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The Contents of Nitrogen, Phosphorus, Silicon Nutrient and Algal Growth Potential (AGP) in
the Sediment of Taechong Reservoir. Shin, Jae-Ki* and Kyung-Je Cho?! (Department of
Biological Systems Engineering, Konkuk University, Seoul 143-701, *School of Environmen-
tal Science and Engineering, Inje University, Kimhae 621-749, Korea)

The chemistry of porewater and exchangeable nutrients of sediment was determin-
ed to define potential influence of sediment nutrients on the water quality and the
phytoplankton growth in Taechong Reservoir in March and May of 2000. The
sediment-water interface showed almost anoxic state, <0.5 mg O2/l. Conductivity of
the porewater was higher 1.9~2.6 fold than that of sediment, and its variation was
greater in the shallow water. Eh ranged from —12mV to — 148 mV and bulk density
from 1.17 g/cm?® to 1.30 g/cm?® and they did not differ among stations. The water
content in the sediment ranged from 58% to 72% and organics from 8% to 13%, and
they were higher toward the lower part of reservoir. Soil texture was in the order of
sand>clay>silt and sandy sediment accounted for 97% of the total sediment. The
total bacterial numbers and diatom abundance were high in the downstream of the
reservoir. In porewater and exchangeable nutrients of sediment, nitrogen and
phosphorus were mostly consist of the particulate form. Inorganic nitrogen was
mostly composed of NH4. Nitrogen of porewater was mostly an inorganic form while
exchangeable nutrients were composed an organic form. However, phosphorus was
composed of dissolved organic fraction in the porewater while inorganic fraction in
the exchangeable nutrients. Silicon content of sediment was much exchangeable
nutrients with 63%, and it was higher than in the porewater. In summary, the
sediments of Taechong Reservoir were mostly composed of organics and assessed to
be a eutrophic state.

Key words : Exchangeable nutrient, Nitrogen, Phosphorus, Porewater, Silicon,
Sediment, Taechong Reservoir
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ANESE 7% Y 3 Fo3 9L v
(Williams et al., 1976; Forsberg, 1989), ~=-*] & A}o]
N YR 1 A=e 5 FUd = 2
AME WEAZ e ebdet w2 HF3Al ookt
AS AAT 5 9le 29l & 4 ok (Williams et al.,
1976; Bostrom et al., 1982; Conley et al., 1988). #] Eol|
WAR cJople) ol B Maxe] §T 3 ALsE
4 Aele) wel =A =4 (Thornton et al., 1990;
Cowan and Boynton, 1996). £&§&2°| =712 $£E%7,
42 e, AF-A7F (Forsberg, 1989), 4~=-2] £712]
=2, DO, pH (Boers, 1991; Appan and Ting, 1996) %
Eh x}o] (Graetz et al., 1973), 4 =}2] AlAH =7 2 Hx
(Fillos and Swanson, 1975; Cowan and Boynton, 1996;
Van Luijn et al., 1999)¢} Aol =31 ReoJokzir} A
BRem W A B 14 e 23D P
1.9lt} (Bostrém et al., 1982; Bostrom, 1984; Brannon et
al., 1985; Bostrom et al., 1988; Jansson et al., 1988).
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1989; Lofgren and Bostrom, 1989).
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(HOE) 8173 271 214 % shAel dxfizh BaAe
= sl S84 (0KO) A Ul Ages &
471 AA (Fig. el A 2000 39 3003} 59 23Yej 2
3] ssskdeh 9% 48 DO, pH, W71 EE 9 Eh
(AFEsH A 9= BASE YSI 6000 UPG meter2 & #}F
A =Asrela, AGPAl A =2} DOE YSI 58 =&
59 meterZ, pH¢} A7|A == Z+7zF Orion 230A meter

Fig. 1. Sampling locations for the sediment investigation
in Taechong Reservoir. The dam barrage and
watergates were constructed in December of 1979.
Water impoundment began from June 30, 1980.
CHO and TAE stations are situated an intake
tower.
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2 Conduktometer LF191-WTWS-
o}

& BAA]E%E Ponar grab (Screen-top type) sam-
pler (Wetzel and Liken, 1990; APHA, 1995)2 %= (Z Tt
8cm Z o)) AHFstdet. AlE= polypropylene 24 2]
219} 0.014 m29] 4715 A3 L 4°C A0S ¢
gale] A S $UE ARE §5 wet =
A BASAL F (20~ -70°C)RF F 25 o] el
+H s Ziih Ot 534 4YY TAE AT A

Agstel ZAe9

cow Nl FEeTh 4
50] - %ol w2} AR 70°CHlA 24
et AZAZ A AL oA 105°Cel| A 48417 F
ZAF 3, A= A E 1009 105°C 27 %7)
oA 48A17F Fot Ax F FE5FI AFTF Apo]2A
AFE3)9] Y} (Reddy and Graetz, 1991). 47| & ke 7
2% %& 550°C A7) 2ol 4~5A7Et o &
ash-free dry matter (AFDM)&A] FA]3}¢l ) (Davies,
1974).

T34 AR A2E 250ml 4700 o} LA
£2]7] (Sorvall RC-26)& o]&3}e] 4+1°C, 5,000 rpm
o4 404 5 WA FAste] FENL FHehedet §
g #He ARE Tz AHgsldet 5 £714
49b ¢l 9 F7]°dksd (NHs, NOs, SRP 3! SRSi)
GF/C2} 0.45um membrane (Millipore) filter2 o3} &=
A5k T4 kS Rump and Krist (1988)}
APHA (1992)2] vl ule} =4 3}¢it}. Chl-a%} pha-
eopigment 5= A 2E GF/C filter2 o 73 & 90%
PES gulz whsld FEoT ERREA=
665 nme} 750nme|A] INHCI A7} A - 39 Z34x=
Z2]5}od A =89 o} (Lorenzen, 1967).

