Abstract

The trend of eutrophication in Lake Soyang from 1985 to 1992 was
studied by the measurement of chlorophyll a, total phosphorus,
nitrate-nitrogen concentration, and the rate of hypolimnetic oxygen deficit.
The phytoplankton community succession and the cause of the
cyanobacterial blooms was studied by measuring Anabaena cell density, cell
density of heterocyst, and NOs;—N/TP ratio. And the phosphorus loading
was estimated by determining phosphorus input via runoff of drainage
basin and the phosphorus discharge from floating—net fishfarms within the
lake. The loading from drainage basin was determined by measuring total
phosphorus concentration in the main inflowing stream, Soyang River,
from July 1990 to May 1992.

The increasing trend of chlorophyll was obvious at the rate
0.4mg/m®%yr. The advent and expansion of Anabaena bloom was the major
cause of chlorophyll increase and transparency reduction. The rate of
hypolimnetic oxygen deficit also increased from 0.034 mgQOs/cm®/day in
1986 to 0.080 mgOx/cm?*/day in 1992.

The seasonal succession of dominant species was distinct. Diatoms,
Asterionella formosa and A. gracillima were dominant in winter and spring,
while Peridinium bipes and bluegreen algae were dominant in warm
seasons. The dominant species in warm season, Peridinium, has been
replaced with Anabaena in late summer since 1986, and the dominance of
Anabaena increased year by year, which is thought to be enhanced by the
increase of phosphorus concentration and the decrease of N/P ratio that is
caused partly by the phosphorus discharge from fishfarms within the lake.
Cyanobacterial blooms in a water without nitrogen depletion is the unique
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feature of Lake Soyang. Nitrate—nitrogen was maintained always above
0.5 mgN/ throughout the year, though the NO3;-N/TP ratio decreased
from 100 in 1985 to 25 in 1992 due to the increase of phosphorus
concentration.

Because the total phosphorus concentration and the flow rate of
Soyang River was high in flood period, most of phosphorus loading was
concentrated in rainy season. Phosphorus discharge of fishfarms was
estimated from the amount of fishfeeds applied annually and the unit rate
of phosphorus excretion per feed weight. The loading from the watershed
and fishfarms were calculated to be 104 and 48 tP/yr, respectively. Both
combined, the phosphorus loading of Lake Soyang far exceeded the critical
loading for eutrophication. The amount of phosphorus discharge through
outflowing water was 62 tP/yr. Thus the retention rate of phosphorus
was 0.59.
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293E EEAAFY 297 dAE 39 HAY AFIFE A &HA Y
L4 FFYELE o]fHI o B o] FRALE FYUH Fxd L9
F8% £5FF Y Ha Utk 2G93 FYd e FE LAXA7 BAAHS SR
2ol gl Hol U & Y HF HIRNA FAFFEE FASA Fo.
a2y A2 7H5E AR REY WEF FUL SANLFY FUh ¥R ALS
F F7F € NA ALFIMFLR U FAdY JtXEtEe] & A Hi U
243 AFFol I AFA] Z7] REA ¥ 719 F7]E(allochthonous
organic matter)2t} 27 A& 7] (authochthonous organic matter)e] & ¥ F &
AAGT, 59 RG4S AEEFIAEY Y ATIFLY QY KL Fo)
FNgozM NEEFIAEY ¥l Frlete AL LT F, YA g7 A
NN ERe] Frete RS 9y o olHF ANMBAARIIEL IV Y
¥3gd e 34 K1Y g€ §e FEES AXEFA HH, olgy Edd
& 34 439 AL 8ol 71&53E FAHgA N #rtx] oGgFL =
A |

