
10 pMZ Z-2Fed (Fig. 3), ole 99 7Fsde st &
B, SW 2N o}ty o9 FEE o I~2uM= Azl
me} Ay 2700 STt olF A AT BEE Bi=T
&tk & ¢
Z A4 o]29] Fxrt A7t wet 2
ol &o] A2 AMREHIN HELE HT
Ag FFH IS A= Hole ofdAlY o2 FEE FW
FzollA A7l mE F7tske B EFig. 9 BARIE BT
B FA o) B Fae FFHA &tk 22y 34
A o]Le] F=7t A 1,000 uMel ©)2E w9 TEEd A
< s dAg ol F A%l 223} Hughe 1~2uM
ol o] B ST A £ NS Ao Azidn)

[N
ok
My it

Lo

o5 - BHE -
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Removal of Cd from surface water on rice-field sediments
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Fig, 6. Variation of Cd concentrations in supernatent waters of the FW and
SW tanks with time.

o1k o] L2 A|7ko] Aol wEl ekt U8l AEE BN

=, 27 BQolE 2 F71E0] Blud AXRE Al7ke] Ao

okrtol ekl ZAThFig. 2). ol TIAEC| glucose F

o|lBAA 471EAL AY 270 A Eslsk] vepd E
=

R=H
ALY
ofM
S

o) Q14+ o] 8] Z7p7} vl ekslithFig. 2). olH e A TS
F=2)9] FW5&69AE TS X)) vls] giel2|ote] AlEs7t
A3 AQLFig. 1), WEA AR SFo] Wokste xHE
o Aoz AAFEY. 3, SWI1&2 AF2AAME ¢4t o8l &
o} 8A 3 27105 (Fig. 2), ©13% A3 @A 71&¢d bkt
Zro] SW1&2014 BHelglol MEe] F3d 7I1HAE 77
T ok zalt o] d e Ak o] FE7F 20047
7R &R o7 2715 v wel ol AlXge AE 271 ]9
= Al AAATHE A (Fig. 1), L] e of A 71 SW3,
SW5olA 2718l Lolm B7aty QM o9 T=7F A9 o
A= A (Figs. 1,2) 5= EH8A =t I, SW1&2
FHAEL TAA B4 de) o7k maEdE FAEY it
(Tables 1, 2). o]8 & Y= B4 Aoz ) SWi1&2A = HH



A A3lAkg AT LS 54

B AZ57) o2 mgho] ABEAT, WA TI54F 5 o
A9 oleo] AFFE SEHO £F QA ok FEIF EOF
& 7HsE= Tk

52 HE

A oA 2F&o] BRER AAHY sHE F50]
o] A3E AERE F= §71E o FHHAY F3E T
o 13IE-S YA sl A ook Sitk(Lion et al., 1982; Tessier
et al., 1985; Niskavaara ef al., 1997). o|&3 712 d4d B4,
$Z0) B9 - 38k B4 F OUe 3809 JF¥E vt
Cud) AMATHEL Fean sigolA ZA vehsd ols 7]
2R 2R3 Ccuol FY ¥z Ak Millward er al.,
1992). 89 SN Fage] oz AFE Fshris 7
&So| A E& A A3E Ju2 HFPOZN £F F
249 w57} 7+457]1% 3} (Kleeberg and Dudel 1997). A3
A FHHES 79 $F0] HHEST T sk ol2F
S@ethe A Yth(ung ef al., 1996). £ AT A= ¥
7} FW, SWoll 78 glo] Al7bo] Xgel] whe} fzzollA] AAES

Removal of As from surface water on rice-field sediments
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Fig. 7. Variation of As concentrations in supernatent waters of the FW and
SW tanks with time.