=9kl F#¥ X34 (exchangeable) 3 oFq FAL
A% F2e T3 el AAY shde} (Reddy and
Graetz, 1991). 57——’1,——’,5—‘?— Z‘F%‘]- E°F A8 2M KCI&
1:18] &2 &3 % 1hr 59t 74gdsA Az, GF/
C2} 0.45pm membrane (Mllllpore) filter2 o 7}3}i.
oJZst =oF A|8ES 105°CellA] 48417F B¢t ZA=A]7]

3 Aol 7]1 259377, 0.025 N H.SO47} 0.05N
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9 PHoE T F A5} FEGT AR Th

(Fe)z} w1z (Mn)e] ZFeRAe 8N HNO; §91-&
43t 71z A =F #FoIA] (at Approx. 82°C, 1 hr.) 3
3194 21, GF/C$} 0.45 um membrane (Millipore) filter

o]z} & ICP/MS analyzer (ELAN-6000, Perkin
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Elmer)2 243} o} (Carmody et al., 1973; Brannon et
al., 1985).

FAT ASE A% AsE dAdA o3 43 3
2b e 34 (1:3)3 F 1587} shakingdle] &
st formaline 2 & 2%7} H =2 1A 2
Z A]&%= 0.2 um nuclepore polycarbonate filter (25
mm, Whatman)2 o] #}8}e] 1% acridine orange 8- &
% ZzAIA 3Fn|7] 1,000 x v &= 2A
A 4=3}= AODCH] (Hobbie et al., 1977)2.2 433143t}
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AR Aol mAARL] AASHNL HNO;F K.Cr.07<
A2 F AA st} J TS A=A (APHA, 1995).
EE o} 500~1,000 H4|9] MESE AS5s 3 Add
e

A=l A" Jakdel ﬂ%ﬂb =71 % #A pH
2 Fqlslr] 93 pH 15~7.0 &
A9} Ny 2713A Al 346}“1:} le/‘l
Whatman GF/C2} membrane (0.45 pm, Millipore) filter
2 o3 FZF F NH9} SRPE EAEH. FF 4
o g AGP (algal growth potential) 7} Jx2&F
Microcystis aeruginosa® AP xF=2 AL8-3l9]a, A3
Z(1999) ¥ 413} % (2000)2] whyel| wet S skedc)
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DAM, HOE ¥ OKC AAelA H#F 441 77 43
m, 14m % Im=A SAAAY JFio I
HOE$} OKC A AL kt31 FHsl72 DAM XA o] 7}
2 ZAdo (Table 1). A& 23] 4 =% DAM,
HOE % OKC A&l A] Z+7}F 5.5°C, 11.0°C ¥ 11.3°CE

N A s F7e] L Aol 5°C QhtelgiEh DO 0.2
~04mg 0.1 )24 FAkA A, pHE 6.5~7.0
] 2] it} (Table 1).

DAM Ao 4] AEs} T340 A AEEE Bk
o] Z+z}+ 204, 380 uS/cm, HOE A& ¢l A]= 168, 361 uS/
cm, OKC X & o]l A= 188, 483 uS/IcmEA] A Ex= ZA}A|
Azrell Zpol7k Aotk T4 A =l vl 2]zt 3
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Table 1. Sediment properties in Taechong Reservoir in March and May of 2000.

DAM HOE OKC
Factors\Sampling stations
March May March May March May
Water depth (m) 44 41 19 9 10 8
Temperature (°C) 4.8 6.2 7.4 14.5 6.5 16.0
Dissolved oxygen (mg O2/l) 0.2 0.4 0.2 0.3 0.2 0.4
pH 6.7 7.0 6.7 6.8 6.5 7.0
Conductivity (uS/cm)
- Sediment 186 221 222 113 140 236
- Pore water 383 377 528 194 368 597
Eh (mV)* -49 —148 -12 =77 -35 -104
Bulk density (g/cm?®) 1.17 1.18 1.20 1.27 1.30 1.30
Water content (%)
- Sediment 72 70 69 63 57 58
- Soil only 59 50 53 41 43 41
Organic content (%) 12 12 12 10 9 9
Sediment texture (%)
- Clay 3.1 31 2.9 3.0 2.8 2.8
- Silt 0.6 0.3 0.5 0.2 0.6 0.4
- Sand 96.3 96.6 96.6 96.8 96.6 96.8
Heavy metal (mg/dw g)
- Fe 26.4 255 23.0 211 11.9 14.5
- Mn 11 11 0.6 0.4 0.2 0.3
Chlorophyll-a (pug/cms?) - 42 - 52 - 37
Phaeo-pigment (pg/cms?) - 48 - 39 - 50
Ash-free dry matter (mg/cm3) - 39.6 - 37.3 - 43.8
Soil color (dried)** Y Y G Y G+Y G
*: Reduction-oxidation potential, ** : Gray (G) and Yellow (Y)
A== AME 58%, 42%2A fFUAHezRE Ha Ay

3,1.9~2.68) v =3k} (Table 1). =42
 alel dm 9e] A M s ob AR
FA R ekl ool /Mt U Aoz FAFI
o (A1 =, 2000).

Ehi DAM, HOE & OKCo|A] —-12~-148mV ¥ <]
2A] Y e 44 -99mv, —45mv @ -70
mVe|gla HOEZ} o2 XA xu = z=F Ielt) (Table
1). Ehe A E-53F AAHAA JFge] Jes #Hit
A 4 Qe S Frteked
4 Aol ¢ggfe] Za1, 53] FAeA P, Fe @ Mne]
4322 AHAPoz A& 4 9} (Graetz et al.,
1973; Ann et al., 2000). | 52 A Eo|A] Eh: $Z
(+300~ +600 mV)3} Ar3lEl A& %= (+310~ +460
mv)uet o) whol 4T B BRG 5 e}
(Graetz et al., 1973; Horne and Goldman, 1994).