E AT 24939 R4S} dusE A7) Ysted 1985E R E 19927t
A 25U AFE, AAFTE, G882 a2 F% © ASEFIEY $HFT g 2
TE ZABIYY. 5 AAHY ARSFE YrrEr) Y5t 2%EY F &
A SHEQ AYAAFAA Y 3 434 ARE AHEA UAF=E AL,
35 7HFE FAF o2 REHY ReF: A AN QxR et LA
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I4 ZAME 19859 1€ %8 19929 8¥7HA] 1~278€e) 138 A A Ho
A FAE2 AASK/ A4E PVC Van Do AF72 AFetn g9y Ay
AZ gudta] GF/C glass filter2 38l on d3xE YERE Q) 4F
ojUle] §E4 a FEFA AT FIYEF BAHS % AEE 438 B
€ gaez Mg Edd Algyd Hol YFERE A

A %4242 &(HODR : rate of hypolimnetic oxygen deficit)e & 7]9
F2d AFsE E3}yzs 4Fd DO Aol el E absolute oxygen
deficit2 AAe}R tH(Wetzel, 1983). 2 %5 2] A2 & Ao 37|71 T8t &9
5377t #dse 449 160m olsE AFoz Fsn sfiL  160-150,
150-140, 140-130 ¥ 130-bottome] 4% 22 Yo HFF DOE ZAS o] DO
E E¥719 X3} DOAA WS o] 2¥F 24 39 RoE Fsin 43T 4
o2 vyo] AAZFY F(oxygen deficit) S A Aot

¢l B4 e Standard Method(APHA, 1989)2] Ascorbic acid§ o2 43ty o).
Z(TP)& A& 500mio] 4t 20N 0.5mlE H71sld BBSHUY AZE AML3
o persulfate digestion® ascorbic acidol wa =AYt A2 AL (NO;-N)
Z3 o= cadmium reduction-& AME-3ATH $E Yol FA(NH;-N)E phenate
Hoz FA3Y

Chlorophyll a & A% A|8E GF/C glass filter2 o#}3tgon, gx4z=
YEEF A7t 4F oluo] WERT ARY glass filterE tissue homogenizer
o ¥3 90% acetones 7}t B3t 43 AL & Spectrophotometer 2 &
B=g FAH3}AUY.  Chlorophyll a 9 FE=+ Lorenzen(1967)9] %y ==
Moss(1967)9] & Al&-std AAsHd,

FHL2REY ARSFFE FYFY FUF T FUTEHL F3ld AR
o AIEFBRE HFTY FAFZA FHRFEFE FIY AFFET 9 L $F
FHFE TF FRAAFA 249 BYALFLN BHE AT FF ABE o] RY
o 7HRE] g 2% AR FL AF(1993)0 & AEE 99y B
g 1 kgd 84 g& AMg3led 7HFe m'3F @3 AR 120 kgol FHHE RAoZ
Ba(xF, 1990) A4stdot. A9 9493 dARsFS 29 Vollenweider-
OECD(1976)9] critical loading(Lc) model& A8t A Arsld ot

3] -8 Al % 5} F(permissible critical loading) = 10 x Qs(1+(z/Q)%%)
7o) 9] Al ¥ 3} F(excessive critical loading) = 20 x Q.(1+(z/QJ)%°)
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A2 $£939 984 a FEE 97 04 mg/m’s BFEH 37 JElyn
AH(Fig. 1). 22t H2 1990 olF e #FAFME B 2939 A&
FF3E +HFLS AZAHY Mot FRhEA v Ao ALFH B F2F
Q1 Asterionella formosa$} Asterionella gracillima, 887190 £ §l| Peridinium bipes
& F2F oA 2 1986 o|F R E AnabaenaE $HFo| uiHAU Lo
A&Ho 2 F7HAHFig. 2). o3| HEEZIEY Awizty Ad¥st 3L
gAY i AT 4oz 43iA M (Hutchinson, 1967).
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Fig. 1. The monthly variations of average chlorophyll a concentration in the
surface 5m in Lake Soyang.

ol Zo] md FZFIt F7t FAH Ae AL NPH ZLide @& Aoz
AtRET ole FYEEHIT 333 IWHR AT FAFE ez BAD
Forsberg(1979)€ &9 FYAH7I RYFR=2 AYP et TN/TPHI7F HA
Zottn B33 o™, Schindler(1977)= TN/TP FAHHE 15414 58 B39
< o F&7H Z2¥Ho A3 FYo Ae E&2F7F A E9da nasy
o &%3 9 NO:-N/TPHlE 19843 100 =4 1990 ddE 50 X2 vid
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Fig. 2. The monthly variations of Anabaena sp. cell density at the surface of
Lake Soyang.