400

205

Vel thFig. 5). AA 58 FW5&6 2 & w7t A=A &
= FeAd ¥ja) ¥yt Aeke FW1&2, FW3&4904 w27
Bt o]eldt A3 Cu Byt o2} Cd, As, Hg ToX = &
2702 dojdthFigs. 6, 7, 10). FW5&6= F4d Aol 1}
et upe} o] $15 Eaivh A mEa A o] 29 T
= AE o gthFg. 2). o8 F AASL Cu, Cd, As 5 F
Zo] g QA ¥ #7180 F&= o HAEZ AAHH, F
&9 AAEEI} £F F7189 ¥ FHEE A

SW FZoAE SW1&2 $24A9] Cu, Cd 59 AA 57t
SW3&4, SW5&6 520l vl W24 Ueldth(Figs. 5, 6). B
o] FEl&lR LAYk As, Pb B 5UIH P ESTh(Figs. 7, 9).
I3 SW1&2E SollA] =98 uhe} o] BlgZ oA QAtE o
&3} 3 F3lrea olo] FFHRE 7ol & Fxolt &
Zzo02 35 o)Lo] FTFHW Hdlphe o] 3ghEHo] &
HAE(Cu, Cd 5)2 B84 F3EL YAsle HIHEZ AAR
22 glth, & SW 204 Cu, Cd 59 AAE {7183 2
ok opat EH BN FFE BEE JF¥= AL o=
Zhach $8, A9 A3 35U AJRNA Cdol H|3] Cudl

%

0%

Removal of Cr from surface water on rice-field sediments
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Fig. 8. Variation of Cr concentrations in supernatent waters of the FW and
SW tanks with time.
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Removal of Pb from surface water on rice-field sediments
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Fig. 9. Variation of Pb concentrations in supernatent waters of the FW and
SW tanks with time.

AA &=74 wEA Vet th(Figs. 5, 6). o183 4L Cut
7] dAeke) R34, FslA oleHe] F3E JA A, 2
o AbsEe] F23 A Sol v Ash] diEel vehd 2
= ol
011:1}-7@__; qu] H]sﬂ SW F% £ 2o ]L—_ o] Lo BE
ol 2o| B WEo] F&o| U TH| S AdekH & o
% Solee] H8 24U 2 F v & 5 ol T AR
ol (free ion) FiEo] & ol F&o] Yl o] §olsH &
g £ gloh 23y 2 AFE A o)ge dQle g Hole
Fwel SW7F Al A& Aol& Folirls oo Crol 7 ©]F
B AL o7t Bo)/|x SRR As, Pbe] A9 2.5]7 SWel
M AA Zgo] $53 A2 YeldthFigs. 7~9). ol A3
FF FE AA7L A B4 89 A3 e Bk
A AFe {718, 85, AskE, Be 20l Tk F UYd
o] FFE BFH oz ol eIt FHH HEE Helvh

02
1:1]0

F
F

l=o no rlr

Ass} Pbe A8 2716 S%7) F7FI0 v dashe A
B ATHFigs. 7,9). ol&1d S FWe] As 283 SWe| Pbd

A FHAT °l 23 Wske] YL oprk= olE Pigo] 8719

W s EYEYEANM A8 2714 $2HE F H4=ATT

olEat - AB%

DR L

Removal of Hg from surface water on rice-field sediments
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Fig. 10. Variation of Hg concentrations in supernatent waters of the FW
tanks with time.

7 3% FAeIN Yeht A3 4 o cu, Cd § HE
= A% 27)9) 9 Sk 2tasie ARl e
B, o8l A3E 919 7FsAS R BT (Figs. 5, 6).

ﬂ}‘-nﬁrﬂ—irﬁz

H, Cre SWellA A8 27)¢f X7} 74483 }E} Al 7151
e 222 F 1ob~(F1g 8), Fwollx= Atz o 2 AA31A
Z8le AL BATh e AElEk XMﬂI s 94%
U2 At g BA9ME Cr o]eo] £ 22U 82

H o]2-2 Cu, Cd, As 5= 23] 33 54 o| 23 A &
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