K EO] 7| F2 HHFzko] 1.24g/cm3 oA XA 71
z}o]7} ZA] ¢kgrom OKC7} 1.30gicm3ez %F =
et Fge YA RS FIRE AT =goz
¥3to] 4T AzjelA] DAM AHe] HFghe 7zt
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3 54l Ze DAM BZel4 % 2 Agelsic

(Table 1) -;1—713 6‘]—313_‘?_ DAM, HOE 1:!_] OKCO]]/\i e
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75 23 Z7BIAY ARSE T B 2EE 2

AR 2 Aol §dT A (clay), =AM (sily
39 A (sand)e] ARG W] A7 2.8~3.1%,
0.2~0.6% % 96.3~96.8% W] 2] silt<clay<sand &
2 kel (Table 1). UA-& DAMe| A Ad-S HOES}
OKCCﬂW g B "otk 7MFE T4E, HU1E
Fepsh AT VA Fl weRs Fogol ¥
ot} (Reddy and Graetz, 1991; Van Luijn et al., 1999).
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oFe] A A} (color) & wlw3t A} WS 714 wo
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o] Z+7+ 25.9,22.0 % 13.2mg Fe/g, 1.1, 0.5 % 0.3 mg
Mn/go. 24 DAMIA FE3I9 3 OKCA Al
(Table 1). A= Fes} Mne| gk Ehsh Bi4o] ¥
O} (Ann et al., 2000), A ZAM & XY B 5%
o) DAMSIA] B3] % A fAlo] Zo] Aol by
Rol %1 A= Fabe] W) oz A7g,

A&l mF(2cm)ollA chl-a, 234 A4 9 {715
3tk (AFDM)2 z+7} 37.2~51.9 pg/cms3, 38.7~50.3 pg/
cm3 2 37.3~43.8mg/cm® W] EA] chl-ax HOE|A]
EUT B84 Aael §7]8 OKColA =g ©sk
(Table 1). A oA B3 HaE 3 o & Fapild
el Aol g W AAR-H 25 (epipelic algae)ll

ot ko] T 4 Slovt Wiz $Ale] & W A

b o] ot A BZHIES] e o3t Zle] o
2S5 x}#x] 3k} (Cowan and Boynton, 1996). M 4~ &=
el 2

L2 o A EM AFor ZpF FH4E
hl-a7} @& o B84 Aas AdHez {2 7
Ho)A =} (Cyr, 1998; A, 2001). th X 3| A A=
hl-a g2 Cyr (1998)°] A A=l ®l-Fo3ef 542
3k (2.2~26.5 uglcm?)ol] wlsl| F ko] 2w A= =
o1} 357t shelA =AML A (2001)9] ZH el ]
™ F o) 23.5%¢] 3T et A= chl-a g
EAAAA Sl Ao oofitel et dAES
Tt okt 7S Hrkeed f4-3k -
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2 ATAE Y FEF ¥E

A 2ol A T HI] (cmd)F FATE 393} 540
DAMe A 3.63 x 105 cells, 3.68 x 105 cells, HOE ]| A]
3.67 x 105 cells, 1.60 x 105 cells & OKCeol|A] 1.72 X 10°
cells, 2.16 X 105 cellsZA] HOE®|A] x}o]7} AW dhH o
Aoz UAE wel 23stal 9l DAMeA FA
T AZSE o2 AR vls] 1.4~1.99 @k, A7)
o m& zfel= ¢liTh(Table 2).

AE 2ZoA 270 EBEE YA HEEHI

(

£o) ojife] Fog 8oz 243

et
>
30
T
9
2
g

and Boynton, 1996). ¥-F22 & o, Bj L& =
A3 o $HES 9] BAEA Aok B

e £ 164 51%9 FAY FE2FUF 12%,
Y FEF7H 39% 024 27 24%, 76%F *A shelrt
(Table 3). ©] % =& AAA HFF & 17024
33%gich. WA Az reE 53 o4 A AL
Aulacoseira<;, Cyclotellag:, Achnanthes<:, Gomphone-

ma<, Navicula<€:, Nitzschiad % Synedra<o]gla

Table 2. Total bacterial density in the sediment of Tae-
chong Reservoir in March and May of 2000.
Unit: x 105 cells/cm3

Sampling date

\Station DAM HOE OKC
March 30, 2000 3.63+2.31 3.67+1.01 1.72+1.18
May 23, 2000 3.68+0.63 1.60+0.60 2.16+2.26

Naviculagro] 802 712 wWlc)

Stephanodiscus< 727 A A AHA 713
o] DAM, HOE @ OKC A A x}A]51= v] &
90%, 75% % 45%=2A] dEE a2 Zv)a) k
Bt} (Table 3). =3t Aulacoseirad: FZF+= DAMd]
A wre] FAF Y R SAE AN AR
etk Axel M AW FEFE
F2 FEY o), OKC A H M 2
= H]$§ (80%)°] DAMI} HOE A]A