Z4AEHA AT olHE 249359 NO;-N/TPHIZF A ZAde AL NOs-N9
Ao W& Aol ol TPY F7ld] @& Helth, € dF713%F< NOs-N9 5=
£ od 06mgN/1 AR LZE Ho|X] U HEIFFIAE AR FEE 5=
€ fAF2Y FA FEE Fig 3 oA HAFE ulel o] 1985W9) 5~6
mg/m*ol¥d Ro] 1992l 15 mg/m’2 vid Ak F718h

2935 NA Selenastrum carpricornutumg& Al-8% algal assayo] 28] ZALE A&
EFIEY A AVFFERT AHHA Aole JAAATL 19853 Aol Qo)
oYy 1992d g F4AY Rz YEn

TN SFEUALFEET HEEFIEY FPAL 28 L viNEY 8F F
o ME AR 7|Fe o FHEY AYITE ALF tumoverst dojuE
warm monomixis®] ERHEE Bojm HAFo] fHo] EFZHE A7l £&24L
FE0 MR w3, AdE8AEE FFo AtA 9 H A F(metalimnetic oxygen
minimum)°}] FAZA S F2YFAME £ d=7t Frseg EFdAM IYFse
7180 LAAIZE FA e o 229 WIS {71 EF] wat ®Wo] Ay
2§ U FFAXFAFE FLAFTH ERF AloldA AAEEY o FHE F
FUALHAZTEAH Y Y9Uo2 = e ol Gordan and Skelton, 1977)8t 2T &3
E(Baker er al, 1977)°) 9% seston®] £ F F7}, DO7F ¥ AU BOD/ & &
o FF Y, 27l gdx7t #& 9 $£24<U(Lyman, 1944), 2L Fo o
A7t HE& Eol 9% withdrawal currents ¥4 $€ B4 Ut =3}

-] -



40

,,\ A
2o & f Y !
S

TOTAL PHOSPHORUS {ugP/l)

b
)
\‘, [ 3 L'y
0 PARLO Ly ey eyt ity ittty p ettt bty ety I e ieiyyrann
J 1985 1986 DJ 1987J j9880J 1g8gD 1990 1991 1992

MONTH

Fig. 3. The monthly variations of total phosphorus concentration in Lake
Soyang(average of 0, 2, 5m).

Wetzel(1983) = ¥3 22 A9 =& AAAH @ heterotrophic organisme] AA S
7 28 ¥7MA mechanism& Hd vk it AY3e AE FFALHAF] S
717t AFE o)%d 2 §533 4 Jehe ZAozZ el B4 AFEY B
< 49 {718 R 4E AR AlsET

BRE AL7A AFdae #AAEEE AFAA4A¥E(the rate  of
hypolimnetic oxygen deficit) °jgt &dl 2¢3 9 AFAAWEL 198631 0.034
mg/cm%/day, 1987l 0.047, 1988de] 0.059, 1989l 0.067, 1991del 0.051,
199239 = 0.083 mg/cm’/day2 YEh} 19914€ & Ae3tne: w4 Zriss =
A& Bolx gUth(Fig. 4). 199139 ot R FFE& HQ AL gE4=2 Al
FTUFY F7te et o= Ax AZFFU AAHAUYG AEQ Aoz AgdEd A
FALAEEL 35 RYFAE T AYAFD B3R o] o] &3y
Ig9 BEFY3 AEE BRYE F AW AFAA2E g0 dsle Hutchinson
(1957)& 0017 mgOrcm%dayel3tsd WHAUZE, 00330]4L RYF32 2H3H
i, Mortimer (1941)2 0.0250]318 W4 F3, 00550148 RIYER EFAYE
o, 29359 AF AALAREL Hutchison®] /o =9 1986388 Y43
T o™ Mortimer®] 7o =29 199138 A9 1988WRE BRAgFs 4
TE Hol: Ao #|AFA.