N e
tlo 1L ot

o, rlo ofd
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(o2

HO == H %

_’__l_’_z]_n_g} _,_xLz
S
b

FER7E AR
(63%)E} o E3k

£

1) A&
FAA A FS40l4 Total-N, TON, PON. DON,
TDN, DIN ¥ NH42] Hx®el= 77t 15,040~43,270
pg N/, 6,112~32,239 pug N/I, 2,420~22,740 pg N/I, 51
~9,499 ug N/I, 5,680~11,031 ug N/I ¥ 5,633~11,021
ug NN F73ke 27+ 25,447 pg N/, 16,209 ug N/,
12,892 ug N/I, 3,317 ug N/I, 12,554 ug N/I, 12,418 ug N/I
2 9,214 ug N/IZA] Total-NojlA] PONZ} TDNeo| 2}%]
3 W& A7 51%9) 49%%th (Fig. 2). £ 3 el
nE JAH L SEAE vaE o A9 Bssiglen
HOE?] 3¥2 AldlstH FAIF2] sHrc 272
el A B S 2 AeE Boloh #7] N9l ExefA
G EEAS A7 80%, 20%E 2HA| e diu] 7}
R, &F N2 Ao wel Aozt sl #7271 N
I 77 No| Z47; 1%, 9% A 8te] F7] N ko]
Y=3] A]wjA o]glT} (Fig. 2). NHs:= Total-N, TDN %
DINdA] x}A]3}= B]&o] Z+zt 36%, 73% % 74%=EA
Total-Nel| A 2pA]3}= BF2 Aot F7] Nel|A A}
sk BlE AdjHel Aoz B 4 sl
Aoz, F542 N F DINI NH.= A7
Z zkel7t il et PONF} DON2- zbo]7} vhas & A
o2 vepde 58] 246 sbEe Ao A
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Table 3. The composition of diatom species observed in the sediment of the three stations of Taechong Reservoir. r : rare,
+ 1 <25%, ++ : 25~50%, +++: >50%, respectively.

Algal species\Stations DAM HOE OKC

Algal species\Stations

DAM HOE OKC

Centric diatoms
Aulacoseira ambigua
Aulacoseira granulata
Aulacoseira granulata var. angustissima
Aulacoseira italica
Aulacoseira subartica
Cyclotella atomus
Cyclotella comta
Cyclotella meneghiniana
Cyclotella pseudostelligera
Cyclotella stelligera
Melosira varians
Stephanodiscus sp.(Complex) +

T
Fhmm ot
= 4+ = +

+ =

++ 4=+
=

Pinnate diatoms

Achnanthes hungarica

Achnanthes lanceolata r
Achnanthes lemmermanii

Achnanthes linearis +
Achnanthes minutissima r
Achnanthes spp.

Amphora libyca

Asterionella formosa +
Cocconeis placentula var. lineata

Cymbella affinis r
Cymbella turgida

Cymbella ventricosa +

= =

= + + + 5 = =
~ -4+

= = = =

Gomphonema angustum
Gomphonema clevei

Gomphonema olivaceum var. minutissima r

Gomphonema parvulum
Gomphonema sinuata
Gyrosigma kutzingii
Gyrosigma spencerii
Navicula decussis

Navicula giffeniana

Navicula gregaria

Navicula protracta

Navicula pupula

Navicula viridula var. linearis
Navicula viridula var. rostellata
Navicula spp.

Nitzschia amphibia
Nitzschia palea

Nitzschia parvula

Nitzschia pusilla

Nitzschia spp.

Pinnularia gibba

Surirella ovata var. pinnata
Synedra acus

Synedra puchella

Synedra rumpens

Synedra ulna var. oxyrhyncus
Synedra vaucheriae

= 4+ === =
+ 4 = -
+ = + 4+ ==+ 4+ ===

+ =
+ =
e

_,
4+ == ===

ojeksl 423 (70 =, 1995; Hwang et al., 1998; 217} =,
2000)0.2 H7}E 3 gl OKCE 238 o2 F A4
o H]8] Yerom DAMS 71 F7F 3 & weoh

2) 3t Fa

FF4=el|A] Total-P, TOP, POP. DOP, TDP ¥ SRP<]
wxne)= 77t 318~6,937 ug P/l, 299~ 6,924 pg P/,
290~ 6,843 ug P/l, 8~162 g P/l, 28~397 ug P/l & 1~
235ug PNG 3 Fa3k-2 27+ 2,881 ug P/, 2,830 ug P/,
2,747 ug P/l, 83 ug P/l, 124 ug P/l ¥ 52 ug P/IZA] Total
-PellA] POP3} TDP7} #hx|she vl &2 27 95%s}
5%gic} (Fig. 2). sle] Felel whe WAYD 24
Mm@ W YAAe] SEAuct 200 o4 ¥ wieh
7] PO BxolA AAAH SEHES A2 97%, 3%E
AAste] Hulz} Hd3, §E P §7) Pt 37] Pr}
27y 67%, 33%= xFA| 5k €-7] Pr) 2.08) ©] wek
(Fig. 2). SRPE= Total-P9} TDPelA] }A]8}= H]&-o]
27t 2%, 42% 2 A] Total-P&£} TDPo|A] x}A]8l= v]|=
o] 18] =R okslth TS50l WA ¥ SRSi= 4.9~9.8

mg Si/l H$]24] DAM, HOE ¥ OKCHA T ==
2+ 8.4 mg Si/l, 7.0 mg Si/l @ 5.3 mg Si/l°]¢le} (Fig.
Sie Ade=E=2 & 9, AR

2
e Aoz 4ol RS ASH BRe
7

b FYAR

3}l A
e s
4. X 3t4 (exchangeable) % ¥ B %
1) KCl| 93 =& 27
A4 Fell4} TDN, DON, DIN ¥ NH,= 7tz 11,100

~96,750 pg N/g, 1,368~ 95,649 ug N/g, 1,070~ 14,176
ug N/g % 1,001~14,160 ug N/g H$12A] HHzh-> 72+
7} 48,971 ug N/g, 42,084 pg N/g, 6,887 ug N/ig 2! 6,839
ug N/ge]slet (Fig. 3). TDNelA] DON, DIN % NH47}
A3 v & Zh7} 86%, 14% W 14%2A] 57| Noj
F7] Nell w3 453 wol 6.1 5 x}x|3}et. w3t
NH,= DINo|A 2}A|8l= H]&o] 99%=2A] F7] N
Y E-E NHo7E 2R3kl KCI §- 0 7 23 2| 3HA]
N ¢eFd2 #7] Nell oJs] L 2]z} i3l DAM
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Fig. 2. The contents of total nitrogen (total-N), total organic nitrogen (TON), particulate organic nitrogen (PON), dissolved
organic nitrogen (DON), total dissolved nitrogen (TDN), dissolved inorganic nitrogen (DIN), ammonium, total
phosphorus (total-P), total organic phosphorus (TOP), particulate organic phosphorus (POP), dissolved organic
phosphorus (DOP), total dissolved phosphorus (TDP), soluble reactive phosphorus (SRP) and soluble reactive silicon
(SRSi) in the sediment porewater of Taechong Reservoir. March (black bars) and May (white bars) of 2000.

(33 74,625 ug Nig)ell A 71 43kl (Fig. 3). TDP Zell#] DOP¢} SRP7} ZpA|3he w]&2
ol A Fellx TDP, DOP B! SRPO] H-xi= 747} 12 747} 55%, 45%2A] F=4rell W3] SRPL] w]Fe] it
~165pug P/g, 2~116 ug P/[g W 10~50 ug P/g W= w3k AHgE TDPe} SRPS] A< DAM, HOE %

k> 27+ 71ug Plg, 39 ug P/lg 2 32 g P/ge] it OKCe|A 7}7} DAMoIA = 61.8 ug P/g, 37.6 ug P/g,
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Fig. 3. The contents of total dissolved nitrogen (TDN), dissolved organic nitrogen (DON), dissolved inorganic nitrogen
(DIN), ammonium, total dissolved phosphorus (TDP), dissolved organic phosphorus (DOP), soluble reactive
phosphorus (SRP) and soluble reactive silicon (SRSi), which were extracted with 2M Potassium chloride solution in
the sediment of Taechong Reservoir. March (black bars) and May (white bars) of 2000.

HOE®| A= 107.5 ug P/g, 44.7 ug P/lg @ OKCo| A=
45.0 ug Plg, 14.9 ug P/lg=+] HOE %] o] DAM3} OKC
o wlall 27 1.7~2.449)], 1.2~3.08] © =9t} FAE=
DAM, HOE 2 OKCel|A] 7tz} 2.6~3.0mg Silg, 1.9~
2.3mg Si/g ¥ 0.7~1.5mg Si/g B =A] FF32 47
2.8 mg Silg, 2.1 mg Si/g ¥ 1.1 mg Si/ge] it} (Fig. 3).
KCl g o= 329 AgeA Si ¥z HOEY OKC
B} DAMAA 23 weleh

2) 4k (acid)ell 9J& = A3}

A4~ Zo A TDN, DON, DIN % NH.:= 77+ 20,150
~ 46,140 pg N/g, 14,269~40,815 ug N/g, 4,813~9,477
Hg N/g 2 4,753~9,468 ng N/gHi 91241 gk 22t
31,218 pg N/g, 24,765 ug N/g, 6,484 ug N/g 2! 6,451 g
N/ge] it} (Fig. 4). TDNeijlA] DON, DIN 2! NH47} 2}A]
3 W& 27 79%, 21% H 21%EA] {7] No|
7] Nell w3l d53] wol 3.8u) o4& Hfshadet =
g NHzi= DINOIA 2pA|81E v]Eo] 99%=A F7]4
2% HEE NHoL A7 81900 (Fig. 4). A oz

23 A8 A4 ook BExE KCl Yoz &
3t Aol FASE S B DAMOA 7P F3
At

Qe A= ] A 2]zt wi$- ok <l
AB Z A TDP, DOP @ SRPE] Rz 7}7} 948~
11,373 ug P/g, 32~3,250 ug P/g & 438~8,122 ug P/lg=
Al k> 27 3,630 ug Plg, 979 ug P/g 3! 2,651 g
Plgo) )t} (Fig. 4). TDP ¢4 DOP$} SRP7} 2}A]8}=
w747t 27%, 73%2A SRPO| ®|FEo| FAch. w3t
A TDP&} SRPE I #%S DAM, HOE % OKCod|
Al 272+ DAM| A= 976 ug Plg, 462 ug P/g, HOEJ| A &=
6,850 ug P/g, 5,072 ug P/lg & OKCe| A= 3,064 pug P/g,
2,419 ug Plg2 A4 HOE #]& o] DAM3} OKCel| wv]3s)] 7t
7} 2.2~7.0, 2.1~11.08] ©] =9}c}(Fig. 4). £3] HOE
oA 393 59 Pe] Fx= W3yt AW AL FHI7HA
7Hee] FA kel Adstdd 3 2¥8A] ddd 3¢
Az Apol2 A HE HF DA 3Y] Azl o FAL

29} ¢4 AT FAHE ARel B Agw
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Fig. 4. The contents of total dissolved nitrogen (TDN), dissolved organic nitrogen (DON), dissolved inorganic nitrogen
(DIN), ammonium, total dissolved phosphorus (TDP), dissolved organic phosphorus (DOP), soluble reactive
phosphorus (SRP) and soluble reactive silicon (SRSi), extracted with mixed acid (0.025 N H,S04+0.05 N HCI)
solution in the sediment of Taechong Reservoir. March (black bars) and May (white bars) of 2000.