A2g3oAH Bz wE BdY 198539 H¥EH 1990Q 71A uid o8& HEX
7} Yelxla gle Aoz JElgont 1991d 3 1992ddlE A% L& #E Rgo)

-



0.10

0.08 | e

=
3 °
"t 006} - \
KT} /
N
[ ]
A °
E Goal /
x °
(®)
I
0.02
OOO 1 ] | | 1 i |
1986 1987 1988 1989 1990 1991 1992

YEAR

Fig. 4. Annual variations of the rate of hypolimnetic oxygen deficit(tHODR) in
Lake Soyang.

(Fig. 5). 198543l E FHEI 4-6mAY2E JEOE 4m o4& BP O 1987
HREE ARE AYdaEe Al 4m olHE Wolzy o, bloome] YoiutE Al
ol A Z47} 2m W92 %2 RE HAT ol HEEFFIAEY Zilo BE A
L2 ARHT 53] 48 W& FL Hol: AL 1986WRH 2¥Y FzF
bloomell 719l st Aoz & 4 ok 23y 19909 o]F ¥zt Eolr Roz )
23923

£2FES F FAFA 29739 2 FEY S£FFI|ASRP)E {Fo] 2 A
719l =74 dERen 1 o9 Adelt 2 ¥gr Qx Rez Vehdi(Fig
6). M AFEFL FU5Fl el & Ho]g volu Yrd FY5EFo] e
FeHE(7, 99)d RASE FatFol A AREF 104 tP/yrel o 70 %ol P
= A22 UEgovi(Table 1), °1F 8ol H o]8¥ & U= L2279
(SRP) ##& 42 % A2 AFHAUTG. $FH: AT WFH$EPe] 34 27}
AL A7IA 9ol A WHF 62 tP/yre 52 %7t WEHE Ro2 v

£FIU HAH Ae 7HF G ¢ AREFe
3te] 32 %o AFHE 48 tPATY Ao AHHUG 3
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Fig. 5. The monthly variations of Secchi disk transparency in dam site of Lake
Soyang(@: the period of inorganic turbidity due to storm runoff).

Fe F93 FojAd RaFe #do & 152 tPAyrd Ao ANHUY =8 &
ZY 9 Q(SRP) ¥3F F AXFY 43 %ol I3 65 tPHyreE F 97
FojAo 2 RE Ztzt 44 tP/yret 21 tP/yr7t ¥3tHE Aoz Jelgth 3449
NAFFe 9 FY 59 %o AFHE 90 tP/yr7t HeE Aoz AAHUAN(Table
2). Vollenweider(1976)7} A& A QAF&FS ALY A3 $£EYF Q¥ e
3.4 gP/m¥yr2 JElgon, doiFL TRAINA RS ALE 23 gP/m¥yrE
AZHAT RG] 2R Qo] 4R EEHE REde dIEREHY {4
% 135 tP/yr& EUSIA AL A oF 22% AEE AAHHAUT.

AR sFe) ANAR 2959 FUHTF AREHFL 34 gP/mArE UEGO
o, FoiFE THPAINA FRE B ¢E 23 gP/miyrE AAFHUD. o= Chos
(1991)e] H2Z B 1@ 3.1 gP/m¥yr & ¥&£@ Folw, 23359 3.1 gP/m2/yr,
3% 9] 46 gP/m’/yr & F% AES X0tk £F Cho5(1991)e 4£%35 ®xle}
Uet 3539 dA3IE 359 FHLFol= € 5 UEsE YA FL 2708}
Iz Az st € A7 ARdME 2939 F FAIAFISFL 154
gP/m¥/yr A= 2F33n e Aoz Jdelyt wEdX A%59] QQRsFES ojn
g3y T Ae AoE AARHY, FoiF9 REFL EPAIA @k
A4E A¥gdAREFL 298 Aoz VehgoH(Fig. 7).
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Table 1. Total phosphorus(TP) and soluble reactive phosphorus
(SRP) loading of inflowing water into Lake Soyang (Inflow rate, TP
and SRP are monthly averages from July 1990 to May 1992)