ZFE ] Q7] dEe olel w3 Psfoz AotE™
o]2lgt o3k ot Al M]3 FlRu® Sivl A9
S AHEA FAHU0H

-Fri% DAM, HOE % OKCd|A Z+7+ 58~17.3mg
Silg, 0~5.8mg Si/lg & 6.0~12.6 mg Si/lg WY =A] I+
ke Z+7F 11.6 mg Silg, 2.9 mg Si/g 2 9.3 mg Si/ge] <l
ch(Fig. 4). AF g o=z F&3 Ame|A Si E£EZ: KCI
fH oz FZ3 Alsel: @ HOEZ} DAM3} OKC

of sl @A) e ghe moleh

o) 4ke] Aspell A, N3} P Hef F34s) ATAoA
Aol $ERRG Frsjeleh Tt SEAE § -
7] Alge DA F7] NS HBE NHZ 57
Hleh N& FF4elA F7] Ne| $7] Nidh @l
ARAE 71 Nl £7) Nust 859 i
7 P

Nl

‘:l
=
7b wSke Si% T AAE %%ki £ o,

/SK

27 $7)%e] wrt AL Julsy AE: $71%
sinke} sourcezA] F71E QA FHAHo] L ez
= & £ 9ld (Reddy and Graetz, 1991; Urban et al.,
1997). =3+ Ha)¥ F7] N - P dH Eh 9} 72 3}
Aoelel o3 459 & glor] 1 9 vriAx g%
# F5pel BASAY F- 2] Yl FHA
(Graetz et al., 1973; Rosenfeld, 1979). 8-&
HHo] NHsele 7L a9 4715 ¢ 2t
o7 E 43 pAZ g2 ke NS %—S—f‘li’é U
E 7FsAE A eE A 4 oo A=
FEAfolel o3 NHy7} 4302 £EHW whg Al
312 %3] NOse|= #3td 7l e]r} (Reddy and
Graetz, 1991). X|3t4 P7} wrl:s 7S apatite-Pg}
nonapatite-P7} @2 7 (Bostrdm et al., 1982) 0 2 X
NH. 27 ojje} PO.S] §2& 4 4+ A& Zoloh
AZIA i GES 3715 ol AzAeln] 12
2 £mv $F-AED 5= Fol9] Qo] 2m
AbE T2 odFddel wlsl vl =2|T} (Conley et al.,

H e
dob AN
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Fig. 5. The concentrations of extracted or exchangeable
ammonium (closed circle, [N]) and soluble reactive
phosphorus (open circle, [P]) from the sediment of
Taechong Reservoir by different pH solutions.

1988; Gibson et al., 2000). w}&g}r] Rz B =
Sie] oFe] mlok@ W £ §%e s WRzRE T
FHE o] FERY AEFE 2AsHE 89le] @ 4

%)=} (Gibson et al., 2000).

S+ L
§i7§£?_ o 2] —rzﬂi 429 F e Y
= A9 7z A7 /A
W] o] oJ8kL u]e =} (Reddy and Graetz, 1991).
5t 7]l FolAl NEoE PrF A EEHIE AR
o 283 AT JeFdon FF e P 2ol 5
oJA ot NH.9| §&= Poll ZAUA I3 Ao
2 E 5 oo oebd NI P AsaAAdE Hrlkel)
L8 dAe] =9 pH A S 7FoR A ES NI P
HES SA8 1 A3 N2 pHZF 45 oS §-4
g o] pH| Z7lell ulel vl Sle] pH 5.0~7.0 <]l
4] DAM, HOE % OKCollAl 77+ 106~1,682 ug NI,
121~1,491 g N/I 3 843~1,706 ug N/l 9] = 344} £
B3 i) 2 zhel7t Ak (Fig.

[o 4N o

mlo

o

=3 7].!:-/\4
5).
Whlo] PE pH 15~7.0 T2l F7hA kol B

2= 9o} pH7F 1.5~3.0 W 9ol A] 128~938 ug P/I, 255
~537ug P/l Y 567~1,288 ug P/l 924 =9k37, pH
6577]-1]—‘: Z W37} glvlrb pH 7.060 4] 17~61pg P/
Wz Z7)sle] NI Po £Zo|A pH ¢338Fe] t}4 =}
S S151t (Fig. §). Aoz, 3R 24 (PH<
300 Aslstae f3-Awe) e e o)
pH7F Z7hgl mhek N, P JFde 39 7hsdel ¥
2 Zlog FAFY D dulH oz P £%2 pHe alka-
linity7} $Ae] ¥ @ o4 HA5: Age neld
(Boers, 1991; Appan and Ting, 1996).

6. =49 algal bioassay

ZE P oJofde] AE o8 JEA HUl= ZFAAE
7474, 3t 18, Fol wih A7 R B Fedaw
3 whe] H4% 4 glu}l (Gunatilaka et al., 1988).
Zo]| ] algal bicassay:= A EE I & o]L3 7%,
G Fr-2RAE B = WEE [ AgsH
HEE 4 e A el slovt wEH2otele] AT O,

59 Ao & g2 FAA-e] Ak w2

T35 2FY ¥ dFYTE ARt

13*.4 NHai, NOz, NO; ¥ SRP2]
= 7}7} 9,152~10,417 ug N/I, 5~46 ug N/,
6~7pug N/l @ 10~32 g P/, HOE A& |4 5,633~
11,021 ug N/I, 4~36 ug N/I, 6~11pug N/ & 13~235 g
P/l1o] 91, OKC X Aol A= 8,921~10,142 pg N/I, 4~11
pug N/, 2~3pg N/l & 1~19 ug P/le)glet. F7]ed k4
% NHob X8 wlge Agdez Foron} A2
7R o2 zlo|7} AAE= 9kekt) (Table 4). ¥hdo] SRP
= 396 w3l 59 3~18W)el A ke T 24}
A8 Aol = 2,

F25F M. aeruginosaZ ©]43t FF52 AGPIE
DAM, HOE @ OKCol|A] 7z} 2.6~9.7 mg dw/l, 3.6~
82.4mg dw/l @ 0~5.6 mg dw/l ] 2]slt} (Table 4). AGP
= FZ49 N EEkrc= p ek AMgA] (r=0.999,
p<0.001)o] =gkc}(Alz} =, 1999, 2000). Al FAMA]A
ZollA HOE A3 e] AGPZke]l 7M w8ha A3 =
(1999, 2000)°] 7]FE& M43t FL3HA Fod ke
o B ATE AR T34l AT 2RAZAALS
248 Ao} AEe) WY AP e TG
AEe ZRARAAGE B4 o 2 Aoloh HE
9155 (1000cme) AT cJFdnt FIa kg

=
TEE vashd, A3 NHE F55980 L4, X3

44
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Table 4. The average concentrations of ammonium, nitrate, nitrite, soluble reactive phosphorus (SRP) and algal growth
potential (AGP) in the sediment porewater of Taechong Reservoir (March and May, 2000).

) ) DAM HOE OKC
Factors\Sampling stations
March May March May March May
Ammonium (ug N/I) 10,417 9,152 11,021 5,633 8,921 10,142
Nitrate (ug N/I) 5 46 4 36 4 11
Nitrite (ug N/I) 7 7 6 11 3 2
SRP (ug P/l) 10 32 13 235 1 19
AGP (mg dw/l) 2.6 9.7 3.6 82.4 - 5.6
H PO FF4 sk 52u) sich A8y o
de Axe] Yol FAE Frjza BAsh oIk o8&
o) 3FY 4L sk Zoz It
e, 2 s, A, 7)AFE. 1995. Cyanobacteria®] 2]
ol we dAs gehAe) JEA] 03k B850
Al A} 7] 28:1-9.
Ze)-g, PES 1997. 2748175 sediments2RE] 209
=Fo] AAFH7|7MA] 43 27 =8 F 3 24 $E5A4 #As dF, dFARATI A 13
B 245-253

37N A M A 2] o<}
33 AEEgaEd A% 47
& stetsigint. Ax-539) AAWAN DOE 05mg
O/l o]3t2 A FAkA et 549 H7AH=
A ERT} 1.9~2.608] ¢
%o] Zivh Eh:

STCEEE

g 44l

—12~-148mV WA N FL

1.17~1.30 g/cm?® W2 | Hzkel] o)z} =R S
o} 3583 )= seke ztzb 58~72%, 8~13% W
AEA A A 29T SHAHANA Pl A &9

AP o] 97%E R ]%}oﬂu} A= FAT

Y= 2
o} R AzlErs 54 ol < R %
o TS5k A e] Aast w A ol &
EAug FH3Aa, 77 él’\i~ NHm o 2o gl

% £ 419 %7 42 e ¥

F34ue 94 wolth 950 A=
P)go] FRE Bodof A2 HrhEglek

AlA 7). 1998. 57} Hedokatel] wE FhzFe] Ay
AT AN Fm At whAFERe=E 202pp

AAN 7], 7. 1999, FE7F A AGPe] o3t

=8-4~83]%] 32: 349-357.

AN 7], 2734, 2000. F7¢ % - FFelA] AGPel| 2] A
37}, §=-44583]%] 33: 244-250.

AA)7), 273A). 2000. AEH A €3 FEF Microcystis7}

TIAE A%, AR 9: 267273

3 8917 AlE

=3 E*ﬂilﬂ 17: 529-541.

g, 758, oA, 1999. A 57 A A

A1
o
223 #7299 I BFTE53%)

2537},

L

_l

0. 4AHAE BANE Aol B Q
T3 %%@Zjﬁﬂugﬂﬁ—?ﬂ, KEI/2000/RE-03. 183pp.
0.} H2gel B A £
| B9 A7 Bes A2 A} FIEE F
TN a};q]x] 23:31-42.
3 .1989. &% 3 5]24&4] T o] A
%} 8% 7l Hste], d=533]%] 22: 261-271.
5}). SR ARSI A2 B4 21499
4= ?lxﬂvﬂfi}i’_ Akl A Asle] = 89pp.
273 A, AA 7). 1998. 57} dtfolA F - A F71 N-P
sJord Rl AlB Tz E0 ZE, 3+3)#] 31:
67-75.
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A%

PAtu), AZ3}, o]3) Q. 1999. A|3}50) HADAZN =T
2.9, gh=ra) oFsha) ] (v 4: 198-207



Sediment and Nutrients in Taechong Reservoir 117

Ann, Y., K.R. Reddy and J.J. Delfino. 2000. Influence of
redox potential on phosphorus solubility in chemically
amended wetland organic soils. Ecological Engineering,
14: 169-180.

APHA, AWWA, WEF. 1992. Standard methods for the exa-
mination of water and wastewater, 18th ed. American
Public Health Association, Washington, DC.

Appan, A. and D.S. Ting. 1996. A laboratory study of
sediment phosphorus flux in two tropical reservoirs.
Wat. Sci. Tech. 34: 45-52.

Boers, P.C.M. 1991. The influence of pH on phosphate
release from lake sediments. Wat. Res. 25: 309-311.
Bostr m, B., M. 1984. Potential mobility of phsphorus in
different types of lake sediment. Int. Revue. ges. Hydro-

biol. 69: 457-474.

Bostrom, B., J.M. Andersen, S. Fieischer and M. Jansson.
1988. Exchange of phosphorus across the sediment-
water interface. Hydrobiologia 170: 229-244.

Bostrém, B., M. Jansson and C. Forsberg. 1982. Phosphrus
release from lake sediments. Arch. Hydrobiol. Brih.
(Ergebn. Limnol.) 18: 5-59.

Brannon, J.M., R. Chen and D. Gunnison. 1985. Sediment—
water interations and mineral cycling in reservoirs. In:
Gunnison, D. (ed.) Microbial processes in reservoirs. Dr
W. Junk Publishers, Dordrecht, Boston, Lancaster. pp.
121-134.