Inflow TP SRP ! TP SRP
Month rate i Loading Loading

(t/sec) (ugP/)  (ugPA) | (tP/month) | (tP/month)
Jan. 7.4 10.0 2.2 0.2 0.04
Feb. 234 41.3 117 2.4 0.69
Mar. 59.4 14.4 4.7 2.3 0.75
Apr. 84.6 35.0 109 7.7 2.39
May 60.6 19.0 44 3.1 0.71
Jun. 143.5 18.3 9.2 6.8 3.42
Jul. 327.9 46.0 215 40.4 18.88
Aug. 104.5 18.8 8.4 5.3 2.35
Sep. 335.2 373 154 324 13.38
Oct. 31.4 21.1 8.4 1.8 0.71
Nov. 57.0 11.1 3.2 1.6 0.47
Dec. 13.9 8.7 2.5 0.3 0.09

Total (tP/yr) 104 44

Table 2. Total phosphorus budget in Lake Soyang (SRP:Soluble
Reactive Phosphorus, OP: Organic Phosphorus (=TP-SRP)

Phosphorus
Sources Discharge
( tP/yr )
Fishfarm
SRP 21 (44%)
OP 27 (56%)
Subtotal 48 (100%)
W atershed
SRP 44 (42%)
Input OP 60 (58%)
Subtotal 104 (100%)
| SRP 65 (43%)
1 OP 87 (57%)
! Total 152 (100%)
Output ! Outflow 62 (41%)
Retention Amount of Retention 90 (59%)
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Fig. 7. Plot of phosphorus loading into Lake Soyang and critical loading of
Vollenweider~-OECD model.
Iv. 4 &

1. 2 33989 924 a ¥EE 93 04 mg/m’e) HFH F718¢ Ueix
ow, 1986\d o] FBEHE & $HF o] Peridinium bipes o)X AnabaenaZ. v}
AAJD #FH ZFAR A 14 AFFGFIE 1985dol = ojl oyt 19923 o
E ALT vlHY.

2. 424 &L T4 FIEAANY XNEEAN F730e FHE FAE B
AFE Aoz £ s AF EF5d dF ANFE v RIYAEE Y
3 Deold 4 g How A%Fo AAAHEE 19866 0.034 mgOy/cm?® o1
onl 1990Wdel & 008022 Z7}sted Mortimerd] 2Fo] wWaw 19883 R E 2o
g5 £ Roz BAY F+ Ut

3. 2%39 £Q%xE 198499 5 4P/ oA 1991do] & 15 4P/ A== of
d F7F FAo ey, FAY AAE dF 05-0.7 mgN/1 A2 & ©¥HIgE Bo
A grr. @A NOs-N/TP HlE= 1984de] 100 HEolA 19913l 50 o) &2
A4 28eR 2Y3ddA 1992\ d0] ZFAG AL 14 AFFIFeR
AL AL oihd F7hEA s e 7idE Aoz Alsgd.

4. 29359 AREFLE FYLZLHY FYF 104 tPAT & YojF o2 RE
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WEF 48 tP/yr& ¥t F 152 tP/yr o|Uth £&F7]Q(SRP)8 R Fe &
S FoiFol AL 44 tP/yrst 21 tPAyr olded, YA RatFe 2z 60
tP/yr3} 27 tP/yr 1AW FrGoAA HAd Jo] I EEEHE FEEL 22%
4 ReZ Yewt, ARAFD FFFe AolzRy AdE Q9 FW AFF
< AR&HaFe] 59%2 90 tP/yr o] Rt

5. 2939 #ALFHY & Ut HELYAREFL 087 gP/mPyr o)W
BAAFSFS 1752 AU 1990d ~ 199232 FHHG QAR F S 34
gP/mi/yr o1v FiAL EFAFIA UL ALE 23 gP/mYyra A B
AR FED ¥ HYJARI}FE 2FqslE Ao g
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