Carmody, D.J., J.B. Pearce and W.E. Yasso. 1973. New
York Bight. Mar. Pollut. Bull. 4: 132-135.

Conley, D.J., M.A. Quigley and C.L. Schelske. 1988. Silica
and phosphorus flux from sediments: Importance of
internal recycling in Lake Michigan. Can. J. Fish.
Aquat. Sci. 45: 1030-1035.

Cowan, J.J.W. and Boynton, W.R. 1996. Sediment-water
oxygen and nutrient exchanges along the longitudinal
axis of Chesapeake Bay: Seasonal patterns, controlling
factors and ecological significance. Estuaries 19: 562-
580.

Cyr, H. 1998. How does the vertical distribution of chloro-
phyll vary in littoral sediments of small lakes?. Fresh-
water Biology 39: 25-40.

Davies, B.E. 1974. Loss-on-ignition as an estimate of soil
organic matter. Proc. Soil Sci. Soc. Am. 38: 150-151.
Fillos, J. and W.R. Swanson. 1975. The release rate of
nutrients from river and lake sediments. J. Wat. Pollut.

Contr. Fed. 47: 1032-1042.

Forsberg, C. 1989. Importance of sediments in under-
standing nutrient cyclings in lakes. Hydrobiologia 176/
177: 263-277.

Gibson, C.E., G. Wang and R.H. Foy. 2000. Silica and dia-

tom growth in Lough Neagh: the importance of internal
recycling. Freshwater Biology 45: 285-293.

Golterman, H.L. 1988. Reflections on fractionation and bio-
availability of sediment bound phosphate. Arch. Hydro-
biol. Beih. (Ergebn. Limnol.) 30: 1-4.

Graetz, D.A., D.R. Keeney and R.B. Aspiras. 1973. Eh
status of lake sediment-water systems in relation to
nitrogen transformations. Limnol. Oceanogr. 18: 908-
917.

Gunatilaka, A., S. Herodek, V. Istanovics and E. Dobolyi.
1988. Sediment phosphorus group: Working group
summaries and proposals for future research. 3. Biol-
ogical availability of sediment phosphorus. Arch.
Hydrobiol. Beih. (Ergebn. Limnol.) 30: 83-112.

Hobbie, J.E., R.J. Daley and S. Jasper. 1977. Use of nu-
clepore filters for counting bacteria by fluorescence mi-
croscopy. Appl. Environ. Microbiol. 33: 1225-1228.

Horne, A.J. and C.R. Goldman. 1994. Limnology. 2nd ed.
McGraw-Hill, Inc. Singapore. pp. 115-132.

Hwang, J.Y., E.J. Han, T.K. Kim, S.J. Kim, S.J. Yu, Y.S.
Yoon, Y.S. Jung and P.W. Park. 1998. Distribution of
nutrients in Dae-cheong Reservoir sediment. Kor.
Environ. Sci. Bull. 2: 169-179.

Jansson, M., M. Enell, S. Fleischer, R. Géchter, P. Kelder-
mann, S. Léfgren, G. Nérnberg, A. Provini and A.
Sinke. 1998. Sediment phosphorus group: Working
group summaries and proposals for future research. 2.
Phosphorus release from sediments. Arch. Hydrobiol.
Beih. (Ergebn. Limnol.) 30: 83-112.

Lofgren, S. and B. Bostrom. 1989. Interstitial water con-
centrations of phosphorus, iron and manganese in a
shallow, eutrophic Swedish Lake-Implications for
phosphorus cycling. Wat. Res. 23: 1115-1125.

Lorenzen, C.J. 1967. Determination of chlorophyll and pha-
eopigments: spectrophotometric equations. Limnol.
Oceanogr. 12: 343-346.

OECD. 1982. Eutrophication of waters. Monitoring, assess-
ment and control. Organisation for Economic Co-
operation and Development, Paris, France. 154pp.

Reddy, K.R. and D.A. Graetz. 1991. Internal nutrient bud-
get for Lake Apopka. Final report, Project No. 15-150-
01-SWIM, 1987-1990. Soil Science Department Insti-
tute of Food and Agricultural Sciences, University of
Florida, Gainesville, FL. 466pp.

Rosenfeld, J.K. 1979. Ammonium adsorption in nearshore
anoxic sediments. Limnol. Oceanogr. 24: 356-364.

Rump, H.H. and H. Krist. 1988. Laboratory manual for the
examination of water, wastewater, and Soil. VCH Ver-
lagsgesellschaft, Publ, New York, NY (USA). 190pp.



118 A=

Smith, V.H. 1982. The nitrogen and phosphorus depen-
dence of algal biomass in lakes: An empirical and theo-
retical analysis. Limnol. Oceanogr. 27: 1101-1112.

Thornton, K.W., B.L. Kimmel and F.E. Payne. 1990.
Reservoir limnology- Ecological perspectives. John
Wiley & Sons, Inc. 246pp.

Urban, N.R., C. Dinkel and B. Wehrli. 1997. Solute trans-
fer across the sediment surface of a eutrophic lake: I.
Porewater profiles from dialysis samplers. Aquat. Sci.
59: 1-25.

Van Luijn, F., P.C.M. Boers, L. Lijklema and J.P.R.A.

- =4

Sweerts. 1999. Nitrogen fluxes and processes in sandy
and muddy sediments from a shallow eutrophic lake.
Wat. Res. 33: 33-42.

Wetzel, R.G. and G.E. Likens. 1991. Limnological analyses.
2nd ed. Springer-Verlag. 391pp.

Williams, J.D.H., J.M. Jaquet and R.L. Thomas. 1976.
Forms of phosphorus in the surficial sediments of Lake
Erie. J. Fish. Res. Board Can. 33: 413-429.

(Received 1 May 2001, Manuscript accepted 5 June 2001)

— 118—



